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K-01 

A One Health approach to cryptosporidiosis 

Una Ryan, Alireza Zahedi, Samantha Gunasekera 

Harry Butler Institute, Murdoch University, Perth, Australia 

Abstract 

A One Health approach to cryptosporidiosis 

  

Cryptosporidium is a zoonotic parasite and a major cause of diarrhoeal disease in humans and animals 
worldwide. Impacts of cryptosporidial infections include both growth and cognitive defects in children 
and significant production losses in livestock. The environmental stage, the oocyst, is very robust and 
due to its resistance to disinfectants is an important source of waterborne and foodborne outbreaks. 
There are no vaccines and few treatment options available. Understanding zoonotic transmission routes 
via a One Health approach, and improved therapeutics are central to control. This presentation will 
focus on analysis of the contributions of zoonotic Cryptosporidium species to water and foodborne 
outbreaks, the application of wastewater-based epidemiology (WBE) to identify zoonotic transmission 
routes and the development of novel culture systems to better improve drug-screening against this 
parasite. 

  

  

 

Invited speaker biography 

Prof. Una Ryan is a Professor at Murdoch University in Western Australia, and works on protozoan 

systematics and molecular epidemiology, particularly Cryptosporidium and Giardia. She is currently co-

Editor in Chief of Parasitology Research. 
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K-02 

Multi-host, multi-parasite transmission dynamics of schistosomiasis in Africa. 

Joanne Webster 

Royal Veterinary College, London, United Kingdom. London Centre for Neglected Tropical Disease 

Research, London, United Kingdom 

Abstract 

Introduction 

Schistosomiasis is a major NTD of global medical and veterinary importance. Despite almost twenty 
years of MDA, the burden of schistosomiasis remains high in some regions of sub-Saharan Africa (SSA). 
Whilst in Asia, animal hosts are acknowledged as important zoonotic reservoirs, within SSA the zoonotic 
component of schistosomiasis transmission and the implications for disease control has been largely 
ignored.  However, zoonotic transmission from both wildlife and/or domestic animal reservoirs, 
particularly when considering the emerging risk raised by viable hybridization between human with 
livestock schistosomes, are all be predicted to represent a continued risk to public health.   

Materials and Methods 

We combined parasitological, epidemiological, and molecular data to evaluate the occurrence and 
distribution of Schistosoma species and hybrids across potential key definitive host species (humans, 
domestic livestock and rodent wildlife) and snail intermediate hosts in Senegal.  

Results 

The prevalence of schistosomiasis was observed to extremely high in human (both children and adults), 
livestock and sympatric rodent populations. Viable hybrids between S. haematobium and S. bovis 
(and/or S. curassoni) occurred frequently in humans and snail intermediate hosts. Hybrids between 
livestock schistosomes (S. bovis with S. curassoni) were also identified in livestock species, humans and 
snails. Additionally, matching genotypes of Schistosoma mansoni, indicative of shared transmission, 
were found in rodents, humans and snail intermediate hosts. 

Discussion 

By elucidating the role and dynamics of inter-specific hybridization and zoonotic transmission amongst 
these areas of persistently high schistosomiasis prevalence And intensities, this research highlights the 
need for all potential host species to be included in future efforts within SSA and beyond.  This 
emphasizes that a truly multi-disciplinary One Health perspective must be implemented in order to 
achieve both the 2030 WHO Roadmap targets of elimination as a public health problem and ultimately 
towards interruption of schistosomiasis transmission and its subsequent verification. 
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Invited speaker biography 

Professor Joanne P. Webster is the Royal Veterinary College Chair in Infectious Diseases, Director of the 
Centre for Emerging, Endemic and Exotic Diseases (CEEED) and Associate Director of the London Centre 
for Neglected Tropical Disease Research (LCNTDR).  Joanne also continues to hold a joint Chair in 
Infectious Diseases at Imperial College London’s Faculty of Medicine. 
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K-03 

Evolution of animal self-medication and the control of parasite infections 

Michael A Huffman 

Primate Research Institute, Kyoto University, Inuyama, Japan 

Abstract 

Infection by parasites, viruses and other pathogens affect the behavior, health and reproductive fitness 
of the individual.  Animals have evolved a variety of means by which they can counteract these affronts 
to their health homeostasis. Largely from work on primates, the multidisciplinary study of self-
medication currently recognizes four basic modes for how this is achieved: 1) optimal avoidance or 
reduction of disease transmission: 2) dietary selection of items with a preventative or health 
maintenance affect: 3) ingestion of substance for the curative treatment of a disease or its symptoms: 
and 4) external use of these substance for the treatment or control of disease bearing insects. Primates 
have provided considerable evidence for the control of intestinal parasites across all four modes. I will 
review our progress in this field to date, comparing evidence in primates and similar strategies across a 
wide range of other animal species to illustrate the evolution of animal self-medication. I will also 
provide examples of how observing the behavior of sick animals has traditionally aided humans in the 
search for new medicines and serves today as a bio-rational for the search of new uses for natural plant 
compounds in human and livestock health care. 

 

Invited speaker biography 

Mike is a tenured Associate Professor in the Department of Ecology and Social Behavior at the Primate 
Research Institute, Kyoto University.  In addition to investigations on Japanese macaques spanning 40+ 
years, he has extensively studied the behavioral ecology of wild chimpanzees in Tanzania and Uganda, 
with a focus on host parasite ecology, zoonotic transmission, self-medication and 
ethnopharmacology.  He has a special interest in traditional medicines acquired from observations of 
wild animals for the control of parasitoses and related diseases. 
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K-04 

Costs and benefits of immune defense in This Wormy (and germy!) World 

Andrea Graham 

Princeton University, Princeton, USA 

Abstract 

Why do mammalian hosts vary so much in gastrointestinal nematode burden, even under similar 
exposure conditions?  And why do some hosts harbor chronic infection, while others are acutely 
infected when given the same challenge?  Our collaborative team first uses mathematics to explore 
whether resource costs, immunopathological costs, and multiple fronts costs may provide evolutionary 
explanations for such host heterogeneity.  We also use the models to generate empirically testable 
predictions for duration of nematode infection in hosts paying differential costs of defense.  We then 
collect data in both conventional laboratory experiments and in outdoor experimental mesocosms, in 
which we give mice of select genotypes controlled nematode doses.  We find that mouse genotype 
interacts with multivariate environment to determine the establishment, growth and survival of 
nematodes in the colon.  For example, while C57BL/6 mice are resistant to high doses of Trichuris muris 
eggs under laboratory conditions, mice released outdoors exhibit major microbiological and 
immunological changes and harbor large nematode biomasses. We are also able to predict the duration 
of nematode infections across a variety of environmental contexts. This work provides an important 
bridge between controlled laboratory immunoparasitology and the realities of host-parasite interactions 
in nature.  

Invited speaker biography 

Andrea is a Professor of Ecology & Evolutionary Biology and Co-Director of the Global Health Program at 
Princeton University, in New Jersey, USA.  She earned her first degree summa cum laude in Biology and 
Sculpture from Mount Holyoke College and then a Ph.D. in Ecology & Evolutionary Biology from Cornell 
University.   Andrea completed postdoctoral training and then held Leverhulme and BBSRC fellowships 
at the University of Edinburgh, Scotland, before moving to Princeton in 2011.   Her research focuses on 
the causes and consequences of immunological heterogeneity in mammals.  She studies rewilded mice, 
people, and a variety of wild animals. She is especially interested in why hosts vary so much in worm 
burden, even under similar exposure conditions, including how host genotype and environment interact 
to determine the establishment, growth and survival of nematodes within the gastrointestinal tract.  
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K-05 

From tick physiology to phenology: insights into patterns and processes 
revealed by metabolite analysis 

Richard Wall1, Saeed Alasmari2,1, Swaid Abdullah3,1 

1University of Bristol, Bristol, United Kingdom. 2Najran University, Najran, Saudi Arabia. 3University of 

Queensland, Brisbane, Australia 

Abstract 

Studies of tick phenology and population dynamics usually use field sampling to measure changes in 
apparent abundance. However, explaining the composition of feeding cohorts in terms of the behaviour 
of individual ticks can be difficult. A clearer understanding of the processes that account for changes in 
patterns of abundances can be generated by measurement of tick metabolic resources and their rates of 
depletion. This is because almost all resources derive from the blood-meal and are stored as lipid, 
carbohydrate and protein, which are depleted progressively between bloodmeals.  The amounts and 
rates of depletion of these resources can, therefore, be used as a good indicator of the feeding 
history.  Here, the use of biochemical analyses employing spectrophotometric methods to determine 
the energy budget of individual Ixodes ricinus ticks, with particular emphasis on lipids, will be discussed. 
Differences in resource availability and depletion rates between nymphs and adults and the 
temperature dependent rates of depletion prior to starvation will be described.  Data from populations 
derived from the field in south west England data will be presented, showing that the measurement of 
metabolite concentrations allows the feeding history of sub-components of the feeding population to be 
distinguished. The presentation will show that the measurement of changing metabolite resources in 
individual ticks around the hunger cycle, can provide valuable insights into a range of behavioural 
processes; it may also help improve predictions of the likely impacts of climate and climate change on 
tick feeding behaviour and the understanding of relationships between hunger and pathogen 
transmission.   

Invited speaker biography 

Richard Wall is a veterinary entomologist at the University of Bristol with interests in the ecology and 
sustainable control of arthropod ectoparasites and vectors and their impact on animal health and 
welfare. His research ranges widely from fundamental studies of taxonomy and physiology, through to 
field population ecology and farm-level investigations of the application of sustainable control 
technologies.  Current work includes studies of the impacts of climate and climate change on patterns of 
arthropod abundance and novel approaches to arthropod control. 
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O-1001 

Demodex; a ‘One Health’ approach to understanding the host immune 
interaction. 

Pamela Kelly 

University College Dublin, Dublin, Ireland 

Abstract 

Demodex mites are parasites found in hair follicles and sebaceous glands of many haired mammals 
including humans. In humans, it is well established that Demodex mite density is higher in patients with 
the skin condition rosacea, and treatment with acaricidal agents is effective in resolving symptoms. 
However, pathophysiology of rosacea is complex and multifactorial. In dogs, demodicosis remains a 
significant veterinary issue. In each species, clinical and molecular studies have shown that the host's 
immunological interactions with Demodex mites are an important, but not fully understood, aspect of 
how Demodex can live in the skin either as a harmless commensal organism or as a pathogenic agent. 
This presentation will discuss what is currently known about this host immune interaction and will delve 
into current hypotheses and new research findings.  

Invited speaker biography 

Pamela Kelly is an Assistant Professor in Veterinary Pathology at University College Dublin. She is a 
diplomate of the European College of Pathologists and Fellow of the Royal College of Pathologists. 
Pamela's research is focused in the area of 'One Health' and dermatopathology with special interest in 
host immune regulation and response to changes in the cutaneous microbiome.   
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O-1002 

Parasitology as a tool for capacity building and international cooperation – The 
journey of USALTI-Afrique and the African Institute of One Health Research and 
Diagnostics (AIOHRD) 

Vincenzo Lorusso1,2, Babagana Mohammed Adam1,2, Adamu Haruna Mamman1,3, Ijeoma Angela Alozor1, 

Nonyelum Rachael Azike1, Bushra Almatroud1, Michiel Wijnveld4, Goni Abraham Dogo3, Kevin J Bown1, 

Richard J Birtles1,2 

1University of Salford Tick Infections (USALTI)-Afrique, School of Science, Engineering and Environment, 

Peel Building, Room G38, University of Salford, M5 4WT, Greater Manchester, United Kingdom. 2African 

Institute of One Health Research & Diagnostics (AIOHRD), University of Abuja, km 23, Airport Road, 

Abuja, Nigeria. 3Department of Veterinary Parasitology and Entomology, Faculty of Veterinary Medicine, 

University of Jos, Jos, Nigeria. 4Centre for Pathophysiology, Infectiology and Immunology, Medical 

University of Vienna, Vienna, Austria 

Abstract 

This presentation illustrates the rationale, goals and outputs thus far of international cooperation 
initiatives in the area of Parasitology and One Health, triggered by the inception of the ‘USALTI-Afrique’ 
unit at the University of Salford (Manchester, UK). Established in 2016 with the aim to build capacity in 
research and diagnostics on parasitic diseases of economic and public health significance in Africa, the 
group currently encompasses several postgraduate (PhD and MSc) students investigating the 
epidemiology of tick-borne infections and the ecology of ticks in different livestock species (e.g. cattle, 
camels, sheep, goats, horses and donkeys) across several African countries (e.g. Nigeria and Uganda). 
Findings generated not only are disseminated through scientific journals and symposia, but also shared 
locally in the study areas (e.g. with veterinarians and para-veterinarians, pastoralists and livestock 
keepers, physicians and health authorities). The ultimate goal of the group is to guide the design and 
roll-out of evidence-based control interventions, customised to the needs of target areas.  

In 2017, the experience of USALTI-Afrique led to the institution of an NGO in Nigeria, the ‘African 
Institute of One Health Research and Diagnostics (AIOHRD)’. Founded with the ambition to become a 
key, Africa-based, actor in the field of One Health and zoonoses, the AIOHRD was established within the 
campus of the vet school in Abuja, fostering precious educational opportunities to the local cohort of 
students. Recognised in 2019 as a ‘development partner’ of the Nigeria Center for Disease Control 
(NCDC), the AIOHRD currently collaborates with several stakeholders, aiming to become a ‘cradle’ for 
capacity building, education, research and diagnostics in One Health in Nigeria and West Africa. 
This presentation would showcase the dreams, hopes, challenges, successes and practicalities of these 
international development and cooperation programmes. Potential policy implications of these 
initiatives will also be highlighted. Incorporating Parasitology throughout!  
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Presenting author biography 

Vincenzo Lorusso is a veterinarian (University of Bari, Italy), with a PhD in tropical medicine-
epidemiology (University of Edinburgh, UK) and a Master in International Relations-African Studies 
(Sciences Po, Paris). Diplomate of the European Veterinary Parasitology College (EVPC) and the 
American College of Veterinary Microbiologists (ACVM)-Parasitology, Vincenzo leads the Global 
Research in Parasitology at the pharmaceutical firm Vetoquinol. He is also an Honorary Research Fellow 
at the University of Salford, UK, and a member of the board of directors of the NGO “African Institute of 
One Health Research & Diagnostics (AIOHRD)”, based in Abuja, Nigeria. 
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O-1003 

Zoonotic transmission of intestinal helminths in the Philippines 

Martha Betson1, Vicente Belizario Jr.2, Billy Divina3, Rico Ancog4, Vachel Paller5 

1School of Veterinary Medicine, University of Surre, Guildford, United Kingdom. 2College of Public 

Health, University of the Philippines Manila, Manila, Philippines. 3Department of Veterinary Paraclinical 

Sciences, College of Veterinary Medicine, University of the Philippines Los Baños, Los Baños, Philippines. 
4School of Environmental Science and Management, University of the Philippines Los Baños, Los Baños, 

Philippines. 5Animal Biology Division, Institute of Biological Sciences, University of the Philippines Los 

Baños, Los Baños, Philippines 

Abstract 

Intestinal helminths are highly prevalent infections of humans and represent a substantial public health 
burden. Similarly, intestinal helminths are very common in livestock worldwide and have significant 
impacts on food production. Many intestinal helminths are transmitted faecal-orally: helminth eggs are 
shed into the environment by human or animal defecation and are ingested by other individuals. In 
other instances, infection occurs through ingestion of infected meat. However, there is a poor 
understanding of the role played by animals in transmission of intestinal helminths to humans. The 
ZooTRIP project aims to assess the contribution of zoonotic transmission and environmental reservoirs 
to the human intestinal helminth infection burden in the Philippines, and determine the most effective 
strategies for helminth control and elimination. 

  

A cross-sectional study is being undertaken in households in eight municipalities in Region XIII on 
Mindanao Island. Household members (10-60 years) are requested to provide faecal samples and a 
household representative is asked to complete a questionnaire gathering demographic, socio-economic 
and environmental information, including information on animals kept. Faecal samples are gathered 
from companion animals (dogs and cats) and livestock (cattle, pigs and water buffalo) and 
environmental samples from around each household. Parasitological methods supplemented by 
molecular diagnosis is used to determine the intestinal parasites in each sample.  

  

Analysis of initial data from 663 human participants revealed a soil-transmitted helminth prevalence of 
22.8% and Schistosoma japonicum prevalence of 8.3%. Heterophyid and Echinostoma infections were 
also found. Examination of faecal samples from 91 dogs, 136 pigs, 146 water buffalo and 18 cattle 
revealed 16 species of zoonotic helminths, with an overall prevalence of 52.8%. Hookworms and 
Toxocara spp. were most prevalent in companion animals while Fasciola spp. and strongyles were most 
common in farm animals. Molecular analysis is ongoing to confirm identity of helminth species and 
determine the extent of zoonotic transmission. 
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Presenting author biography 

Martha Betson graduated from University of Cambridge and did her PhD at University College London. 
She has undertaken postdoctoral work at Massachusetts General Hospital/Harvard Medical School, 
Natural History Museum, Liverpool School of Tropical Medicine and Royal Veterinary College. Martha is 
currently a Senior Lecturer and Head of Department of Veterinary Epidemiology and Public Health at the 
School of Veterinary Medicine, University of Surrey. Martha's research integrates labwork, fieldwork and 
epidemiology to understand the transmission dynamics of parasitic diseases of humans and animals. 
Martha has particular interests in neglected tropical diseases, parasitic diseases at the animal-human 
interface and One Health. 
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O-1005 

T-helper cell immune phenotypes predict parasite burden in the Soay sheep 
from St Kilda 

Yolanda Corripio-Miyar1, Adam Hayward1, Xavier Bal2, Jill Pilkington2, Fiona Kenyon1, Josephine 

Pemberton2, Dan Nussey2, Tom N. McNeilly1 

1Moredun Research Institute, Pentlands Science Park, Penicuik, Midlothian, EH26 OPZ, United Kingdom. 
2Institute of Evolutionary Biology School of Biological Sciences, University of Edinburgh, Edinburgh, EH9 

3FL, United Kingdom 

Abstract 

The adaptive immune system is critical for a targeted response to a variety of infections, with T helper 
(Th) cells playing a key role in orchestrating strong and effective responses specific to each pathogen. 
Most of the current knowledge of the mammalian immune system is based on research into laboratory 
rodents or humans in more controlled environments which might not resemble that of animals being 
challenged with multiple parasites. Hence, understanding how these natural pressures affect wild 
populations can be more challenging. The long-term study of Soay sheep on the remote St Kilda 
archipelago offers a unique opportunity to investigate variation in the immune response under such 
natural conditions, and link this variation to infection pressures, host health and fitness. Using tools 
developed in our lab for domestic sheep, we characterised the functionally distinct Th responses (Th1, 
Th2, Th17 and regulatory responses) in the wild population of Soay sheep. We carried out ex-vivo T cell 
stimulations to measure the level of Th cytokines produced in response to Pokeweed mitogen (PWM), 
and quantified the cells expressing Th master transcription factors using flow cytometry. These immune 
parameters were then correlated to the nematode and coccidian parasite counts. We found that all 
measures of Th-associated cytokine production increased with age, with the production of Th-17 and 
Treg cytokines, IL-17A and IL-10, increasing more rapidly in males than females. Independent of age and 
sex, the Th2 cytokine IL-4, negatively predicted gastrointestinal strongyle nematode faecal egg count, 
while the Th1 cytokine IFN-γ, negatively predicted coccidian faecal oocyst count. Our results provide 
novel and important evidence that Th1 and Th2 responses confer resistance to micro- and 
macroparasites, respectively. They also add to mounting evidence from wild populations that Th1/Th2 
trade-offs often observed in controlled laboratory experiments may not readily translate to more 
complex natural systems. 

 

Presenting author biography 

Dr. Yolanda Corripio-Miyar is a comparative immunologist with a particular interest on the immunology 
and parasitology of farmed animals. After working on gadoid and salmonid immunology at the 
University of Aberdeen, under the supervision of Regius Prof Chris Secombes, she then moved to the 
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field of ruminant immunology in which she has been for the last 9 years. Currently at The Moredun 
Research Institute, she is now focusing her work on the Soay Sheep from St. Kilda, investigating the 
interactions between the host and their gut protozoan and helminth communities and how they shape 
host population dynamics and parasite epidemiology. 
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O-1006 

Infection with Teladorsagia circumcincta in weaned lambs of two Canarian 
breeds of sheep 

Tara Pérez-Hernández1, Julia N. Hernández1, Cynthia Machín1, Yolanda Corripio-Miyar2, Harry W. 

Wright2, Dan R.G. Price2, Tom N. McNeilly2, Alasdair J. Nisbet2, Jacqueline B. Matthews3, Jorge F. 

González1 

1Universidad de Las Palmas de Gran Canaria, Las Palmas de Gran Canaria, Spain. 2Moredun Research 

Institute, Edinburgh, United Kingdom. 3Roslin Technologies (The Roslin Institute), Edinburgh, United 

Kingdom 

Abstract 

The greater susceptibility of younger sheep to gastrointestinal nematodes (GIN) has been widely 
described and usually attributed to a weaker, or incomplete, ability to develop an adaptive immune 
response. However, some of these individuals can display a certain degree of resistance within the flock 
and are able to retain this ability throughout their lives. In the Canary Islands, two sheep breeds with 
well-known differences in susceptibility against GIN coexist: the resistant Canaria Hair Breed (CHB) and 
the susceptible Canaria Sheep (CS). Here, three-month-old CHB and CS lambs were trickle infected with 
Teladorsagia circumcincta larvae at weaning. Faecal and blood samples were collected after challenge 
and at the end of the experiment sheep were culled to retrieve abomasal contents and tissue. When 
analysing the results, lambs were segregated into resistant or susceptible within breed based on worm 
burden, female worm length and eggs in utero. In both breeds, protection in resistant individuals was 
linked to increased globule leukocytes/mast cells present in the abomasal wall. Eosinophils and MHC 
class II+ cell numbers were negatively associated with several parasitological variables, but only in CHB 
lambs. Likewise, significant differences were observed between breeds in the humoral response. 
Resistant CS lambs produced more IgG2 against adult stage antigens than more susceptible CS lambs. 
Resistant CHB lambs had higher levels of some immunoglobulin isotypes against several stage-specific 
parasite antigens, such as mucosal IgA against L4, than more susceptible CHB lambs. These differences 
could explain resistance in CHB lambs and also their responses to a recombinant T. circumcincta vaccine 
prototype at this early age. Unravelling this complex host-parasite interaction may aid in vaccine 
development and in assisted genetic resistance selection. Acknowledgements: European Union’s 
Horizon 2020 Research and Innovation programme under Grant Agreement No. 635408 (PARAGONE) 
and ACIISI, Cabildo Insular de Gran Canaria, ULPGC and FEDER for fellowships. 

 

Presenting author biography 

Tara Pérez-Hernández graduated in Veterinary Medicine in 2017 and obtained her MS degree in Animal 
Health and Food Safety in 2018, both from Universidad de Las Palmas de Gran Canaria, Spain. She 
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started her PhD at the same institution in 2018 and has since been working on genetic resistance against 
gastrointestinal nematodes. In particular, her work focuses on vaccine testing against these parasites, 
the study of the development of immunity in young individuals and the effect of breed resistance in the 
modulation of host-parasite interaction.  
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O-1007 

Transcriptomic analysis of ovine hepatic lymph node following Fasciola hepatica 
infection 

Amalia Naranjo-Lucena1, Carolina N. Correia2, Verónica Molina-Hernández3, John A. Browne2, Álvaro 

Martínez-Moreno4, José Pérez3, David E. MacHugh2,5, Grace Mulcahy1,5 

1UCD School of Veterinary Medicine, Dublin, Ireland. 2Animal Genomics Laboratory, UCD School of 

Agriculture and Food Science, Dublin, Ireland. 3Department of Anatomy and Comparative Pathology, 

Faculty of Veterinary Medicine, Córdoba, Spain. 4Parasitology section, Department of Animal Health, 

Faculty of Veterinary Medicine, Córdoba, Spain. 5UCD Conway Institute of Biomolecular and Biomedical 

Research,, Dublin, Ireland 

Abstract 

Fasciola hepatica is a trematode parasite responsible for major economic losses in livestock farming, 
and is also a food-borne zoonotic agent in developing rural regions. For years, the immunoregulatory 
mechanisms employed by the parasite have hampered efforts to develop a successful vaccine candidate. 
Given that a comprehensive understanding of the immune response to infection is needed, we 
investigated the gene expression changes in ovine hepatic lymph node after experimental infection with 
F. hepatica. Lymph nodes from 8 uninfected and 11 infected animals were processed for RNA 
sequencing at 16 weeks post-infection. Comparison of groups revealed 5,132 differentially-expressed 
genes (DEGs). An inhibition of pro-inflammatory pathways, that has previously been described during 
fasciolosis, was evident in our data. However, other previously-identified signals, such as activation of 
TGF-ß or apoptosis-related pathways were not detected. We found inhibition of some key 
immunological pathways, including NK cell activity and IgE-mediated signalling. NK cells have been 
shown to play a key role in the protective immune response to infection with the parasite Ostertagia 
ostertagi in cattle after vaccination. Our results may therefore point to additional, as yet unrecognised 
mechanisms employed by F. hepatica to evade the host immune response. Understanding these, and 
leveraging information from this and other omics studies, will be important for the development of 
future vaccine prototypes against this parasite. 

 

Presenting author biography 

I graduated as a vet in 2013 from University of Córdoba (Spain) and then completed a MSc 

Biotechnology. My PhD research at UCD (Ireland) explored the epidemiological and immunological 

effects of infection with F. hepatica on concurrent infections. My Post-Doctoral research focused on the 

analysis of local immune response to fasciolosis in sheep by using RNA-seq technology. I am now a 

Veterinary Research Officer on AMR at the Department of Agriculture Food and the Marine. 
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O-1008 

Diagnosis of Cystic Echinococcosis in Buffaloes by Latex Agglutination Test (LAT) 
Using Recombinant (rAgB) Proteins. 

Arumugam Sangaran, Jyothimol Gopal 

Department of Veterinary Parasitology, Madras Veterinary College, Tamil Nadu Veterinary and Animal 

Sciences University, Chennai, India 

Abstract 

Cystic Echinococcosis (CE) of livestock and human beings is a zoonotic disease of significant public health 
and economic importance, caused by the larval stages of the dog tapeworm, Echinococcus granulosus. 
Early diagnosis of the condition using clinical history and imaging techniques is practically impossible as 
the infection remains asymptomatic. Use of recombinant DNA technology enabled the production of 
recombinant proteins, which replaced native antigens in immunoassays ensuring increased specificity of 
the tests. This work was aimed to develop a rapid recombinant antigen based Latex Agglutination test 
(LAT) for Cystic Echinococcosis (CE) in buffaloes. Recombinant proteins of antigen B sub fraction (rAgB) 
of hydatid cyst fluid was developed by amplifying the genes encoding respective proteins and expressing 
them in pET 28a expression vector. The gene encoding AgB was amplified at 324bp and was restriction 
digested, cloned into the pET28a expression vector and expressed in E.coli BL21 expression host.The 
rAgB was expressed at 17kDa which was purified by gel elution method and used in the development of 
Latex Agglutination Test (LAT). The developed rAgB was validated with a standard LAT using positive and 
negative control sera. LAT was standardised using rAgB to screen sera samples collected randomly from 
80 buffaloes without examining these animals visually for the presence of hydatid cysts at the time of 
slaughter. The sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) 
of rAgB LAT for diagnosis of CE in buffaloes was 57.14, 97.5, 80 and 92.86 per cent respectively. Based 
on the diagnostic performance analysis, rAgB LAT can be preferred for serodiagnosis of cystic 
echinococcosis (CE) in buffaloes. 

Presenting author biography 

Dr Arumugam Sangaran  is working as Professor at the Department of Veterinary Parasitology, Madras 
Veterinary College, TANUVAS, Chennai. His research focus is diagnosis of cystic echinococcosis in food 
animals and humans. Received several awards including the Dr J P Dubey Young Scientist Award,Smt 
Nishamani Parija Oration award in the field of Parasitic Zoonoses and Mid Career Excellence Award in 
Veterinary Parasitology . He is a life member of various scientific bodies and currently, he is the General 
Secretary of the Indian Association for the Advancement of Veterinary Parasitology (IAAVP). He is the 
Organizing Chairman for WAAVP 2023 at Chennai, India.  
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O-1009 

Long-term dynamics of gastrointestinal parasites in wild Soay sheep 

Adam Hayward 

Moredun Research Institute, Penicuik, United Kingdom 

Abstract 

Introduction: Studies of temporal variation in the dynamics of parasite infection in wild animal 
populations have emphasised the relative stability of both the prevalence and abundance of parasite 
taxa, with temporal trends generally weak or non-existent. The relatively short-term nature of such 
temporal studies, however, limits the opportunity for truly determining the nature of temporal variation 
or examining its potential drivers.  

 

Methods: We assessed temporal variation in the prevalence and abundance of gastrointestinal parasites 
in the wild population of Soay sheep living in the St Kilda archipelago, NW Scotland. 15,431 faecal 
samples were collected from 3,696 individuals across 31 years and analysed for eggs of five helminth 
taxa and oocysts of apicomplexan Eimeria spp. Generalised linear mixed-effects models were used to 
describe changes in prevalence and abundance of all six parasite taxa across the study period, 
accounting for variation between ages, sexes, and individuals.  

  

Results: Contrary to the expectation of temporal stability, we found that prevalence and abundance of 
both strongyle nematodes and Eimeria spp increased significantly, while prevalence of the cestode 
Moniezia expansa decreased across time. Further analysis revealed that these changes were 
independent of an increase in host population density that occurred across the study period. The 
prevalence and abundance of rarer gastrointestinal nematodes was more stable with time, but overall 
parasite species richness increased across time.  

  

Discussion: The increases in prevalence and abundance of strongyles and Eimeria, both of which can be 
highly damaging to hosts, may stem from factors including changes in climate, which can influence 
survival and development of transmission stages; weakening selection on immune defence; or increases 
in tolerance of parasites by the sheep. The exceptional long-term data on parasitology, immunology, 
genetics and fitness collected on the Soay sheep population will enable each of these potential drivers 
to be thoroughly examined. 
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Abstract 

The genus Dirofilaria contains 22 species in two subgenera (Dirofilaria, Nochtiella) including at least 
seven zoonotic agents like Dirofilaria (Dirofilaria) immitis and Dirofilaria (Nochtiella) repens causing 
canine cardiopulmonary and subcutaneous dirofilariosis. Genetic differences between Asian and 
European D. repens-like populations are sufficiently high to consider them distinct genospecies. Reports 
of zoonotic dirofilariosis from Asia and spread of D. repens from Mediterranean areas into Central and 
North-East Europe raised awareness for human dirofilariosis. Since Dirofilaria spp. diversity was largely 
described using morphology and host association, while molecular data are rather limited, some newly 
described genospecies may actually represent previously described morphospecies. To close this 
knowledge gap, molecular data representing Dirofilaria spp. from various hosts and regions are 
required. Dirofilaria (Nochtiella) ursi is endemic in Palaearctic and Nearctic ecozones, transmitted by 
Simuliidae and infects American and Asian black and brown bears. Here, two D. ursi mitochondrial 
genomes from Finnish brown bears (Ursus arctos) are reported that are similar to those of other 
Dirofilaria spp. particularly regarding AT skew with extreme thymidine preference. Multi-locus 
phylogenetic analysis strongly supported monophyly of the genus Dirofilaria and its position as a sister 
taxon to Onchocerca. Dirofilaria ursi was placed between D. immitis and D. repens-like parasites, both 
transmitted by Culicidae, but as a sister group to the latter. However, statistical support for the 
subgenus Nochtiella was poor whereas the D. repens-like group was strongly supported. Only data from 
additional Dirofilaria and Nochtiella members will show, if (i) molecular evidence supports validity of 
subgenera and (ii) switching of vectors occurred multiple times within the genus or transmission by 
Simuliidae is an ancient trait shared with Onchocerca. Considering genetic variability in D. repens-like 
filariae and the host and wide geographic distribution of D. ursi, additional sequence data would be 
helpful to characterise potential variability between D. ursi populations. 
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Abstract 

Introduction: Trichinella britovi is a zoonotic nematode included in encapsulate clade of genus 
Trichinella that infects domestic and wildlife. T. britovi is reported in wild animals in northern-central 
regions of Italy and, carnivores play a role in its life cycle. This study aims to present the results of long-
term wildlife monitoring (2015-2020) for Trichinella spp. in southern Italy. Materials and 
Methods: A total of 608 carcasses of wild animals (412 foxes, 90 wolves, 73 badgers and 33 stone 
martens) from Apulia, Basilicata, Campania and Calabria regions were collected. Samples (5 g of 
diaphragm) from each animal were analysed individually using the magnetic stirrer method with 
artificial digestion, in accordance with Regulation (EU) 2015/1375. Larvae collected from Trichinella spp. 
positive samples were identified by European Union Reference Laboratory for parasites (EURLP). 
Results: Out of 608 samples examined, 4/412 foxes (0.97%), 15/90 wolves (16.66%), 1/33 stone martens 
(3.03%) were positive, all badgers were negative. Isolated larvae have been identified as T. britovi. The 
prevalence in wolves was 25.00%, 17.40% and 9.50% in Basilicata, Apulia and Campania, respectively, 
while in Calabria no positivity was reported. In foxes the positive samples were from Apulia (1.52%) and 
Campania (1.36%). Whereas positive stone marten was reported in Apulia (8.33%). The cumulative 
prevalence in the studied animals was 3.29% (IC 95%: 1.87–4.71) and the highest positivity in wolves 
compared to foxes and mustelids was statistically significant (p<0.001). Discussion: Therefore, the wolf 
may play a major role in the diffusion of T. britovi in the study area, because of the close connection 
between parasite presence, altitude and wildlife feeding behaviour. The low prevalence in foxes and 
mustelids could be due to a greater exploitation of anthropogenic food resources than wolves. Further 
studies are needed to define the trophic chain of carnivores and mustelids in the southern Apennine 
mountains. 
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Abstract 

Genus Crenosoma Molin, 1861 includes nematodes parasitic in the trachea, bronchi, and bronchioles of 
carnivores and insectivores and are morphologically distinguishable by the presence of a striated and 
folded cuticle. It is distributed in Europe, America, and Asia with 15 different species included in the 
genus. The aim of the present study was to evaluate the distribution, prevalence, and diversity of 
species of Crenosoma in wild carnivores from Romania and the genetic characterization of some species. 

Between 2014 and 2020, 600 red foxes, 18 wolves, 105 golden jackals, 1 racoon dog; 5 lynxes, 46 
wildcats, 97 badgers, 35 beech martens, 79 polecats, 7 other mustelids and 9 brown bears were 
collected by hunters or found as road-kills in different localities of Romania and further examined by 
necropsy. Detected nematodes were morphologically and molecularly identified. 

Overall, 213 animals were found positive for infection with Crenosoma spp. In foxes we identified 
Crenosoma vulpis (31.3 %), in badgers, we identified Crenosoma melesi (4.5 %) and C. petrowi (1.22 %) 
and in martens, two species of Crenosoma (3.86 %). One bear was positive for C. petrowi (11.11 %). No 
other wild carnivore species were found positive. New sequences of the cox1 gene of C. petrowi and C. 
melesi were obtained. 

Species diversity of Crenosoma spp. among carnivores is very wide, especially in mustelids which host 
more than ten species. In Romania we identified three species. Even though there are reports of these 
nematodes infecting different hosts, we detected them only in red foxes, badgers, martens and one 
bear. This study highlights the importance of future studies as there are still many gaps remaining. 
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Abstract 

A plethora of evidence supports a role for the gastrointestinal (GI) microbiome in the mammalian 
immune response to helminth infection. Overall, evidence from experimental nematode infections 
suggests an immune-modulatory role of the GI microbiota which may facilitate the establishment of 
chronic infection. On the other hand, data from experimental models of trematode infection suggests 
that GI microbiota may also promote immunopathology of infection via opportunistic invasion of 
compromised mucosal barriers. Indeed, the co-administration of antibiotics with Schistosoma mansoni 
cercariae in mice significantly reduced pathology and was associated with improved outcomes. The 
trematode Fasciola hepatica causes significant production losses in the sheep industry, and acute 
outbreaks can have a high mortality rate; furthermore, resistance to the anthelmintic triclabendazole is 
becoming increasingly widespread. It is therefore timely and relevant to explore the response of the 
ovine GI microbiota to acute F. hepatica infection and establish whether it plays a role in the immune 
response and/or pathogenesis of infection. In this study, for the first time, we profiled the faecal 
microbiota of sheep experimentally infected with F. hepatica over a 14-week period in comparison to 
uninfected control animals. Following bioinformatics and biostatistical analysis we identified a relative 
reduction in gut microbial diversity in infected sheep at time-points corresponding with migration of 
metacercariae across the gut wall, and adults reaching patency in the bile ducts. Notably, the impact on 
microbial diversity varied significantly according to F. hepatica strain, suggesting that strain dependant 
host responses occur in sheep, with possible clinical implications. Correlations between specific bacterial 
taxa and fluke burden were also found at key time points, providing the first evidence that members of 
the gut microbiota may play an active role in the outcome of F. hepatica infection. 
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Abstract 

Gastrointestinal pathogens are major causes of disease in ruminants. The internal location of these 
infections represents an obvious physical barrier that impedes comprehensive interrogation of host-
pathogen biology. Furthermore, the facilities, personnel and cost required for in vivo studies involving 
large animals can be prohibitive for many research groups. The development of in vitro tissue-specific 
organoid cultures has been a significant boost to medical research in recent years. Here, we report the 
development of gastric and intestinal organoids from sheep. We demonstrate that stem cells derived 
from the abomasum and ileum develop into tissue-specific organoids when cultured in identical 
conditions. Microscopy analysis confirmed the presence of specific epithelial cell markers, cell 
polarisation and proliferation. To demonstrate the organoids were representative of the tissue from 
which they were derived, transcriptomic analysis was performed on abomasum and ileum tissues from 
multiple animals, as well as the abomasum and ileum-derived organoids. This revealed that key 
abomasum and ileum markers were conserved in their respective organoids. Transcriptomic analysis 
also showed gene expression profiles were consistent across multiple organoid passages. A particular 
challenge with using gastrointestinal organoids to model infectious diseases can be exposing the apical 
interface to the pathogen or pathogen-derived material, due to the closed format of the system. We 
remedied this by confirming reverse polarisation of both abomasum and ileum organoids following their 
removal from a matrix containing basement membrane proteins, exposing the apical interface to 
pathogens or their products present within the culture media. Finally, we demonstrate that ovine 
helminth and bacterial pathogens, including the parasitic nematode, Teladorsagia circumcincta, interact 
with sheep gastrointestinal organoids. Future directions involving our organoid models include studying 
specific host-pathogen responses for a range of helminth, protozoan and bacterial pathogens, as well as 
implementing them in drug development assays. 

Co-presented by David Smith and Marc Faber 
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Abstract 

Introduction 

The multifaceted interactions between gastrointestinal helminth parasites, vertebrate host gut 
microbiota and the immune system are emerging as a key area of research. Recently, we investigated 
the fluctuations in microbiota composition and local immune microenvironment of sheep vaccinated 
against, and experimentally infected with Teladorsagia circumcincta, and showed that alterations to the 
gut microbial composition are associated mainly with parasite infection, and that this involves the 
expansion of populations of bacteria with known pro-inflammatory roles. However, a thorough 
understanding of the mechanisms governing helminth-microbiota interactions, and of their impact on 
host health and welfare, relies on reproducibility and replicability of findings.  

Materials and methods 

In this study, we analysed quantitative and qualitative fluctuations in gut microbiota composition of 
sheep vaccinated against, and experimentally infected with, T. circumcincta, over the course of two 
separate trials, using bacterial 16S rRNA amplicon sequencing and bioinformatics and biostatistical 
analyses of sequence data.  

Results 

In spite of largely similar experimental protocols, we detected profound differences between 
populations of bacteria affected by T. circumcincta immunisation and experimental infection in each 
trial. Nevertheless, selected groups of bacteria were consistently expanded in the gut microbiota of 
infected animals in both trials.  

Discussion 

In spite of the largely conflicting findings, our data revealed that selected gut microbial populations are 
consistently affected by T. circumcincta infection and/or vaccination. Nevertheless, our study calls for 
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caution when interpreting data generated from in vivo helminth-microbiome interactions studies. For 
small ruminants in particular, the use of in vitro systems might allow to overcome some of these 
limitations. Minimising the impact of these confounding factors is key to the elucidation of the causality 
of worm-bacteria interactions and, in turn, to achieve a better understanding of whether the 
manipulation of this crosstalk might be exploited in the development of novel parasite treatment and 
control strategies. 
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Abstract 

Sericea lespedeza (SL; Lespedeza cuneata) hay grown on farms in the southern United States under 
normal fertility (NF) or high fertility (HF) were compared to a bermudagrass (BG; Cynodon dactylon) hay 
diet in a 6-week feeding trial. Forty-five naturally parasite infected intact Spanish male goats 8-9 months 
old were used to investigate effects of NF (n=15) and HF (n=13) SL and BG hay (n=13; CON) on indicators 
of gastrointestinal parasitism.  Hay and water were provided free choice, and a commercial goat pellet 
at 1.5% average body weight. Treatments were assigned for similar initial gastrointestinal nematode 
fecal egg count (FEC) (5029, 4749 and 4456 eggs per gram (EPG) for HF and NF SL and CON goats, 
respectively). At the start of the study and weekly thereafter, fecal and blood samples were collected for 
determination of FEC and coccidia fecal oocyst counts (FOC) and packed cell volume (PCV), respectively. 
Body weights were recorded at the start and end of the trial. Data were analyzed using MIXED 
procedures of SAS for repeated measures with inferences made on log-transformed data for FEC, FOC, 
and PCV, and GLM used for gain data.  Both FEC and FOC for NF and HF SL were different from CON after 
day 0 (P< 0.05). Final EPG were 949, 1411, and 3552 for HF and NF SL and CON goats, a reduction of 
73.3% and 60.3% for HF and NF SL animals, respectively. Percentage PCV tended (P < 0.052) to be 
influenced by treatment, in which HF and NF SL were similar, but higher (P < 0.05) than CON (tendency 
only for NF, P < 0.07). Average daily gain (ADG) was impacted by treatment, with HF SL higher (P < 
0.001) than both NF SL and CON, which were similar. High-fertility SL improved animal performance 
while maintaining its anti-parasitic bioactivity. 
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Abstract 

In cases of adult D. immitis infection, the recommendation is to treat with melarsomine. Slow-kill 
methods using a macrocyclic lactone and doxycycline are no longer supported with concerns of the 
pathology caused by the long term presence of the adult worms and, potentially, the contribution to 
anthelmintic resistance development. In addition, owner compliance with slow-kill methods is rarely 
100%. However, in many tropical countries, a veterinary formulation of melarsomine is unavailable and 
there is uncertainty regarding the continuing distribution of a registered formulation in some regions. 
The increasing travel of pets with their owners, the lack of an adulticide treatment and the potential for 
slow-kill to select for resistance could result in transfer of D. immitis isolates to new locales. The 
identification of effective treatments in areas without melarsomine as well as means of increasing the 
availability of melarsomine, are, therefore, not only concerns for the welfare of dogs in the tropics but 
also a concern for other regions. TroCCAP (Tropical Council for Companion Animal Parasites) has 
identified knowledge gaps and research areas needed to address these issues with the first steps being 
assessing current availability of melarsomine and compiling D. immitis prevalence data for tropical 
regions.  
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Abstract 

The DiroScope, a cell-phone based video-microscope, was recently validated for detecting heartworm 
microfilariae (mf) in blood of experimentally infected dogs. We assessed the qualitative and quantitative 
performance of a DiroScope prototype for detecting heartworm infection in dogs with unknown 
infection status. Matched blood and serum samples of 113 shelter dogs were collected. Blood was 
tested using different mf detection tests (MFDT) including: the DiroScope, Direct Smear (DS), Thick 
Smear (TS), and modified Knotts. Serum samples were tested for heartworm antigen using a commercial 
test (DiroCHEK), before and after immunocomplex dissociation (ICD). Qualitatively, mf were detected in 
26.6% of dogs, and 22.1%, 23.0%, 26.6% and 24.8%, for DS, TS, DiroScope, and Knotts, respectively. Two 
dogs were only mf-positive in the DiroScope, one being antigen positive pre- and post-ICD, and one only 
post-ICD. Species-level mf identification was only attained through Knotts, in which three dogs were 
confirmed infected by Acanthocheilonema reconditum. These 3 dogs tested mf-positive in the 
DiroScope, one in TS, and none in DS. Quantitatively, the average heartworm microfilaremia was 4,277; 
8,097; 8,987; and 11,403mf/mL, for DS, TS, DiroScope, and Knotts, respectively. Among the 133 dogs, 
25.7% (n=29) tested antigen-positive before ICD, and 31.0% (n=35) after ICD. All 3 A. reconditum-
infected dogs tested antigen-negative. We compared the combinations of each MFDT with antigen 
results pre- and post-IDC. The combination of post-ICD antigen test with any MFDT was able to detect 
heartworm infection in 36 dogs. When combined with the DiroScope and MFDT, antigen-testing pre-ICD 
detected 89.0% and 86.1% of heartworm infections, respectively. Among D. immitis mf-positive dogs, 
one tested antigen-negative pre- and post-ICD, and one tested antigen-positive only post-ICD. The 
DiroScope prototype proved to be a fast and practical tool for heartworm microfilariae detection, and 
when combined with antigen tests, for the detection of heartworm infection in naturally infected dogs. 
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Abstract 

Introduction: Capillaria aerophila and Capillaria boehmi parasitize the respiratory system of wild and 
domestic carnivores. Capillaria aerophila inhabits trachea and bronchi of dogs and cats, while C. boehmi 
affects the nasal cavities and sinuses of dogs. In dogs the infection may be subclinical or characterized by 
varying respiratory distress.  

Materials and Methods: The present study evaluated the efficacy of an oral formulation containing 
milbemycin oxime and afoxolaner (NEXGARD SPECTRA®) in dogs naturally infected with C. aerophila 
and/or C. boehmi from three enzootic areas of Italy. Dogs were enrolled pending faecal examination and 
molecular confirmation of respiratory capillarioses. Dogs were allocated in two groups: Group 1 (G1, 25 
dogs), treated with a negative control product with no anthelmintic activity (afoxolaner, NEXGARD®) and 
Group 2 (G2, 26 dogs), treated with NEXGARD SPECTRA®. At the day of treatment administration (Days 
0), all dogs were clinically examined. Dogs were again subjected to clinical examinations and faecal 
examination at Days 28 (± 4) and 56 (± 2). The primary criterion for treatment efficacy was the reduction 
of faecal Capillaria egg counts in G2 compared with G1. The regression of/recovery from baseline clinical 
signs was considered as a further efficacy criterion.  

Results: Percentage reduction of fecal Capillaria egg counts of NEXGARD SPECTRA® group compared to 
the control group was >97% on Day 28 and 100% on Day 56, respectively (p< 0.05 for both time 
points). Twelve of the 13 dogs of the NEXGARD SPECTRA® group with respiratory signs prior to treatment 
were free of clinical signs at the end of the study. Conversely, the six control group dogs with respiratory 
signs prior to treatment remained symptomatic.  

Discussion: This study showed that NEXGARD SPECTRA® is safe and efficacious against C. aerophila and 
C. boehmi in naturally infected dogs. 
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Abstract 

Filarial nematode parasites enter their definitive host via the bite of an insect vector at the 
developmentally arrested iL3 larvae stage. Exit from iL3, allowing growth to resume to reproductive 
adulthood, occurs in the favorable conditions provided by the mammalian host. Ligand-activated DAF-12 
is considered a key factor of the development of filarial nematodes establishing parasite infection, but 
the natural ligands responsible for DAF-12 activation remain to be determined. We have recently shown 
that in vitro development of the dog Heartworm Dirofilaria immitis can be induced by different steroids 
of parasitic or mammalian origin, which activate also the nuclear receptor DAF-12 (Long T et al. Sci Rep. 
2020). With the use of a luciferase gene reporter assay, we observed that sera from different mammals, 
including dog which is the D. immitis host but also human, mouse, sheep, pig and cow, can activate 
DimDAF-12. Interestingly, Fetal Bovine Serum (FBS) but not charcoal stripped FBS, stimulated DimDAF-
12 activity. As charcoal stripping removes most of the lipidic compounds from serum, this result 
suggests that DAF-12 activation occurs through lipidic ligands present in bovine serum. Intriguingly, 
mammalian sera also activated DAF-12 from the filarial nematode Brugia malayi (Bma), but did not 
activate the hookworm Haemonchus contortus (Hco) or Caenorhabditis elegans (Cel) DAF-12, suggesting 
that DAF-12 of filarial nematodes are specifically hypersensitive to mammalian sera. Remarkably, we 
observed that Dim and BmaDAF-12 exhibit much higher affinity for cholestenoic acid, a bile acid 
precursor present in mammalian serum, than Hco and CelDAF-12. Altogether, our data suggest that 
filarial nematode parasites have evolved to sense very low concentration of host steroids in order to 
resume their development at proper place and time. 
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Abstract 

Taenia solium infection is one of the major neglected tropical zoonoses. People get infected with the 
adult worm of T. solium after consuming pork containing cystic stage (Cysticercus cellulosae), whereas 
infection with the cystic stage occurs when people consume food (raw vegetables/fruits) and water 
contaminated with T. solium eggs. Swine and human cysticercosis have been documented as endemic in 
several states of India including Punjab, however, no study has been conducted on the status of human 
cysticercosis in the pig rearing communities (who could be considered at potential risk) of Punjab. 
Current study investigated the status of T. solium exposure in members of such communities in Punjab 
using a commercially available ELISA kits. An overall seroprevalence of 5.20% (11/210) was observed. 
Significantly higher seroprevalence was associated with occupation [pig rearing (10%, 11/109) vs not 
rearing pigs (0%, 0/93), Chi square test, p<0.05], hand hygiene [washing hands with water only but 
without soap before eating (83%, 10/12) vs washing hands with water and soap (0.5%, 1/190), Chi 
square test, p<0.01] and consuming raw vegetable [without washing vs after washing, Chi square test 
p<0.01] but no statistically significant association was observed between age, gender, location, pork 
consumption and exposure (Chi square test, p > 0.05). Our findings emphasize the need to further 
educate community members about the preventative measures including personal hand hygiene and 
washing raw vegetables before consumption.  
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Abstract 

Introduction 

The parasitic roundworm Trichinella spiralis is most commonly transmitted to humans through 
consumption of raw or undercooked meat of infected pigs or game. To prevent human infection, 
slaughterhouses perform meat safety surveillance using the gold standard “Magnetic Stirrer Method”. 
We introduce a fast and objective method using automated detection of specific Trichinella 
spiralis antigens by a newly developed immunoassay based on chemiluminescence (ChLIA). 

  

Material and Methods 

Panel A comprised muscle tissue samples (100g) from diaphragms of 37 non-infected pigs. Panel B 
comprised 56 samples (90g) from non-infected pigs each spiked with 10g minced meat containing 
Trichinella larvae without collagen capsules.  

Panel C consisted of 32 samples (99g) from non-infected pigs each spiked with muscle tissue samples 
from experimentally infected pigs (1g, including one or three encapsulated Trichinella larvae).  

Each sample (100g) was shredded with PBS buffer in a high-quality knife mill for five minutes, destroying 
Trichinella larvae. Following centrifugation, the supernatant (muscle tissue extract containing released 
excretory and secretory Trichinella antigens) was used for Trichinella-specific antigen detection by the 
new Trichinella ChLIA (EUROIMMUN). 

  

Results 
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The overall accuracy of the Trichinella ChLIA was 97.6%. The specificity of the Trichinella ChLIA was 
100% (panel A). The sensitivities in panel B and C amounted to 94.6% and 100%, respectively. Trichinella 
ChLIA detects antigens of one larva in 100g infected pork (0.01 lpg). 

  

Discussion 

The new approach for the detection of T. spiralis antigens presents high specificity and sensitivity, 
especially in truly infected samples. In contrast to the gold standard, this new approach to meat safety 
surveillance does not require longsome digestion or microscopy. The advantages of the new approach 
are: short duration of 60 minutes for the entire procedure, automated and objective evaluation by the 
ChLIA RA analyser, fewer working steps resulting in a fast and accurate alternative to the gold standard. 
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Abstract 

Introduction 

In September 2017, a severe trichinellosis outbreak occurred in Cambodia after persons consumed raw 
wild pig meat; 33 persons were infected and 8 died.  

Materials, Methods and Results 

We collected and analyzed the medical records for 25 patients. Clinical signs and symptoms included 
myalgia, facial or peripheral edema, asthenia, and fever. We observed increased levels of creatine 
phosphokinase and aspartate aminotransferase, as well as eosinophilia. Histopathologic examination of 
muscle biopsy specimens showed nonencapsulated Trichinella larvae. A Trichinella excretory/secretory 
antigen ELISA identified Trichinella IgM and IgG. Biopsy samples were digested and larvae were isolated 
and counted. PCR for the 5S rDNA intergenic spacer region and a multiplex PCR, followed by sequencing 
identified the parasite as Trichinella papuae.  

Discussion 

This species was identified in Papua New Guinea during 1999 and in several outbreaks in humans in 
Thailand. Thus, we identified T. papuae nematodes in humans in Cambodia. 
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Abstract 

Since 2013, urinary schistosomosis with a West African hybrid of S. haematobium x S. bovis have been 
observed in more than 100 humans who lived or had travelled in Corsica (France). Two rivers of the 
southeast of the island, the Cavu and the Solenzara, have been implicated in the transmission of the 
hybrid and the presence of intermediate host Bulinus truncatus have been confirmed in the two rivers. 

In order to show the possible implication of ruminants in epidemiology of these hybrids, hybrids from a 
strain of S. bovis and a strain of S. haematobium (F1 hybrids) and backcross hybrids 
with S. haematobium or S. bovis were produced in hamsters. Three-month-old female lambs (triplicate) 
were infected transcutaneous with 1,500 cercaria of each hybrids or parental strains. Blood sample were 
collected every month for biochemical and haematologic monitoring. Animals are euthanised 4 months 
post-infection and autopsies are performed. 

Our first results indicate that F1 hybrids and backcross hybrids with S. haematobium infect sheep but 
the adult localisation is different (only in small intestine for S. bovis versus mainly in large intestine for 
hybrids) and the number of adults (males and females) are different: few adults with some hybrids, 
mainly males. The only observed macroscopic lesion was on the liver of all the infected animals. Other 
results are in progress and will be presented. 

All the results will be discussed but our first results demonstrate the possibility that different hybrids can 
infect ruminants and that it is important to follow up animal infections, including ruminant infections, in 
the regions where human urinary schistosomosis is observed. 
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Abstract 

Salto city, State of São Paulo, Brazil, is located at the Jundiaí and Tietê rivers' confluence. Hydrography 
associated with landscape changes introduced by real estate development has favored capybaras 
(Hydrochoerus hydrochaeris) and ticks (Amblyomma sculptum) implicated in transmitting the Brazilian 
Spotted Fever, a disease caused by Rickettsia rickettsii, regarded as one of the deadliest tick-borne 
infections. An inter-institutional integrated control project begun in October 2018, with ten areas 
selected for monthly tick monitoring with dry-ice traps. In October 2019, Moutonnèe Rock Park and 
Saint John Square were assigned to treatment with Beauveria bassiana IBCB66 (Ecobass, Toyobo), while 
Metarhizium anisopliae IBCB425 (Ecometa, Toyobo) was sprayed on Lake Park and Toyobo do Brasil, 
with areas ranging from two to five hectares. Both fungi were sprayed at 2×1013 conidia/ha. The 
application was either mechanized or manual, as required. Treatment focused on adults, prevalent 
during the Southeastern rainy season when fungi benefit from air humidity. Floods in February 2019 and 
the Covid-19 pandemics interrupted work, but it was possible to apply the Chi-squared test to assess 
efficacy comparing adults recovered from November 2018 to January 2019 with those captured after 
application. At Lake Park, a 94.5% reduction was obtained (p<0.001), while at Toyobo, it was 74.3% 
(p<0.001). Lawns characterize both sites, and regular mowing may have influenced results at Lake Park. 
Denser thickets and steep river margins at the Moutonnèe Rock Park have probably reduced efficacy by 
restrained application or conidial lixiviation, yet reduction was 57.8% (p=0.167). Saint John Square is an 
urbanized area adjacent to the Jundiaí river's mouth, with margins narrowed by human occupation, 
which has probably interfered with fungal efficacy and reduced adult tick yield by 26.9% only (p=0.636). 
These findings suggest that entomopathogenic fungi can help mitigate tick-borne diseases but require 
an integrated approach to deliver maximum results. 
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Abstract 

 

  

Fasciolosis due to Fasciola hepatica is a common condition of mammals resulting in variable morbidity 
and occasional mortality, with profound effects on livestock keeping in the UK.  Its incidence in the 
British Isles is rising due climatic changes, with modelling suggesting that in the future, some locations 
may become unsuitable for livestock-grazing. Control in the definitive host is dependent upon 
anthelmintic treatment and control of the intermediate host, Galba truncatula, involves changes to the 
environment, neither of which offer long-term sustainability. The sustainability of anthelmintics is 
difficult with widespread resistance to anthelmintics and draining wetlands potentially places farmers in 
conflict with wildlife groups. In the UK this is further complicated by new Environmental Land 
Management schemes which places greater emphais on environmental quality than agricultural 
production. 

Here we consider a potential for sustainable control by using the concepts of ecosystem health to assess 
the epidemiology of fasciolosis and develop sustainable solutions.  A literature review was conducted to 
investigate: a) the precise abiotic and biotic factors required for the survival of both G. truncatula, and 
the free-living stages of F. hepatica, b) the wider ecology of G. truncatula and its interaction with other 
flora and fauna in its ecological niche, and c) how those niches may be manipulated to reduce cercarial 
contamination of pasture. A particular focus was the role that silvopasture schemes may play in 
potential control measures.  

A critical aspect to emerge from the review is the role of algae as a food source for G. truncatula with 
work showing that the consumption of algae has a direct influence on cercarial production. Resource 
availability is a critical concept in ecology, and we propose that measures aimed at reducing algal levels 
could have a significant impact on pasture contamination, thus reducing the infective load for grazing 
animals. 
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Abstract 

Gastrointestinal nematodes (GINs) affect the health and productivity of small ruminants worldwide. The 
development of resistance to anthelmintics (AR), has motivated the search of alternatives to control 
GINs. One of these options is the validation of medicinal plants (MP) with reported AH effects. In this 
study, K. odorata Valh., C. occidentalis L., A. absinthium L. and V. litoralis Kunth., were selected with the 
aim to evaluate the AH effects against Haemonchus contortus (Hc) and Trichostrongylus colubriformis 
(Tc) and to determine the role of some specific markers (tannins; polyphenols) in the AH activity. The 
study was based on two in vitro assays namely the Egg Hatch Assay (EHA) and Larval Exsheathment 
Inhibition Assay (LEIA). Results were analyzed and presented as percentage of inhibition effects (%IEX) 
for LEIA and percentage of inhibition eclosion (%IEH) for EHA. The effective concentrations (EC50) were 
calculated. The potential role of polyphenols was evaluated by using the inhibitor 
polyvinylpolypyrrolidone (PVPP). The inhibitory effects were dose dependent for both assays and for the 
2 GINs species. EC50s values for LEIA were   respectively for K. odorata, C. occidentalis and A. absinthium 
(564, 250, 706 µg/ml, Hc) and (610, 42, 277 µg/ml, Tc) For EHA, the EC50 values were respectively 176, 
359, 121 µg/ml ( Hc)  and 143,86,137 µg/ml (for Tc). For V. litoralis, the EC50 was > 2400 µg/ml for LEIA 
and equal to 865 µg/ml, (Hc) and 129 µg/ml (Tc) for EHA. Addition of PVPP to the four extracts showed a 
partial blocking action but insufficient to restore full control values, these results suggesting that tannins 
and polyphenols are not solely responsible for the AH effects. Those plants could be considered as 
alternatives to control GINs in small ruminants. In vivo studies are needed in particular with K. odorata 
because of lack of previous data on this plant.  
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Abstract 

Intramammary infections may lead to clinical or subclinical mastitis, decreasing milk quality, impairing 
sheep welfare status and increasing the use of antibiotics, which promote the development of 
antimicrobial resistance and milk or meat residues. This study assessed the fly repellent effect of 
deltamethrin on the i) common bacteria in milk causing intramammary infections, ii) somatic cell counts 
in milk and iii) blood serum cortisol and creatine kinase concentrations (stress and fatigue indicators). 
The study was carried out in fifty dairy ewes, which were randomly divided into 2 similar groups (A and 
B), during peak fly season in Northern Greece. Ewes of group A were individually dressed on their back 
with a deltamethrin 10% (Deltanil® Virbac Hellas) solution at Day 0, while ewes of group B received 
placebo treatment (controls). Each group was kept separately, in order to avoid any drug transfer or 
influence the fly population burdens. At D0 and D28 post treatment, fly monitoring and individual milk 
and blood sampling for analysis were made. The results highlighted the significant role of flies in the 
transmission of bacteria being incriminated for intramammary infections. Fly repellency with 
deltamethrin reduced the number of flies (mostly Musca domestica) landing on dairy ewes, improving 
the bacteriological profile of the mammary gland. This was further supported by the enumeration of the 
somatic cells in milk samples, which decreased in deltamethrin treated ewes. In addition, this trial 
showed that the number of flies is positively linked to the serum cortisol and creatine kinase 
concentrations, which are indicative of the stress and fatigue status of the animals, respectively. In 
conclusion, deltamethrin treated ewes had lower somatic cell counts in milk (better quality) and blood 
serum cortisol and creatine kinase concentrations, resulting in a less stressful living environment 
(increased welfare). 

Acknowledgments: This research was funded by VIRBAC HELLAS. 
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Abstract 

Parasitic gastroenteritis in cattle can have detrimental economic consequences on agricultural 
productivity. In organic systems, the use of anthelmintic drugs is highly regulated, with a preferential 
emphasis on parasite disease prevention through regulation of stocking densities and complimentary 
grass management methods. In this study, the prevalence and distribution of gastrointestinal nematode 
parasites associated with organically reared cattle on lowland and upland grazing regimes was 
investigated alongside dung beetle assemblages and their interactions with gastrointestinal nematode 
parasites. Invertebrates such as dung beetles have a strong role in controlling the nematode population 
through competition for dung resources and in this way can reduce the parasitic burden of cattle dung 
through interfering with the faecal-oral mode of transmission for these parasites. To explore this 
relationship, cattle weights were monitored, faecal egg counts (FEC) performed and pasture nematode 
larval infectivity observed by transect twice monthly. Standardised artificial dung pats were used to 
monitor dung beetle assemblages, larval migration and parasitic nematode–beetle interactions. Dung 
samples were analysed for mineral analysis across the grazing season. While the overall level of parasite 
burden was low in both upland and lowland systems, younger animals presented with higher FEC 
compared to adults. Pasture larval levels displayed a typical peak in late summer with the predominant 
species observed in both sites being Ostertagia ostertagi and Cooperia oncophora. Major differences in 
dung beetle populations, species and numbers, were observed across both sites. A novel finding of this 
study indicated a particular beetle family as a potential nematode control agent with grazing 
management strategies forming an integral part of any parasite control management plan in organic 
beef production systems. This study will be discussed in the context of risk to animal health by 
nematode parasites and suggests that upland pastures can be utilised to alleviate lowland grazing 
pressures in organic production.   
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Abstract 

Subclinical parasite infections in livestock production have huge economic impact on the farming 
industry, leading to decreased animal welfare and reduction in meat, milk and wool production. The 
global spread of anthelmintic resistance has exacerbated the threat of gastrointestinal nematode (GIN) 
infections to small ruminant health and production. Phytochemicals, such as condensed tannins (CT), 
have shown promising anthelmintic potential, and could complement other management practices to 
reduce anthelmintic use for parasite control. Conifer bark is a rich source of CT. Studies have shown that 
the content of CTs in Norway spruce and Scots pine varies, but on average they contain around 4% 
CTs. This study explored the anthelmintic activity of bark from Norwegian conifers over two seasons, 
extracted with three different solvents (water, acetone, methanol), against two sheep GIN, Teladorsagia 
circumcincta and Trichostrongylus colbriformis. Bark extracts were analysed to determine their total CT 
content and tested in vitro, with the aim to quantify their impact on egg hatching and L3 larval motility. 
Results show significant variation in efficacy of the extracts on egg hatching in a dose dependent 
manner. The CT content of the bark extracts were not always associated with LD50 values, indicating 
that other plant compounds may have additional anthelmintic effects. Preliminary results of the L3 
larval motility test showed that incubation in the bark extracts had a smaller impact on this parasite 
stage at the concentrations tested. This research brings new insights into the potential anthelmintic 
activity of different phytochemicals and discusses the potential of bark extracts as a tool in the 
sustainable control of GIN in small ruminants.  
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Abstract 

Gastrointestinal nematodes (GIN) remain a challenge to ruminants’ production systems in the 
Mediterranean region, causing significant morbidity and mortality and consequent economic losses. 
Among different proposed strategies for an integrated control of GIN, bioactive plants arise as a 
sustainable approach. The anthelmintic activity of these plants has been mainly associated to its 
phenolic fraction, particularly flavonoid and tannin contents. Several salt-tolerant plants occurring in the 
Mediterranean region are rich sources of such compounds, but its usefulness in veterinary parasitology 
remains mostly underexplored. In this sense, the goal of this study is to investigate the in vitro 
anthelmintic effects of selected salt-tolerant species and its related bioactive metabolites. Freeze-dried 
biomass of aerial organs of Cladium mariscus L. Pohl, Helichrysum italicum subsp. picardi (Boiss. & Reut.) 
Franco and Limoniastrum monopetalum L. was extracted with acetone/water (80%). Extracts were 
tested in vitro against Haemonchus contortus (HC) by the Larval Exsheathment and Egg Hatching 
Inhibition Assays. Poly-(poly)vinylpolirrilodine(PVPP;50x), a polyphenol binding agent, in combination 
with Liquid Chromatography-Mass Spectrometry (LC-MS) technique  was used to explore the role of 
phenolic compounds and/or other metabolites for the anthelmintic properties. L. monopetalum showed 
the best IC50 value(<50µg/mL) towards larvae exsheathment, followed by C. mariscus and H. 
italicum (<100µg/mL). L. monopetalum and C. mariscus showed IC50values <2000µg/mL against eggs 
while H. italicum was less effective (2948 µg/mL). The use of PVPP revealed that phenolic compounds 
are mainly involved in the inhibition of egg hatching but account only partial responsibility for the 
impairment of the larvae exsheathment process, suggesting the presence of other bioactive compounds. 
The identified metabolites of L. monopetalum, C. mariscus and H. italicum subsp. picardi and the use of 
these species as nutraceutical plants and/or as phytotherapeutic options against GIN in ruminants is 
discussed. 
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PhD thesis aims to explore the potential applications of Mediterranean salt-tolerant plants in veterinary 
parasitology as sources of bioactive metabolites of nutraceutical or phytotherapeutic interest. 
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Abstract 

A single dose treatment of Bacillus thuringiensis (Bt) crystal protein Cry5B was analyzed for its 
anthelmintic efficacy against an experimental infection of Haemonchus contortus in sheep. A 
paraprobiotic form of Bt Cry5B, called IBaCC (Cry5B expressed in an asporogenous Bt strain that is 
killed), that cannot reproduce in the environment but retains full anthelmintic bioactivity, was used for 
this study.  Three-month-old Dorset lambs, maintained in housing since birth and with fecal egg counts 
(FEC) of 0 eggs/gram prior to the start of the study, were infected with 10,000 Haemonchus contortus 
infective larvae (L3). Once egg producing infections developed, animals were stratified by FEC into 
treatment groups (n=5) and balanced for sex and body weight (BW). Lambs were orally administered 
one of three treatments: 1) Cry5B IBaCC (40 mg/kg BW), 2) Cry5B IBaCC (10 mg/kg BW), or 3) untreated 
control.  Fecal egg counts were measured daily for one week at which time the lambs were euthanized 
and total worm burdens from the abomasum were quantified.  Within 48 hours of dosing there was a 
58% and 89% reduction in FEC by 48 hours and 67% and 92% FEC reduction by the conclusion of the 
study for lambs in the 10mg/kg BW and 40mg/kg BW Cry5b IBACC treatment groups respectively. There 
was a statistically significant 40% reduction in worm burden in lambs dosed with 10 mg/kg BW of Cry5B 
IBACC (976 ± 249 worm, mean ± SEM, p = 0.014 versus Control) and a statistically significant 82% 
reduction in worm burden in lambs dosed with 40 mg/kg BW (296 ± 115 worms, p < 0.0001 versus 
control lambs).  Further studies into the effectiveness and optimization of Cry5B IBaCC as a potentially 
novel, natural and safe answer to gastrointestinal nematodes in sheep are warranted. 
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Abstract 

 

Dirofilaria immitis infection in dogs and cats can cause serious pathology, and lead to death. The 
infection, known as heartworm disease is prevented by monthly, or long-acting treatment with 
macrocyclic lactones. However, drug-resistance has developed in the USA, and indicates a need for 
alternative approaches to disease intervention. Microfilariae are in a state of developmental arrest in 
their mammalian host and then undergo two rapid molts once inside the mosquito vector. We have 
looked at the developmental regulation of D. immitis microfilariae that occurs in their arthropod host 
using in vitro approaches and investigated the role of the ecdysone signaling system in this 
development. D. immitis microfilariae, extracted from dog blood, were incubated in various media 
conditions to identify suitable conditions for in vitro culture and development, and to determine the 
effects of FBS, mosquito cells, and ecdysteroid on their development. Transcript level of the ecdysone 
signaling pathway components were measured with droplet digital PCR. In vitro conditions that best 
promote early development of D. immitis microfilariae to the “late sausage stage” were identified, 
although shedding of the cuticle was not observed. FBS showed inhibitory effects on the development 
and motility of the microfilariae, but media conditioned with Anopheles gambiae cells was favorable to 
microfilarial growth. Transcript level studies showed that developing microfilariae displayed 
upregulation of the ecdysone signaling system components, and 20-hydroxyecdysone increased the 
proportion of larvae developing to the sausage and late sausage stages in vitro. The arthropod host 
environment provides cues required for the rapid development of the D. immitis microfilariae and the 
ecdysone signaling system may play an important role in filarial nematode developmental transitions. 
This study contributes to a better understanding the developmental process of D. immitis microfilariae. 
Research supported by a grant (No. RGPIN/2777-2012) from the Natural Sciences and Engineering 
Research Council of Canada. 
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Abstract 

Introduction: Heartworm (Dirofilaria immitis) in dogs is considered endemic in Australia, but the extent 
of the clinical heartworm disease caused by the heartworm and its prevalence is largely unknown. The 
disease was rampant during 1970-1980. Introduction of macrocyclic lactones (ML) together with 
potential changes to mosquito distribution and climate change led to sharp decline in incidence of the 
canine heartworm disease.  

Material and methods: Prevalence based on D. immitis antigen test, diagnostic PCR and Knott's test will 
be presented using New South Wales and Queensland, Australia canine sera. The use of heat treatment 
on the D. immitis antigen test will be shown as well as dogs undergoing microfilaria suppression tests. 
Whole-genome reference of D. immitis from Australia to determine single nucleotide polymorphisms 
associated with macrocyclic lactone resistance in the USA is presented.   

Results:  A hotspot of canine heartworm is detected in Queensland, Australia, the tropical climate 
zone of Australia with identified at-risk dog populations. Locally acquired canine heartworm in the 
temperate southern climate zones in New South Wales of Australia is currently undocumented. Recent 
surveillance did not detect any D. immitis antigen positive dogs from New South Wales. 

Discussion: Ongoing screening for ML-resistance, current prevalence of D. immitis and the at-risk 
populations across eastern Australia will be exposed focusing on unprotected populations such as the 
‘pig hunting dogs’ and shelter dogs. The term ‘baggage canine heartworm’ will be introduced. Canine 
heartworm in dogs who did not travel, in spite of the low incidence, should be considered in the 
differential diagnosis and D. immitis antigen test coupled with Knott’s test or PCR must be considered to 
prevent further resurrection of the disease. 
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Abstract 

The hookworm Ancylostoma caninum is the most prevalent nematode parasite of dogs. Recently, we 
confirmed multiple-drug resistance (MDR) in several A. caninum isolates to all anthelmintic drug classes 
approved for the treatment of hookworms in dogs in the United States (USA). Cases of MDR hookworms 
are highly overrepresented in greyhounds, suggesting that the MDR worms evolved on racing 
greyhound farms/kennels. The aims of this study were to evaluate the range of drug-resistant 
phenotypes and to investigate the molecular epidemiology of the A. caninum infecting greyhounds. 
Fecal samples from recently retired greyhounds originating from geographically diverse areas of the USA 
were acquired from three greyhound adoption kennels and three veterinary practices. The egg hatch 
assay (EHA) and the larval development assay (LDA) were used to measure resistance to benzimidazoles 
and macrocyclic lactones, respectively. 217 fecal samples were examined, with a mean FEC of 822.4 eggs 
per gram (EPG). We performed 23 EHA and 22 LDA on either individual or pooled feces, representing 81 
animals. Mean IC50 and IC95 values for the EHA were 5.3 uM, and 24.5 uM, respectively. For the LDA, 
mean and median IC50 values were 749.8 nM, >1000 nM, respectively. These range 62-68 times higher 
than our susceptible laboratory isolates. For samples collected <10 days post-treatment with 
albendazole, moxidectin, or a combination of febantel-pyrantel-moxidectin, the mean FEC were 349.3, 
333.3, and 834.8 EPG, respectively. We obtained DNA from 70 fecal samples, and deep sequencing of 
the isotype 1 beta-tubulin gene revealed the presence of the F167Y resistance polymorphism in 99% of 
these samples, with 69% of having frequencies of ≥75%. These clinical, in vitro, and genetic data provide 
strong evidence that racing and recently retired greyhound dogs in the USA are infected with MDR A. 
caninum at very high levels in terms of both prevalence and intensity. 
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Abstract 

Introduction: The aim of this study was to compare different methods for diagnosing HW infection in 
dogs at high risk using individual and paired diagnostic tests, including an exploration of using Ab tests 
designed for cats to test canine samples. 

Materials and Methods: One hundred stray adult (>2-year-old) dogs in Florida shelters were tested 
using microfilaria (Mf), heartworm (HW) antigen (Ag), and HW antibody (Ab) tests (feline HW Ab tests 
currently not commercially validated/approved for use in dogs); two versions of each test platform were 
used. 

Results: Fourteen dogs tested positive using point-of-care (POC) Ag tests; an additional 2 dogs tested 
positive with microtiter well assay, and an additional 12 dogs tested positive using HT Ag testing. For 
individual tests, Ag test sensitivity/specificity compared to HT Ag was 50%-57%/100%, and Ab tests were 
46-64%/82-94%. Sensitivity estimates for individual tests were higher when comparing to non-HT Ag. 
Pairing POC Ag tests with Mf tests improved sensitivity without loss of specificity, while pairing POC Ag 
and Ab tests modestly increased sensitivity at the expense of specificity. 

Discussion: Screening dogs for HW infection using both POC Ag and Mf detection, which is 
recommended by the American Heartworm Society, improved diagnostic performance in this study 
compared to single Ag test use, but may have missed more than one in four infected dogs. The need to 
improve access to highly accurate, rapid, and inexpensive large-scale HW testing for dogs in animal 
shelters remains largely unmet by current testing availability. The development of practical and 
validated protocols that incorporate heat or chemical treatment to disrupt Ag-Ab complexes in POC 
testing or decreasing the cost and time required for such testing in reference laboratories might provide 
solutions to this unmet need. 
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Abstract 

The aim of this study was to evaluate the suitability of different reagents (acetic acid, glacial acetic acid, 
saponin and purified water) as safer alternatives to formalin in the modified Knott’s test for the 
diagnosis of subcutaneous (Dirofilaria repens) and cardiopulmonary (D. immitis) dirofilariosis. A total 
of 61 blood samples from dogs, naturally infected with Dirofilaria immitis and D. repens were 
collected and analysed at two different parasitology laboratories in Italy: (i) University of Parma (19 
samples) and (ii) University of Naples (42 samples). For each blood sample the modified Knott’s method 
was performed to identify the microfilariae (mf) using 2% formalin (A), 2% acetic acid (B), 2% glacial 
acetic acid (C), 10% saponin (D) and purified water (E). For each method, 10 microfilariae were 
measured (length and width) and identified by the morphology of the head and tail in blinded. Despite 
the statistically significant differences (p<0.05) of the mf measurements, the morphological difference of 
the head and tail of the two species was maintained, showing that all the solutions could be a suitable 
alternative to formalin. Moreover, readability of slides was considered subjectively similar for all the 
solutions used. The lengths and widths of mf, however, were significantly reduced after B, C, D solution-
treatments, likely due to more pronounced parasite dehydration. There was no significant difference 
(p>0.05) between the mean length and width of both D. immitis and D. repens mf when using formalin 
and purified water. We can conclude, therefore, that the purified water could successfully replace the 
formalin in the modified Knott’s test, being a safer reagent and providing the morphology-based species 
differentiation of Dirofilaria spp. 
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Abstract 

The study evaluated the efficacy of a spot-on solution containing 10% w/v imidacloprid and 50% w/v 
permethrin (Advantix®) administered every 3 or 4 weeks in preventing Leishmania infantum infection 
under field conditions in 3 sites in Sicily, Italy. Three-hundred three dogs were included and randomized 
into 2 groups: 1) treated every 3 weeks (n=163); and 2) treated every 4 weeks (n=140). First 
administration began prior to the start of and continued throughout 2 consecutive sand fly seasons. 
Clinical examinations, blood specimen/conjunctival swab collections and ectoparasite burden evaluation 
were performed on Study Days (SDs) 0, 126, 196, 335, 461, 566 and 640. Samples obtained on the above 
SDs were analyzed by ELISA, IFAT (for samples positive in ELISA) and PCR. Forty-six animals initially 
included and treated tested positive for L. infantum in the SD 0 sample (21 and 25 in Groups 1 and 2, 
respectively) and 28 animals were lost to follow-up (16 and 12 in Groups 1 and 2, respectively). The flea 
and tick burden was low in the majority of animals at season start and was well controlled being >99% of 
animals free of parasites throughout the season. On SD 640, 126 and 103 dogs were still present in 
Groups 1 and 2, respectively. In the first season a total of 9 and 11 new infections with L. infantum 
occurred, corresponding to 93%, and 90% efficacy in the prevention of transmission, in Groups 1 and 2, 
respectively. One new infection occurred in each group during the second season confirming the high 
efficacy. These overall efficacies were not statistically significantly different between the two dosing 
regimens. The results support the protective action claimed by Advantix® administered at 3- and 4 
weekly intervals against L. infantum transmission in dogs exposed to severe Leishmania transmission 
challenge in a hyperendemic area. 
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Abstract 

Introduction:  Parasitic gastroenteritis (PGE) in sheep results in costs of an extra £4.40 per lamb to reach 
finishing weight in the UK. A recent survey of the trichostongylid nematode species found the three 
most economically important gastro-intestinal nematodes, Teladorsagia circumcincta, Trichostrongylus 
vitrinus and T.colubriformis to be present on 100%, 95% and 64% of farms respectively. We have 
developed a prototype recombinant subunit vaccine to control T. circumcincta but to date, there is 
limited published vaccine data for a successful recombinant vaccine to control the Trichostrongylus 
species. Ideally, creating a multi valent vaccine to control the most prevalent pathogenic nematode 
species would be the ultimate aim.  

Materials and methods:  The T. circumcincta antigen apyrase (Tci-APY-1) is one of the principal 
components of the recombinant vaccine and we have mined novel transcriptomic datasets from fourth 
stage larvae (L4) of T. vitrinus and T. colubriformis for homologues of this antigen.  

Results: Of the T. colubriformis APYs the percentage identity closest to Tci-APY-1 is T. colubriformis Tco-
APY-1 (69%) and Tco-APY-2 (69%). The two T. colubriformis proteins are similar to each other (95%) but 
Tco-APY-3 is very different to the other two T.colubriformis genes (44% identity) though it is very similar 
to the T. vitrinus apyrase Tvi-APY-1 (96%). The enzymatic activity of these apyrases is being 
characterized and the cross reactivity of their immunogenicity is being examined. Western blots have 
shown that sera from sheep vaccinated with the recombinant T. circumcincta vaccine cross react with 
recombinant Tcol-APY-1 and but not with Tvi-APY-1. 

Discussion:  There may therefore be the potential for a pilot in vivo trial to examine cross protection of 
the T. circumcincta recombinant vaccine against T.colubriformis. 
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Abstract 

The zoonotic liver fluke Fasciola hepatica is responsible for major economic losses to the agriculture 
industry worldwide. Triclabendazole (TCBZ) has been the drug of choice. However, resistance to TCBZ is 
becoming prevalent with cases of resistance detected globally. This emphasizes the urgent need for 
alternative control methods. Vaccines as an economically viable strategy has been discussed, especially 
with regards to the subclinical appearance and high prevalence of F. hepatica. A significant focus is on 
the development of protein vaccines. In this process however, glycoproteins (GPs) have been mostly 
ignored. GPs are present throughout the organ systems of F. hepatica and such GPs could serve as 
‘hidden’ antigens. Hidden antigens are not exposed to the host’s immune-system during the course of 
natural infections, but have proven to be effective vaccine candidates, notably for antigens that are 
expressed in the intestine of blood-feeding parasites. Here, we purified GPs from flukes by different 
lectins with known unspecific binding to the parasite gut and produced monoclonal antibodies against 
these fractions for specific antigen purification. We identified various antibodies by 
immunohistochemistry binding specifically to the gut of F. hepatica. We evaluated the in vitro protective 
capacity of these antibodies against parasites. Further, we started to profile their proteomic identity by 
pull-down approaches. Overall, these sweet proteins offer promising candidates for anthelmintic 
vaccine design. 

Presenting author biography 

Dr. Eichenberger graduated from the Vetsuisse Faculty, University of Zurich, Switzerland in 2007. 
Currently, Dr Eichenberger is a junior group leader at the Institute of Parasitology, University of Zurich, 
Switzerland. Besides, he is lecturer for Veterinary Parasitology at the Vetsuisse Faculty. Before, he was 
for 3 years at the Australian Institute of Tropical Health and Medicine / James Cook University in 
Australia, working as a postdoctoral research fellow on parasite-host interactions of helminth parasites, 
supervised by Prof Alex Loukas. 



 

 

67 

 

O-1053 

Targeting parasite protease/anti-protease balance as a vaccine strategy against 
the helminth Fasciola hepatica 

Krystyna Cwiklinski1, Orla Drysdale2, Jesús López Corrales1, Carolina De Marco Verissimo1, Heather 

Jewhurst1, David Smith3, Yolanda Corripio-Miyar3, Tom McNeilly3, John Dalton1 

1National University of Ireland Galway, Galway, Ireland. 2Queen’s University Belfast, Belfast, United 

Kingdom. 3Moredun Research Institute, Penicuik, United Kingdom 

Abstract 

The liver fluke Fasciola hepatica is an economically important worm pathogen of humans and their 
livestock worldwide. During host invasion and migration, the liver fluke parasites secrete an array of 
cathepsin peptidases that display stage-specific expression, which play a major role in parasite virulence, 
development, and suppression of the host immune response. F. hepatica controls the hydrolytic activity 
of these cathepsin peptidases that can cause excessive damage to both parasite and host tissues, by co-
secreting of a range of peptidase inhibitors, specifically cystatins/stefins and Kunitz-type inhibitors. 
Here, we report a vaccine strategy targeting these key cathepsin peptidase inhibitors with the aim of 
disrupting the parasite’s protease/anti-protease balance. Two sheep vaccine trials were carried out to 
assess the efficacy of the recombinant vaccine cocktail containing three cystatins (rFhStf-1, rFhStf-2, 
rFhStf-3) and Kunitz-type inhibitor (rFhKT1) formulated in the adjuvant Montanide 61VG (Seppic). 
Although no significant reduction in adult fluke parasites was observed in either trial, both trials 
displayed a significant reduction in egg viability based on egg hatch from eggs recovered from the gall 
bladder (36-42%). In trial 1, the vaccinated animals showed a significantly greater weight gain (P<0.05) 
relative to the non-vaccinated control group; however this was not repeated in trial 2. Multiple linear 
regression analyses showed that weight gain was significantly correlated with the liver fluke isolate used 
in the study, the resulting levels of haemoglobin at 16 weeks post infection and whether the animals 
had been vaccinated. Although the peptidase inhibitor cocktail has yet to reach the levels of protection 
necessary to be commercially viable, the increased weight gain and reductions in egg viability impacting 
parasite transmission is heading in the right direction. These studies also highlight the need for 
reproducible studies using large numbers of animals due to the inherent variability in sheep vaccine 
trials. 
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Galway (Ireland) focussed on developing omics-inspired vaccines for F. hepatica in collaboration with 
Teagasc, Ireland. 
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Abstract 

Introduction: Infection of ruminants with gastrointestinal nematodes (GIN) affects livestock productivity 
by reducing weight gain, milk output and carcass quality. Ostertagia ostertagi is the most significant GIN 
infection of cattle with annual losses in European dairy cattle of €902 million. Control is reliant on 
anthelmintic use to which resistance has been observed. Here we describe a series of trials evaluating 
recombinant antigens from O. ostertagi and the related ovine GIN Teladorsagia circumcincta as vaccine 
candidates against experimental O. ostertagi infection in cattle. 

Materials and methods: Holstein-Friesian calves were vaccinated three times at three week intervals 
with Ostertagia or Teladorsagia recombinant antigens expressed in E. coli or P. pastoris plus Quil A then 
challenged with O. ostertagi infective larvae on the third vaccination date. Parasite infection was 
monitored by twice weekly parasite faecal egg count. Recombinant antigens tested were: 1) Six novel 
antigens selected by immunoscreening an O. ostertagi L4 cDNA library using serum from cattle 
vaccinated with native O. ostertagi L4 antigens; 2) Eight T. circumcincta recombinant antigens from a 
prototype T. circumcincta vaccine known to be protective against homologous challenge  in sheep; 3) O. 
ostertagi homologues of antigens in the T. circumcincta vaccine.  

Results: The L4 O. ostertagi recombinant antigen vaccine significantly reduced parasite egg output 
compared to unvaccinated controls in one trial, but this effect was not repeated in two subsequent 
trials. Vaccination with T. circumcincta recombinant vaccine resulted in a significant reduction in mean 
FEC in 2 out of 3 trials. No protection was observed following vaccination with O. ostertagi homologues 
of the T. circumcincta vaccine in a single trial.  

Discussion: These studies demonstrate that vaccination with recombinant antigens can reduce O. 
ostertagi egg output in cattle but these effects are variable. Further work is required to improve the 
reproducibility and level of protection induced by these recombinant vaccines. 
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Abstract 

Mechanical transmission of African swine fever virus (ASFV) has been investigated on few occasions, 
with Stomoxys calcitrans experimentally shown to transmit ASFV which was detected in various body 
parts for 3 days after infection. However, up to date, there is no field evidence demonstrating the 
presence of viral DNA in blood-feeding arthropods. For this purpose, 30 pig farms where ASF was 
confirmed were selected for sampling according to a risk scoring system. In 9 farms, pigs were still 
present at the time of sampling, whereas on the other outbreak farms pigs were culled maximum 24h 
before. Trapping of vectors was done using standard entomological methods and mainly Culicoides spp. 
and S. calcitrans were collected. After the morphological identification of insects, they were pooled and 
tested for the presence of ASFV DNA using PCR tests. A total of 200 pools (119 from 20 farms with 
Culicoides and 81 from 15 farms with S. calcitrans) were prepared. Overall, 50.5% of the pools were 
positive for ASFV DNA. The prevalence of infected pools was the highest in commercial farms. The 
proportion of ASFV DNA positive pools in S. calcitrans (62.96%) was significantly higher than 
in Culicoides spp (42.02%). Positive pools were found in 55% of the locations for Culicoides spp. and in 
86.7% for S. calcitrans. The prevalence was significantly higher in farms were sampling was done when 
pigs were still present compared to farms where the pigs were already culled. This study demonstrates 
that the most common vectors found around pig farms are Culicoides spp. and Stomoxys and the ASFV 
DNA can be detected in both groups with higher probability in commercial farms and if tested when pigs 
are present at the time of sampling. Despite the positive findings of ASFV DNA, the actual role in ASFV 
mechanical transmission remains to be clarified. 
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Abstract 

Global changes observed in the past decades, such as intensification of global trades and global warming 
have facilitated the spread of vector-borne diseases affecting humans and animals.  A holistic approach 
following the well-known “One Health” paradigm, is needed to improve our knowledge on insect 
vectors. Fleas and stable flies are major pests of small and large animals and humans worldwide. They 
cause direct nuisances and they are responsible for the transmission of pathogens of zoonotic and 
veterinary significance, some of them being of serious concerns on global health standpoint. Any new 
knowledge on their anatomy and histology could bring new insights in understanding insect’s biology 
and pathogens transmission. The recent development of microscopic 3D imaging for tissue observations 
represents a relevant insight for such purposes, but proper imaging of insects is prevented by the 
thickness and opacity of the cuticle. 

The aim of the current work was to validate a new protocol of two‐photon laser scanning 
microscopy  that combines autofluorescence signals and Second Harmonic Generation (SHG) imaging to 
investigate the microscopic anatomy of the cat flea, Ctenocephalides felis, and the stable fly Stomoxys 
calcitrans. 

Standard tissue clarification techniques using hydrogen peroxide and Benzyl Alcohol/ Benzyl Benzoate 
were adapted for the treatment of the cuticle. Imaging of cleared insects was performed using a 
confocal microscope with bi-photon laser (ZEISS® LSM880). Images were then analysed using Imaris 
Images Analysis software®.  

The 3D images created by biphotonic technology provided original observations of several anatomical 
systems of fleas and flies and proved to be complementary to 2D conventional histology in the 
understanding of the biology of these organisms. 

This innovative 3D microscopic technology, applied for the first time on these two vector species, opens 
the way for future investigations on flea- and fly-borne pathogens transmission and on vector-borne 
pathogens in general.  
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Abstract 

Rhipicephalus microplus is an invasive species of tick in Puerto Rico (PR). A failed attempt to eradicate 
this tick from the island was made during the 1980s. Past treatment of cattle with over-the-counter 
acaricides by producers may lead to acaricide resistance development which can impact the tick 
management on the island. To investigate acaricide resistance, engorged female ticks (F0) were 
collected from animals in a dairy-beef farm in Yabucoa, PR, and transported to the USDA-Cattle Fever 
Tick Research Laboratory, Texas, USA. Larvae from F1 were used in bioassays to screen for resistance to 
permethrin, coumaphos, amitraz, fipronil and ivermectin. DNA from 19 ticks was submitted to qPCR-
HRM for detection of mutations in the sodium channel gene (NaV) associated with resistance to 
pyrethroids. The bioassays confirmed resistance to permethrin (> 93% ticks survived the discriminating 
dose) and coumaphos (resistance ratio - RR = 6.8), and low-level resistance to amitraz (RR = 1.722) and 
to ivermectin (RR = 1.315) and susceptibility to fipronil. qPCR assay revealed that 63% (12/19) of ticks 
carried the C190A mutation in the NaV gene. The Yabucoa strain is the first R. microplus population in 
PR known to have developed resistance to multiple classes of acaricides. Resistance to permethrin 
appears to be related to target-site insensitivity caused by mutations in the NaV gene. Modern 
techniques for the management of R. microplus in PR were recently developed through a partnership 
between the Puerto Rican Department of Agriculture and the USDA-Agricultural Research Service. These 
efforts include integrated control, with systematic treatments with macrocyclic lactones and application 
of Bm86 antigen-based vaccine. The location where these ticks were collected along with all adjacent 
farms are currently under a cattle movement restriction and are being treated using the new IPM 
approach by the USDA-Animal Plant Health Inspection Service to eradicate these multi-resistant ticks. 
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Abstract 

Since the late 19th century, the use of synthetic acaricides stands as the main method of controlling the 
cattle tick, Rhipicephalus microplus. This parasite is considered the most economically important 
parasite of cattle worldwide and has developed resistance to every synthetic acaricide class since the 
first report of resistance to arsenicals in the 1940s. Multiple resistance to acaricides (MRA) is now the 
major obstacle for sustainable R. microplus control. Simultaneous resistance to all chemical classes 
available has been detected in tick populations in Brazil and it is expected that other MRA populations 
arise elsewhere. Detection of resistance is a cornerstone of good management of tick control, and 
laboratory bioassays are commonly used to detect acaricide resistance in tick populations. In 2019, an 
expert’s workgroup (Commission for Control and Acaricide Resistance of the Brazilian College of 
Veterinary Parasitology) was established in Brazil to: 1) standardise and optimise existing laboratory 
techniques for acaricide resistance detection; 2) create a national database of acaricide resistance; and 
3) collaborate with governmental entities, pharmaceutical industry, veterinarians, and farmers to design 
good management practices for tick control to avoid or retard the development of MRA. Other activities 
of this workgroup involve the development and application of alternative methods for controlling ticks 
(e.g., biological control, plant-derived acaricides), designing molecular diagnostic tools to rapidly detect 
resistance, and training of personnel (extensionists and industry workforce) on tick control procedures. 
The final objective is to collaborate with Brazilian and international cattle industry to create an 
environment of sustainable control of cattle ticks. 
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Abstract 

Gastrointestinal nematode parasite infections are commonly found both in domestic and wild 
ruminants. Although it is known that specificity of the different parasite species varies, opportunities for 
horizontal transmission between different hosts is poorly investigated using molecular tools in Sweden. 
Especially Haemonchus contortus is important since if transmission occurs between wild and farm 
animals this may contribute to the spread of this highly pathogenic species including anthelmintic 
resistant strains. In this study we are investigating the nematode parasite fauna in 250 roe deer, fallow 
deer and red deer sampled across the country in 2019-2020. Parasite eggs in feces were counted using 
McMaster. After extracting DNA from larval cultures, the conserved ITS2 region of the nematode rRNA 
was PCR amplified and sequenced using PacBio SMRT cell technology. Furthermore, the presence of 
Haemonchus was screened using droplet digital PCR (ddPCR). Using this strategy we have a quantified 
sample that can be characterized for the whole nematode community, a.k.a. nemabiome. Using 
McMaster, nematode eggs were found in 66% of roe deer, 50% of fallow deer and 12% of red deer. 
According to ddPCR, H. contortus in larval cultures was found in 31% in roe deer, 6% of fallow deer, and 
8% in red deer. The nemabiome is expected to verify these findings. To conclude, we found H. contortus 
in all three species of deer. However, the implication for horizontal transfer between wildlife and 
farmed animals needs further investigation. 
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Abstract 

Wild ruminants are susceptible to infection from generalist helminth species like Haemonchus contortus, 
which can also infect domestic ruminants. Helminth infections cause significant productivity losses in 
domestic ruminants and a growing resistance to all classes of anthelmintic drugs escalates concerns 
around helminth infection in the livestock industry. Infections can also affect fitness and population 
viability in wild ruminants. Previous research demonstrates that drug resistant strains of H. contortus 
can be transmitted between wild and domestic ruminants, and that gastrointestinal nematode 
infections are more intense in wild ruminants within areas of high livestock density. A better 
understanding is required of the conditions under which wild ruminants can act as a source of helminths 
(including anthelmintic-resistant genotypes) for domestic ruminants, and vice versa, with the added 
possibility that wildlife can act as refugia for drug-susceptible genotypes and hence buffer the spread 
and development of resistance. In this project, the dynamics of host populations and their movement 
across heterogeneous landscapes are considered alongside parasite dynamics, with climate 
encompassing the whole system. A framework is proposed for holistic consideration of the risks and 
consequences of helminth cross-transmission at the wildlife-livestock interface, using interactions 
between wild cervids and domestic ruminants as a case study. Methods of predicting and validating 
suspected drivers of helminth transmission in this context are considered based on advances in 
predictive modelling approaches and molecular tools. 
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Abstract 

Liver fluke (Fasciola hepatica) is a parasite of domestic livestock but also includes other herbivores such 
as Macropods. In Australia, Macropods are native protected species which roam freely within livestock 
production systems. In eastern Australia where liver fluke is endemic, Macropods are widespread yet 
prevalence of liver fluke and pathogenicity in Macropods is largely unknown including impact on 
livestock production. This study surveyed two different Macropods, Macropus giganteus (Eastern grey 
kangaroo) and Macropus robustus (Common wallaroo), cohabiting farms located in eastern New South 
Wales. Liver fluke prevalence was assessed by conducting total fluke counts in the liver and fluke egg 
counts in faecal samples. Gross pathology attributed to liver fluke was also examined. Infestation levels 
fluctuated widely between farms and with season. Overall, 52 of 245 Macropods (21.2 %) tested positive 
for liver fluke. When assessed by risk site, 22 of 66 Eastern grey kangaroos (43.9 %) and 11 of 54 
Common wallaroos (20.4 %) had liver fluke at those farms considered a high risk site. Fluke burdens 
ranged from 1 - 122 fluke whilst fluke egg counts ranged from 1 – 195 eggs per gram. Gross pathological 
lesions presented as necrotic tracks, fibrosis and bile duct enlargement. Infections were of mixed age, 
with immature and adult fluke identified. Adult fluke were confined predominately to thick-walled 
fibrotic capsules filled with dark-brown exudate. This study demonstrated that Macropods are a 
reservoir for liver fluke in the grazing environment and are facilitating the liver fluke life cycle. As 
Macropods are a native protected species, this poses challenges in the control of disease transmission in 
livestock when cohabiting. Although most Macropods were carrying low fluke burdens, gross 
pathological lesions and fluke burdens detected in this study indicated liver fluke can be pathogenic in 
Macropods. 
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Abstract 

Introduction  

A wide diversity of parasites infects ungulates with varying consequences on health and fitness of hosts 
depending on abundance and pathogenicity of parasites. Therefore, it is of great interest to deepen the 
identification of parasites within major taxonomic groups in order to understand how the parasite 
community changes with individual's traits and with the environment, to understand the consequences 
of parasites on host population dynamic. Among parasites, gastrointestinal nematodes are ubiquitous 
and a major concern for both domestic and wild ungulates.  

Materials and Methods  

Using DNA metabarcoding of ITS-2 rDNA from larvae isolated from fecal samples, we analyzed the 
gastrointestinal nematodes communities (termed the “nemabiome”) of roe deer of different sex and 
age classes in two isolated populations.  

Results  

We detected 10 different genera, including parasites primarily found in cervids (e.g., Ostertagia 
leptospicularis, Spiculopteragia spp.) and also some species more commonly found in domestic 
ruminants, including pathogenic species (Haemonchus contortus, Bunostomum trigonocephalum, 
Cooperia punctata, Teladorsagia circumcincta) in one of the population. It probably reflects contact with 
livestock but the time at which contamination occurred is still to be determined. Among roe deer, young 
and male roe deer hosted the highest diversity of gastrointestinal nematodes. The effects of age and sex 
on the nemabiome were more pronounced in the population with the highest diversity of 
gastrointestinal nematodes and the better body condition. In addition, the effect of age and sex were 
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dependent on gastrointestinal nematodes species, e.g. few variations of Ostertagia leptospicularis, but 
high variation of Trichostrongylus spp. 

Discussion  

Overall, our results suggest complex interactions between hosts, environments and parasites and 
confirm the efficiency of the metabarcoding approach to unravel the nemabiome of wild animals 
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Abstract 

Liver fluke (Fasciola hepatica) is a common parasite known to cause economic losses to the livestock 
industry. Environmental conditions in Ireland are well suited for the parasite to thrive, particularly as the 
cattle industry is largely pasture-based. Effective parasite control, including pasture management and 
the appropriate administration of flukicides, is necessary to reduce production losses on affected farms. 
Liver fluke is detectable during offal inspection at slaughter and this is often under-utilised information 
for farmers to understand the parasite status of their farms. A programme has been developed in 
Ireland to report liver and lung lesions observed at cattle slaughter directly back to farmers. 

The Beef HealthCheck programme has been led by Animal Health Ireland since 2016, a public-private 
partnership, jointly with the support of Meat Industry Ireland, representing 17 abattoirs involved. Liver 
and lung lesions are scored to identify liver damage or live liver fluke, liver abscesses, and pneumonia 
and this data is digitally captured on the slaughter line using touchscreens. These scores are then 
reported directly to farmers with their remittance and farmers can access their individual data through 
the Irish Cattle Breeding Federation website, which manages an online platform of farmers’ herd 
information relating to animal genetics and health.  

The online tools allow the viewing of summary graphs and previous batch reports, including individual 
animal results. Veterinarians, with farmer permissions, can access this data to give informed input into 
parasite control and health plans. The data have also been used to develop breeding values for genetic 
resistance to liver fluke infection. 

The national trends are presented, however there is large variation in risk between individual farms due 
to management practices and environmental features. The Beef HealthCheck results are therefore a 
useful individualised tool aiding decision making on whether liver fluke treatment is indicated on a 
specific farm. 
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Abstract 

It is widely acknowledged that liver fluke (fasciolosis) is a major problem for the agricultural industry 
with the cost to the UK alone estimated to be around £300 million per year. Unfortunately, the problem 
is a growing one, largely due to changes in climate that favour parasite transmission and increasing 
resistance to one of the most effective flukicides (triclabendazole). Only careful use of current 
treatments can reduce the burden in animals while also delaying the build-up of resistance, allowing 
time for new control measures to be developed. Process-based models can be used to investigate 
complex systems like the life cycle of liver fluke, and also to assess and rank possible interventions 
before field testing. 

  

Our first model was constructed to investigate the efficacy of several potential vaccine candidates 
and suggested that, for a typical UK cattle herd, they could reduce total fluke burden and egg output by 
up to 43% and 99%, respectively (DOI: 10.1038/srep23345). The model was subsequently extended and 
used to examine the effects of the number and timing of treatments in a UK cattle herd, in conjunction 
with other interventions such as treating bought-in cattle. The model indicated that increased pasture 
contamination may not have a large effect on prevalence of infection, but was likely to increase the 
proportion of cattle with heavy burdens. Although it showed that the most efficient way to treat the 
herd was with triclabendazole once a year in December (four weeks post housing), treating earlier in the 
autumn may help to avoid clinical disease in settings with high pasture contamination. 

  

We have now extended the model to include snail dynamics and are able to run the model over multiple 
years, see the impact of infection in previous years and investigate ways to disrupt the cycle of infection. 
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Abstract 

The infection by Fasciola hepatica affects mainly ruminants although is present in a wide variety of 
species including humans. Fasciolosis control is mainly based on triclabendazole administration, the 
main drug indicated in humans. Albendazole (ABZ) is used against nematode and liver fluke infections in 
ruminants. The misuse of these drugs has led to the appearance of anthelmintic resistance. In this study, 
we characterized an ABZ resistant isolate and evaluate the use of a combined treatment to improve 
treatment efficacy. The isolate was collected from a slaughterhouse in Argentina, maintained under 
laboratory conditions and identified by means of the egg hatch test (EHT).  Using these eggs 
metacercariae were produced to infect sheep artificially. When flukes reached the adult stage, animals 
were divided into two groups, one treated with ABZ (7.5 mg/kg bw) and another with a placebo. All 
sheep were slaughtered at day 14 post-treatment to collect and count the number of flukes. The 
resistance of ABZ was confirmed with a reduction of 44% of adult flukes in the treated group. At the 
necropsy, adult flukes from the livers and eggs from the gall bladders, both from sheep treated with the 
placebo, were collected. Adult flukes were maintained alive in RPMI medium to let them to excrete eggs 
for 24 hours. EHT was conducted and different results were observed with the two egg sets. The EHT 
performed with eggs collected directly from gall bladder confirmed the resistant status of the isolate. 
However, the EHT with eggs recovered from flukes resulted in a susceptible phenotype, showing that 
only previously laying eggs (in bile) can express the resistant phenotype. After producing more 
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metacercariae from this resistant isolate, we are testing in vivo the efficacy of a combined treatment to 
improve its efficacy. The results will be presented during the WAAVP meeting. 

Presenting author biography 

Senior Researcher working at the University of Leon, Spain, Institute for Mountain Stock Farming. My 
principal research is based on the study of methods for the control of helminth infectious, mainly in 
ruminant. Under this context I am focused on the study of anthelmintic resistance phenomenon 
including new methods for the early detection, mechanisms involved in its development and new 
strategies to avoid its spread. I am working also on the discovery of new molecules with anthelminitc 
activity. I was granted by WAAVP with the “Peter Nansen Young Scientist Award” in 2019. 
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O-1066 

A survey of 453 farmers in the UK shows confusion over the diagnosis and 
control of the rumen fluke, Calicophoron daubneyi 

Rebecca Hoyle, Jane Hodgkinson, Diana Williams, Jennifer Duncan 

Institute of Infection, Veterinary and Ecological Sciences, University of Liverpool, Liverpool, United 

Kingdom 

Abstract 

Liver fluke (Fasciola hepatica) is a common parasitic disease of livestock. Rumen fluke (Calicophoron 
daubneyi) is an emerging parasitic infection of livestock across Europe. These parasites are often present 
as co-infections, but the only drug that has efficacy against rumen fluke is oxyclozanide. Despite 
increasing prevalence, little is known about awareness of rumen fluke amongst farmers in the UK or 
about current control practises in sheep and cattle. From December 2019 to March 2020, 453 sheep 
and/or cattle farmers completed an online questionnaire, capturing awareness and current control 
practices for both parasites.  

The majority of respondents (70.28%) were aware of rumen fluke, with 13.90% recording its presence 
on farm and 18.32% having treated for rumen fluke. Almost all respondents (98.89%) were aware of 
liver fluke and higher numbers reported its presence on farm (66.44%) with 87.85% having treated for 
liver fluke. Respondents were concerned about rumen fluke (81.07%), although this was less of a 
concern than liver fluke (p<0.05). There are only two methods to detect rumen fluke infection (post-
mortem or faecal egg count tests), but 42.85% of respondents who recorded rumen fluke presence on 
farm cited other diagnostic methods, traditionally used to detect liver fluke. Respondents were more 
likely to treat every year for liver fluke, as opposed to rumen fluke (p<0.05). Only 37.77% of cattle 
treatments and 26.51% of sheep treatments for rumen fluke in 2019 stated that they used oxyclozanide. 
The most frequently used drug for liver fluke was triclabendazole. A small proportion (0.79%) stated that 
they used a non-flukicide to treat sheep for liver fluke.  

These results demonstrate confusion amongst farmers about these two parasites and their control, 
highlighting the need to raise awareness of rumen fluke and work to provide best practice advice for the 
control of both parasites in livestock.  

 

Presenting author biography 

Rebecca is a PhD student funded by the Perry foundation and the University of Liverpool, working to 
better understand the epidemiology of rumen fluke infection and improve control of both liver and 
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which she joined the University of Liverpool as a research technician, working on triclabendazole 
resistance in Fasciola hepatica. She is interested in parasite biology, epidemiology and host-parasite 
interactions, especially between trematodes and their molluscan hosts. 
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Growing pains: stem cell dysregulation in juvenile Fasciola hepatica impacts 
growth and development 

Paul McCusker1, Emily Robb1, Duncan Wells1, Nathan Clarke1, Nikki J. Marks1, Angela Mousley1, John 

Harrington2, Aaron G. Maule1 

1School of Biological Sciences, Queen's University Belfast, Belfast, United Kingdom. 2Boehringer 

Ingelheim Animal Health, Duluth, USA 

Abstract 

Liver fluke infections caused by Fasciola sp. remain the cause of significant disease burdens worldwide in 
both livestock and humans. Despite decades of research triclabendazole remains the drug of choice for 
treatment, but with increasing levels of field-resistance novel control strategies are urgently needed. We 
recently described how stem cells, similar to those of free-living flatworms, contribute to growth and 
development in in vitro cultures. These stem cells represent attractive targets for novel chemotherapies 
given that they drive growth in juvenile fluke, the most pathogenic life stage. Using a combination of 
transcriptomic and functional genomic approaches we have examined selected genes involved in stem 
cell regulation in juvenile Fasciola. Irradiation and RNA interference (RNAi) were used to ablate stem 
cells and stunt growth, allowing us to identify transcripts directly linked to stem cells. RNAi of selected 
other genes increased the rate of growth. Together, these datasets provide a platform upon which to 
build understanding of stem cell proliferation/growth in juvenile liver fluke. Further in vitro RNAi studies 
on genes associated with stem cells, such as fibroblast-growth factor receptors, histones and kinases 
disrupted normal stem cell proliferation, often affecting growth. Treatment of worms with inhibitors of 
these targets resulted in similar phenotypic effects as seen following gene silencing, confirming the role 
of these genes. Additionally, silencing of hedgehog pathway associated genes also disrupted normal 
juvenile development in vitro. These datasets provide us with a platform to identify and interrogate 
putative stem cell associated targets for novel control strategies in liver fluke. Given that many of these 
targets are associated with cancer treatments, repurposing current anti-cancer drugs provides an 
appealing prospect for novel anthelmintics/flukicides. 

Presenting author biography 

Paul completed his PhD, focusing on developing in vitro culture and RNAi platforms in Fasciola 
hepatica, at Queen's University Belfast (QUB) in 2015. Having completed his PhD he continued to work 
as a postdoctoral researcher at QUB until 2017 when he left to take a year out from science and 
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moved to Milwaukee, Wisconsin and worked on drug development in Schistosoma mansoni at the 
Medical College of Wisconsin. In 2020 Paul returned to QUB to work on the stem cell biology of F. 
hepatica. 



 

 

91 

 

O-2002 

Controlled efficacy tests to investigate suspected closantel resistance in Fasciola 
hepatica field isolates 
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Abstract 

 

Triclabendazole resistance in Fasciola hepatica, has led to reliance on alternative flukicides, e.g closantel 
and albendazole; raising the prospect of further drug resistance and multidrug resistant isolates. The 
controlled efficacy test (CET) is considered the gold standard for detecting drug-resistant parasites. We 
conducted a CET for two F. hepatica isolates: a) isolate D, suspected to be closantel-resistant based on 
presence of adult fluke in sheep, despite recent closantel treatment, b) isolate E, reported as closantel 
treatment failure by faecal egg count reduction test (FECRT) in cattle (Novibilsky and Hoglund, 2015). F. 
hepatica eggs from each isolate were used to infect 50-100 laboratory-maintained Galba truncatula, 
following which each sheep was infected with ~200 metacercariae: a) Sheep infected with isolate D and 
were treated (10 mg/kg) at 14 weeks post-infection (wpi) with closantel (n=3), triclabendazole (n=3), 
closantel+triclabendazole (n=2), or left untreated (n=3) and euthanised ten days post-treatment. b) 
Sheep infected with isolate E were treated 15 wpi with albendazole (15mg/kg, n=2), closantel (10 mg/kg, 
n=2) or left untreated (n=2) and euthanised 14 days post-treatment. The mean reduction in total F. 
hepatica burden was calculated. FEC were carried out prior to treatment and at post-mortem (PM). For 
isolate D, mean reduction in fluke burden of 99.6%, 27% and 100% was observed after treatment with 
closantel, triclabendazole and closantel+triclabendazole, respectively. For isolate E, mean reduction in 
fluke burden of 89.2% and 100% was reported for albendazole and closantel, respectively. In the 
closantel treated sheep FEC were negative, but eggs were still present in the gall bladder at PM. Two 
suspected cases of closantel resistance in the field were not supported by CET. FECRT for closantel may 
be complicated by the retention of eggs in the gall bladder for at least 14 days post-treatment. 
Triclabendazole-resistant F. hepatica remain susceptible to closantel. 

Presenting author biography 

Professor of Molecular Veterinary Parasitology, University of Liverpool.  I lead a programme of research 
unravelling the complex molecular mechanisms underlying anthelmintic resistance in livestock and 
horses.  Central to my research is the development and application of genetic and genomic resources to 
address key questions in parasite biology, epidemiology and the evolution of drug resistance, combined 
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with improving diagnostics to detect drug resistance in the field. Current projects include drug 
resistance in the trematode parasite, Fasciola hepatica, specifically mapping triclabendazole resistance. 
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The Dopamine Signalling System in the Liver Fluke, Fasciola hepatica 

Abdullah Albaqami, Aaron Maule, Emily Robb, Nikki J Marks, Paul McCusker 

Queen's University Belfast, Belfast, United Kingdom 

Abstract 

Fasciola hepatica causes fasciolosis, a neglected tropical disease of humans and a prevalent disease of 
ruminants reared on grass-based agricultural systems. The migrating juvenile causes profound liver 
damage and acute pathology whereas the bile-duct dwelling adults cause chronic disease, undermining 
livestock health and productivity. Control relies on a panel of flukicides, only one of which is effective 
against both the juvenile and adult life stages with the rest being most effective against the adult fluke. 
The absence of a vaccine and rising flukicide resistance undermines the sustainability of liver fluke 
control, exposing the need for new target discovery and exploitation. Whilst dopamine plays a major 
role in inter-cellular communication in both invertebrates and vertebrates, relatively little is known 
about the associated signalling system in liver fluke. Here we used bioinformatic approaches to identify 
all the key components of dopamine signalling in liver fluke, including genes associated with dopamine 
synthesis, transport, reuptake and signal transduction including four putative dopamine G-protein 
coupled receptors. Taking a functional genomics approach to interrogate dopamine signaling gene 
function, we used RNA interference (RNAi) to silence diverse component parts of the dopaminergic 
system. We found that whilst all genes were silenced successfully, distinct phenotypes associated with a 
synaptic vesicular amine transporter (VAMT) (reduced juvenile fluke movement) and a dopaminergic 
associated RNA-binding protein (PTB) (reduced movement and growth in juvenile fluke). The data 
expose new roles for components of dopamine signaling in liver fluke biology and encourage 
exploitation for future flukicide discovery efforts. 

Presenting author biography 

My name is Abdullah Albaqami, a Phd student at Queen's university Belfast. 

my project is the dopamine signalling system in liver fluke Fasciola hepatica. 
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Abstract 

Anthelmintic drugs are the most frequently used contentious input in organic small ruminant 
production, negatively impacting earthworm populations and soil fertility. Furthermore, the 
development of resistance to anthelmintics causes major problems for their control. Alternative control 
strategies for parasite control, such as targeted selected treatments or grazing on bioactive forages, are 
known for their benefits; less evidence is available on how these strategies may be implemented in 
organic systems. This study aimed to set the benchmark on the frequency of anthelmintics use as part of 
wider disease management practices, in UK organic livestock farming. Data were gathered by 
conducting a national survey of organic livestock farmers in the UK, and by analysing records of requests 
for medicines. Collectively, the farmers that responded were responsible for approximately 162,550 
organic livestock, of which, 40% were sheep, 38% cattle, 16% poultry, 4% pig and 2% deer. Over a 12-
month period, 61% of the farmers used anthelmintics. The frequency of use was largely restricted to one 
(43%) or two (22%) per year. Anthelmintic resistance had been confirmed by 18% of the farmers, 40% of 
which specified against Benzimidazole. The implementation of alternative GIN control measures varied 
considerably. The most used alternatives were pasture management (90%), drenching individuals (65%) 
or part of the stock (53%), whereas 40% used bioactive forages. Between 2017 – 2018, a total of 533 
individual requests to use medicines were made by farmers certified to the Soil Association 
encompassing anthelmintics, antibiotics, insecticides and coccidiostats. Of these, 72% were for 
anthelmintics, the largest proportion of which targeted sheep. Our results show that although there is a 
requirement to use anthelmintics to maintain health and welfare of organic stock, the high uptake of 
alternatives by UK organic farmers may be associated with low frequency of anthelmintic use and 
relatively low incidence of anthelmintic resistance.  

 

Presenting author biography 

A Postdoctoral Scientist at SRUC in Edinburgh, my research focuses on exploring how the selective 
pressures of modern farming are shaping tomorrows’ parasite populations (i.e. virulence, transmission, 
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Wnt signalling, stem cell dynamics, growth and development in juvenile Fasciola 
hepatica 
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Abstract 

The liver fluke Fasciola hepatica, exerts a significant disease burden on ruminant livestock and causes 
fascioliasis, a neglected tropical zoonosis.  Control is dependent upon a limited arsenal of drugs, notably 
triclabendazole (TCBZ), unique amongst flukicides in its highly efficacious treatment of both acute and 
chronic fasciolosis (others are solely effective against the latter).  Widespread TCBZ resistance 
accentuates the need for novel therapeutic target discovery.  

Previously, we reported that fluke growth/development is driven by the proliferation of stem cells and 
hypothesise that this represents an appealing avenue for control.  This, coupled with our in vitro culture 
platform and the amenability of cultured fluke to RNA interference (RNAi), provides impetus for stem 
cell-based functional genomic studies.  

Wnt signalling is evolutionarily conserved and orchestrates cell-to-cell interactions during 
embryogenesis.  In adult organisms, it plays pivotal roles in tissue homeostasis through the regulation of 
cell proliferation/differentiation and the maintenance of stem cell pluripotency.  Further, it governs axial 
patterning in planaria and as aberrations within this pathway are associated with tumorigenesis, there 
exist compounds that selectively inhibit Wnt signalling, providing opportunities for “drug repurposing”.  

Mining F. hepatica genomic and transcriptomic datasets has enabled us to identify homologues and life 
stage expression profiles for Wnts and major downstream components of both canonical and non-
canonical Wnt pathways. Peak expression was identified in juveniles, the key stage for control.  We 
interrogated the drug-target candidature of 16 genes encoding four putative canonical pathway 
components (Wnt, Frizzled, Dishevelled and β-catenin) using RNAi, whereby knockdown significantly 
impeded juvenile growth/development.  Localisation of target expression sites using fluorescent in situ 
hybridisation (FISH) support phenotypic readouts and suggest a highly diverse role for Wnt signalling in 
F. hepatica.  

These data indicate that fluke Wnt pathway components are attractive therapeutic targets.   

Presenting author biography 

Second year PhD student at QUB working on stem cell dynamics in liver fluke with respect to worm and 
egg growth and development in order to identify/validate novel drug targets and improve the 
detection/management of drug resistance. 
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AC-DC electropenetrography unmasks fine temporal details of feeding behaviors 
for two tick species on unsedated hosts 

Kathryn Reif1, Elaine Backus2 
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Parlier, USA 

Abstract 

Introduction: Ticks are significant nuisance pests and vectors of pathogens for humans, companion 
animals, and livestock. Billions of dollars are spent annually trying to control tick populations and 
manage tick-borne diseases veterinary and medical concern. A significant knowledge gap exists 
regarding the details of tick feeding behavior and associated host interactions at and within the feeding 
lesion because activities such as mouthpart movements, tissue damage, and salivation occur within 
opaque host tissue, masked from ready observation or investigation. This gap in knowledge presents a 
significant obstacle to the development and rigorous evaluation of tick and tick-borne pathogen control 
products.   

Materials and Methods: Electropenetrography was used to monitor the on-host feeding behaviors of 
adult Dermacentor variabilis and Amblyomma americanum in real-time. EPG recording was performed 
during early stages of slow-phase tick feeding using an awake calf host.  

Results: Both tick species exhibited discernable and stereotypical waveforms of low-, medium-, and 
high-frequencies. Similar waveform families and types were observed for both tick species; however, 
species-specific waveform structural differences were also observed. Tick waveforms were hierarchically 
categorized into three families containing seven types. Some waveform types were conserved by both 
species (e.g., Types 1b, 1c, 2b, 2c) while others were variably performed among species and individually 
recorded ticks (e.g., Types 1a, 2a, 2d).  

Discussion: This study provides a proof-of-principle demonstration of the feasibility for using EPG to 
monitor, evaluate, and compare tick feeding behaviors, providing a foundation for future studies aimed 
at correlating specific feeding behaviors with waveforms, and ultimately the influence of control 
measures and pathogens on tick feeding behaviors. 

 

Presenting author biography 

Dr. Kathryn Reif is an assistant professor in the College of Veterinary Medicine at Kansas State 
University. Dr. Reif’s research interests broadly revolve around vectors and vector-borne diseases of 
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veterinary, medical and agricultural importance, with a primary focus on ticks and tick-borne pathogens 
of public health and veterinary concern. Some of Dr. Reif’s on-going research projects include: i) 
developing new approaches for real-time monitoring of tick salivation behaviors, ii) evaluating 
antimicrobial efficacy to control tick-borne pathogens, iii) investigating the transmission dynamics of 
bovine anaplasmosis; iv) examining the prevalence of feline cytauxzoonsis; and, iv) tick-borne pathogen 
vaccine development. 
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Abstract 

The poultry red mite, Dermanyssus gallinae (De Geer, 1778) is an avian haematophagous ectoparasite, 
which affects the health and welfare of poultry hosts, as well as bringing substantial economic losses to 
the layer industry worldwide. Current acaricide-based controls are limited by ineffective application and 
increasing incidences of chemical resistance. An improved understanding of the mechanisms involved in 
the processing of the blood meal by D. gallinae will provide further insights into what may represent an 
Achilles heel for the red mite, potentially leading to the identification of novel targets for sustainable 
control. We investigated the transcriptomic responses of D. gallinae in adult female mites within an in 
vitro feeding assay, prior to feeding and then post-feeding up to 72 hours. The pseudo aligner Kallisto 
was used to map the reads to the predicted transcriptome derived from the D. gallinae genome. Genes 
with <10 transcript per million (TPM) were removed, leaving a total of 7,803 genes for downstream 
analysis. Using the maSigpro package and a single time series model analysis, we identified 1,866 
differentially expressed genes (DEGs) with a total of 1,195 significantly differentially expressed genes 
under "start", "linear", and "curved" regression variables. The functions of all DEGs were classified under 
three Gene Ontology (GO) categories: cellular, metabolic process and biological regulation. “Biological 
process” and  “binding and catalytic activities” categories accounted for 91% of terms in the molecular 
function category, and “intracellular anatomical structure”, “organelle”, and “membrane” were 
dominant in the cellular component category. In addition, 71 sequences representing 9 enzymes from 
purine metabolism and thiamine metabolism pathways were identified in the KEGG mapping. Further 
analysis will identify the key mechanisms in the temporal dynamics of blood meal digestion in D. 
gallinae. 

 

Presenting author biography 
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Optimising the in vitro feeding of the avian ectoparasite Dermanyssus gallinae; 
inter-relationship of feeding between adult females and hematophagous nymph 
stages. 

Francesca Nunn, Kathryn Bartley, Alasdair Nisbet 

Moredun Research Institute, Edinburgh, United Kingdom 

Abstract 

Poultry red mites (PRM) are ectoparasites that live off-host, only seeking a bird to feed from every few 
days. Three of the lifestages are hematophagous and infestations can rapidly increase. PRM are small, 
mobile and difficult to contain in a controlled experimental environment. In vitro feeding techniques 
have been devised to overcome containment issues (e.g. McDevitt et al., 2006) and refined (Bartley et 
al., 2015) for the preliminary screening of novel interventions against PRM. However, the use of 
ParafilmTM M membrane in these feeding devices  required a high number of technical replicates due to 
membrane failure. Recently we described using Baudruche membrane in an in vitro device to feed adult 
female PRM (Nunn et al 2020) using goose blood as a food source, leading to improved, reproducible 
feeding rates. Here we describe using the same device to feed the hematophagous nymph stages of 
PRM. 

A series of experiments were carried out consisting of combinations of increasing numbers of adult 
female PRM from 0 to 100 along with a constant number of 50 PRM of each nymph stage(s). Fed mites 
were then counted and data analysed. Significant positive correlation (p=<0.05, Pearson’s correlation 
coefficient >0.87) was demonstrated between feeding rates of the nymph stages in each experiment 
when both were present with the same number of females. Positive correlations between the feeding 
rates of nymph stages and adult PRM were highly significant in experiments where all haematophagous 
lifestages were present in the feeding device. Correlation was also demonstrated between the feeding 
rates of adults and nymphs when only one nymph stage (either protonymph or deutonymph) was 
included in the device. This is the first time to our knowledge, that this has been demonstrated and has 
implications for the collection of feeding data when testing PRM novel control compounds. 

 

Presenting author biography 

Dr Francesca Nunn has a 14 year career in veterinary ectoparasitology, initially involved in the 
development and validation of a diagnostic test to detect sub-clinical infestations of Psoroptes ovis. 
Since 2017, Fran has been working in Dr. Nisbet’s group with Dermanyssus gallinae (poultry red mite) 
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feeding device for all haematophagous lifestages of D. gallinae. In 2020, Fran became the Research Co-I 



 

 

100 

 

on another NC3Rs research project ‘In vitro, off-host, rearing of the poultry red mite to supply parasites 
for development of new control methods’. 
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Development of novel control approaches for the poultry red mite 
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Abstract 

The poultry red mite (Dermanyssus gallinae) is an obligate blood feeder that infests laying hens and 
causes significant reduction in egg production. Infestation of commercial egg laying facilities with D. 
gallinae is widespread and causes significant welfare and economic losses. In Europe alone, heavy D. 
gallinae infestations cost the egg-laying sector an estimated 231 million Euro per annum in control and 
production losses. Currently, control is reliant of synthetic acaricides, but long-term repeated use has 
resulted in emergence of acaricide resistant populations of D. gallinae resulting in control failure. 
Therefore, there is a pressing need to develop novel strategies to control outbreaks of this parasite. 

  

D. gallinae mites rely on vertebrate blood as their only food, a food source that is rich in lipids and 
proteins but scarce in B vitamins. In other blood feeding arthropods, these essential nutrients are 
provisioned by symbiotic bacteria, which supplement the diet of their animal host. In this study we use 
bacterial 16S rRNA amplicon sequencing to characterise the vertically-transmitted microbiome of D. 
gallinae and identify a species of Rickettsiella that is widespread in D. gallinae populations. Analysis of 
the Rickettsiella genome reveals many protein-coding sequences are either pseudogenized or lost, but 
Rickettsiella has retained several B vitamin biosynthesis pathways, confirming the importance of these 
pathways in evolution of its nutritional symbiosis with D. gallinae. We propose that bacterial symbionts 
which are essential to blood-feeding arthropod survival provide attractive targets for the development 
of novel control methods. 

Presenting author biography 
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Abstract 

Engorged ticks’ anatomy is commonly visualized by light, electron microscopy and histology techniques. 
However, these methods require sample processing which result in deformation, shrinkage or 
destruction of the examined specimens. Recently, computed X-ray tomography (microCT) has been used 
as a novel tool for morphology investigations in arthropods. In comparison to the commonly used 
techniques, microCT enables fast and easy sample examination without morphological distortions. 
While the final resolution of images from microCT scans is excellent (2.5 to 6 µm), the major drawback 
lies in the internal soft tissues visualization, which only have low contrast in comparison to the external 
body compartments. 

Our aim was to develop a new approach to imaging of engorged female ticks (Ixodes ricinus) that would 
bypass the shortcomings of the currently used common techniques and allow their imaging in the 
natural state. Adult I. ricinus females were allowed to engorge in vitro on blood supplemented with 
polyethylene glycol coated gold nanoparticles (PEG-AuNPs). Ticks engorged on blood enriched with six 
concentration levels of PEG-AuNPs (0.07–2.16 mg/ml) were scanned on a Bruker micro-CT SkyScan 
1276. The best contrast was observed in females that fed on blood with the highest tested 
concentration (2.16 mg/ml). The mean radiodensity of the examined ticks was 618 Hounsfield Units in 
this group. Furthermore, clearly visible and contrasted midgut lumen allowed us to compute the midgut 
volume. No effects on tick bodyweight and survival were observed in ticks engorged on blood enriched 
with PEG-AuNPs when compared to control. In summary, micro-CT of ticks engorged in vitro on blood 
supplemented with PEG-AuNPs allows visualization of some of the body compartments in their natural 
state and may reveal additional information regarding the ticks’ anatomy. 

This study was supported by OPVVV project CZ.02.1.01/0.0/0.0/15_003/0000495 FIT (Pharmacology, 
Immunotherapy, nanoToxicology). 
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Abstract 

Introduction: The most abundant and widespread tick species in Britain, Ixodes ricinus, is responsible for 
the transmission of a range of pathogens that cause disease in livestock, but distribution is changing due 
to changing climate, host distribution and habitat management. Empirical data on tick distribution and 
prevalence are required to inform farm management strategies. However such data are largely 
unavailable as previous surveys are usually localised. 

Method: A retrospective questionnaire survey of farmers was used to collect data on tick presence and 
absence on livestock farms across Britain. Spatial scan statistics and kernel density maps were used to 
assess spatial clustering and identify areas of significantly elevated risk, independent of the underlying 
distribution of respondents. Machine learning models were used to identify risk factors for tick 
presence, and predict future tick risk across Britain. 

Results: Tick infection risk to livestock is shown to be spatially aggregated, with areas of significantly 
elevated risk in north Wales, northwest England and western Scotland. Overall, the prevalence of farms 
reporting tick presence was 13% for sheep 6% for cattle farms, but in ‘hotspot’ clusters prevalence 
ranged between 48–100%. The prevalence of farms reporting tick-borne disease overall was 6% for 
sheep and 2% for cattle, but on farms reporting ticks, prevalence was 44% and 33% for sheep and cattle 
farms respectively. Variables most important for prediction of tick presence on farms were upland 
terrain and rainfall. The effect of changing risk factors on future risk distribution will be discussed. 

Conclusions: These data have important implications for assessing both the risk of tick-borne disease in 
livestock and optimising approaches to disease management. In particular, the study highlights the need 
for effective livestock tick control in upland regions and the southwest, and shows how risk in these 
areas could be affected by climate change. 
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Abstract 

Molecular epidemiology using traditional sequencing has been notoriously difficult for inbred parasites 
due to a lack of genetic variation available for discriminating among parasites. Next generation 
sequencing techniques offer a solution to this problem by increasing the number of loci that can be 
sequenced. Here, we investigated the utility of double digestion restriction-site associated DNA 
sequencing (ddRADseq) for examining outbreaks of the inbred zoonotic parasite Trichinella spiralis in 
Poland. Parasite isolates were collected from 4 farms where T. spiralis was detected during routine 
monitoring resulting in a total of 30 samples from pigs and 2 from rats. In order to understand the 
relationship between outbreak parasites and those circulating in wildlife, T. spiralis isolates were 
collected from 24 wild boars killed by hunters throughout Poland. Genomic DNA from these isolates 
were sequenced using ddRADseq protocols based on EcoR I and Pst I digestion and analyzed using 
phylogenetic and Bayesian clustering techniques. Approximately 1 million bases of sequence was 
generated from each sample and shown to be distributed across the genome. Both phylogenetic and 
Bayesian clustering analyses showed that RADseq genotypes formed distinct clusters for specific 
outbreaks and were quite distinct from wild boar samples. Two of these outbreaks were more similar to 
each other than to other outbreak samples suggesting a common source for these outbreaks. Overall, 
outbreak samples had significantly lower genetic heterogeneity than wild samples consistent with what 
has been described using other marker systems. This study shows that ddRADseq is a tool that can 
quickly and relatively inexpensively be applied to parasite outbreak investigations. The discriminating 
power of this technique is tunable and scalable, allowing for application in a variety of epidemiological 
contexts. 
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Abstract 

Routine anthelmintic usage has resulted in widespread drug resistance in many parasitic nematode 
species. Due to the high cost of drug discovery and development, it is unlikely that new compounds will 
be brought to market in the foreseeable future. Consequently, it is crucial to minimize the development 
and dissemination of resistance to maximize the useful life of the few available drugs. Currently, our 
understanding of benzimidazole resistance is the most advanced in small ruminants: resistance is 
associated with single nucleotide polymorphisms of isotype-1 β-tubulin gene at codons F167Y 
(TTC>TAC), E198A/L (GAA>GCA/TTA), and F200Y (TTC>TAC). The lack of sensitive, practical diagnostic 
tools means that anthelmintic drug resistance is typically only detected at a late stage when resistance is 
already widespread, making it challenging to study its evolution and spread. The situation with 
Nematodirus battus in UK sheep flocks provides a rare opportunity to study the emergence of 
anthelmintic resistance at an early stage. Short-read deep amplicon sequencing was performed on the 
isotype-1 β-tubulin gene from N. battus eggs/larvae from ~150 sheep flocks from across the UK. 
Haplotype network analysis was performed to determine the distribution and relationship of 
benzimidazole resistant and susceptible alleles in these N. battus populations. The data suggests that 
the major codon 200 and 167 resistance-associated mutations have spread from farms in NW England. 
This unique dataset illustrates the importance of animal movement and resistance allele spread in the 
early emergence of anthelmintic resistance and provides us with an opportunity to examine analytical 
approaches to investigate the validity of rare alleles in deep amplicon sequencing datasets. These 
analyses provided insights into the patterns of drug resistance development and dissemination, which 
will help direct us on how to manage the growing problem of drug resistance. 
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Abstract 

Buffalo is popularly known as black gold of South Asia that consisted 97% of world buffalo population. 
Among parasitic infections, Toxocara vitulorum is a buffalo calves killer in Bangladesh. A cross-sectional 
study was carried out in the coastal, northwestern and northeastern regions of Bangladesh to explore 
the prevalence and associated risk factors of T. vitulorum infection in buffalo calves. Out of 1751 
samples, the prevalence of T. vitulorum infection was detected by floatation method followed by 
McMaster method. Barishal coastal (35.73%) and Chattogram coastal (29.24%) regions revealed higher 
prevalence compared to the north eastern (15.57%) and western region (8.37%) of the country. 
Statistical analysis revealed a significant difference (p<0.05) of the prevalence of toxocariasis between 
coastal regions and north highland regions of Bangladesh. Regardless of the regions, our study revealed 
a heavy infection among the 1-3 months calves (51.77%, 1648.39±351.62) and moderate among >3- 6 
months (27.60%, 540.92±91.44) and light among 6-12 months of age (6.56%,159.36±20.62) by both 
qualitative and quantitative methods. Logistic regression analysis revealed highly significant (p<0.001) 
differences of toxocara infection among the three age groups. The prevalence of toxocara infection in 
swamp and indigenous riverine type buffaloes were 8.37% and 35.53% respectively. Statistical analysis 
also revealed a significant (p<0.001) differences in the prevalence of  toxocarasis among buffalo calves 
based on the fecal constancies. Among the three seasons, infection in rainy season was significant. It is 
evident from this study that during rainy season, the calves had the highest load (1847.33±420.33) of 
toxocara infection followed by moderate (623.22±159.22) infection during summer and winter 
(415.27±52.76). Finally, the coastal region has been identified as a hotspot (P<0.001) for T. vitulorum 
infection compared to other regions and this infection is a major threat for 1-3 months of buffalo calves 
in Bangladesh. Further epidemiology, immunopathology and anthelmintic issues should be explored. 
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Gastrointestinal Tract Parasitic Fauna of the Domestic Chicken, Gallus gallus 
domesticus in Southwestern Nigeria. 
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Abstract 

Gastrointestinal tract (GIT) parasites impact chicken health, welfare, and productivity, contributing to 
huge economic losses, poverty, and food scarcity in the developing world. This study aimed at 
determining the diversity and prevalence of GIT parasites of domestic chicken in Lagos State, Southwest, 
Nigeria. Gastrointestinal tracts of 244 chickens of different sex and production type were collected at 
random from live-bird markets (LBMs). Each GIT was divided into five parts: esophagus, proventriculus, 
small intestine, large intestine, and caeca. The luminal content and mucosa scrapings of each segment 
were subjected to saturated sugar-salt floatation for oocyst and/or ova recovery and microscopy. The 
number of oocyst/ml was estimated, and live worms found per segment were counted and identified. 
Results revealed that 128 (52.5%) of the 244 sampled chickens were positive for GIT parasites. Males 
(78.7%) had a higher prevalence than females (46.2%). Broiler breeders (100%) had the highest infection 
rate followed by local (89.1%), broilers (54.2%), layers (38.3%), and cockerels (20%). Different Eimeria 
(34.8%), cestode (24.6%), and nematode (23%) species were detected. Helminth and Eimeria infections 
were most frequent in local (78.2%) and breeder (66.7%) chickens respectively. E. necatrix (16.8%), E. 
mitis (16%), followed by E. tenella (12.3%) were the most common of the seven Eimeria spp. 
encountered, with E. praecox (0.4%) being the least common. Ascaridia galli and Raillietina spp. were 
the most common nematodes and cestodes encountered respectively. The highest worm burden was 
recorded in males and local breeds while layers (3211 oocysts/ml) had the highest Eimeria intensity. The 
small intestine, followed by the large intestine and caeca were the most preferred predilection sites for 
these parasites. Results show that gastrointestinal parasites are thriving among chickens in Lagos. 
Concerted efforts must be made to control these parasites and prevent financial losses. 
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Abstract 

Gastrointestinal nematodes (GIN) are amongst the most important pathogens of grazing ruminants 
worldwide, resulting in negative impacts for animal health and production for beef cattle in temperate 
regions. Since free-living stages are major component of the life-cycle of GIN, they are susceptible to 
changes in climate. This means predicting climate-driven changes in the seasonal availability of free-
living GIN infective stages is crucial to provide valuable evidence for control options. Mathematical 
models are effective approaches to address the complicated nonlinear relationships between climate, 
development and survival of free-living GIN. Developed in 2015, GLOWORM-FL is a robust mechanistic 
model framework that include sufficient biological detail. However, the lack of available data from 
literature hinders the strength of parameterization and application of the model in beef cattle industry. 
Moreover, the severity of parasitism cannot be estimated alone without species-specific information 
because the pathogenicity varies between different GIN species. Therefore, this study applied 
nemabiome metabarcoding to parameterize and validate the GLOWORM-FL model framework, 
significantly improved model predictive performance. We conducted four laboratory & greenhouse 
studies with natural samples collected from the field to determine life-history parameters for Ostertagia 
ostertagi and Cooperia oncophora. To test the model performance, a field study was conducted on three 
organic farms in Alberta over the 2019 grazing season by collecting grass samples every three weeks 
from around 72 fecal pats on each farm. After comprehensive parameterization and validation, the new 
version of GLOWORM-FL significantly improves the predictive performance and therefore provides a key 
tool to predict the seasonal risk of transmission of major GIN species. 
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Abstract 

Communities at the interface of wildlife protected areas bear the brunt of Animal African 
Trypanosomosis, a disease caused by trypanosome protozoans. We hypothesised that the risk of 
trypanosome transmission varies significantly within limited spaces (<200 km2) and investigated this in 
the wildlife-livestock interface of Kenya’s Shimba Hills National Reserve (SHNR). For ten consecutive 
months, 231 odour-baited Biconical tsetse traps were deployed in farmlands within 5 km of the SHNR 
boundary, with the position of each trap randomised in 1 km2. In tandem, blood from the marginal ear 
vein of 1,417 zebu cattle across 91 herds in 14 village clusters around the SHNR were screened for 
trypanosomes using the buffy-coat technique. We then estimated the relative entomological inoculation 
rate (EIR) and tsetse challenge (TC) as products of tsetse abundance, the rate of trypanosomes infection 
in the flies, and the proportion of the vectors that blood-fed on cattle. Almost all tsetse flies (99.10%) 
were trapped within 2km from the Reserve-boundary; tsetse flies were absent in traps beyond 4.7 km of 
the SHNR. About 95.00% of infected tsetse flies and individual flies that blood-fed on cattle were 
respectively from sites <2km from the Reserve-boundary. Consequently, the EIR and TC were 
respectively >45 and >25 times higher within 2 km of the SHNR. There was no association between EIR 
and TC with the incidence of animal trypanosomiasis in cattle. We conclude that though tsetse flies 
infest settlements up to 4 km of the SHNR, the majority of infectious bites occur within 2 km from the 
Reserve-boundary. That most cattle are kept in extensive systems and grazed near the Reserve likely 
explain the lack of association between the entomological risk of and incidence. These findings can 
guide targeted tsetse and trypanosomiasis control at the SHNR interface, potentially improving the 
effectiveness and sustainability of interventions. 
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Abstract 

Liver fluke, a trematode parasite affecting cattle and sheep, is widespread in the UK. The Ollerenshaw 
forecasting model was developed in 1959 and uses the weather in the months from May to October to 
forecast the incidence of losses due to liver fluke each year. Despite widespread use in the UK and 
elsewhere, there has been no large-scale validation of the model since 1963. The aim of this study was 
to ascertain how the Ollerenshaw model predictions have changed since its introduction, and how well 
the model has predicted acute fluke incidence over the past nine years. 

We obtained E-OBS weather data from the Copernicus climate data store and used this to calculate the 
annual fluke risk using the Ollerenshaw method for each year from 1950 to 2020, for NUTS level 2 
regions in Great Britain. Results showed that although the forecast incidence of liver fluke has varied 
throughout the 70-year period, there was no marked increase over time in the number of regions 
predicted to have medium or high fluke incidence. However, we found that the length of the fluke 
transmission season may have increased between 2000 to 2020. On average during this period, the fluke 
transmission season was one month longer compared to the earlier period of 1950 to 2000, which may 
be an effect of climate change. 

Acute liver fluke diagnostic data for 2010-2019 were obtained from the Animal and Plant Health Agency 
(APHA) and Scotland's Rural College (SRUC). We compared the fluke losses forecast by the Ollerenshaw 
model against the reported fluke incidence using maps, charts and sensitivity/specificity calculations. 
Qualitatively, at the national level, the model correctly predicted the two years with the highest fluke 
incidence (2012 and 2017). Quantitatively, at the regional level, the model under-predicted fluke losses. 
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Abstract 

The Peruvian highlands have the largest population of alpacas in South America. These camelids 
constitute an economically important species for Andean communities, providing meat and fiber. The 
gastrointestinal helminth infection in alpacas is a major parasitosis with high prevalence in grazing herds 
and affecting negatively their productivity. Ivermectin and albendazole have been the most common 
anthelmintics used for parasite control in Peruvian alpaca farms for decades. The frequent use of these 
drugs increases the risk for anthelmintic resistance. Resistance to ivermectin and albendazole have been 
already reported in equines, sheep and goats. There is a scarcity of information on the efficacy of these 
anthelmintic drugs in alpacas from Peru. The main goal of this study was to evaluate the efficacy of 
ivermectin and albendazole against gastrointestinal nematodes in alpacas at the experimental herd of 
Santa Ana, Huancayo, Junin, Peru. Sixty-one grass-fed alpacas, including males and females, naturally 
infected with gastrointestinal nematodes, were divided into two experimental groups. Groups were 
treated with ivermectin (n=30) or albendazole (n=31). A modified McMaster technique was used to 
determine fecal egg counts on treatment day (day 0) and 8 days post- treatment. The efficacy of each 
drug was calculated by the fecal egg count reduction test (FECRT), applying the WAAVP formula and the 
method of bootstrapping to obtain 95% Confidence intervals (CI) for each drug. Levels of efficacy for 
ivermectin and albendazole were 57% (95% CI=33:93) and 78% (95% CI= 44:97), respectively. These 
results showed multiple anthelmintic resistance to ivermectin and albendazole in gastrointestinal 
nematodes infecting alpacas. This work constitutes one of the first reports of multiple resistance, to 
ivermectin and albendazole, in grazing alpacas from this region. These results highlight the importance 
of monitoring the efficacy of anthelmintics in alpacas at the Peruvian highlands to design optimal 
parasite control programs. 
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Abstract 

The implementation of the Peace Accords in Colombia has given access to regions of the country little 
explored by academia and research in veterinary parasitology. The present study was developed 
between the Universidad de La Salle, Bogotá, Colombia and the Empresa Colombiana de Productos 
Veterinarios Vecol S.A., in the rural area of the Department of Arauca in east of the country in the 
Orinoquía region. Coprological techniques were used to detect gastrointestinal nematodes (McMaster, 
Baermann and Coproculture) and larvals of Dictyocaulus viviparus (Baermann). The following parasites 
were detected: Haemonchus spp., Ostertagia ostertagi., Trichostrongylus spp., Cooperia spp., Eimeria 
spp., Oesophagostomum spp., Strongylidae, Nematodirus spp., Moniezia benedeni, Bunostomum spp. 
and Ascaris suum. The Dictyocaulus viviparus was detected. This research reports for the first time the 
pulmonary parasite in cattle from the Department of Arauca. Hematological samples were processed 
with the commercial variant of Romanoswky's stain (Diff-Quik) and were detected Anaplasma 
marginale, Babesia bovis and Babesia bigemina and Trypanosoma evansi. These results serve as a 
baseline for future studies and to the general control measures for parasites in the livestock sector of 
the vast eastern plains of Colombia. The prevalence of parasites may be disclosed during the 28th 
International Conference of the World Association for the Advancement of Veterinary Parasitology 
(WAAVP) in July 2021, at the moment these data are confidential of the institutions that participated in 
the research. 
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Abstract 

Introduction:  The cattle filarial parasite, Onchocerca ochengi has been the best research model for drug 
and vaccine trials against O. volvulus; causative agent of human river blindness. Exposing naïve calves to 
transmission sites (Simulium infested areas) with heavy concurrent ecto- and endoparasite populations 
is a major constraint to such trials, requiring keen management strategies which minimise drug use that 
could prevent O. ochengi transmission and development.  

Methods: Fifty naïve calves were recruited for O. volvulus vaccine preclinical trials at Wakwa. Before 
immunization and exposure, calves were vaccinated against endemic Contagious Bovine 
Pleuropneumonea, Lumpy Skin Disease, Blackleg and Pasteurellosis. Following immunisations, calves 
were exposed at natural transmission sites over 24 - 30 months. Simulium trapped from animal bait and 
dissected weekly confirmed O. ochengi transmission. Animals were routinely checked for 
onchocercomata, microfilaria, haemo- and gastro-intestinal parasites. For concurrent parasite control, 
macrocyclic lactones, tetracyclines and synthetic pyrethroids were avoided. tTicks were removed 
manually from animals daily. Trypanosomosis lateral flow kit was used for diagnostic screening and 
coprology conducted and herd treated with levamisole ≥ 30 % worm burden. 

Results: Two peaks of transmission of O. ochengi were observed annually: April (3-6 infective larvae per 
dissected fly) and October (3-5 infective larvae per dissected fly). The first Onchocerca ochengi nodule 
appeared after 8 months of exposure and Mf from skin snips after 12 months. The prevalence of 
trypanosomosis was 14.8 % (9 % T. congolense, 3.7 % T. vivax, 1.9 % co-infection).Three calves were lost 
to suspected trypanomosis and/or piroplasmosis. Timely diagnosis and administration of diminazene 
aceturate prevented further losses. Coprology showed peak infestation with fasciolosis from August to 
December and intestinal nematodes from June to August.  

Conclusion: O. ochengi vaccine trials should be planned for calves’ exposure during peak transmission 
period. Careful control of concurrent parasite infections can reduce calf morbidity and mortality without 
interfering with natural O. ochengi transmission.     
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Abstract 

The livestock industry relies on the regular use of anthelmintic treatment to mitigate production losses 
due to helminth infections. One such species that can cause heavy production losses is Haemonchus 
contortus. Resistance has developed in this species towards currently used classes of anthelmintic; to 
counter this rise in resistance complementary controls have been used these include plant secondary 
metabolites (PSM), fungi and vaccination. These alternative controls have no known resistance but often 
have lower efficacy compared to anthelmintic. The current study evaluates an in vitro method for 
determining the combined effect of PSM and anthelmintic on the gastrointestinal nematode egg 
stage.  To test this combination, egg hatch tests were used in which resistant H. contortus were exposed 
to a tannin extract and thiabendazole. The bliss independence test was used to determine the nature of 
the interaction. The egg hatch plates found the interaction to be synergistic at the egg stage of 
development. This was seen at low tannin concentrations, in which the observed significantly exceeded 
the predicted 76% (predicted) compared to 88% (observed) for sainfoin. This effect was also seen when 
the anthelmintic concentration increased, 90% (predicted) compared to 97% (observed) at the same 
concentration of sainfoin (100µg/ml); anthelmintic concentrations being 0.005 µg/ml and 0.01 µg/ml. 
The respective independence indices being 0.11 and 0.07 both indicative of a synergistic interaction. 
Different tannin sources were also investigated, with tannin from wormwood showing no significant 
difference between predicted and observed at 0.005µg/ml of thiabendazole. The current study has 
highlighted that at the egg stage of development the benzimidazole and PSM interaction is synergistic 
against resistant H. contortus. This would need further testing in more natural conditions. However by 
breaking down the treatment interaction at different stages, can help implement combined treatment, 
knowing how controls interact at each stage. 
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Abstract 

Anthelmintic resistance (AR) is a major global problem in livestock and humans and increasingly drives 
parasite management decisions. Assessment of AR relies on the faecal egg count reduction test (FECRT). 
Despite technical improvements to the FECRT and its interpretation, multiple confounding factors can 
affect results yet are usually ignored, such as pharmacokinetic behaviour among drugs, parasites, and 
host types and individuals that affecting the therapeutic anthelmintic response; helminth demographics 
affecting test repeatability; and technical errors. Confounding factors are numerous, highly likely to 
occur in farm environments, and rarely possible to control. Evaluation of AR in practical and research 
settings should attempt to reduce and account for confounders in FECRT and, where possible, consider 
trends in observed efficacy against a background of natural variation. To examine this aim, simulations 
were performed based on species identification data within FECRT for nematodes in sheep and cattle, to 
quantify the effects of variation in species composition on AR classification. Results show that 
misclassification is likely to be common and could account for seasonal inconsistency in FECRT 
outcomes. Improved methods for species identification have the potential to greatly improve FECRT 
accuracy. Pharmacokinetic and pharmacodynamic confounders are more difficult to surmount, and it is 
already widely recommended to reduce their influence where possible, and consider their potential role 
in cases of treatment failure. Given the frequency of pharmacokinetic / pharmacodynamic drivers of 
reduced anthelmintic efficacy in livestock, however, repeated assessment is an important tool to detect 
trends and reach robust conclusions. Simulations are extended to consider the relative value of 
thorough but rare FECRT, and frequent but imprecise forms of FECR-based monitoring, to provide early 
warning of AR. This approach shows the limitations of optimising FERCT for maximum technical 
accuracy. Holistic and pragmatic consideration of anthelmintic efficacy is needed to provide evidence to 
support farm decisions. 
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Abstract 

Considering the recent spread of canine filarial infections, from southern to more northern and eastern 
European areas, their clinical importance, as well as their zoonotic potential, knowledge on their ecology 
and distribution became of increased importance. In Greece, canine filarial infections are 
considered endemic in the northern part of the country, therefore the aim of the study was to 
investigate their distribution patterns and identify potential endemic foci in the southern part of Greece 
and precisely in 3 islands, Leros, Crete and Zakynthos, representing the South East, South and South 
West borders, respectively. 

In total 1216 blood samples from dogs were collected, clinical examination was performed and 
information on their lifestyle was recorded. Only dogs with no travel history were enrolled. The Snap® 
4Dx® Plus test and the modified Knott’s technique were used to detect filarial infection. Positive samples 
were further processed with molecular analyses.  

Dirofilaria repens microfilariae were detected in 14 (1.8%) animals in Crete. In Leros, 16 (4.2%) dogs 
were found harbouring microfilariae, in 7 (1.8%) of those D. repens identified, while microfilariae in 10 
(2.6%) samples were morphologically compatible to Acanthocheilonema dracunculoides. Their presence 
was confirmed by PCR and sequencing. Rapid tests were negative on all occasions except of 6 samples 
corresponding to dogs infected by A. dracunculoides. In Zakynthos no positive animals were found with 
any of the techniques used. Animals found infected by A. dracunculoides lived in the same household 
and were heavily infected by Rhipicephalus sanguineus s.l. ticks that are able to transmit this parasite. In 
total 60 ticks of this species were molecularly examined for the presence of this parasite, with no 
success.  

Results confirm that canine filarial parasites are less present in southern locations, with D. repens having 
a wider distribution range than D. immitis, while other filarial species may arise.  
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Abstract 

The present study was designed to establish seropositivity rates and epidemiological associations for 
antibodies against Leishmania infantum, Ehrlichia canis and Dirofilaria immitis antigen in dogs from all 
the 50 Spanish provinces. 

A total of 11,856 dogs from 601 veterinary clinics were included. Dogs were tested using the URANOvetR 
diagnostic rapid test for every single pathogen to detect antibodies against Leishmania infantum, 
Ehrlichia canis and Dirofilaria immitis antigen, respectively. In addition, information about sex, age, 
breed, habitat, clinical signs compatible with each of the evaluated vector borne diseases and the use 
and frequency of ectoparasiticides on a regular basis was collected.  

The seroprevalence was 17.3% (1909/11018) for L. infantum, 3.2% (314/9908) for D. immitis and 3.5% 
(314/9124) for E. canis. Regarding the epidemiological variables analyzed, statistically significant 
differences (p <0.05) were found related to the seropositivity of the three pathogens studied and the 
geographic location, habitat, associated clinical signs and the use of ectoparasiticides. Age was 
statistically associated with L. infantum and D. immitis with a  higher seroprevalence in older dogs. Sex 
was associated with L. infantum infection, with a higher seroprevalence in male dogs (p <0.01). 

Results of the present study show the permanent risk for dogs in Spain to acquire any of the vector 
borne diseases studied. Therefore, veterinarians across all regions should include these diseases in their 
differential diagnoses and recommend using prophylactic measures like repellents to prevent dogs from 
the transmission of these pathogens by arthropod vectors. 

Study supported by ELANCO Animal Health 
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Abstract 

Leishmania infantum and Dirofilaria immitis are among the most important vector-borne pathogens in 
Europe affecting animal and human health. In enzootic areas, the epidemiology of both infections is 
conditioned by vector abundance and chemoprophylaxis measures. However, knowledge on the 
incidence of heartworm (HW) and Leishmania infections occurring in sympatry is still scant. This study 
aimed to evaluate the annual incidence of both infections in two dog shelters from southern Italy, which 
represent hotspots for these diseases. In June and October 2020, all dogs scored negative one year ago 
for L. infantum (n = 111, site 1; n = 70, site 2) and D. immitis (n = 58, site 1; n = 61, site 2) were tested for 
the estimation of the annual incidence of both infections. Anti-L. infantum IgG were detected 
by IFAT and D. immitis infection was diagnosed by modified Knott’s test, SNAP 4Dx Plus test and real-
time PCR. The overall D. immitis and L. infantum infection incidence were both higher in site 2 (i.e., 
63.9% and 10%, respectively) than site 1 (i.e., 39.7% and 1.8%, respectively). The dog shelter in site 2 
was shown to be more suitable for the development of the mosquito/sand fly populations and, 
consequently, for the spreading of both parasites representing a potential threat for animal and human 
health. The high incidence of both infections recorded in this study suggests the urgent need to set up 
efficacious preventative measures in places, such as dog shelters, where HW treatment is difficult to 
perform and may cause a high mortality in dogs. Indeed, a study based on the monthly administration of 
a systemic insecticide/afoxalaner (NexGard®) from March 2020, is running in site 2 to evaluate its effect 
in preventing Leishmania and Dirofilaria spp. infections through the possibility to decrease the vector 
population after one-year treatment. 
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Abstract 

Despite morphological differences of eggs and adults, Capillaria boehmi infections have been 
occasionally misdiagnosed as C. aerophila infections in the past. Capillaria boehmi is found in the nasal 
and paranasal sinuses of wild canids and dogs, which may suffer from nasal discharge, sneezing, 
epistaxis and, importantly, their scent can be impaired. We present three challenging cases. Out of two 
females and one male dog (all scent hounds, aged 3-9 years and weighing 19-31 kg), two dogs were 
previously coproscopically misdiagnosed with Trichuris infections. Two dogs showed clinical signs such 
as sneezing, coughing and impaired scent. From one dog adult living C. boehmi were obtained by nasal 
lavage. The identity of worms and eggs of all three dogs were genetically confirmed (18S rRNA). All dogs, 
followed-up for 8-67 months, repeatedly excreted C. boehmi eggs in faecal samples despite treatments 
with the following compounds, in various dosage and retreatment protocols: fenbendazole, milbemycin 
oxime (orally), moxidectin/imidacloprid/ (spot-on) and levamisole (intramuscularly). The different 
anthelmintic compounds showed variable success regarding their effect on clinical outcome and on 
stopping egg excretion. Reinfections due to a contaminated environment could not be fully excluded. In 
winter 2016 and 2017 a high prevalence (190/218, 87.2%) was observed in tissues of nasal and 
paranasal sinuses of 218 foxes. Overall, 84.9% (107/126) adults and 90.2% (83/92) of youngsters were 
infected. The presence of C. boehmi did not correlate with age (P=0.209), but correlated significantly 
with sex: male foxes (102/107, 95.3%) were more often (P=0.001) infected than females (88/111, 
79.3%). Worm burden ranged from 1-72 adult specimens (mean: 5.7). In conclusion, C. boehmi 
infections can be mis- and/or underdiagnosed in dogs. The successful elimination of C. boehmi infections 
in dogs remains challenging. Appropriate anthelmintic treatments, preventing coprophagia and egg 
contamination of the surroundings and performing coproscopic controls after treatments are 
fundamental. 
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Abstract 

There is very little information on which parasite species that may affect in sled dogs in Greenland, 
where the tradition of keeping and using dogs is under pressure due to high feed costs, decreasing 
number of subsistence hunters, modern transportation and disappearing sea ice. The purpose of the 
current study was therefore to evaluate the occurrence of endoparasites as part of a larger project on 
overall dog health. Faeces and serum were collected according to availability from different dog 
populations across Greenland. Samples were thus collected from military dogs at Daneborg (August 
2017) and privately owned dogs from multiple locations of the Greenlandic West Coast (2018-2019). 
Fecal samples were split and some material stored in Sodium acetate Acetic acid Formalin at 5 oC for 
later analysis by a concentration McMaster (n=194) and some material frozen at -25 oC for later analysis 
by immunofluorescence microscopy (n=171). Faecal larval cultures were performed at two locations for 
later species determination by PCR. Serum was frozen on site at -20 oC and analyzed for antibodies 
against Neospora caninum (n=112), Toxoplasma gondii (n=241) and Trichinella spp. (n=232). The dogs 
harboured eggs/oocysts/sporocysts of Uncinaria stenocephala (49%), Toxascaris leonina (19%), 
Cystoisospora spp. (8%), Sarcocystis spp. (3%) and taenid worms (3%). Dibothriocephalus spp.-like eggs 
were also detected in some dogs (6%). The faecal counts were generally low to moderate with few 
individuals with high counts. Giardia spp. occurred in 56% of dogs at low to high levels 
whereas Cryptosporidium spp. occurred in 19% of dogs at low levels. No dogs were seropositive for 
Neospora caninum, while 3% were seropositive for T. gondii and 6% for Trichinella spp. The data clearly 
show that a wide range of endoparasites, some of which are zoonotic, may affect the health of sled dogs 
and potentially humans in Greenland. 
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Abstract 

Two species of hookworm have been identified in dogs in New Zealand, Ancylostoma 
caninum and Uncinaria stenocephala.  The latter has generally been assumed to be the most common in 
the general dog population whereas A. caninum has historically been associated with racing greyhounds. 

In this study, 396 faecal samples were collected from dogs held in City Council Pounds and SPCA shelters 
of both the North and South Islands.  In addition, 113 samples were obtained from owned pet dogs, and 
329 samples from racing greyhounds, all from the central North Island.  A zinc sulphate centrifugal 
floatation test was used initially to detect hookworm eggs and if present, the lengths of at least 10 
hookworm eggs per sample were measured digitally. 

In total, 124 hookworm positive dogs were identified (61 greyhounds and 63 other dogs), with the 
prevalence of infection being 18.5%, 15.2% and 2.7% in greyhounds, pound/shelter dogs, and owned pet 
dogs respectively.  In the general dog population, hookworm infections slightly outnumbered those with 
the next most common nematode, Toxocara canis (63 vs. 61 dogs (out of 509)), but as might be 
expected, T. canis was much more common in young puppies < 6months old (27.5% vs. 19.2%).  In dogs 
over one year of age, hookworm was however about twice as common (8.3% vs. 3.1%).  Based on egg 
size, all but one of the hookworm positive greyhounds were infected with A. caninum (mean egg length 
+ SD, 62.7µ + 1.5), whereas all other dogs appeared to be carrying U. stenocephala (81.1µm + 2.1). 

These findings have important implications for the control of hookworms in dogs in New Zealand since 
not all licensed canine anthelmintics have a label claim for efficacy against U. stenocephala.  The 
evidence also suggests that over the years A. caninum has largely remained confined to racing 
greyhounds. 
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Abstract 

Theileriosis, or Bovine Anaemia due to Theileria orientalis Genotypes (BATOG), is an emerging intra-
erythrocytic piroplasmic vector borne disease affecting Australian cattle. Annual industry losses have 
been estimated at over $20m, with the endemic 3-host tick, Haemaphysalis longicornis identified as the 
disease vector. Producers seek reliable control measures, however despite research efforts, no 
registered treatments are currently available. Two small scale pilot trials were conducted to determine 
the efficacy of several existing veterinary medicines with known anti-protozoal activity, against T. 
orientalis Ikeda infection. In the first study, all calves infected by inoculation with infected blood became 
PCR positive by SD46 post infection. Four calves per group were treated with either buparvaquone (BPQ, 
2.5 mg/kg), imidocarb dipropionate (5 mg/kg), oxytetracycline (20 mg/kg), tulathromycin (2.5 mg/kg), or 
were untreated. The only treatment that significantly reduced the gene copy numbers of the parasite by 
PCR was BPQ, but animals remained carriers. Efficacy of buparvaquone for the treatment of T. orientalis 
is proven, however due to long drug residues this treatment is non-viable for use commercially. In the 
second small trial, thirty calves were infected with T. orientalis ikeda through application of infected 
unfed female adult H. longicornis ticks. All calves became PCR positive by SD13 post tick application. 
Group 1 were treated with toltrazuril (15 mg/kg) on SD 3 and Group 2 untreated. Calves were weighed, 
and blood taken and analysed for PCV, qPCR (T. orientalis Ikeda), Theilerial ELISA and piroplasm counts 
at various intervals up to SD64 post infection. No statistically significant differences in group mean 
bodyweight, PCV, qPCR ct value, Theilerial ELISA or piroplasms per HPF were observed any time-point, 
except PCV at SD 20. At this timepoint, mean PCV was significantly higher in the toltrazuril treated 
group. Further dose determination work is ongoing. 
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Abstract 

Introduction: Glucokinase (GLK) and Hexokinase (HK) are key enzymes involved in glycolysis and pentose 
phosphate pathway (PPP), and have been characterized as essential targets in Trypanosoma cruzi (Tc)-
mediated infection. A recent study reported the propensity of the concomitant inhibition of TcGLK and 
TcHK by compounds GLK2-003 and GLK2-004, thereby presenting an efficient approach in Chagas 
disease treatment.  

Computational Methods: In this study, we set out to investigate this therapeutic possibility using 
advanced bioinformatics techniques coupled with atomic and molecular scaling methods.  

Results: Sequence alignment of TcGLK and TcHK revealed that both proteins shared approximately 
33.3% homology in their glucose/inhibitor binding sites. Conserved residues in TcGLK/TcHK include 
PRO92/PRO163, ASN130/ASN213, ASP131/ASP214, GLY188/GLY238, SER189/239, GLN236/GLN300, 
ASP29/ASP90, GLY31/GLY92, THR33/THR94, ARG36/ARG97, GLY184/GLY236 and THR185/THR237. The 
total binding free energies of GLK2-003 and GLK2-004 were favorable in both proteins (TcGLK-GLK2-
003= -28.71 kcal/mol, TcGLK-GLK2-004=-31.54 kcal/mol, TcHK-GLK2-003= -36.15 kcal/mol, and TcHK-
GLK2-004=-33.51 kcal/mol).  

Discussion: We discussed the importance of amino acid residues PRO92 and THR185 which were pivotal 
to the binding and stabilization of compounds GLK2-003 and GLK2-004 in TcGLK, likewise their 
conserved counterparts; PRO163 and THR237 in TcHK. The induction of similar pattern of perturbations 
in both TcGLK and TcHK secondary structure by GLK2-003 and GLK2-004 was also elaborated. 
Pharmacokinetic (ADMET) profiling of both compounds further revealed their compliance to the 
Lipinski’s rule of 5, indicative of their drug-likeness. 

Findings from this study therefore provide insights into the underlying mechanisms of dual inhibition 
exhibited by the compounds. These results can pave way for the discovery and optimization of novel 
dual Tc inhibitors with improved pharmacokinetics eventuating in the mitigation of Chagas disease. 
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Abstract 

Control of gastrointestinal nematodes (GINs) infections in humans and animals is seriously threatened 
by global development of anthelmintic resistance. In Sudan, resistance to benzimidazoles has been 
reported recently in cattle and goats from South Darfur. The efficacy of ivermectin was evaluated in 
goats in three study areas in South Darfur. The faecal egg count reduction test (FECRT) was used to 
evaluate the efficacy of ivermectin in goats naturally infected with GINs in Bulbul (n=121), Kass (n=33) 
and Nyala (Domaia: n=72, university farm: n=52). Ivermectin was injected subcutaneously at the dose 
recommended for goats (0.4 mg/kg body weight) or 0.8 mg/kg bw, and the efficacy was evaluated 12 
days after treatments. Nematodes surviving ivermectin treatment in goats in Bulbul and Nyala were 
harvested and larvae used to infect worm free male sheep (n=6, ≤6 months old). From day 24 sheep 
were dosed subcutaneously with ivermectin every eight days with increasing doses from 0.2 mg/kg to 
1.6 mg/kg bw. Reduced ivermectin efficacy was identified in goats in Bulbul and Nyala. The paired and 
unpaired FECRs for 0.4 mg/kg revealed reductions of 72.6/76.4%, 75.7/86.9% and 85.3/83.1% in Bulbul, 
Domaia and university farm, respectively, while a double dose in Bulbul showed an efficacy of 86.4% and 
90.4%. In Kass, ivermectin was 95.6% effective. Eggs of strongyles, Strongyloides papillosus and 
Skrjabinema ovis were identified before treatment, while only strongyle eggs were found after 
treatments. After treatment, all larvae were Haemonchus spp. Ivermectin efficacy in sheep using 
different doses, including 1.6 mg/kg was from 33.9 – 85.6%. In necropsies after treatment with 1.6 
mg/kg dose, only adult Haemonchus contortus were found. For the first time ivermectin resistant H. 
contortus populations have been identified in goats in Sudan, and resistance was experimentally 
confirmed in sheep. 
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Abstract 

Introduction: Most grazing ruminants are infected by helminth parasites that have a massive impact on 
their welfare and production. In that context, diseases caused by gastrointestinal parasitic nematodes 
are an important animal health issue. The main mean to control such parasites relies today on the use of 
anthelmintic drugs. However, intensive use of chemicals has selected drug-resistant parasite 
populations in many animal species. This includes resistance to the broad-spectrum macrocyclic lactones 
(MLs) such as ivermectin (IVM). There is now considerable evidence that ML resistance is a polygenic 
trait in nematodes, but the molecular mechanism(s) of ML resistance remains to be resolved. The 
problem is worsened by the lack of efficient tools to track resistance. Materials and Methods: In that 
context, we have developed a stable fluorescent probe of IVM, IVM-FLUO, and by using confocal 
imaging, we were able for the first time to visualize, map and quantify IVM in the whole worm 
Caenorhabditis elegans. We have compared the distribution and signal intensity of IVM-FLUO in 
susceptible and ML-resistant C. elegans strains. Results: Some specific fluorescent spots detected all 
along worm body, revealed IVM location in strategic organs. Signal quantification revealed a higher 
global IVM amount in wild-type animals compared to the IVM-resistant worms, in line with a link 
between IVM concentration in the worm and IVM resistance status. Discussion: Our datas shed light on 
IVM distribution in C. elegans and they contribute to the understanding of IVM resistance mechanisms. 
IVM-FLUO is an innovative tool that meets the expectations of clinicians and breeders concerned about 
the loss of drug efficacy. Its development will allow evaluating the efficacy of anthelmintic drugs and the 
resistance status of pathogenic parasites in livestock. It represents a valuable asset for the research of 
drug resistance mechanisms in general. 
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Abstract 

Platyhelminthes (‘flatworms’) comprise one of the major phyla of invertebrate animals, inhabiting a 
wide range of ecosystems, and one of the most successful in adapting to parasitic life. Small non-coding 
RNAs have been implicated in regulating complex developmental transitions in model parasitic species. 
Here, we analyzed and compared the conservation of key proteins of the small RNA pathways among 
several free-living (‘turbellarians’) and parasitic species (Neodermatans) to disentangle possible 
adaptations during the transition to parasitism. Additionally, we studied the expression of these genes in 
available databases of Platyhelminthes. 

Our findings showed that whilst all turbellarians have conserved Piwi pathway proteins, these were lost 
in parasitic Neodermantans. We identified a novel Piwi class Argonaute exclusive of turbellarians, which 
we named ‘Fliwi’. Additionally, Vasa, a mediator of the Piwi pathway, was detected in all turbellarians. 
Both, Fliwi and Vasa were preferentially expressed in neoblast cells (somatic stem cells). On the other 
hand, a flatworm-specific class of Argonautes (‘FLAgo’) was expanded in Neodermatans but not in 
turbellarians. Notably, FLAgo showed differential expression between the two clades. While displaying 
ubiquitous expression in turbellarian cells, in Neodermatans FLAgos were preferentially expressed in 
neoblasts and germline progenitors. Similar patterns were observed for PL-10, a paralogue of Vasa. 
Interestingly, the differences in the expression of these genes were not limited to the tissue level, 
showing important fluctuations across developmental stages in Neodermatans. Particular variants of 
Dicer genes without the amino terminal domains were found in trematodes and some species of 
turbellarians while an inverted tandem duplication in Food-borne trematodes may have led to a novel 
divert gene. 

In conclusion, the remarkable divergencies in the small RNA pathways between free-living and parasitic 
flatworms suggests that they may have been involved in the adaptation to parasitism of Neodermatans. 
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Abstract 

Infections with parasitic nematodes are ubiquitous in grazing livestock throughout the world and are a 
major threat to global food security. Related nematodes cause debilitating diseases in billions of humans 
in some of the poorest countries in the world. Control of parasitic infections in animals and humans 
currently relies on mass drug administration of a limited number of anthelmintics. However, this is not 
sustainable due to the emergence and spread of anthelmintic resistance. 

Haemonchus contortus is a highly pathogenic gastrointestinal nematode of small ruminants, which is 
becoming increasingly difficult to control due to multi-drug resistance. In the case of ivermectin, the 
mechanism(s) underlying resistance are poorly understood, with studies comparing resistant and 
sensitive parasites confounded by high levels of genetic diversity within and between populations. To 
overcome this, we crossed a well-characterised multi-drug resistant isolate of H. contortus 
(MHco18.UGA2004) with a drug susceptible isolate (MHco3.ISE) to study ivermectin resistance while 
controlling for background variation. F2 adults were treated with ivermectin in vivo and pools of their L3 
progeny pre and post treatment were sequenced. Bulk segregant analyses of these populations 
identified a major locus on chromosome V under ivermectin selection. This locus contains none of the 
previously studied ‘candidate’ resistance genes from the literature and no putative target genes, 
implicating a novel driver of resistance. Functional characterisation is ongoing in H. contortus and 
transgenic Caenorhabditis elegans to identify which genes in the locus confer ivermectin resistance. 
Transcriptomic analysis of the parental isolates and F2 adults with and without ivermectin treatment 
identified differential expression of a small number of genes associated with neuronal development or 
plasticity, including a single gene within the chromosome V locus (HCON_00155390: cky-1) that is highly 
upregulated in geographically separated resistant populations. This gene has been the focus of our 
investigations so far. 
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Abstract 

Introduction 

Drug resistance in parasitic helminths is widespread in a number of domesticated animal systems and 
represents a genuine threat to the sustainable control of species that parasitise humans. Unfortunately, 
the genetic basis of resistance to most anthelmintics remains poorly resolved.  

  

Materials and Methods 

As a key aim of the BUG Consortium, we have used a forward genetics approach together with whole-
genome sequencing to unravel the genetic mediators of multidrug resistance in the gastrointestinal 
parasite, Haemonchus contortus. We performed a genetic cross between susceptible MHco3(ISE) and 
triple resistant (benzimidazole, levamisole & ivermectin) MHco18(UGA) parasites, after which we 
sampled the F3 population both pre- and post-treatment of the F2 population in vivo for each of the 
three drug classes.  

  

Results 

For each of the drug classes, we identify discrete, non-overlapping regions of the genome linked to 
resistance, including known and novel putatively causal variants with strong association benzimidazole 
and levamisole resistance. For ivermectin, a more complex signature of selection was apparent, 
indicative of multiple genes contributing to resistance. However, together with sampling of phenotyped 
field isolates, we have refined a major QTL leading to the identification of a novel candidate gene.  

  

Discussion 
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These data provide an important genome-wide overview of the genetic response to anthelmintic 
treatment and an insight into the evolution and spread of resistance.  
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Abstract 

Cystoisospora suis is an apicomplexan parasite and an entero-pathogen of suckling piglets. As with all 
coccidian parasites, the lifecycle is characterized by asexual multiplication followed by sexual 
development with two morphologically distinct cell types which presumably fuse to form a zygote from 
which the oocyst arises. The aim of this project was to perform RNAseq of C. suis harvested at different 
developmental stages in vitro to better understand the transcriptional changes underlying the 
developmental processes in this parasite and possibly closely related species. Epithelial cells were 
infected with C. suis and supernatants were harvested at three time points (T) at 6 to 14 days of 
cultivation to obtain merozoites as well as gamonts and oocysts. We produced poly-A enriched 75bp 
single end, stranded RNA-seq data for differential gene expression analysis. Data was mapped against a 
hybrid genome of C. suis (strain Wien I) and Sus scrofa 11.1. After filtering, 7125 genes were tested for 
differential gene expression. At an FDR cut-off of 5% and a minimum log2 fold change of 1, we found 
891 and 1860 differentially expressed genes at T2 (merozoites+gamonts)  and T3 (gamonts+oocysts) 
compared to T1 (merozoites), respectively. 390 and 827 of these genes were upregulated in T2 and T3 
respectively, with 305 genes overlapping.  GO enrichment analysis of upregulated genes used a Fisher's 
exact test. At a significance cut-off of 5%, 6 and 14 biological processes and 4 and 10 molecular functions 
were upregulated in T2 and T3, respectively. DNA integration was the most enhanced biological process 
in both time points, while both time points shared upregulated oxidoreductase and endopeptidase 
activities among others. These results provide a comprehensive gene expression profile of sexual stages 
of C. suis and will extend our knowledge of the putative regulation of sexual differentiation and 
development of this and related parasite species. 
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Abstract 

Companion animals can carry a number of zoonotic parasites such as hookworms, which can adversely 
impact both human and animal health. Our earlier study indicated that perceptions of dog owners 
towards zoonotic canine parasites varies demographically. To further investigate and estimate the 
prevalence and geographical heterogeneity of hookworm infection in dogs, a parasitological survey was 
conducted in 2019 and 2020 in a total of 55 dog parks in the Brisbane city council region of South East 
Queensland State of Australia. Faecal samples were collected from dogs visiting dog parks and samples 
were analysed for hookworm infections using faecal floatation technique. We geocoded all surveyed 
dog park locations and quantified spatial autocorrelation in the observed prevalence of hookworm 
infection using a semivariogram. Using a generalised linear model with a random effect of dog park, we 
modelled the relationship between prevalence of hookworm in pet dogs and socio-environmental 
predictors including human population count, Socioeconomic Indicator data (SEIFA), mean max 
temperature, mean min temperature, sum of daily rain, mean evapotranspiration, Normalized 
Difference Vegetation Index (NDVI), and proportion of urban area, cropland and shrubland. Our results 
suggest that dog park-specific prevalence of hookworm infection varied from 0% to 21% with a mean 
prevalence of 2.6%.   We found significant spatial dependence in the observed prevalence of hookworm 
infection between dog parks within 4 km. Our regression model indicated a significant positive 
association between prevalence of hookworm infection in dog parks and the mean maximum 
temperature and NDVI. Looking into the growing number of dog ownership in cities like Brisbane, the 
results of this study are of public health importance not only for education and health promotion of 
local dog owners and veterinarians, but also for Brisbance city council dog park management to design 
effective policies to reduce environmental contamination and improve dog park hygiene. 
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Abstract 

Whilst jealously guarding its freedom from a large number of exotic livestock diseases with strict 
biosecurity and quarantine measures, Australia has had, over the past decade, to become familiar with 
an emerging disease previously unknown in the country. What had previously been referred to as 
Benign Bovine Theileriosis, became known as Bovine Anaemia caused by the Theileria orientalis Group 
(BATOG). T orientalis Buffeli was known to have been present in Queensland cattle for over a century, 
but recognition that emerging clinical cases were caused by variants led to a wide-ranging research 
effort undertaken by several academic institutions and jurisdictional laboratories, and financed from a 
variety of funding sources. Molecular diagnostic techniques were refined, epizootiological and 
pathophysiological questions addressed, and prophylactic and therapeutic solutions investigated. What 
has been established, is that at least two serotypes previously unknown in Australia (Ikeda and Chitose) 
contribute to clinical expression of the disease, but how and when they were introduced into the 
country has thus far not been clarified. Initial clinical outbreaks occurred on the Eastern seaboard of the 
continent, but the parasite has also been found in cattle in Western Australia and in New Zealand. 
Whereas Haemaphysalis longicornis was confirmed as being a biological vector for T orientalis Ikeda and 
Chitose, it was shown that Haemaphysalis bancrofti was probably the preferred vector for T orientalis 
Buffeli. Mechanical transmission was demonstrated, both inadvertently iatrogenic, and by biting insects. 
Pathophysiological differences in the behaviour of Buffeli, Ikeda and Chitose serotypes have been 
described. There are strong indications that prior infection with Buffeli can provide premunity against 
Ikeda and Chitose. 
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Abstract 

Introduction: The canid tapeworm Echinococcus multilocularis causes alveolar echinococcosis (AE) in 
humans and other intermediate hosts. Pigs have been shown to act as aberrant hosts for the 
metacestode and consequently develop liver lesions but represent a dead-end for the parasite. The aim 
of this combined cross-sectional and case-control study was to estimate the minimal prevalence of E. 
multilocularis in pigs in Switzerland, to find factors associated with infection, and to assess potential 
regional clusters of infection. Materials & Methods: During the 12-month-study period, approximately 
85% of all pigs slaughtered in Switzerland were assessed for visible liver lesions during routine meat 
inspection. In total, 200 liver samples were positive by E. multilocularis-PCR. Results: The overall 
minimal prevalence detected by molecular means was 0.009% in all slaughter pigs (200 of 2’143’996), 
0.008% in finishing pigs (177 of 2’123’542), and 0.11% in breeding pigs (22 of 20’454). Histology revealed 
that all lesions were infertile. Risk factors were "foxes seen in the pig shed", "foxes on premises", 
"presence of other animals in the shed", "absence of a hygiene barrier", "outdoor feeding", "feeding 
grass", "lack of rodent control", "not having own dogs on the farm" and "infrequent deworming of 
sows". Infection was present in all regions sampled, without evidence of any obvious geographical 
cluster. Discussion: Our study provided further evidence of widespread environmental contamination 
with E. multilocularis eggs in Switzerland. Furthermore, the absence of protoscoleces in any of the 
lesions supported the concept that pigs act only as a dead-end host and thus do not contribute to the 
life cycle of the parasite. Factors associated with E. multilocularis infection were in-line with parasite 
biology, and many can be addressed by increasing hygiene and management standards 
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Abstract 

Trypanosomes are hemoflagellate protozoa transmitted by blood-feeding arthropods mainly in tropical 
regions and causing infections in a wide range of mammalian hosts, including humans. In Europe, 
trypanosome infection in wildlife is scantly reported. In November 2020, adult female badgers (Meles 
meles - n=2), displaying severe paralysis, ataxia and ectoparasites infestation, were collected from a 
peri-urban area in the province of Bari (southern Italy) and referred to the Department of Veterinary 
Medicine, University of Bari. Complete blood count (CBC), biochemical analysis and blood smears were 
performed for both animals and ectoparasites collected were morphologically identified and 
classified according to their developmental stage and feeding status. Blood and ectoparasites were 
screened for Trypanosoma spp. by combined PCR/sequencing approach, targeting a fragment (900bp) of 
18S rRNA gene. Smears of hemolymph, guts and salivary glands of alive adult ticks were microscopically 
observed. No CBC and biochemical alterations (excepted thrombocytopenia) were found. 
Trypomastigotes and epimastigotes were observed in the blood smears of both badgers and 
Trypanosoma pestanai was molecularly identified. Out of 33 ticks (i.e., n=31 Ixodes canisuga, n=2 Ixodes 
ricinus) and 2 fleas (Ctenocephalides felis), 11 specimens (n=5 I. canisuga engorged nymphs, n=4 
engorged females and n=2 I. ricinus engorged females) tested positive to T. pestanai DNA. All smears 
from alive ticks were negative. This study firstly revealed the occurrence of T. pestanai in badgers and in 
Ixodidae ticks from Italy, demonstrating the presence of this neglected protozoan on the peninsula. 
Since Paraceras melis fleas, the only known vector of T. pestanai, have been occasionally reported in 
Italy, a putative role of I. ricinus and I. canisuga in the mechanical transmission of the parasite could be 
suggested. 
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Abstract 

Sustainable livestock production relies on effective helminth control. Integrated control practices are 
required to reduce future reliance on anthelmintics and safeguard available products. In the UK, best 
practice guidelines for worm control have been widely publicised however, uptake in some areas 
remains low. To maximise the benefit of future research we must understand the drivers and barriers to 
uptake of current recommendations and optimise knowledge exchange (KE) with end-users. 

A two-round online Delphi-style survey was designed to gather opinion from experts on the importance 
and practicability of current recommendations, perceived barriers to uptake and the effectiveness of 
current KE platforms. Round one comprised 24 questions, analysis of which highlighted common 
answers for inclusion in the second questionnaire (n=20 questions). Selected experts included animal 
health advisors, veterinarians and researchers. A subset of questions on importance and practicability of 
current recommendations were asked to farmers (n=10 questions) and sheep veterinarians (n=2 
questions) during focus group meetings. A total of 31 experts completed the first-round questionnaire, 
17 completed the second-round, 50 farmers and 63 veterinarians completed the short questionnaires.  

Results indicated good agreement between farmers, veterinarians and experts on the importance and 
practicability of the recommendations. Effective administration of anthelmintics was ranked the most 
important (ranked top 3 for importance by 52% of respondents) and practical (56%) by all groups 
(X2=4.12, p=0.13). Preserving susceptible worms on farm and reducing dependence on anthelmintics 
were ranked the least important (23% and 19% respectively) or practical (13% and 9% respectively), with 
the main barrier for uptake being the complexity of these messages. Demonstration and face-to-face 
events were ranked more likely to evoke change in behaviour than online material or consumer-
pressure. Results highlight the topics which require further attention and re-iterate regional variation in 
priorities which will inform the design of effective KE activities for the future.  

 

Presenting author biography 



 

 

146 

 

Post-doc parasitologist with Moredun Research Institute. My research has focused on understanding the 
development of anthelmintic resistance and strategies to slow it’s advancement. Watching the parasite 
species we work with change overtime, even within the 10 years I have been working with them, keeps 
this area of research fresh and interesting. I also enjoy taking part in knowledge exchange events, 
meeting producers and animal health experts from around the country, not to mention some great road 
trips! 



 

 

147 

 

O-2044 

Improving the control of liver fluke on cattle farms: testing the feasibility of 
different control strategies in practice 

Alison Howell, John Graham Brown, Diana Williams 

University of Liverpool, Liverpool, United Kingdom 

Abstract 

Liver fluke (Fasciola hepatica) is a common parasite of sheep and cattle. Previous analysis has shown 
that buying in cattle and the year-round presence of sheep on farm increases the herd-level risk of F. 
hepatica infection in cattle. We conducted a small-scale study to assess the feasibility of controlling 
these risk factors on commercial farms. Six mixed sheep and beef cattle farms were recruited. Following 
history taking and faecal testing of sheep in spring, five of the farms were advised to treat sheep to 
reduce fluke egg output onto pasture. In addition, farmers were asked to quarantine, test and treat all 
incoming stock throughout the year. Fencing off risk areas was explored as a control option, however 
due to difficulties in identifying snail habitats, this was not implemented at the start of the study. Visits 
were made to each farm throughout the grazing season to map out possible G. truncatula habitats. 
Fencing to remove access to these was found to be impractical on most of the farms due to the large 
area of snail habitat identified. 

All five farms complied with the advice to give a spring treatment to sheep, although only three of the 
farms had the facility to weigh the animals prior to treatment. There was poor uptake of the advice to 
test incoming cattle, despite the fact that the full reimbursement was offered for all testing and 
treatment. This was concerning, given the potentially catastrophic consequences of introducing drug 
resistant fluke onto the farm. Reasons given for not following the advice to test and treat new stock 
related to time pressures and convenience. 

In conclusion, there was high compliance amongst farmers for treating sheep in Spring, but fencing off 
snail habitat was not practical and farmers were reluctant to house, test and treat bought in cattle. 
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Abstract 

In 2019, French dairy small ruminant breeders had only one anthelmintic to treat gastrointestinal 
strongyles in lactating animals with a zero-day withdrawal period (eprinomectin, Eprinex® Multi, pour on 
route, 2 ml/kg of body weight (BW)). Field data indicated a large use of this medicine and a usual 
administration by oral route, justified by breeders and veterinarians by a lack of efficacy of the pour on 
route. A national survey was set up to quantify precisely the use of eprinomectin and to describe how it 
was used. Two questionnaires were constructed, one for the goat farms and one for the sheep farms. 
The questionnaires were built using the Sphinx software and transmitted to breeders by e-mail. Two 
hundred and forty goat owners answered the survey. Eighty-five per cent of the breeders using pasture 
(91 breeders out of 107) treated at least once their goats during the year before the survey. Seventy-six 
of them (83%) used eprinomectin at least once a time. Thirty-nine per cent of the eprinomectin users 
administered it by oral route, mainly at the dose of 1 ml/kg BW, mainly to improve efficacy. One 
hundred sheep owners answered the survey. Seventy-nine breeders (98% of those using pasture) 
treated at least once their ewes during the year before the survey. Eighty-five per cent of them used 
eprinomectin at least once a time. Most sheep owners used eprinomectin by oral route (69 % of them), 
mainly at the dose of 1 ml/kg BW, mostly for practical reasons due to the wool. This survey confirms the 
massive use of eprinomectin in the French dairy small ruminants. This medicine is extensively used by 
oral route, especially in dairy sheep. These data raise fears regarding the development and diffusion of 
gastrointestinal strongyles resistant to eprinomectin.  
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Abstract 

The sustainable control of gastro-intestinal nematodes remains one of the main perennial endemic 
disease pressures that farmers face with infections impacting on health, welfare and production 
efficiency of livestock. For over 50 years parasite control strategies in many countries relied heavily on 
suppressing nematode populations with frequent use of broad-spectrum anthelmintics. The 
effectiveness and availability of products across Europe is markedly different, but the need to maintain 
sustainable productivity is universal. As part of an EU COST action (COMBAR; https://www.combar-
ca.eu) a questionnaire was disseminated to sheep farmers from European countries to gather 
information on: 1) farmer demographics and enterprise characteristics 2) general roundworm 
control/anthelmintic resistance attitude statements 3) knowledge and understanding questions 4) 
attitudinal statements regarding parasite control recommendation and 5) parasite control behaviours. 

Completed questionnaires were returned by over 2300 respondents from nine countries across Europe: 
Austria, Greece, Italy, Netherlands, Norway, Portugal, Spain, Switzerland and Wales. Descriptive analysis 
indicated the perception of roundworms as a major problem on farms is lower in southern Europe 
compared to central and northern Europe, a similar pattern occurs when examining how roundworms 
rank in comparison to other endemic diseases.  

Veterinarians are regarded highly by all nations universally as trusted brokers of advice. Direct 
communication (in-person or over the phone) remains the preferred format for receiving information on 
roundworm control, but other formats such as paper articles (magazines, leaflets), online publications 
and video-clips/podcasts/webinars are equally important sources in northern/central European 
countries, but were not as favoured in southern Europe.    

https://www.combar-ca.eu/
https://www.combar-ca.eu/
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The data will be further analysed and used to develop a conceptional framework facilitating targeted 
communication strategies across Europe. 
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Abstract 

Toxoplasma gondii is a zoonotic protozoan parasite that can infect a variety of avian and mammalian 
species. It is found worldwide, and symptoms in mammals can vary from no clinical illness to severe 
neurologic signs and death. Over 30% of humans worldwide are infected, and 13% of the United States’ 
population has antibodies against T. gondii. Transmission occurs via the ingestion of oocysts in 
contaminated food or water, ingestion of infected meat, or congenitally. Wild and domestic felids act as 
the parasite’s definitive hosts passing its oocysts in their feces. A variety of avian species have been 
found to be susceptible to infection, yet the significance of infection in birds and the prevalence in 
waterfowl species are still largely unknown. 

Waterfowl are a potential zoonotic threat to hunters who may consume the meat undercooked and are 
also a possible transmission source to other predatory species. By determining the prevalence of 
toxoplasmosis in ducks and geese, we can better understand the risks they may pose. To do this, 
samples of heart and sera from a variety of waterfowl species were collected from hunter-killed birds 
and wildlife management activities from states around the country. Antibody titers were determined via 
the modified agglutination test (MAT) using serum or heart-fluid when serum was unavailable. Parasitic 
DNA within the tissue was analyzed via DNA extraction, polymerase chain reaction (PCR), gel 
electrophoresis, and genetic sequencing. In total, 733 samples were collected through the 2020-2021 
hunting season from five different states (AR, MN, ND, PA, TN). Antibody titers of at least 1:5 were 
found in 25.8-43.2% of the birds. Molecular analysis is currently in progress. As an important potential 
transmission source to other wildlife and to humans, investigating toxoplasmosis in waterfowl is 
warranted and can help inform future management decisions and education efforts. 
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Abstract 

The winter tick, Dermacentor albipictus (Ixodidae), commonly infests a variety of wild and domestic 
ungulates throughout North America, especially cervids. This one-host-tick infests hosts from October to 
April, with moose (Alces) particularly affected. In moose infestation results in anemia and tick-induced 
alopecia, impacting thermoregulation, often resulting in death. Mortality from winter tick infestation 
has also been reported from both woodland caribou and captive reindeer in Alberta, Canada. This 
historic report raises concern about mortality effects from D. albipictus on a wider host range, 
specifically on translocated caribou, and their associated conservation efforts. We describe three cases 
of winter tick infestation in captive reindeer (Rangifer tarandus) resulting in severe anemia and 
mortality in New Hampshire, northeastern United States. The first case was a 5-month-old female 
reindeer calf, found dead on pasture late in November. The second case was a 6-month-old reindeer 
fawn from the same farm that died during transport, while undergoing ectoparasite treatment for the 
tick infestation in early December. The third case was a 17-year-old female reindeer from the same farm 
that was found dead on pasture in late January. In all three cases the reindeer showed decreased 
nutritional status (bcs 1/5), innumerable ticks infesting all haired surfaces, marked submandibular and 
brisket edema, and pleural, peritoneal, and pericardial transudate. Subsamples of ticks from each animal 
were identified as D. albipictus using morphologic keys. Female, male, and nymphal ticks were present 
on all three animals. None of the affected reindeer exhibited alopecia, which is a common clinical 
manifestation in moose that succumb to winter tick infestation. Timing of the reported mortality events 
coincides with known epizootics in moose. This case highlights the risk captive cervids face in areas 
where winter tick is endemic and highlights the need for preventive control measures to be taken for 
animals in at risk areas. 
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Abstract 

Wildlife species are often infected with vector-borne pathogens (VBPs) and may serve as reservoir hosts 
for human and domestic animal pathogens. Here, samples from brown hyenas (Parahyaena brunnea) 
from Namibia (BHNA, n = 17) and spotted hyenas (Crocuta crocuta) from Namibia (SHNA, n = 19) and 
Tanzania (SHTZ, n = 25) were examined by PCR and sequencing targeting Onchocercidae, Piroplasmida, 
Hepatozoidae, Anaplasmataceae and Rickettsia spp. followed by maximum-likelihood phylogenetic 
analyses. Filaroids were detected in 47.1% BHNA, 47.4% SHNA and 36.0% SHTZ. Internal transcribed 
spacer 2 diversity was high and phylograms suggested presence of several undescribed 
Acanthocheilonema species. Babesia lengau-like piroplasms were identified in 70.6% BHNA, 88.9% SHNA 
and 32.0% SHTZ, showing high sequence variability compared to B. lengau from South African cheetahs 
(Acinonyx jubatus). One Babesia vogeli-like sequence was obtained from a SHTZ. Hepatozoon felis-like 
parasites were found in 64.7% BHNA, 36.8% SHNA and 44.0% SHTZ. Phylogenetic analysis revealed high 
diversity with hyena sequences located outside the major H. felis cluster from wild and domestic felids. 
Anaplasmataceae infection was high with 82.4% in BHNA and 100.0% in SHNA but significantly lower 
(32%) in SHTZ (p < 0.05, mid-p-exact test). For the first time in Sub-Saharan Africa, Rickettsia raoultii was 
detected in one BHNA and three SHTZ. In SHNA and BHNA, co-infections occurred significantly more 
often (BHNA median 3 VBPs, range 1 – 4; SHNA median 3, range 2 – 4) than in SHTZ (median 1, range 0 – 
4, 9 uninfected individuals) (p < 0.05, Kruskal-Wallis followed by Dunn’s test). Despite high VBPs 
frequencies, knowledge regarding (i) pathology and fitness consequences caused by single- and co-
infections and (ii) vectors of parasite species is missing. Characterisation of VBP genotypes in wild and 
domestic hosts and potential vectors from overlapping habitats will help clarify the ecology of VBPs and 
their impact on wildlife and domestic animals. 
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Abstract 

Animal African trypanosomosis limits livestock production and rural development in Africa. Severity of 
the disease is influenced by the pathogenicity of specific Trypanosoma species genotypes. Recent 
reports of novel molecular forms of trypanosomes in animals and tsetse flies demonstrate that 
genotypes of the parasites circulate in sylvatic ecologies that are undescribed. We implemented an 
entomological survey between November 2018 and September 2019 in farmlands at the wildlife-
livestock interface of the Shimba Hills National Reserve in Kenya. Tsetse flies were screened for 
trypanosome infection using primers that target the ITS-1 region of the ribosomal RNA. Overall, 62 out 
of 723 samples (8.58%) were positive for trypanosomes. Nucleotide sequencing confirmed the presence 
of six trypanosome species, with T. vivax being the most prevalent (29.03%). Six of seven T. vivax 
sequences in infected tsetse flies closely matched a T. vivax Tvv4 genotype sequence from Mozambique 
in the GenBank database with percentage identity of 95.86% for one sequence (203bp) and at least 
~99.00% for others (208bp to 221bp). The identity of T. vivax sequences as Tvv4 genotype was 
corroborated by molecular sequencing based on 18S rRNA gene. The remaining T. vivax sequence 
(215bp) was 98.58% identical to the IL3905 strain within the TvL1-G clade from cattle in Kenya. 
Phylogenetic analysis of T. vivax sequences from Shimba Hills together with other GenBank sequences of 
the Tvv1 clade isolated from livestock in the tsetse-free northern region of Kenya confirmed the number 
of presently known T. vivax genotypes in Kenya to three and two of these in Shimba Hills. Our study 
documents the presence of the T. vivax Tvv4 genotype outside of Mozambique for the first time. The T. 
vivax Tvv4 genotype causes severe pathology in infected livestock. Further studies should aim to unravel 
the epidemiological patterns of this dominant trypanosome genotype in Shimba Hills to guide control. 
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Abstract 

This abstract is being submitted under the aegis of the WAAVP Guidelines Sub-committee, and is the 
first of a series of abstracts designed to provide an update on the WAAVP Guidelines, which comprise a 
key activity of the WAAVP, and one that the Association is understandably proud of. 

The first WAAVP Guideline was published in 1982 and provided guidance on efficacy assessment of 
anthelmintics in ruminants (bovine and ovine). 

Over the past two years, the Guideline Sub-committee has undertaken a major review and revision 
project of existing guidelines which has resulted in revision of the ruminant ectoparasitic and the 
anthelmintic guidelines, both of which provide guidance on assessment of antiparasitics for control of 
their respective parasites. The project will continue to work through the remainder of the existing 
guidelines. 

At the same time, new guideline developments have continued and in 2021 we will publish two brand 
new guidelines. 

During this same period the WAAVP has entered into a new agreement with Veterinary Parasitology 
which provides for guidelines to be published Open Access, together with protection of copyright for the 
authors. The agreement also provides a reduction in fees for WAAVP members to publish in Veterinary 
Parasitology Open Access and in the subscription to the electronic version of Veterinary Parasitology. 

We hope other presentations at this conference will look in more detail at the ruminant ectoparasite, 
vector borne pathogen, anthelmintic and faecal egg count reduction guidelines. We will also be 
considering the role of WAAVP guidelines within a regulatory landscape that has changed and 
developed since 1982.  
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Abstract 

WAAVP Guidelines - scientific vs. regulatory guidance 

Peter Holdsworth 

Much has changed in the 39 years since WAAVP initiated guideline publication in 1982. VICH has 
emerged with supportive harmonized anthelmintic efficacy guidelines and similarly key national 
regulators have become sophisticated and detailed in guidance they offer industry and the public. This 
tripartite involvement in advice/guidance to industry has resulted in areas of confusion and even conflict 
relating to information offered in the public domain. While participants intimately involved in the area 
may understand the difference between “Regulatory vs. scientific guidance” for veterinary parasiticide 
product development, others may experience challenges when dealing with regulators on study designs. 

According to the WAAVP website “WAAVP has taken the lead in laying a foundation for the international 
harmonisation of standards and procedures for the evaluation of anthelmintics, with a view to 
optimising technical benefits for agricultural and other users, and minimising the wastage of resource 
and the excessive usage of experimental animals inherent in satisfying a multiplicity of national 
requirements. 

Gratifyingly, this far-sighted initiative has been highly influential and we welcome the progress made by 
VICH in harmonising regulatory requirements. Increasingly, VICH and other authorities laying the 
framework for registration procedures refer applicants to the WAAVP guidelines for guidance on 
technical aspects. Thus, the WAAVP guidelines still maintain an important role. The aim of the 
guidelines has always been to encourage best practice without being prescriptive.” 

It is however noted that developing new WAAVP guidance may appear at times to traverse into what 
regulators see as their domain. While the issue of “requirement” vs “guidance” can be clearly 
articulated, the issue becomes complicated where regulators offer guideline and requirement 
communications. Despite the past/present success of WAAVP guidelines, a review of the WAAVP 
guideline sub-committee remit so to ensure it meets contemporary needs is warranted.  
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Abstract 

For several decades, the WAAVP (World Association for the Advancement of Veterinary Parasitology) 
has issued guidelines to assist in the planning, conduct and interpretation of studies designed to assess 
anthelmintic efficacy based on parasite counts or diagnosis of infection. These WAAVP guidelines have 
been revised to provide science-based and internationally harmonized recommendations for the 
efficacy assessment of anthelmintic drugs in production and companion animals, including 
recommendations for the evaluation of faecal egg count reduction in field studies in consideration of the 
new WAAVP guidelines for faecal egg count reduction testing. A new general anthelmintic efficacy 
guidelines document has been drafted to outline the general principles of anthelmintic efficacy 
evaluation which are applicable to all host animal species and types of studies (dosage determination, 
dosage confirmation and field studies). This general guideline will be complemented by the species-
specific guidelines, which provide updated and detailed recommendations for the individual host 
species and their specific parasites. The revised guidelines include an assessment of scientific and 
technological advances since previous guideline versions. Scientific advances inherent to the 
determination of anthelmintic efficacy that were considered during the current review, but were not 
addressed in the revised guidelines, are discussed in a separate reflection paper. The WAAVP 
anthelmintic guidelines do not provide guidance for evaluation of generic anthelmintic drugs nor do 
they provide regulatory guidance, as this is the remit of the VICH anthelmintic guidelines. This abstract is 
being submitted under the aegis of the WAAVP Guidelines Subcommittee. 

Presenting author biography 

Dr. Thomas Geurden is a veterinarian graduated at the Ghent University, Belgium. After obtaining his 
veterinary degree, Thomas took up a research position at the Laboratory for Parasitology from the 
faculty of Veterinary Medicine, also in Ghent. Thomas obtained a PhD in Veterinary Medicine with focus 
on zoonotic protozoal infections. He successfully passed the examination to be Diplomate of the 
European Veterinary Parasitology College in 2007.    

At Zoetis, Thomas is Director in the Veterinary Medicine Research and Development group, based in 
Zaventem (Belgium). His main focus is on research and development programs for a range of 
parasitology products. 



 

 

162 

 

O-2054 

A new World Association for the Advancement of Veterinary Parasitology 
(WAAVP) guideline for diagnosing anthelmintic resistance using the faecal egg 
count reduction test (FECRT) 

Ray Kaplan1, Matthew Denwood2, Martin Nielsen3, Stig Thamsborg2, Paul Torgerson4, John Gilleard5, 

Robert Dobson6, Jozef Vercruysse7, Bruno Levecke7 

1University of Georgia, Athens, USA. 2University of Copenhagen, Copenhagen, Denmark. 3University of 

Kentucky, Lexington, USA. 4University of Zürich, Zürich, Switzerland. 5University of Calgary, Calgary, 

Canada. 6Murdoch University, Perth, Australia. 7Ghent University, Ghent, Belgium 

Abstract 

In recent years there have been many new insights regarding the optimal experimental design, analysis 
and interpretation of data from faecal egg count reduction tests (FECRT). Additionally, there are 
important host-specific and parasite-specific differences that require protocol modifications to address 
these distinctions. This improved understanding has yielded new recommendations and statistical tools 
for improving the design and analysis of FECRT studies. Here, we present a new guideline for improving 
the standardization and performance of the FECRT. Compared to the previous FECRT recommendations, 
five important differences are noted. First, it is now recommended to perform the FECRT based on pre- 
and post-treatment faecal egg counts (FEC) of the same animals (paired study design), rather than on 
post-treatment FEC of both treated and untreated (control) animals (unpaired study design). Second, 
instead of requiring a minimum mean FEC of the experimental group, the new requirement is for a 
minimum total number of counted eggs in the group (i.e. cumulative number of eggs counted under the 
microscope before the application of a conversion factor). Third, we provide flexibility in the required 
size of the treatment group that is based on the expected number of eggs counted. Fourth, these 
guidelines address all major livestock species, and the thresholds for defining reduced efficacy are 
adapted and aligned to host species, anthelmintic drug and parasite species. Finally, to address the issue 
of complexity vs. practicality, this guideline provides two separate options for each animal species; (1) a 
more rigorous version that is intended for use in scientific studies and (2) a less demanding version with 
less stringent experimental requirements, which is intended for routine clinical use by veterinarians and 
livestock owners. In conclusion, these new guidelines provide improved methods and standardization of 
the FECRT for all major livestock species.   
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Abstract 

WAAVP ectoparasiticide efficacy guidelines edition 2 - overview 

 Peter Holdsworth, Steffen Rehbein, Nicholas N Jonsson, Rose Peter, Jozef Vercruysse, Josephus Fourie  

Fifteen years has passed since the initial publication of the original five guidelines. Advances in 
parasiticide chemistry, formulation, delivery mechanisms and development of methodologies 
necessitate this update. 

 This second edition guideline assists in the planning, conduct and interpretation of studies for the 
assessment of the efficacy of ectoparasiticides for ruminants. It provides updated information on animal 
selection, dose determination, dose confirmation and field studies, record keeping and result 
interpretation. It aims to assist investigators in conducting specific studies, providing necessary 
information for registration authorities involved in the decision-making process, assisting in the approval 
and registration of new ectoparasiticides, and facilitating worldwide adoption of standard procedures. 

 A different guideline layout is presented in that a consolidated single updated document was created. 
The first part captures, among other things, fundamental principles involved in dose determination and 
confirmation of a candidate ectoparasiticide product plus the follow up confirmatory field studies for 
demonstrating therapeutic and/or persistent efficacy. This part is then supported by five appendices – 
each one detailing data requirements specific to target parasites viz: Appendix 1 – ticks (Ixodidae); 
Appendix 2 – biting and nuisance flies; Appendix 3 – myiasis causing flies; Appendix 4 – biting, sucking 
lice and sheep ked; and Appendix 5 – mange and itch mites. 

 They attempted to recognise and reflect principles recommended by the scientific community as 
appropriate and necessary for the collection of scientific data. Consideration was given to the regulatory 
requirements for the generation of efficacy data as published by key regulatory agencies. This approach 
ultimately led to the adoption of WAAVP guidelines, in some cases, by regulatory agencies without 
elaboration or clarification. Other regulatory agencies however recognised these guidelines but 
accompanied them with agency specific supporting guidance. 
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Abstract 

Given the reliance on the faecal egg count reduction test (FECRT) for diagnosing anthelmintic resistance 
in the field, it is crucial that the design, analysis and interpretation of FECRT is carried out in a 
standardised and statistically valid manner. We provide a new statistical framework based on hypothesis 
testing that was derived from statistical first principles specifically for use with FECRT in livestock. Our 
approach determines a classification of resistant, susceptible or inconclusive based on the combined 
result of two statistical tests: a one-sided inferiority test for resistance compared to the expected 
efficacy of a particular drug, and a one-sided non-inferiority test for susceptibility compared to the same 
expected efficacy with a pre-defined non-inferiority margin. This framework can also be used to provide 
sample size calculations relevant to a specific mean faecal egg count and laboratory method, framed in 
terms of the standard interpretation of statistical power. This approach ensures that prospectively 
planned FECRT studies are carried out with a sample size that is likely to yield meaningful results. We re-
examined 131 datasets from ruminants, horses and swine from a combination of published data and 
personal contacts in order to provide estimates for the parameters representing biologically-driven 
sources of variability in FECRT data. These parameter estimates support calculation of the required 
sample size for any FECRT in these species. An illustrative example is given to demonstrate the use of 
the framework, choice of expected efficacy and specification of non-inferiority margin to estimate the 
required sample size for a hypothetical FECRT involving ivermectin in cattle. Our methods form the basis 
of the sample size recommendations given in the forthcoming WAAVP guidelines for detection of 
anthelmintic resistance in ruminants, horses and swine, and statistical tools implementing these 
methods have been made freely available via a set of user-friendly web 
interfaces:  https://www.fecrt.com 
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Abstract 

Novel approaches regarding the study of molecules produced by parasitic nematodes are currently on 
demand to explore more information to control these pathogens, including the metabolomic analysis of 
different parasite-derived biomolecules such as lipids. Here we report the first detailed description for 
the lipid composition on the exo-metabolome secreted by the major parasitic nematode of small 
ruminants Haemonchus contortus. In an un-target global lipidomic approach, a profile of 262 lipids was 
found in the medium cultivated from H. contortus adult worms. The main category of lipids corresponds 
to Glycerophospholipids, followed by long chain fatty acids (LCFA), Sphingolipids, Sterols, N-acyl 
ethanolamines, Glycerolipids, Sulfatides, Phospholipids and lipid-conjugates such as Fatty acyl carnitines 
and Fatty acyl CoEnzyme-A. Furthermore, we found a significant fold change (FC) of lipids at different 
time points:  one cluster of 254 lipids after 2h, 8 lipids after 4h and another cluster of 126 lipids after 8h 
of incubation. Interestingly, in the panel of lipids at 2h of incubation, two of them showed a pronounced 
FC corresponding to a precursor Fatty Acyl (FA) with a FC >28, and one N-acyl ethanolamine (NAE) with 
FC >15. Many of these lipids have been described in multicellular organisms, but not much is known 
about their role in parasitic nematodes. We predict their involvement in physiological functions such as 
component of cellular membranes, precursors for energy storage and as signalling molecules. Our 
findings regarding differences in the lipids secreted by H. contortus, suggest a novel information in terms 
of how this economically important veterinary nematode may interact with its host and how lipids may 
influence the interaction between adult worms including attraction, mating and modulation on the host 
immune responses. These findings may contribute to explore potential targets for the development of 
new anthelmintic drugs or enhance the host immunity against this bloodsucking nematode. 
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Abstract 

Introduction 

Increasing evidence points towards the occurrence of a complex network of interactions between 
parasitic helminths of humans and animals and the host resident microbiota. In livestock and equine 
species, such interactions have been proposed to contribute to the pathophysiology of helminth 
infection, and thus to production or performance losses associated with helminth colonisation. 
However, in order for these effects to be appropriately quantified, a thorough exploration of the 
mechanisms governing parasite-microbiota interactions is necessary. To this end, in the current work we 
have investigated the bactericidal and/or bacteriostatic properties of extracellular vesicles (EVs) derived 
from key helminth species of veterinary interest and identified putative EV-associated proteins with 
antimicrobial activity, using a luminometry assay and bioinformatics analyses of proteomics sequence 
data.  

Materials and methods 

EVs from Calicophoron daubneyi, Fasciola hepatica and Anoplocephala perfoliata were isolated and 
purified by size exclusion chromatography (SEC) of excretory-secretory (ES) products. Real-time 
luminometry was used to monitor bacterial growth rates of Escherichia coli incubated in triplicate with 
and without helminth-derived EVs. Putative EV-associated proteins with antimicrobial activity were 
identified via bioinformatics analyses of published proteomic sequence data. 

Results 

Exposure of E. coli cultures to EVs obtained from C. daubneyi and F. hepatica resulted in significantly 
decreased AUCs (P=0.0003 and P=0.0002), thus demonstrating a likely bactericidal and/or bacteriostatic 
effect of helminth EVs. Bioinformatic analyses of EV-associated proteomic sequence data allowed us to 
identify several molecules with putative antimicrobial activity for follow-up functional studies of 
helminth-microbiota interactions.  
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Discussion 

Our preliminary data suggest that helminth-microbiota interactions might be mediated, at least in part, 
by helminth derived EVs. Follow-up studies will shed further light on the mechanisms of helminth EV-
microbiota crosstalk and will ultimately allow us to exploit this knowledge to discover and develop novel 
strategies of parasite control based on the manipulation of the host microbiome. 
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Abstract 

Sesquiterpene lactones (SL) are natural compounds with reported antiparasitic activity against livestock 
parasites and are investigated for their role in the anthelmintic effects of some bioactive plants (e.g. 
chicory). However, the mode of action of SL against helminths remains unknown. Here, we used a 
metabolomic-based approach to explore the target metabolic pathways affected by SL in the nematode 
model Caenorhabditis elegans. Three SL were isolated from chicory (Cichorium intybus) as pure 
compounds: lactucin (LAC), 8-deoxylactucin (8-DOL) and lactucopicrin (LCP). Preliminary assays revealed 
the three SL induced different anthelmintic activities on C. elegans (LAC EC50=385.2 µg/mL; 8-DOL 
EC50=27.9 µg/mL; LCP EC50=104.9 µg/mL). Synchronised first-stage larvae of C. elegans CB6147 strain 
(n=5,000 worms/well) were incubated in triplicates with either LAC, 8-DOL or LCP at 50 µg/mL for 24 h. 
Post-treatment, worms were snap-frozen and metabolites were extracted with 80% methanol, 
derivatized and analysed by GC-MS. Obtained MS data were processed and metabolites identified by 
matching with metabolomic libraries. Statistical analyses and mapping of affected metabolic pathways 
were performed in MetaboAnalyst using the KEGG database for C. elegans. GC-MS analyses of C. 
elegans identified 34 metabolites, while ~150 metabolites could not be confirmed on reference libraries. 
All three SL significantly impacted the nematode metabolic pathway related with glyoxylate and 
dicarboxylate metabolism, but with different effects on certain metabolites: while 8-DOL and LCP 
reduced the concentration of glyoxylate in treated worms, LAC treatment increased glyoxylate, whereas 
8-DOL and LAC enhanced glycine in exposed nematodes. In addition, 8-DOL and LCP significantly 
impacted the glycerolipid metabolism in treated worms (increase in glycerol). Further research should 
confirm the affected metabolic pathways by SL in parasitic nematodes, particularly the impact on the 
glyoxylate cycle and its enzymes, which have not been identified in mammals but are present in C. 
elegans and parasitic nematodes. 
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Abstract 

Fasciolosis, a global parasitic disease of agricultural livestock, is caused by the liver fluke Fasciola 
hepatica. Management and strategic control of fasciolosis on sheep farms depends on early assessment 
of the extent of disease so that control measures can be implemented quickly. Traditionally, this has 
relied on the detection of eggs in the faeces of animals, a laborious method that lacks sensitivity, 
especially for sub-clinical infections, and identifies chronic infections only. Molecular tools such as 
enzyme linked immunosorbent assays (ELISA) offer a quicker and more sensitive serological means of 
diagnosis that could detect early acute infection before significant liver damage occurs. We evaluated 
the performance of three functionally-active recombinant forms of the major F. hepatica secreted 
cathepsins L, rFhCL1, rFhCL2, rFhCL3, and a cathepsin B, rFhCB3, as antigens in an indirect ELISA to 
serologically diagnose liver fluke infection in experimentally and naturally infected sheep. We found that 
rFhCL1 and rFhCL3 were the most effective of the four antigens, and these detected fasciolosis in sheep 
as early as three weeks after experimental infection, at least five weeks earlier than both coproantigen 
and faecal egg tests. In addition, the rFhCL1 and rFhCL3 ELISAs were very effective assays for the 
detection of subclinical liver fluke in lambs exposed to natural infection on pastures and thus could play 
a major role in the surveillance of farms and a ‘test and treat’ approach to disease management. Finally, 
we show that antibodies to the cathepsin L proteases remain high throughout a chronic infection but 
decline rapidly after drug treatment with the flukicide, triclabendazole, implying that the test may be 
adapted to trace the effectiveness of drug treatment.  
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Abstract 

Ivermectin (IVM) resistance in nematodes from livestock is increasingly common. Although IVM is 
believed to exert its anthelmintic effects by binding to glutamate-gated chloride channels, the molecular 
nature of IVM resistance is still elusive. The anterior amphids are the primary sensory organs in 
nematodes and contain non-motile cilia terminating in dendritic process at the nerve ring. Previous 
research in the free-living nematode Caenorhabditis elegans has shown that amphids defects were 
associated with resistance against IVM and even benzimidazoles. Our study aimed to investigate 
whether this is also the case for the occurrence IVM resistance in the cattle parasite Cooperia 
oncophora. By exposing L3 and adults to the lipophilic-dye DiI, we found that the Dyf-phenotype, 
indicative for an amphid defect, was present in both susceptible and resistant isolates. However, L3 and 
adults from the resistant isolate displayed significantly higher frequencies of the Dyf-phenotype than 
susceptible worms. Analysis of the Dyf-phenotype after in-vitro exposure to IVM in L3 from both isolates 
showed a significant increase of the Dyf-phenotype compared to non-exposed worms. Besides, 
amphidial channel electron micrographs of L3 showed remarkable differences between IVM-exposed 
and non-exposed worms. The most apparent defect in the former was an amphidial channel irregular in 
shape and almost devoid of cilia in its terminal and medial portion. Together, the results suggest the 
existence of a link between IVM-resistance and amphid defects in these particular Cooperia isolates. 
Current research is focused on the genetic basis of these amphidial defects. Homologues for 24 of the 31 
Dyf-mutants that are involved in amphid ciliogenesis and intraflagellar transport in C. elegans were 
identified in C. oncophora. As these genes could be essential to maintain the structural integrity of the 
anterior amphids, differences in expression levels or the presence of mutations in these genes in 
resistant and susceptible worms is currently investigated. 
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Abstract 

Paramphistomosis, caused by the rumen fluke, Calicophoron daubneyi, is a parasitic infection of 
ruminant livestock which has seen a rapid rise in prevalence throughout Western Europe in recent 
years. Following ingestion of metacercariae by the mammalian host, newly-excysted juveniles (NEJs) 
emerge and invade the duodenal submucosa which causes significant pathology in heavy infections. The 
immature larvae then migrate upwards, along the gastrointestinal tract, and enter the rumen where 
they mature and begin to produce eggs. Despite their emergence, and sporadic outbreaks of acute 
disease, we know little about the molecular mechanisms used by C. daubneyi to establish infection, 
acquire nutrients and to avoid the host immune response. Here, transcriptome analysis of four intra-
mammalian life-cycle stages, integrated with secretome analysis of the NEJ and adult parasites 
(responsible for acute and chronic disease respectively), revealed how the expression and secretion of 
selected families of virulence factors and immunomodulators are regulated in accordance with fluke 
development and migration.  Our data show that whilst a family of cathepsins B with varying S2 sub-site 
residues (indicating distinct substrate specificities) are differentially secreted by NEJs and adult flukes, 
cathepsins L and F are secreted in low abundance by NEJs only. We found that C. daubneyi has an 
expanded family of aspartic peptidases, which is up-regulated in adult worms, although they are 
underrepresented in the secretome. The most abundant proteins in adult fluke secretions were 
helminth defence molecules (HDMs) that likely establish an immune environment permissive to fluke 
survival and/or neutralise pathogen-associated molecular patterns (PAMPs) such as bacterial 
lipopolysaccharide in the microbiome-rich rumen. The distinct collection of molecules secreted by C. 
daubneyi allowed the development of the first coproantigen-based ELISA for paramphistomosis which, 
importantly, did not recognise antigens from other helminths commonly found as co-infections with 
rumen fluke.    
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hepatica) and rumen fluke (Calicophoron daubneyi) as these have critical roles during infection and 
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Abstract 

Parafilariosis is considered an emerging fly-borne disease in cattle in Europe. It is characterized by 
seasonal occurrence of bleeding spots from the end of winter into the summer. Apart from the long 
known endemic occurrence in France and Sweden, more than 100 cases have been reported over the 
past two decades from Austria, Belgium, Bosnia and Hercegovina, Italy, the Netherlands and Germany, 
with the majority of cases indicating a local endemisation of parafilariosis.  

In the two cases from Germany reported here, one steer from a small herd in Bavaria and 20 female 
calves and heifers from a farm in Baden-Württemberg presented bleeding spots from end of March 
2020 or end of April 2020 on, respectively. Sediments of exudate samples from both cases tested 
positive for larvated eggs. Examination of the skin (flesh side) of the steer after slaughter in May 2020 
revealed 11 nematodes (two males, eight females, fragments of one nematode). The carcass presented 
typical yellow-greenish areas and bloody spots in the subcutaneous tissue which were trimmed. All 
nematodes were identified as P. bovicola based on morphological characters. 

In order to gain information on the vector of P. bovicola, 91 cattle-visiting Musca autumnalis flies 
(identification confirmed by PCR of the COI gene) were caught from the affected steer (36 flies) and co-
pastured cattle (55 flies) for PCR analysis and sequencing. A total of 14 flies were positive in the PCR and 
sequencing of a fragment of the cox1 gene resulted in identification of P. bovicola DNA (10 flies) and 
Thelazia gulosa DNA (5 flies).   

This study confirmed further cases of bovine parafilariosis in Germany, provided morphometric data of 
nematodes retrieved from cattle and identified DNA of P. bovicola and T. gulosa in M. autumnalis flies. 
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Abstract 

Molecular diagnosis of Haemonchus contortus is a challenging task with the majority of the available 
assays being confined in well-equipped laboratories. These already available techniques are not suitable 
for field deployment due to the requirement of sample processing and thermocycling steps. However, 
isothermal amplification techniques such as Loop-mediated Isothermal Amplification (LAMP) offers 
certain advantages and it is amenable to a variety of point of care (POC) detection methods. Similarly, 
Lateral Flow (LF) assay is a well-established paper-based technique for detection of analytes in complex 
mixtures suitable at field level. Using a previously published LAMP primer set; a commercially available 
colourimetric LAMP kit; a universal LF kit, an LF-LAMP assay was optimised that gave results detectable 
with the naked eye. Additionally, three crude DNA extraction methods using Chelex® reagent were also 
trialled along with another magnetic bead-based extraction kit. The robustness of the assay was tested 
on samples from ten farms in eastern Hungary as well as a pure H. contortus egg faecal sample from 
Košice, Slovakia. The detection was possible by the change in the colour of the final LAMP mix and the 
coloured test bands for the LF assay. The crude DNA extraction, being the main bottleneck in a POC 
diagnosis setting, gave inconsistent results although the magnetic bead-based technique offered more 
promising outputs. In the study, a commercially available LAMP kit was chosen to demonstrate the 
relative ease and that significant improvement can be made for molecular diagnosis using already 
available technology. The study also conforms to the amenability of the LF assay in using isothermally 
amplified products for a POC diagnosis. This proof of concept study, to the best of our knowledge at the 
time of writing, constitutes the first demonstration of an LFA-LAMP assay for the diagnosis of H. 
contortus from faecal samples. 
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Abstract 

Cystic echinococcosis (CE) is a parasitic zoonosis caused by the larval stage of Echinococcus 
granulosus. Its lifecycle involves dogs and wild canids (e.g., wolf, fox) as definitive hosts and a broad 

spectrum of mammals, including humans, as intermediate hosts. This parasitosis is widespread 
worldwide in livestock with high prevalence in the Mediterranean area, associated to public and animal 
health, as well as to economic losses for farmers. This study was aimed to evaluate the spatial 
distribution of CE in sheep and goats slaughtered in a hyperendemic area of continental Italy. A survey 
was conducted in Basilicata region (southern Italy) from 2014 to 2019. A total of 1,454 animals (1,265 
sheep and 189 goats) from 824 farms were examined at slaughterhouse for hydatid cysts detection by 
visual inspection, palpation and incision of target organs. All the CE cysts were counted and classified 
into 5 morphostructural types (unilocular, multisepted, calcified, caseous and hyperlaminated). The 
molecular study was carried out on 50 cysts. For spatial analysis, kriging interpolation method was used 
to create risk maps, while the clustering was assessed by the Moran’s I test. CE prevalence of 72.2% 
(595/824) and 58.4% (849/1454) were observed at the farm and animal level, respectively, with higher 
values in sheep (62.9%) than goats (28.0%). The liver and lungs were the most frequently infected 
organs in sheep (53.0% and 49.6%, respectively) and goats (18.5% and 13.2%, respectively). Most of the 
recovered cysts belonged to the calcified and multisepted morphotypes. All the isolates were identified 
as E. granulosus sensu stricto (genotypes G1, G2 and G3). Spatial distribution showed a moderate 
clustering of positive animals. The findings of our study  can be used to better understand the eco-
epidemiology of echinococcosis in southern Italy and to improve surveillance and prevention programs 
in regions highly endemic for CE. 
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Abstract 

Small ruminant traditional Mediterranean production mainly depends on pasture-based, dairy 
sheep/goat husbandry systems, frequently found in marginal/mountainous lands. To study 
the abundance and intensity of gastrointenstinal nematode (GIN) infections in such systems and define 
the practices applied to control them, we performed a cross-sectional study in West Macedonia Region 
of Greece. 

Precisely, 185 farms proportionally distributed to all 4 counties of the Region, according to their farm 
density, were tested. Faecal samples were collected from 20 animals per farm and egg counts (EPG) as 
well as coprocultures were performed to identify GIN species. Information on management, 
anthelmintic treatments and practices were recorded by means of a questionnaire.  

Overall, 87% of the farms were found infected with GINs, with 7.5% of them having EPGs higher than 
1500 (mean EPG/farm ranged from 10 to 4765). Haemonchus contortus was a frequent finding in 
coprocultures, representing in several occasions the only species isolated (38% of sheep and 35% of goat 
farms). Seventy-seven percent of the farmers declared that they have not been informed about 
anthelmintic resistance, while the rest even being aware, never took measures controlling it. The only 
practice applied was treatment with anthelmintics, which were most commonly administered to the 
whole flock blindly once or twice per year (44% and 46% respectively) without performing any 
parasitological testing while 6% declared that they had never treated their animals for GINs. 

Moreover, only 23% of the farmers applied rotation of different anthelmintic classes on annual basis. 
The most commonly used class was benzimidazoles followed by avermectins which are used mainly 
when rotating benzimidazoles. The reduced use of avermectins is due to legal restrictions concerning 
milk residues. The above confirm that GINs remain a common problem in such husbandry systems and 
farmers’ lack of awareness represents a major drawback for their sustainable control.  
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Abstract 

The use of novel technologies to improve on-farm decision-making and monitor the health and welfare 
of animals is common in dairy cattle, pig and poultry industries, ranging from remote monitoring of shed 
environments to continuous monitoring of individual animals by wearable sensors. This approach is 
known as Precision Livestock Farming (PLF). The limited studies that have been conducted in small 
ruminants show that adoption of PLF approaches can reduce labour and time requirements, optimise 
feed and wormer use. However, uptake of the PLF approaches are poor within the sheep farming 
community. Previous work has developed and validated a tool, the Happy Factor algorithm, which uses 
short-term weight gain to effectively identify lambs that would benefit from wormer following a 
Targeted Selective Treatment (TST) strategy. However, uptake of TST by the sheep farming community is 
currently hampered by the lack of a practical method for farmers to access the algorithm. This project 
aims to develop and validate a user-friendly platform for the Happy Factor and validate this approach on 
commercial farms throughout the UK.  

The Happy Factor algorithm has been integrated into a cloud-based platform through co-design with 
members of the farming community and farming advisors. This new platform is currently being validated 
on approx. 18 sheep farms across the UK, covering a wide range of geographical locations and sheep 
breeds. Data will be collected on lamb weight, the number of worming treatments used, nematode 
faecal egg counts and nematode species identification. A cost/benefit analysis and scrutiny of the 
carbon footprint resulting from the implementation of the new approach will also be carried out. Results 
will show the accessibility of the new platform and the effects on animal production, nematode worm 
population and cost and environmental benefits of using an integrated pen-side TST approach on 
commercial farms across the UK. 
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Abstract 

High-throughput from next generation sequencing technology provides advancement to study 
transcriptome complexity of complex traits like disease resistance. In small ruminant production, 
gastrointestinal nematode (GIN) infection is one of the major constructs causing economic losses. The 
aim of this study was to compare the abomasal mucosa transcriptome of naïve and pre-infected goats at 
early time points of GIN infection in order to determine different pathways and regulators involved in 
host immune response. 

Naïve and pre-infected Creole kids were orally infected with 10,000 Haemonchus contortus larvae (L3), 
and abomasal mucosa was recovered at 0, 4 and 6 days post-infection (dpi). High-throughput 
sequencing of cDNA from the abomasal mucosa was used to quantitatively sample the transcriptome. 
Number of differentially expressed genes (DEG) was very low for both naïve and pre-infected animals 
when comparing day 0 versus day 4 post infection. A total of 2237 and 3206 DEGs were identified 
comparing 0 versus 6 dpi in naïve and pre-infected animals, respectively. Meanwhile comparing pre-
infected versus naïve at 6 dpi, showed only 18 DEGs. Ingenuity pathway analysis (IPA) showed that 
several immune responses were activated in pre-infected compared with naïve animals at 0 and 4 dpi 
such as Th2 and Th1 pathways, natural killer cell, B cell receptor, IL-2 and IL-15 signaling. In the other 
hand, both naïve and pre-infected animals showed activation for those pathways comparing 0 versus 6 
dpi, with no difference in activation between them. Similar pattern was recorded for upstream regulator 
genes which were related to immunity like TNF, IL1B, IL2, IL5, TGFB1, IFNG, TCR, IL18, IL6 and IL4. 

In conclusion, results indicated that pre-infected kids have activated immune response compared to 
naïve ones at 0 and 4 dpi, while naïve kids are able to develop the same immune response like pre-
infected kids at 6 dpi. 
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Abstract 

Introduction. The study objective was to assess the early-onset, pre-lethal effects of lotilaner on the 
weight and motility of ticks from treated dogs. Methods. Twelve dogs were randomized to receive 
either lotilaner (Credelio®) on Day 0, or to be sham-treated. Seven days later, 25 male and 25 female A. 
americanum were placed under labeled bandages, 2 bandages on each flank of each dog. After 30 or 45 
minutes, all unattached ticks were removed, and T = 0 was set. At T = 2, 4, 8, and 24 h post attachment, 
attached ticks were removed from under each bandage and weighed. Five ticks from under each 
bandage on each dog were assessed for righting ability and motility using video software. Results: After 
the initial infestation period, significantly fewer treated than control dogs had 20 ticks attached (50.0%, 
91.7%, P = 0.0015). At 24 h post attachment, all ticks from treated dogs were dead and mean weights 
were significantly less than ticks from controls (Pmale < 0.0307; Pfemale < 0.0021). At 4 and 8 h, significantly 
fewer ticks from treated (14.3%, 0.0%) than from control (73.3%, 70.0%) dogs could right (P4h < 0.0001; 
P8h = 0.0024), and distance moved was significantly less at all time points (P2h = 0.0410; P4h, P8h < 
0.0001). Mean and maximum velocity of ticks from treated dogs were significantly lower than controls 
at 4 and 8 h post attachment (P < 0.0001). Ticks from treated dogs had significantly lower mean and 
maximum velocities at 4 and 8 h compared to 2 h (Pmean < 0.0042; Pmax < 0.0194). Conclusion: The 
observations indicate that lotilaner may inhibit tick attachment. In ticks that do attach, the progressive 
impairment of neuromuscular processes that began within 2 h could substantially reduce the risk of tick 
to host pathogen transmission.  
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Abstract 

Canine babesiosis is transmitted by ticks such as Dermacentor reticulatus. Although direct transmission 
via blood (including iatrogenic) and vertical transmission have been described, geographic distribution 
depends strongly on occurrence of the vector. In Germany, an adult D. reticulatus was first documented 
in 1973, and autochthonous occurrence was described only in 1976. Since then, various endemic 
populations of Babesia were found in Germany and several endemic herds are obviously spreading.  

Between 04/2015 and 10/2020, a total of 15 autochthonous Babesia infected dogs from 
Berlin/Brandenburg were presented at the Small Animal Clinic (FU Berlin). The owners were questioned 
in detail about the travel history of the dog. Diagnosis was made by blood smears and 18S rRNA PCR and 
sequencing. Since Bc28.1 has previously been suggested as a good marker for genotyping B. canis, 
Bc28.1 sequences were also obtained. 

Molecular data identified B. canis in all dogs. Bc28.1 data revealed 12 different genotypes, none of them 
identical with the three previously published genotypes. Phylogenetic network analysis identified two 
major clusters separated by the same six polymorphisms. Cluster 1 contained four genotypes (from 
eight dogs) and also Bc28.1A from GenBank while three genotypes (seven dogs) were located in cluster 
2 together with BC28.1B and Bc28.1G from GenBank. Between sequences obtained here and Bc28.1A 
and Bc28.1G were at least four mutations whereas Bc28.1B was separated from them by at least two 
mutations. Remarkably, all four samples from 2015 had the same genotype that was again observed 
once in 2020. 

Dermacentor reticulatus density in the Berlin/Brandenburg area is locally very high but in previous 
studies B. canis was not detected in questing ticks. However, further spread of B. canis in this population 
must be expected in the future. Indeed, since November, seven additional autochthonous cases were 
diagnosed suggesting an increase of cases over time. 
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Abstract 

Leishmania tarentolae (subgenus Sauroleishmania) is a protozoan parasite isolated from geckoes in 
Europe, North Africa, and the Middle East. This Leishmania is considered as a non-pathogenic species 
transmitted by herpetophilic Sergentomyia sand flies. The high similarity in gene composition with 
Leishmania infantum (i.e., 90%), the causative agent of canine leishmaniosis (CanL), has made L. 
tarentolae a model for recombinant protein production and a vaccine candidate. To investigate the host 
susceptibility to L. tarentolae and its potential interactions with L. infantum, dogs (n=212) were 
screened by IFAT using promastigotes of both species. Dog blood samples, tissues from Podarcis 
siculus lizards (n=28), and sand flies (n=2,294) were also tested by a duplex real-time PCR and host blood 
meal assessed in sand flies by conventional PCR. Overall, L. infantum seroprevalence in dogs was 33% 
(70/212). Of the seropositive asymptomatic animals (24/70; 34.2%), those displaying antibody titer 
higher than 1:640 (i.e., n=9; 37.5%), cross-reacted with L. tarentolae IFAT. At IFAT, one L. infantum 
negative dog was positive (1:160) for L. tarentolae. Six seropositive dogs (8.5%) were dqPCR positive for 
L. infantum and 10 lizards (35.7%) for L. tarentolae. One dog had a positive blood sample for L. infantum, 
while lizard blood samples were all negative. Of the female Sergentomyia minuta (n= 1,252) 
sampled, 158 scored positive for L. tarentolae, four for L. infantum, and one co-infected. Two 
Phlebotomus perniciosus were positive for L. tarentolae. Engorged S. minuta (n=10) fed on humans and 
one P. perniciosus, positive for L. tarentolae, fed on lagomorph. Podarcis spp. lizards were herein found 
for the first time infected with L. tarentolae. The detection of both Leishmania spp. in Sergentomyia and 
Phlebotomus species suggest their sympatric circulation, with a potential overlap in vertebrate hosts. 
The positive/negative interactions between L. tarentolae and L. infantum should be further investigated 
in both vectors and hosts in endemic areas of CanL, especially where control programs are established.  
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Abstract 

Arthropod-borne pathogenic agents and their vectors are omnipresent in many African countries, and 
well-studied in livestock, and to a lesser extent in companion animals, notwithstanding their high 
potential to contribute to endemic pathogen transmission cycles and ecto-parasite lifecycles. Given the 
socio-economic importance of companion animals, especially dogs, The African Small Companion Animal 
Network (AFSCAN), as part of the WSAVA Foundation, initiated a standardized multi-country 
surveillance study on tick and flea communities and their pathogens in sub-Saharan Africa. Sampling 
ectoparasites, blood and serum from 100 dogs and 50 cats in rural and urban areas of six countries 
(Ghana, Kenya, Nigeria, Tanzania, Uganda and Namibia),  the study aims to clarify: (1) to which extent 
ectoparasites and pathogen burdens vary macro-geographically, (2) differences between urbanized and 
rural areas, (3)  intrinsic host (e.g., age, sex, body condition score, treatments) and extrinsic 
environmental (e.g. pet density per household, housing conditions).  

Intensive modeling on the dataset of 598 dog individuals, ectoparasites from the genera Haemaphysalis, 
Amblyomma, Ixodes and Rhipicephalus, three flea taxa and a series of vector-borne pathogenic agents 
provided the following major findings:  

• Large macro-geographic variation, with most ticks found in Nigeria, lowest in Namibia, resulting 
in differences in pathogen prevalences. 

• Of the thirteen tick taxa, R. sanguineus was the most abundant, and more often found in urban 
areas. On the other hand, exophilic ticks like Haemaphysalis spp. were more often found in rural 
areas.  

• For R. sanguineus, housing and additional pets in the house positively correlated with tick loads. 
• The most prevalent tick-borne pathogen of dogs was Hepatozoon canis followed by Ehrlichia 

canis. 
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• Ectoparasite occurrence was shown to be connected to endoparasiticide but not to 
ectoparasiticide use. 

The potential drivers for these associations and the importance of the findings are discussed in a 
broader context. 
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Abstract 

American cutaneous leishmaniasis (ACL) is a neglected zoonotic disease caused mainly by Leishmania 
(Viannia) braziliensis, which is endemic throughout Brazil. Canine ACL cases were investigated in a rural 
area of Monte Mor city, São Paulo state, where a human ACL case has been confirmed. Dogs were 
evaluated by clinical and laboratorial diagnosis including serology, microscopic smears and PCR of skin, 
lymph nodes and bone marrow samples. Entomological investigations were performed for 14 months 
using trapping of sandflies on the surroundings of the studied area. Nyssomyia neivai was the 
predominant phlebotomine species with 94.65% of the captured specimens (832 out of 879). This 
species was the most abundant in all trapping sites including human and dog shelters. Ny. whitmani, 
Migonemyia migonei, Pintomyia monticola, Evandromyia cortellezzii, Pi. fischeri and Expapilata firmatoi 
were also captured. Two of the three examined dogs had positive IgG anti-Leishmania in ELISA using the 
antigen Fucose Mannose Ligand and positive skin samples in PCR for L. (V.) braziliensis but all collected 
samples were negative for L. (L.) infantum. One of the dogs had a confirmed persistent infection for 
more than one year. 
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Abstract 

Barbervax® is the only vaccine registered to protect sheep against H. contortus infection. However, the 
performance of the vaccine under various levels of larval challenge has not been investigated. A field 
study was conducted to investigate the protective efficacy of Barbervax® in 220 grazing Merino lambs 
subjected to 5 levels of trickle infection with H. contortus infective larvae (L3). Merino lambs were 
randomly allocated to challenge treatment level and Barbervax® vaccinated or unvaccinated treatment 
groups. Lambs received the final of three priming Barbervax® vaccinations at weaning (week 0, approx. 4 
months of age) and a booster vaccination 7 weeks later. Animals within each treatment group were 
subjected to one of five levels of H. contortus L3 trickle infection (0, 300, 600, 1200 and 2400 L3/week in 
two split doses for four weeks). Trickle infection started two weeks after weaning. Worm egg count 
(WEC), packed cell volume (PCV), anti-Barbervax® antibody titre and bodyweight were measured at 
weeks 2, week 5 and then every two weeks thereafter until week 11. Vaccinated weaners had 
significantly lower WEC (P < 0.0001) over the sampling period and a lower proportion of animals 
requiring precautionary anthelmintic treatment (9.4% versus 33.6%) compared to unvaccinated control 
groups. Vaccine protective index based on WEC was similar at all challenge levels (overall mean 61 -
75%).  However, this protection did not reduce H. contortus infection to levels that did not require 
anthelmintic treatment at the higher challenge levels. It is suggested that under conditions of high larval 
challenge, it is especially important that the use of Barbervax® be integrated with other control 
methods. 

Presenting author biography 

Currently Mulisa Megersa Kebeta is a PhD candidate at University of New England, Australia. He is a 
veterinarian. He received his MSc from Addis Ababa University, Ethiopia in 2014 with speciality in 
tropical Veterinary Parasitology. He earned his first in Doctor of Veterinary Medicine from Haramaya 
University, Ethiopia in 2010. 
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Abstract 

Introduction 

Human onchocerciasis is a neglected tropical disease affecting 21 million people in sub-Saharan Africa 
(SSA). Efforts to eliminate the causative agent (Onchocerca volvulus) via mass administration of the 
microfilaricidal drug ivermectin have seen limited success in SSA to date, indicating a need for new 
intervention tools including vaccines. Here, we use a bovine Onchocerca ochengi natural infection model 
to assess the efficacy of recombinant vaccine candidates for human onchocerciasis.  

Materials & Methods 

Initially, Alum, Advax-2 and Montanide ISA 206 VG were evaluated as adjuvants for use in cattle (n=12) 
with O. volvulus-derived recombinant antigen candidates 103 (rOv-103) and RAL-2 (rOv-RAL-2). At 6 
weeks post-immunisation, antigen-specific serum IgG was detectable in all immunised animals. Isotype 
analysis showed Montanide induced mixed IgG1 and IgG2 responses, whilst Alum or Advax-2 induced 
responses dominated by IgG1. 

Subsequently, forty-six immunologically naïve calves were divided into two cohorts and immunised with 
either rOv-RAL-2 and rOv-103 co-administered at a primary dose of 500 mg per antigen with two 
boosters (250 mg per antigen) at 4 week intervals (n=12), or a recombinant Ov-103/Ov-RAL-2 fusion 
protein (Fus1) administered at a primary dose of 1,000 mg with two 500 mg boosters (n=11). Vaccines 
for both cohorts were formulated with Montanide ISA 206 VG. Control animals for each cohort (n=12 
and 11, respectively) received adjuvant only. Following immunisation, animals were transferred to an O. 
ochengi transmission site for an exposure period of 24 months. 



 

 

196 

 

Results & discussion 

Following immunisation, all vaccinated calves showed strong antigen-specific serum IgG responses, with 
Fus1 protein inducing more consistent IgG2 responses. Antibody titres progressively waned following 
immunisation, but remained elevated for at least 6 months. Data collection and analysis to determine 
immune responses and protective effects of vaccination against natural challenge with O. ochengi is 
ongoing, with preliminary results expected by August 2021. 

Presenting author biography 

Veterinary parasitologist with interest in livestock, One Health and global food security. 



 

 

197 

 

O-2077 

Gastro-intestinal nematode infections in sheep are associated with attenuated 
immune responses to a live Chlamydia abortus vaccine 

David Frew1, Dave J Bartley1, Yolanda Corripio-Miyar1, Gary Entrican2, Leigh Andrews1, Fiona Kenyon1, 

Morag Livingston1, David Longbottom1, Alison A Morrison1, Sean Wattegedera1, Tom N McNeilly1 

1Moredun Research Institute, Penicuik, United Kingdom. 2Roslin Institute, Edinburgh, United Kingdom 

Abstract 

Background: Parasitic helminths have developed mechanisms to subvert or suppress host immunity in 
order to promote their survival within the host. These mechanisms can influence responses to other 
pathogens and vaccines, so called ‘bystander’ immune modulation. Information on bystander immune 
modulation in ruminant livestock, and in particular sheep, is lacking. The aim of this study was to 
determine whether concurrent infection of sheep with gastro-intestinal nematodes (GIN) influenced the 
immune response to a live attenuated bacterial vaccine. 

Methods: In mid-September eighty Texel-cross ewes, naturally exposed to GIN, were divided into two 
groups (n=40) based on strongyle faecal egg count (FEC); high FEC (median = 57 eggs per gram (epg), 
range 24-486) or low FEC (median = 0 epg, range 0-1). Twenty ewes from each group were treated with 
monepantel (Zolvix™, Elanco). Two weeks’ post-treatment, all ewes were vaccinated with a live 
attenuated Chlamydia abortus vaccine (Cevac® Chlamydia, CEVA), and were mated two weeks later. C. 
abortus specific cellular and humoral immune responses were assessed at the time of vaccination and 
four weeks’ post-vaccination. Furthermore, placentas were collected at lambing to determine C. abortus 
presence by PCR.  

Results: C. abortus antigen-specific antibody responses, lymphocyte proliferation and interferon-gamma 
(IFN-γ) release were significantly increased post-vaccination in all ewes. However, antigen-specific 
lympho-proliferation and antibody responses to the vaccine were lower in high FEC ewes. Anthelmintic 
treatment of high FEC ewes increased vaccine-induced antibody responses but had no impact on cellular 
immune responses. The C. abortus vaccine strain was detected in the placenta of one ewe within the 
untreated high FEC group. All other placentas were negative for the bacteria. 

Conclusions: This study provides evidence that concurrent infection with GIN can attenuate adaptive 
immune responses to a live C. abortus vaccine and may promote shedding of the vaccine strain at 
lambing.   

Presenting author biography 

Tom McNeilly is Head of the Disease Control Department at Moredun Research Instite. A qualified 
veterinary surgeon, his research is focused on translational aspects of ruminant immunology, including 
vaccine development and population-based studies on immune variation in livestock species. He has 
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been involved in the development of vaccines to control parasitic, viral and bacterial infections in both 
cattle and sheep, and has identified a number of selectable immune traits in ruminants associated with 
increased resistance to disease. He has published over 85 refereed publications in international peer-
reviewed journals. 
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components of transmission blocking vaccines 

Heba Alzan1,2, Carlos Suarez3,4 
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State University., Pullman, USA. 2Parasitology and Animal Diseases Department, National Research 
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Abstract 

Background: Babesia bovis re produces sexually in the gut of its tick vector Rhipicephalus microplus, 
which involves expression of 6cys A and 6cys B proteins. Members of the widely conserved 6cys 
superfamily are candidates for transmission blocking vaccines (TBV), but intricacies in the 
immunogenicity of the 6cys proteins in the related Plasmodium parasites required of the identification 
of transmission blocking domains in these molecules for vaccine design. Hereby, we examined the 
immunogenicity of recombinant B. bovis 6cys A and B proteins in cattle.  

Methods: The immunogenicity of recombinant (r) 6cys A and 6cys B proteins expressed in a eukaryotic 
system was evaluated in a cattle immunization trial (3 immunized and 3 control calves). A B. bovis sexual 
stage induction in vitro inhibition assay to assess the ability of antibodies to block the production of 
sexual forms by the parasite was developed. 

Results: Immunized cattle generated antibodies against r6cys A and r6cys B that were unable to block 
sexual reproduction of the parasite in ticks. Additionally, these antibodies also failed in recognize native 
6cysA and 6cysB and peptides representing 6cys A and 6cys B functional domains, and in inhibiting the 
development of sexual forms in an in vitro induction system. In contrast, rabbit antibodies generated 
against synthetic peptides representing predicted B-cell epitopes of 6cys A and 6cys B recognized 
recombinant and native forms of both 6cys proteins, peptides representing 6cys A and 6cys B functional 
domains,  and were able to neutralize development of sexual forms of the parasite in vitro.  

Conclusions: These data, combined with previous work performed on Plasmodium 6cys proteins, 
indicate that an effective 6cys protein-based transmission blocking vaccine against B. bovis will require 
identifying and targeting selected regions of proteins containing epitopes able to reduce transmission. 
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Comparison of gene expression and metabolite profiles in snails infected and 
uninfected with liver fluke 
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1Veterinary Parasitology, Institute of Infection, Veterinary and Ecological Sciences, University of 
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Facility, Liverpool Shared Research Facility (LIV-SRF), University of Liverpool, Liverpool, United Kingdom 

Abstract 

When Galba truncatula, the snail intermediate host of Fasciola hepatica, is exposed to a miracidium 
infection is not always successful. Clonal expansion has the capacity to increase parasite numbers in the 
snail, but snails produce variable numbers of parasites. These factors will influence parasite transmission 
but we do not yet know what drives these differences. 

To investigate what happens in the snail when it is infected, here we aimed to integrate ‘omics 
technologies to compare gene expression and metabolite profiles between snails infected with liver 
fluke and uninfected snails.   

A genome for G. truncatula was generated with 10x Chromium technology using one individual from our 
snail colony, and we infected snails from the same colony with F. hepatica. RNA-seq was performed on 
snails infected with liver fluke (20 weeks post-infection; n=5) and uninfected snails (n=5). Similarly, we 
used 1H NMR spectroscopy of infected snails (16 weeks post-infection; n=15) and uninfected snails 
(n=15) to compare metabolite profiles. 

The genome of G. truncatula is ~640Mb and we annotated ~21,500 gene models. There were 739 genes 
up-regulated and 2695 genes down-regulated in infected snails (log2FC >1 or <-1; FDR <0.05), and 69% of 
metabolite peaks in the NMR spectra were significantly different (t-test; FDR <0.05). 

We have associated differences in genes and metabolites with changes observed in infected snails, such 
as a decrease in growth rate and a cessation of egg laying. We also saw a reduction in a number of 
sugars and an increase in fat metabolism genes which give us an insight into the possible energy 
mechanisms the snail and parasite are utilising. We saw little evidence of an active immune response by 
the snail, likely due to the fact that these represented established infections. This is consistent with our 
observations that snails can shed cercariae repeatedly over a prolonged period. 
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Presenting author biography 

Hello, I’m Nicola Beesley and my pronouns are she/her. I am a vet and parasitology researcher at the 
University of Liverpool. I have experience maintaining a snail colony and a background in using ‘omics 
technologies to explore anthelmintic resistance in liver fluke. My most recent research aims to provide a 
better understanding of host-parasite interactions: I’m currently concentrating on how the snail 
intermediate host responds to liver fluke infection by analysing changes in gene expression and 
metabolites. I’m interested in extending this work to other host-parasite systems. 

  

Get in touch: 

Email: nbeesley@liverpool.ac.uk 

Twitter: @njbeesley 
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Comparative transcriptomics of in vivo/in vitro maintained liver fluke expose 
nervous system/stem cell interplay 

Emily Robb, Erin McCammick, Duncan Wells, Paul McVeigh, Nathan Clarke, Paul McCusker, Nikki Marks, 

Aaron Maule 

Queen's University Belfast, Belfast, United Kingdom 

Abstract 

Fasciola spp. liver fluke are important global pathogens with significant impacts on veterinary and 
human medicine.  The absence of a liver fluke vaccine and increasing anthelmintic resistance threaten 
the sustainability of liver fluke control and underscore the need for novel flukicides.  A significant 
improvement in functional genomic approaches underpinned by enhanced culture methods for Fasciola 
hepatica provides an in vitro platform for drug target validation focussed on the pathogenic juvenile life 
stage.  Current in vitro culture methods promote growth/development of juvenile fluke by stimulating 
morphological and behavioural changes towards an adult-like form.  However, slower rates of growth 
and development observed in vitro highlights differences to growth in vivo.  Transcriptomic analysis of in 
vitro and in vivo maintained F. hepatica juveniles finds that despite considerable size differences, 86% of 
transcripts are expressed at similar levels across maintenance treatments and indicate that core 
biological functioning across these juveniles is comparable.  Significant upregulation of neoblast-like 
stem cell markers is consistent with the higher cell proliferation rate in vivo, directly correlating with a 
marked increase in growth.  Differing cathepsin protease profiles of juveniles provides evidence of 
developmental delay in vitro and suggests that after 3 weeks these juveniles are yet to undergo the 
developmental switch from cathepsin-B to cathepsin-L expression.  Correlated with the upregulation of 
stem cell markers in vivo was a significant downregulation of key neuronal signalling components, 
including classical and peptidergic pathways. These data support an important role for nervous system 
components in the regulation of neoblast dynamics and growth/development in liver fluke, consistent 
with functional genomics based observations on the impacts of silencing selected neuronal genes and 
growth/development. These data provide the intriguing potential for neuronal target dysregulation to 
compromise both motor function and growth in juvenile liver fluke. 

Presenting author biography 

I completed my PhD in 2016 entitled, 'The sensory ecology of plant parasitic nematodes' at Queen's 
University Belfast before embarking on a research career within the same laboratory focussed on drug 
target identification and characterisation in liver fluke, Fasciola hepatica. I have been a postdoc for 4 
years and my interests lie in unravelling the complex role of the nervous system in liver fluke biology and 
validating draggable targets within this system for anthelmintic development.  
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Abstract 

Fasciola hepatica is a zoonotic trematode which affects livestock as well as humans. While F. hepatica 
infection in cattle leads to delayed growth and loss of productivity, acute infection in sheep can have 
more severe effects and may lead to death. Previous transcriptomic analyses of ruminant response 
revealed upregulation of TGFB1 and differentially expressed (DE) genes involved in T-cell activation, cell 
death, inhibition of nitric oxide production in macrophages and Toll-like receptor signalling. The 
objective of this study was to further investigate the pathways involved in the response of 
ovine peripheral blood mononuclear cells (PBMC) to F. hepatica. 

Sixteen male Merino-breed sheep were obtained from a liver fluke-free farm at 9 months of age, and 
randomly assigned to infected or control groups. Sheep were orally infected with 120 metacercariae of 
F. hepatica. Transcriptomic data was generated from PBMC at 0, 2 and 16 weeks post-infection (wpi), 
and analysed for DE genes between infected and control animals at each time point, and for 
overrepresented gene pathways. 

There were 453 DE genes found at 2 wpi, and 2 DE genes at 16 wpi (FDR < 0.1). Genes encoding several 
transcriptional regulators were predicted to be repressed (CTLA4) or activated (IL3, IL6) in PBMC at 2 
wpi. Pathways overrepresented at 2 wpi included gene ontology “cellular response to stress”, “apoptotic 
process”, “protein ubiquitination” and “adipose tissue development”; KEGG pathways “Protein 
processing in endoplasmic reticulum” and “RIG-I-like receptor signalling pathway”; and REACTOME 
pathways “Toll-Like Receptors Cascades”, “Transcriptional Regulation by TP53” and “Regulation of white 
adipocyte differentiation”. These pathways suggest that changes in energy metabolism, cell viability and 
protein degradation occurred in the acute phase of F. hepatica infection. Future analysis will include cell 
composition analysis using deconvolution of gene expression data to examine alterations and 
perturbation of blood cell populations in response to infection. 
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Presenting author biography 

Postdoctoral researcher in the School of Veterinary Medicine, University College Dublin, working on 
transcriptomic response of ruminants to liver fluke Fasciola hepatica, and on similarities and differences 
in the gut microbiota of dogs and their owners. Previously worked in UCD School of Agriculture and 
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College Dublin in 2019 with a project entitled "Strain-specific virulence of Staphylococcus aureus".  
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The abomasal mucus and content microbiota of Spanish Churra sheep breed 
with susceptible and resistant phenotype to the infection by Teladorsagia 
circumcincta 
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García2,1, Sonia Andrés1, Juan José Arranz2, Beatriz Gutiérrez-Gil2, María Martínez-Valladares1,2 

1Instituto de Ganadería de Montaña, León, Spain. 2Universidad de León, León, Spain 

Abstract 

Teladorsagia circumcincta is one of the most important gastrointestinal nematode (GIN) infecting small 
ruminants worldwide. Non-controlled use of anthelmintic drugs for the last 40 years has caused the 
appearance of anthelmintic resistance; therefore, it is necessary to implement new measures to control 
these infections such as the establishment of breeding programmes to enhance the GIN resistance. In 
this sense, the host microbiota may play a role in the infection, and could also be implicated in the host's 
resistance to infection, leading to a susceptible or resistant phenotype. With the aim to study this 
hypothesis, samples of abomasal mucus and content from a group of sheep with susceptible or resistant 
phenotype after an experimental infection with T. circumcincta were collected. The total bacteria 
number present in each sample was previously confirmed by qPCR after DNA extraction. The microbiota 
composition, gene families and biological pathways, were predicted after the amplification of the 16S 
rRNA hypervariable V4 region using an Ilumina miniseq plataform. Amplicon sequence variants (ASVs) 
counts were determined from filtered sequence data, which differentiates sequencing error from real 
variants. The differences in the microbiota diversity pattern among sheep and phenotypes are being 
analysing. The findings of this study will be shown during the WAAVP conference and could settle the 
basis to design new strategies to control GIN infections in sheep.  

Presenting author biography 

PhD student in Animal Health Department in University of León (Spain) researching about the 
development of new control methods for gastrointestinal nematodes infection in sheep, focusing in 
immune response variability, microbiome, and new diagnosis methods. 
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24 Years Awarding Scholarships to Next-Generation Veterinary Parasitologists: 
Continuing Success of WAAVP African Foundation into the Future 
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1Independent Scholar, College Station, USA. 2University of Johannesburg, Johannesburg, South Africa. 
3University of Zambia, Lusaka, Zambia. 4McGill University, Quebec, Canada. 5University of Pretoria, 

Onderstepoort, South Africa 

Abstract 

In 1997, 24 years ago, the World Association for the Advancement of Veterinary Parasitology (WAAVP) 
African Foundation (AF) established a successful endowment to award travel scholarships for next 
generation (NG) veterinary parasitologists to present their research findings at WAAVP Biennial 
Conferences. To date, this Foundation has reviewed applications submitted from 211 NG veterinary 
parasitologists in 25 African countries and awarded scholarships to 87 from 16 countries to travel and 
present their research at 11 WAAVP Conferences (1998-2019) in Europe, Asia, South America, USA, 
Canada, and Australasia. The WAAVP AF goals are to support deserving awardees ready to present their 
research to an international audience, to bring positive recognition to their institutions, countries and 
academic fields, and to develop global networks. Awardees are also encouraged to publish their 
research findings in high-impact peer-reviewed scientific journals in Africa and abroad. A 2020 peer-
reviewed scientific journal publication reported that these awardees had thus far published over 808 
articles in journals indexed by NCBI PubMed.gov and Web of Science. The WAAVP African Foundation is 
unique in supporting NG African veterinary parasitologists. This initative is even more critical now in 
2021 and for the future of Africa in this time of the COVID-19 pandemic. Many previous awardees now 
promote their own graduate and postdoctoral students evidenced by a continued excellent output of 
research articles in peer-reviewed scientific journals. The WAAVP AF attributes its 24 years of success to 
being financially well invested in South Africa, a dedicated WAAVP AF Committee, a fully supportive 
WAAVP Executive Committee, and awardees committed to identify innovative and novel solutions to 
address parasitic diseases that plague animal and human health. The WAAVP AF promises to continue 
for the foreseeable future through its endowment, and to continue to support worthy veterinary 
parasitology applicants from across Africa.  

Presenting author biography 

Professor Rosina Claudia Krecek FRSSAf, PhD, MBA is an Independent Scholar/Researcher applying a 
One Health approach to neglected tropical parasitic diseases. Of numerous metrics including 238 
scientific papers and book chapters, 235 invited seminars in 48 countries, she is most passionate about 
teaching veterinary parasitology to 5000 veterinary and graduate students in Africa, Caribbean, Europe 
and USA. Noteworthy awards include US Fulbright Scholar Fellow in Public/Global Health, US Fulbright 
Specialist, South African Agricultural Science and Technology Woman of Year, and elected President of 



 

 

208 

 

World Association for Advancement of Veterinary Parasitology becoming the first woman, and first from 
Africa.  
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Abstract 

In these times of global changes, vector-borne diseases (VBDs) of humans and animals are more than 
ever of major concern. Within this context, the need for expertise in entomology and VBDs will be of 
primordial importance in the coming decades. In this view, the Parasitology and Entomology team of the 
National Veterinary School of Toulouse, France, in partnership with the French Society for Parasitology 
(SFP) and the European Veterinary Parasitology College (EVPC), organizes an entomology summer 
course to highlight topics such as VBDs, vector ecology, resistance in arthropod populations, control 
tools, principles of laboratory rearing, and morphological identification of arthropods of medical and 
veterinary importance. Target participants are postgraduate (MSc and PhD) students, Post-doctoral 
researchers, entomologists, laboratory staff and EVPC and ACVM residents.  Although held in France, 
this course adopts a holistic approach, as shown by its running title: “A global perspective, from theory 
to practice”.  Classes cover several arthropod groups, namely sand flies, mosquitoes, Culicoides spp., 
Tabanidae, Muscidae, fleas, bedbugs, and ticks. Lectures take place in the morning, while afternoons are 
dedicated to laboratory and field work. Lecturers include national and international specialists in the 
field, with keynote contributions by Prof Richard Wall (University of Bristol, UK), Prof Steve Torr 
(Liverpool School of Tropical Medicine, UK), and Prof Lorenza Beati, (US National Tick Collection, Georgia 
Southern University, USA).  

A scholarship named as ‘Young Scientist Award’ was instituted at the initiative of the veterinary 
pharmaceutical firm Vetoquinol, in collaboration with the SFP, to support the participation of an 
outstanding PhD student from the Global South, so to foster continuous education in medical and 
veterinary entomology also in the developing world. The 2019 edition was a great success with 
participants coming from 12 countries. The next session is planned to be held from the 5th till the 9th of 
July 2021.  
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Emilie Bouhsira is an Associate Professor in Parasitology at the National Veterinary School of Toulouse, 
France. Her research areas mainly focus on vector-borne agents, especially flea and fly -borne 
pathogens, and resistance to insecticides. She has more than 10 years of experience in the design and 
the realisation of clinical studies aiming at determining the efficacy of ectoparasiticides in cats and dogs.  

Emilie is a board member of the European Veterinary Parasitology College and a member of the WAAVP 
guidelines subcommittee; she is also the treasurer of the French Society of Parasitology and the 
president of ESCCAP France.  
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Development of a guideline for controlling Fasciola hepatica infections on farm 
level in the Netherlands 

Debora Smits1, Deborah van Doorn1,2 

1GD animal health, Deventer, Netherlands. 2Faculty of veterinary medicine, department BHS, Utrecht, 

Netherlands 

Abstract 

In 2020, a guideline was developed, based on Knubbe et al (2015), to support Dutch bovine 
veterinarians and their dairy farmers in controlling Fasciola hepatica infections on farm level. The 
project was commissioned by ZuivelNL and part of the aim was reduction of usage of fluke-medications 
to reduce risk of residues in milk. 

This guideline was developed based on the needs, defined during 4 online meetings with 16 bovine 
veterinary practices  from areas in the Netherlands where fluke is common. It proved difficult for 
veterinarians and farmers to determine if an infection had occurred during rearing or during lactation. 
For an effective approach however, it is important to have a reasonable indication of the moment of 
infection.   

Before and during these sessions, veterinarians input was gained to ensure the development of a 
practical tool. After all,  most information was already available but implementation of previous advice 
had failed.  

Two schedules were defined, in which bulk tank milk (BTM)-testing for antibodies (ELISA) is the starting 
point. The schedules are also available as online tools.  

One is the situation in which young stock is pastured; in the other, young stock is housed.  After BTM, 
different groups of animals (adult cows, young stock, purchased animals) will have to  be 
examined  (serum  or fecal samples), to determine the next steps. These schedules are developed 
with dairy farms in mind. 

This tool will help the end-user to establish where the infection occurred and therefore helps to decide 
which preventive measures to take, or to come to a well-founded decision that treatment would be 
useful. 

The 16 bovine practices involved found the guidelines very helpful. They stated in the last session that it 
gave them more confidence in their advice on Fasciola disease prevention at dairy farms which 
hopefully leads to better follow-up by their farmers.  
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Startect® resistance selection studies in Teladorsagia circumcincta 

Alison Morrison, Leigh Andrews, David Bartley 

Moredun Research Institute, Penicuik, United Kingdom 

Abstract 

Startect® was licensed for use in the UK sheep market in 2012, the product is a dual active anthelmintic 
containing derquantel (spiroindole; 5-SI) and abamectin (macrocyclic lactone; 3-ML).  To help preserve 
the efficacy of this new compound it is essential to understand a) what mechanisms are involved in the 
selection of resistance and b) how parasites evolve to deal with this compound? 

To answer these questions a 5-SI+3-ML resistant Teladorsagia circumcincta isolate (MTci18-7) has been 
selected in vivo from a phenotypically characterised 5-SI-sensitive parental isolate (MTci7).  Basically, 
artificially infected sheep were administered increasing sub-optimal doses of Startect® with faecal 
material collected and propagated for re-infections until a resistant isolate was generated (~14 rounds 
of selection).  A controlled efficacy test was conducted using MTci7 and MTci18-7 assessing 5-SI+3-ML 
and 3-ML efficacy compared to untreated controls (n=6 per group).  Phenotypic characteristics e.g. pre-
patency, egg output, eggs-in-utero and establishment rates were examined.  

Time to patency (>25 eggs per gram) was slower (d15 compared to d14 for initial rise), and egg output 
was significantly lower, in MTci18-7 lambs compared to MTci7.  Establishment rates were 31% (average 
burden 3108) and 46% (4591) for MTci7 and MTci18-7 respectively in untreated control animals.  The 
resistance status of the MTci18-7 isolate was confirmed with 88% efficacy in worm burden at 7d post 
Startect® administration. Preliminary assessment indicated that surviving females worms contained 
eggs.  3-ML showed 60% and 34% efficacy in worm burden in MTci7 and MTci18-7 respectively at 7d 
post-treatment. Reduction in faecal egg counts in MTci18-7 lambs were 99% and 17% post-5-SI+3-ML 
and 3-ML respectively.  During the selection process the egg reappearance period decreased from 14 to 
10 days post-treatment.   

A unique biological resource has been developed for future molecular investigation and strategic control 
strategy studies. 

 

Presenting author biography 
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I am most happy in the lab, guddling about in poo.  Aside from work I am a keen cyclist and enjoy 
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Abstract 

Introduction 

Bovine babesiosis is one of the most common tick-borne diseases of cattle in Sweden. According to 
recent Swedish studies, around 3% of the vector Ixodes ricinus harbour Babesia divergens, the etiologic 
agent of the disease. In the present study, the perception of bovine babesiosis by Swedish farmers and 
veterinarians was recorded. 

Materials and Methods 

A questionnaire was distributed during the summer of 2020 through different channels like farm animal 
health companies, organisation of district veterinarians as well as through the National Veterinary 
Institute website and social media. 

Results 

 A total of 17% of responding farmers (n=705) and 54% of responding veterinarians (n=79) had observed 
cases of clinical babesiosis (n=217) during the last twelve months. A majority of the reported cases were 
from southern Sweden. According to the preliminary analysis of the survey data, the most affected 
farms were i) the ones using tick prophylaxis, ii) those using pastures shared with wild cervids and iii) 
herds larger than the median (n=120 animals). 

Discussion 

A combination of the disturbance of enzootic stability caused by tick prophylaxis combined with the 
higher tick abundance due to the presence of wild cervids on pasture might explain the observed 
figures. The higher turnover of animals occurring in larger herds might increase the risk of introducing 
animals not protected towards babesiosis in these farms. In comparison with the latest Swedish study 
on the prevalence of babesiosis conducted in 1989, the clinical cases have not spread further north in 
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the country, despite an increased occurrence and abundance of the tick vector. Further studies are 
required in order to draw comprehensive conclusions regarding the trends in the epidemiology of the 
disease, its severity and the role of tick prophylaxis and to consider that co-infections with other tick-
borne pathogens like Anaplasma phagocytophilum require other managemental approaches. 

Presenting author biography 
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Veterinary Parasitology and Parasitic Diseases in 2005 and he became a Diplomate of the European 
Veterinary Parasitology College (EVPC) in 2009. Since 2012 he works at the Section of Parasitology of the 
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Abstract 

To mitigate emerging anthelmintic resistance in cattle, sustainable worm control strategies should be 
adopted, such as the use of diagnostic methods to take informed treatment decisions. A multi-centre 
study was set up to understand the factors affecting European farmers’ adoption of diagnostics and to 
gauge for differences between regions. A conceptual framework was developed, based on theories in 
the field of behavioural psychology and health psychology and insights from a previous study in Belgium, 
and validated through a questionnaire survey in different European countries. Three models were 
estimated and validated through structural equation modelling, which allows us to describe general 
trends and differences between Northern- (Norway), Central- (Austria and Germany), and Southern- 
(Italy) Europe. Northern and Central Europe showed similar trends that align with previous studies. Risk 
perception of anthelmintic resistance had no influence on the adoption intention of diagnostics, a 
positive influence was found for attitude towards diagnostics and subjective norms (i.e., perceived 
opinion of others), and a negative influence of attitudes towards anthelminthics. Additionally, the 
default bias (i.e., perception of the current treatment) had an indirect effect on adoption intention 
through attitudes. Southern Europe’s data deviated from previous findings, presenting a positive effect 
of the perceived severity of the risk for anthelmintic resistance on adoption intention, and perceived 
behavioural control of adopting diagnostics. Finally, for Northern Europe, we were able to include a 
measurement of current behaviour in the model, by combining self-reported practices with diagnostics. 
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A direct positive effect of descriptive norms (i.e., perceived behaviour of others) on farmers’ behaviour 
was detected, while no other effects were found (i.e., intention or default). This discrepancy with the 
model estimating farmers’ intention to use diagnostics questions the applicability of cognitive models 
using behaviour intention as a proxy to predict farmers’ current behaviour. 

Presenting author biography 
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Abstract 

Caribou (Rangifer tarandus) and beluga whales (Delphinapterus leucas) are important wildlife hunted 
and harvested as country food by Inuit communities, playing an important role in alleviating food 
insecurity, which is disproportionately high in the Canadian North. The consumption of wildlife has many 
benefits but may also increase the risk of transmission of food borne zoonotic pathogens such as 
Toxoplasma gondii. People living in some regions of the Canadian North have much higher 
seroprevalence of T. gondii than the mainstream North American population, and exposure has been 
linked to consumption of wildlife. The aim of the study was to determine the status of T. gondii and 
related, non-zoonotic coccidian parasites in harvested wildlife harvested by northern communities. 
Heart and brain were collected from caribou from Nunavik (northern Quebec) between 2018 and 2019, 
and belugas from the Eastern Beaufort Sea, Northwest Territories from 2014-2019. DNA of T. gondii was 
detected by magnetic capture qPCR in 1% (n=1/96; 95% CI:0-0.06) of beluga samples; however, all 
caribou samples were negative (n=56). DNA of Sarcocystis spp. was detected in heart tissue of both 
caribou and beluga by Melt curve analysis. Sequencing results from 26 isolates of Sarcocystis obtained 
from caribou indicated 99% identity with S. grueneri whose definitive hosts are wolves, and it was 
previously reported in reindeer from Europe. Further analysis is under way to identify species of 
Sarcocystis in belugas, which was not a close match to existing sequences. This study provides insight 
into the currently available tools to detect tissue coccidians and will help better understand if there is a 
potential risk of transmission of T. gondii to human populations who harvest and consume wildlife. As 
well, the study will contribute to the knowledge of Sarcocystis in wildlife from the Canadian North. 

Presenting author biography 
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Abstract 

In changing northern ecosystems, understanding the mechanisms of transmission of zoonotic 
pathogens, including the coccidian parasite Toxoplasma gondii, is essential to protect vulnerable animal 
and human populations living in these regions. As high-level predators and scavengers, foxes provide a 
sensitive indicator of the distribution and transmission of T. gondii, without being a source of human 
exposure. The objectives of our research are to generate baseline data on T. gondii in foxes across 
northern Canada and understand the trophic relationships between foxes and their prey species. Red 
(Vulpes vulpes) (n=579) and Arctic fox (Vulpes lagopus) carcasses (n=155) were collected by local 
trappers and collaborators from Labrador, Québec, northern Manitoba, Nunavut, and the Northwest 
Territories during winters of 2015-2019. Toxoplasma gondii DNA was detected in heart and brain using 
magnetic capture PCR. Antibodies in heart fluid were detected using enzyme-linked immunosorbent 
assay as evidence of previous exposure to the pathogen. We reconstituted the diet of Nunavik foxes for 
a year by measuring stable isotope ratios of C and N in hair and muscles to link prey with status of 
infection. The overall T. gondii tissue prevalence was 27% (n=179/662, 95% CI:24-31) in foxes, compared 
to a seroprevalence of 36% (n=259/717, 95% CI:33-40). Tissue prevalence in foxes from western Nunavik 
[51% (n=38/75; 95% CI:36-70)] was significantly higher than in eastern Nunavik [20% (n=33/165; 95% 
CI:14-28)], possibly due to dietary differences. Stable isotope mixing model analysis showed that 
infected foxes have a higher probability to consume marine food sources and snow geese (Chen 
caerulescens) compared to negative foxes. Our study sheds new light on the current status of T. gondii in 
foxes in northern Canada. Future work is needed to determine the potential impact of T. gondii infection 
on foxes, and the significance of these findings for human exposure. 

Presenting author biography 
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Toxoplasma gondii in terrestrial ecosystems in the Canadian Western Arctic. She decided to pursue a 

PhD in the same field at University of Saskatchewan, in collaboration with the Research Group on 

Epidemiology of Zoonoses and Public Health at Université de Montréal, where she is based most of the 
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A retrospective study of elk (Cervus canadensis) morbidity and mortality in 
Tennessee and Great Smoky Mountain National Park (2000-2020) 
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Abstract 

Elk (Cervus canadensis) were reintroduced to the North Cumberland Wildlife Management Area 
(NCWMA) in Tennessee and Great Smoky Mountain National Park (GSMNP) in Kentucky, United States 
between 2000 and 2008. Disease, especially Parelaphostrongylus tenuis (meningeal worm) associated 
disease, has been identified as a cause of elk death and potential population limiting factor. To better 
understand primary causes of elk morbidity and mortality and investigate parasite and pathogen 
presence in NCWMA and GSMNP, a retrospective analysis of elk necropsy reports was performed. Elk 
necropsy reports (n=117) submitted to the University of Tennessee College of Veterinary Medicine 
between January 2001 and May 2020 were reviewed. Elk demographic information, diagnoses, and 
cause of death were extracted from each report. Summary statistics were used to elucidate the 
presence of pathogens and parasites in each elk population as well as primary causes of death. The most 
frequent diagnoses (i.e. P. tenuis infection, trauma, and emaciation associated morbidity) were analyzed 
for associations with sex, age, and season using univariate logistic regression. Univariate logistic 
regression was also used to test for associations between meningeal worm infection and incidence of 
trauma in additional to meningeal worm infection and emaciation. Data was analyzed by elk location for 
associations within each elk population and combined for overall trends. Overall, trauma was the most 
commonly diagnosed cause of mortality followed by P. tenuis infection and emaciation associated 
morbidity. Trauma and emaciation were routinely determined to be the cause of death without 
histopathological examination for behavior-altering diseases such as P. tenuis. Complete diagnostics 
should be performed on all wildlife samples submitted to diagnostic labs to determine potential 
underlying factors. Morbidity and mortality evaluations with complete diagnostics permit potential 
identification of targeted management strategies for increasing sustainability of reintroduced elk 
populations. 
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Abstract 

The world of scientists, researchers and educators often seems far removed from the corridors of power 
where political decisions affecting all our lives are made. This oral presentation will discuss the interface 
between research, education and policy making and the case for a more well developed architecture for 
dialogue between these worlds. The presentation will focus on the potential for diversity in one's career, 
bringing together these worlds and looking at the practical experience of a vet who's professional life 
has spanned general practice, veterinary public service and international policy, with a hefty smattering 
of politics. 

Invited speaker biography 
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Abstract 

In 2004, European legislation (Directive 2001/82/EC) established a requirement that all veterinary 
medicinal products (VMPs) that are intended for use in food-producing animals should be subject to 
prescription control. However, Directive 2006/130/EC permits a derogation from this requirement, to be 
applied at the discretion of individual Member States, for certain VMPs that are judged as not 
presenting a risk to human or animal health or to the environment. Currently, in Ireland, most VMPs for 
food-producing animals that contain antiparasitic drugs are supplied as non-prescription medicines.  

The relevant European legislation is set to be replaced by Regulation 2019/6 (application date of 28 Jan 
2022), which is directly applicable throughout the European Union. The criteria for exemption from 
prescription control set out in Regulation 2019/6 are similar to those set out in current legislation. In 
addition, the Regulation introduces new provisions for the authorisation of VMPs that are targeted at 
limiting the development of antiparasitic resistance. 

In 2019, the medicines regulator in Ireland (the HPRA) established a Task Force to review available 
scientific evidence and provide a report on whether or not the current regulatory framework for 
antiparasitic VMPs fulfils the requirements of the relevant EU legislation. A report produced by the Task 
Force noted that there is widespread resistance to anthelmintics in parasites of livestock in Ireland. In 
addition, risks were identified relating to environmental safety of certain antiparasitic VMPs. The report 
concludes that the available scientific evidence shows that antiparasitic VMPs that are intended for use 
in food-producing species do not comply with the criteria for derogation from veterinary prescription. A 
consequence of this determination is that any such products that are supplied without prescription will 
need to be upregulated to supply under veterinary prescription. The HPRA is in the process of 
implementing the findings of the report.  

Invited speaker biography 

David Murphy graduated as a vet from University College Dublin in 1990. Between 1990 and 1997, he 
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Abstract 

Anthelmintic resistance is an emerging concern for control of ruminant parasites such as Haemonchus 
contortus. However, the underlying resistance mechanisms against macrocyclic lactones (MLs) are still 
not fully understood. Xenobiotic metabolizing enzymes, in particular cytochrome P450 enzymes (CYPs), 
play a key role in biotransformation of endogenous and exogenous compounds in almost all living 
organisms. Though differential expression of H. contortus CYPs was analysed in several studies, no single 
CYP was associated to contribute to ML resistance in H. contortus. Previously, introgression of a triple 
resistant Teladorsagia circumcincta into a susceptible background identified several xenobiotic 
metabolizing enzymes overexpressed in resistant worms including a CYP with 20-fold 
overexpression. The H. contortus orthologue CYP HCOI00827700 was expressed in the gut of C. elegans 
N2 and worms of this transgenic line were incubated for 24 h with either IVM or MOX. Thrashing assays 
were performed to record concentration-response curves. The data show for the first time a direct 
effect of a CYP enzyme on ML susceptibility as H. contortus CYP HCOI00827700 increased the EC50 value 
for IVM by approximately 4-fold. In contrast, CYP overexpression had no significant effect on MOX 
efficacy. This indicates a difference in biotransformation between both MLs by this H. contortus CYP. By 
screening additional MLs, the influence of single moieties (e.g. presence of mono or disaccharide 
groups) will be systematically evaluated. Since HCOI00827700 was obtained from a highly ML resistant 
H. contortus isolate, genomic sequences of different H. contortus isolates were compared to identify 
polymorphisms of this CYP potentially associated with ML resistance. In total, 16 single nucleotide 
polymorphisms leading to amino acid exchanges were observed in exons. Intron sequences showed 
insertions/deletions, including complete loss of individual introns. Three-dimensional modelling is used 
to determine whether amino acid polymorphisms are located close to the substrate-binding site. 
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Abstract 

Two laboratory studies were conducted to evaluate the efficacy of Simparica in protecting dogs against 
transmission of Borrelia burgdorferi from infected wild-caught Ixodes scapularis.  In each study, twenty 
dogs seronegative for B. burgdorferi were randomly allocated to treatment with either Simparica, at the 
minimum 2.0 mg/kg sarolaner dose, or placebo. Twenty-eight days after treatment on Day 0, each dog 
was infested with 50 wild-caught adult I. scapularis. Ticks had a 60% (Study 1) and 75% (Study 2) B. 
burgdorferi infection rate, as determined by representative PCR testing. Ticks were counted and 
removed five days later (Day 33). Blood samples were collected from each dog and were tested for B. 
burgdorferi antibodies, qualitatively using the SNAP® 4Dx® Plus test on Days 27, 49, 63, 77, 91 and 104, 
and quantitatively using the Lyme Quant C6® test on Days 27, 63, 77, 91 and 104. Skin biopsies taken on 
Day 104 were tested for the presence of B. burgdorferi by PCR.   

All dogs were confirmed seronegative for B. burgdorferi on Day 27 prior to infestation. On Day 33 
arithmetic mean live tick counts for the placebo-treated dogs were 19.8 and 23.6 and the percent 
reduction in arithmetic mean live tick counts compared to placebo was 96.5% and 100%, for Study 1 and 
2, respectively. Post-infestation, nine of the ten placebo-treated dogs from Study 1 and all ten placebo-
treated dogs from Study 2 were confirmed positive for B. burgdorferi by PCR of skin biopsies and tested 
positive on both antibody tests starting on Day 77 and all testing days subsequently. All dogs treated 
with Simparica remained seronegative on both antibody tests throughout the entire study and all skin 
biopsies tested negative on PCR. In these studies, all dogs treated with Simparica were protected from 
transmission of B. burgdorferi by wild-caught I. scapularis. 
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Abstract 

Three controlled laboratory studies were conducted to investigate the efficacy of a triple combination 
tablet containing sarolaner, moxidectin and pyrantel (Simparica Trio®, Zoetis) in the treatment and 
prevention of induced infestations of three ticks in dogs.   

In each study 16 dogs were randomly allocated to two groups and infested with either 50 
Haemaphysalis longicornis adults (Days -2, 5, 12, 19, 26, 33) or 30 Ixodes holocyclus adults (Days -1, 7, 
14, 21, 28, 35) or 200 Amblyomma cajennense nymphs (Days -2, 5, 12, 19, 26, 33). Dogs received a single 
treatment on Day 0 with placebo or Simparica Trio that provided at least 1.2 mg sarolaner, 24 μg 
moxidectin and 5 mg pyrantel (as pamoate salt) per kg bodyweight. 

Tick were counted at 48 hours (h) (72 h for I. holocyclus) after treatment and after each subsequent re-
infestation. Efficacy was calculated based on the percent reduction of geometric mean live tick counts 
compared to the placebo group.  

No treatment-related adverse reactions were observed in any of these studies.   

Geometric mean live tick counts for dogs treated with Simparica Trio were significantly lower (P<0.0001) 
than the control treated dogs at each time point in each study. Efficacy of Simparica Trio against existing 
infections of H. longicornis was 98.9% and  remained ≥98.3% against weekly re-infestation at 48 h for at 
least 35 days. Simparica Trio was 100% effective against existing infestations of I. holocyclus and ≥99.0% 
effective against subsequent weekly infestations at 72 h to Day 35.  At 48 h, against existing infections of 
A. cajennense Simparica Trio was 98.8% effective and ≥98.1% effective against subsequent re-
infestations to Day 35.  

  

A single dose of Simparica Trio was highly efficacious in treating and preventing infestations of each of 
these tick species, from three regions of the world, for at least 35 days.  
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Abstract 

Lotilaner has been registered as CredelioTM some years ago for control of ticks and fleas on dogs and 
cats. The molecule belongs to the isoxazolines, a chemical class of synthetic parasiticides that is widely 
used for ectoparasite-control in pets. Isoxazolines are described to be safe for mammals due to their 
non-competitive antagonism to GABA (gamma-aminobutyric acid) receptor, with higher selectivity for 
GABA receptors in arthropods than for those in mammals.  Although numerous studies demonstrated 
the high safety of that class, and although the commercialized products are generally well tolerated in 
dogs, adverse drug reactions involving neurological dysfunction occurred in individual animals. 

After demonstration of the high antagonistic activity of lotilaner against GABA-gated chloride 
channels of insects (Dropsophila melanogaster) and ticks (Rhipicephalus microplus) in vitro, there was a 
high interest to further investigate the activity against mammalian GABAA-receptors. In contrast to 
arthropods, where normally only one GABA receptor-type exists, the latter present multimeric 
complexes assembled from a family of at least 21 constituent subunits. We selected seven of the most 
prevalent subunit-combinations in dogs and humans and were able to obtain six functional channels 
with the human subunits and five functional channels with the canine subunits in a Xenopus-oocyte 
expression system. This model allowed to perform electrophysiological experiments in the presence and 
absence of lotilaner and other isoxazolines.  

None of the tested isoxazolines showed an inhibitory effect on the canine GABAA-subunit-combinations. 
In contrast, only lotilaner had no inhibitory effect on the human GABAA-gated chloride channels. All 
other tested molecules demonstrated a dose-dependent antagonisitc effect. 

Although in vitro models represent a substantial simplification of the in vivo situation, the high 
selectivity of lotilaner for the arthropod GABA receptors and the absence of any inhibitory effect on 
mammalian subunit-combinations is a strong contributor to the convincing safety profile of this active 
ingredient. 
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Abstract 

A placebo-controlled, double blind, randomized field study was conducted to investigate the efficacy of 
a triple combination chewable tablet containing sarolaner, moxidectin and pyrantel (Simparica Trio®, 
Zoetis) in the treatment of natural Sarcoptes scabiei infestations in dogs. Twenty-four dogs were 
enrolled (n=12/group) and received two monthly treatments on Days 0 and 30 with placebo or 
Simparica Trio® at minimum label dose of 1.2 mg sarolaner, 24 μg moxidectin and 5 mg pyrantel per kg 
bodyweight. Sarcoptes scabiei counts were conducted in up to 10 skin scrapings from each dog before 
the first treatment on Day 0 and on Days 14, 30, 44 and 60. Efficacy for Simparica Trio® was calculated 
based on the percent reduction of mean live mite counts compared to the placebo group. No treatment-
related adverse reactions occurred during the study. Prior to treatment, on average 53% and 42% of the 
entire body surface of the dogs showed dermatological signs related to the mange infestation, including 
hair loss, papules, pruritus, erythema, scaling and crusting in the placebo and the Simparica Trio®-
treated groups, respectively. In the Simparica Trio® -treated group, the severity and extent of these 
dermatological signs improved throughout the study. Compared to the placebo group, live mite counts 
were reduced by >99% in the Simparica Trio®-treated group by study end on Day 60. By reducing the 
mite counts and clinical signs, Simparica Trio® was highly efficacious in the treatment of S. scabiei 
infestation in dogs.  
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Abstract 

Helminthiasis and resistance to commercial anthelmintic are major causes of economic losses for 
livestock producers, resulting in an urgent need for new drugs. In this work we show the results of in 
vitro anthelmintic activity for a series of novel benzimidazole derivatives (Rios et al, 2013), assayed 
against exsheathed L3 (xL3s) and adult of H. contortus (Kirby anthelmintic-susceptible-isolate). xL3s 
were cultured in multiwell plates according to Preston et al, 2015. The larval motility was measured 72 h 
post-incubation using an infrared tracking device (WMicrotracker) and 7 days post-incubation the 
development of xL3s to L4 was assessed by observation under a microscope of the well-developed 
pharynx in L4. In the adult motility test, worms were cultured in tubes according to O’Grady and Kotze, 
2004 and 72 h post-incubation assay tubes were scored according to the degree of motility shown by 
the worms. None of the novel benzimidazole derivatives tested significantly (p<0.05) affected the 
motility of xL3s, two derivatives (1l and 1n) significantly (p<0.05) affected the development of xL3 to L4 
and eight derivatives (1c, 1j, 1l, 1n, 2a, 2c, 4d, 4e) presented a motility score equal or less than 1.5 in the 
motility test against adult stage, classifying them as active. The developed tests for anthelmintic 
screening using larval stages of H. contortus present many advantages such as the ease of obtaining 
large amounts of material, nevertheless a larger number of "false negatives" results are detected 
compared to the tests that use the adult stage. The in vitro xL3s to L4 development test allows us to get 
closer to the anthelmintic activity obtained in the motility test against adult stage of H. contortus. 

References: Preston, S. etal. Int.J.Parasitol., 2015, 45,333-343; Ríos, N. et al. FutureMed.Chem. 2013, 5, 
1719–1732; O’Grady, J., Kotze, A. Exp.Parasitol., 2004,106,164–172. 

Acknowledgements: CSIC-Udelar, PEDECIBA, ANII 
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In an interdisciplinary program for the development of new anthelmintic drugs, at present I participate 
in two research lines: 

- study of the physiological role played by the Methionine aminopeptidase-2 enzyme in nematodes 
using C.elegans and H.contortus, in order to establish whether this enzyme could be a pharmacological 
target of interest 

- study of the influence of parasitic pharmacokinetics on anthelmintic activity in the larval and adult 
stages of H.contortus 
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Clinical Characterization of Animal Disease caused by newly described 
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Abstract 

The characterization of clinical manifestations of infections with newly described pathogenic organisms, 
whether pathogens that haven’t been described previously, or pathogens which were known to infect 
other hosts and have been shown recently to also cause disease in new animal hosts, is of major 
importance. Description of clinical disease caused by such pathogens is vital for understanding their 
pathogenicity and mechanisms by which they inflict disease. 

When a new pathogenic species is described and characterized genetically, its important to collect 
information associated with the affected animals and the disease presented, and also to initiate 
additional testing that may have not been available as a part of the sick animal’s management. Typically, 
its essential to get basic information about the affected animal’s age, sex, breed, environment, 
geographic location as well as clinical history and signs documented at presentation. The results of a 
complete blood count, serum biochemistry and urinalysis are extremely important as well as detailed 
documentation of lesions. When a clinical abnormality such as anemia is described, its important to 
classify its mechanism, such as type of anemia including blood loss, hemolysis, decreased production or 
iron deficiency. Serum biochemistry is extremely helpful to map the different organs affected by the 
disease and gain broader understanding of the pathogen’s impact. Collecting such information from a 
number of affected animals and comparing them for common features is essential in the process of 
disease characterization. It is also important detect any co-infections if present and evaluate their 
influence.  

Babesia negevi, a recently described new Babesia species infecting dogs, and Borrelia persica, a 
spirochete agent of human relapsing fever recently shown to cause disease in dogs and cats, are 
associated with anemia and thrombocytopenia, and their study is provided as example for clinical 
characterization of disease associated with their infection.  
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Abstract 

In November 2020, a 7-year-old neutered female Pit Bull Terrier was referred to the Veterinary Teaching 
Hospital of the Department of Veterinary Medicine and Animal Production, University of Naples 
Federico II for a two weeks history of lethargy and urine leakage. The dog had lived mostly outdoor in a 
shelter from southern Italy and was adopted when she was 5 years old. In 2017, she had been already 
diagnosed with Babesia spp. and Leishmania infantum infections and treated with imidocarb 
dipropionate and various cycles of therapy with miltefosine and allopurinol. The clinicopathological 
findings revealed lethargy, anorexia, marked splenomegaly, proteinuria and haemoglobinuria. Blood 
examination demonstrated severe macrocytic normochromic anemia with evidence of marked 
regeneration, left shift neutrophilia, monocytosis, marked thrombocytopenia, hyperproteinemia 
and hypoalbuminemia. Blood smear evaluation revealed single to multiple, variable sized (1–3 μm in 
diameter), and round to oval to band-like piroplasms within many red blood cells consistent with small 
forms of Babesia spp. or Theileria spp. A partial segment of the 18S rRNA gene was amplified and the 
PCR product was analyzed by direct sequencing. The nucleotide sequence was completely identical to 
that of B. gibsoni present in GenBank. One week after the end of the therapy (10 days) with atovaquone 
(13.3mg/kg TID, per os) and azithromycin (10mg/kg, SID, per os), piroplasms were not observed on 
blood smear but the dog's clinical condition did not markedly improve and blood PCR remained positive. 
Accurate molecular detection and species identification are important for the selection of correct 
therapy, for predicting the course of disease in dogs with babesiosis and for the evaluation of subclinical 
infections. Awareness should be raised in case of co-infection with leishmaniosis, taking into account the 
possibility of occurence of glomerural disease in B. gibsoni-infected dogs. 
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Vertical transmission of Neospora caninum in wild ungulates and carnivores 
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Abstract 

Introduction 

The occurrence of congenital transmission of Neospora caninum has already been demonstrated in 
several domestic species, especially in cattle, where the parasite is one of the main cause of abortion. 
However the occurrence of this type of transmission in wildlife species is still unclear. The aim of this 
study was to verify the possibility of vertical transmission of N. caninum in three wild species widely 
distributed in Europe, namely roe deer (Capreolus capreolus), wild boar (Sus scrofa) and red fox (Vulpes 
vulpes), and to assess the possibility of a sylvatic cycle of the parasite.  

Materials and methods 

A total of 190 foetuses (72 wild boars, 67 foxes and 51 roe deers) from of 61 pregnant females (24 
pregnant animals naturally infected with N. caninum and 37 negative by PCR) were included in the 
study. From each foetus, samples of central nervous system, skeletal muscle and kidney were collected 
and analysed by PCR, using Np6Plus and Np21Plus as molecular markers. 

Results 

The prevalence found in foetal tissues was 31.37% in roe deer, 25.00% in wild boar and 28.36% in fox. 
Foetuses from positive females were significantly more positive than foetuses from negative female 
(p=4.525-12 OR=11.98). In all tested species, there was a positive correlation between foetal age and N. 
caninum positivity (p=0.007). 

Discussion 

Our results confirm, for the first time, the possibility of Neospora caninum’s congenital transmission in 
these three wild species, highlighting the important role of this route in the maintenance of the parasite 
in a sylvatic cycle. 
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Femoral arterial dirofilariosis in a Cane Corso dog from Louisiana, USA. 
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Abstract 

In August 2017, the Louisiana Animal Disease Diagnostic Laboratory (Baton Rouge, USA) received a thin, 
white nematode (~10cm in length) for identification. The parasitic worm had been surgically removed 
from the distal hindlimb of a two-year-old neutered male Cane Corso dog. The dog was previously 
diagnosed with heartworm disease (based on antigen status) in January 2017, but the owners declined 
adulticide treatment. Seven months later, the dog presented to the primary veterinarian for lameness 
and a non-healing wound on the plantar surface of the left hind paw. The wound did not improve 
following multiple rounds of antibiotic and anti-inflammatory therapy, so an attempt was made to 
surgically debride the necrotic tissue. Multiple worms were removed from the subcutaneous tissue in 
the hind paw and submitted for identification; they were found to have morphological features 
consistent with Dirofilaria species. Following a discussion with the owners, the dog was relinquished to 
the author for treatment. Physical examination and subsequent diagnostic imaging, including the 
ultrasonographic findings of parallel hyperechoic thrombi in the femoral arteries, provided supportive 
evidence of femoral arterial parasitism as the cause of the hindlimb lameness and digital necrosis. 
Treatment included adulticidal therapy and bilateral femoral arteriotomies with worm removal, 
followed by hindlimb amputation. Over 50 worms were removed and identified as Dirofilaria immitis, 
based on morphology and molecular sequencing data. There have been fewer than 15 reported cases of 
femoral arterial dirofilariosis in dogs, and this case is one of the first to include extensive pre- and post-
op findings, along with genetic confirmation of the parasite species. This case illustrates one of several 
unusual heartworm disease presentations, and practitioners should include femoral arterial dirofilariosis 
on their differential list when evaluating 'heartworm-positive' patients with hindlimb lameness and/or 
necrosis, particularly when clinical signs are not attributable to another obvious cause. 
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Abstract 

Leishmania (Mundinia) martiniquensis (LMM) is a neglected pathogen reported in domestic herbivores 
in temperate European areas with an apparent absence of any phlebotomine flies. Reservoir hosts and 
insect vectors of this enigmatic kinetoplastid remain unknown although biting midges were found 
naturally infected by a related species L. (M.) macropodum in Australia. A four-year-old Akchal teke 
mare was admitted to the clinic with the request for treatment of dermatologic problems, including 
several small nodules located on the left upper eyelid. The largest of them located near the canthus had 
a diameter of approximately 1 cm. The mare had been imported from Ukraine to the Czech Republic two 
years before. Fine needle aspiration biopsy (FNAB) of the periorbital lesion was performed. Examination 
of a smear from the FNAB of the periorbital lesion, tentatively identified as a sarcoid, revealed 
numerous Leishmania-like amastigots. Further three samples resulting from the FNAB of the same lesion 
were cultured in rabbit blood agar (SNB-9) supplemented with amikacin penicillin at 23°C. One 
successfully established culture was passaged and stored in the cryobank at the Department of 
Parasitology, Faculty of Science, Charles University, Prague. Total genomic DNA was isolated from all 
samples and from the axenically grown culture using the High Pure PCR Template Preparation Kit 
(Roche). Conventional PCR targeting Leishmania ITS1 was performed. Sequences obtained were 100% 
identical and matched (99.5%) with publicly available sequences (GenBank) of Leishmania (M.) 
martiniquensis. Association of local LMM infection with putative sarcoid lesion and healing of the lesion 
after BCG treatment is discussed. As the horse was imported from Ukraine, we cannot rule out the 
imported nature of the infection. However, to our knowledge, this is a first report of LMM in Europe 
from areas east of Germany, stressing the need for proper differential diagnostics of dermal lesions in 
domestic herbivores. 
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Abstract 

Coccidia display a very characteristic lifecycle, where the parasite switches between asexual and sexual 
development, resulting in the infectious stage, the oocyst. Although Cystoisospora suis, a coccidian 
parasite of swine and close relative of Toxoplasma gondii, is considered an intracellular parasite, it is 
able to continue its development to sexual stages and oocysts in a host cell-free environment as soon as 
merozoites are present. A novel host cell-free culture system was developed by transferring cleaned 
merozoites to fresh culture medium and incubating this culture for five days to induce their progression 
to sexually differentiated stages. The development of sexual stages in the absence of host cells was 
verified by morphological studies, flow cytometry and the transcription analysis of three genes linked to 
sexual stages (HAP2, OWP and TyRP). This host cell-free culture of Cystoisospora suis showed the same 
development as previous in vitro and in vivo studies. Furthermore, the transcription levels of genes 
related to sexual development increase until their peak on the fourth day post transfer. The present 
study describes a new host cell-free culture system for the sexual development of Cystoisospora suis as 
an example for a general coccidian life cycle, comparable to a previously described system that employs 
porcine intestinal cells throughout the parasite’s life cycle. This system allows detailed research on 
sexual (‘bottleneck’) stages in the development of Cystoisospora suis for drug evaluation, and in more 
general terms permits insight into the sexual development of coccidia in search for novel control 
options. 
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Abstract 

Equine Piroplasmosis is considered as a destructive disease affecting Equids.  It is known to be caused 
usually by the hemoprotozoan parasites Theileria equi (T.equi), Babesia caballi (B. caballi) and recently 
the newly identified novel species Theileria haneyi (T. haneyi). The objective of this study is to develop 
sensitive, fast,  and specific molecular tools, such as multiplex PCR which are able to simultaneously 
detect and reveal the diversity of piroplasma spp. in equids targeting the 18s rRNA gene of both species, 
T. equi and B. caballi. A total of 156 Equids blood samples (79 horse, 76 donkey and one mule) have 
been collected from different geographical governorates in Egypt. The results indicated that  16.6 %: 
equids (20.2% horses and 13.1% donkeys) were found infected  with T. equi, 0.6 % with B. 
caballi,  1.9%  (2.5% horses and 1.3% donkey) were found  co-infected with both, T. equi and B. caballi. 
Overall, the results suggest that T. equi is the most common species that infect equids, whereas B. 
caballi infection was less prevalent in the regions under study. Concurrently with the current study, we 
also tested moleculary135 equids blood samples (67 horse, 67 donkeys and 1 mule) for the presence 
of T. haneyi in Egypt for the first time. We found a total of 53 (39.2%) T. haneyi infected equids 
(31(46.2%) in horse, 21(31.3.8%) in donkeys. In addition, the incidence of coinfection with T. equi was 21 
(15.5%) and 2 (1.5%) equids were co-infected with the three species known to be responsible for equine 
piroplasmosis. To our knowledge this the first report of T. haneyi in Egypt but more investigations are 
needed to study the impact of the presence of T. haneyi as a single or as a co-infecting agent with other 
equine piroplasmosis on the infected animals. 
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Abstract 

Bovine coccidiosis is caused by an apicomplexan protozoan parasite Eimeria. We are exploring the use of 
metabarcoding approaches using 18S rDNA, COI and COX-3 mtDNA loci to differentiate cattle Eimeria 
species. To investigate the utility of short-read sequencing for this purpose, markers targeting the 
hypervariable regions of the 18S rRNA coding region were initially tested. Raw short-read sequencing 
data generated on a Illumina Miseq platform was passed through a DADA2 bioinformatic pipeline 
(Callahan et al., 2016) that quality filtered sequences, generated Amplicon Sequence Variants (ASVs) and 
classified them using the Assign Taxonomy or IDTAXA algorithms. Comparative and phylogenetic analysis 
of the reference sequences available and the ASVs generated revealed that none of the three small 
markers could discriminate all eleven cattle Eimeria species. Phylogenetic analysis indicated that the full-
length 18S rRNA coding region could potentially be used to discriminate all eleven cattle Eimeria sp. 
Thus, long-read sequencing of almost the entire 18S gene (1.7kb) was completed on a Sequel I SMRT 
PacBio platform. Raw CCS reads were passed through a DADA2 bioinformatic pipeline with slight 
modification to accommodate the longer sequencing reads (Callahan et al., 2019) resulting in the 
classification of ten species using this approach. To validate our molecular classification, species 
identification was performed in parallel on the same samples using morphometric keys of the 
sporulated oocysts. The molecular species classifications by both short-read and long-read amplicon 
sequencing correlated best with morphology classifications when classified with the IDTAXA algorithm 
(Murali et al., 2018) with 30 percent confidence threshold. The potential use of mitochondrial markers 
COI and COX-3 for the species metabarcoding of bovine Eimeria was investigated. Our initial findings of 
the phylogenetic analysis of the current reference sequences available show that COX-3 may offer an 
exciting alternative marker to 18S rDNA and warrants further study. 
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Abstract 

Coccidiosis caused by Eimeria species is a common, occasionally severe infection resulting in economic 
losses in the rabbit industry. The potential anticoccidial effect of of tannin-containing plant resources, 
fed in rabbits has been previously reported in vivo. However, the mode of action remains unknown. 
During this study, we investigated invitrothe anticoccidial effect of selected plant extracts by targeting 
two developmental phases of Eimeria life cycle: based on 1) an oocysts sporulation assay (OSA), 2) a 
sporozoites excystation assay (SEA). For this purpose, Eimeria oocysts of different species were 
harvested from naturally infected rabbits. Overall, 6 extracts of 3 plants (carob(Ceratonia siliqua) pods, 
grapes(Vitis vinifera) (skins and stems) and sainfoin pellets (Onobrychis viciifolia, var. Perly) harvested on 
3 occasions) were prepared in PBS and tested at 0 to 1200 μg/ml for both OSA and SEA. For the OSA, 
freshly harvested oocysts were incubated with the extracts for 4 days at 26°C in order to 
enable  sporulation. The sporulation rate reached 95% in all cases showing no significant effect of 
extracts. For SEA, oocysts were left to sporulate up to 98% before adding extracts. Solution was 
suspended first for 20h at 39°C in 20% CO2 with cysteine and NaHCO3, then 4h more with an 
excystation solution (0.4% trypsin/HBSS and 40% rabbit bile/PBS). Thereafter, excystation progress was 
checked every 4 hours until excystation rate reached at least 85% in controls. After 4 hours, grape 
extracts inhibited oocyst excystation from - 53% (150 μg/ml) to - 85%(1200 μg/ml) (p<0.001). Carob 
extract at 1200 μg/ml reached an excystation of 37%. Sainfoin effect varied depending on the harvest 
cut and year, with excystation rate ranging between 60 to 93% (lower excystation rate for a third-cut). 
These results suggest some disturbing effects of plants extracts tested on the coccidial excystation 
process.   
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Abstract 

The aim of this study is to summarize the results of a coprological diagnostic service developed by 
Elanco Animal Health together with IZSUM laboratories and to increase the knowledge about coccidiosis 
in Italian dairy cattle farms. From May 2014 to February 2019, 515 farm samples have been analyzed, 
belonging to 275 farms, all over the country. Each farm sample was composed by 1 to 7 pools with 86% 
having 3 or more pools. Species identification has been possible in 52% (n=268) of the samples. A high 
prevalence of the 503 samples (98%) had at least one pool with coccidia oocysts. An arbitrary clinical 
Eimeria oocysts count cut-off value was identified at 400 oocysts per gram (OPG), so that 63% of the 
samples had at least one pool with an OPG count above the cut-off level. Summer and fall samples 
yielded the highest percentage of positive pools. Moreover, 18% of the samples subjected to 
identification also contained other parasites, with a predominance of Strongyloides spp.. Eleven Eimeria 
species were identified (E. zuerni prevalence of 38%, E. bovis 57%, E. alabamensis 13%, E. cylindrica 29%, 
E. ellipsoidalis 56%, E. auburnensis 27%, E. canadensis 18%, E. subspherica 26%, E. bukidnonensis 0,4%, 
E. wyomingensis 19%, E. pellita 2%). No E. brasilensis was found.  In 77% (n=206) of the samples at least 
one pathogenic coccidia was found (E. zuerni, E. bovis, E. alabamensis), and in the 27% (n=72) of the 
cases more than one pathogenic species was found. Pathogenic species were found in 68% of the 
samples in compresence with non-pathogenic ones. Samples having at least one pool with >400 OPG 
were more likely for the identification of pathogenic species (Relative Risk=1.23). It is possible to 
conclude that eimeriosis is a common issue in Italian dairy cattle farms and pathogenic Eimeria can be 
frequently identified.  
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Abstract 

Haemonchus contortus is among the most pathogenic nematode species in small ruminants and 
anthelmintic resistance (AR) hampers its efficient control. The AR status of farms should therefore be 
monitored regularly. For the benzimidazoles (BZs), a widely used anthelmintic class, the detection of 
resistance alleles characterized by single nucleotide polymorphisms (SNPs) is a very sensitive method to 
detect AR in trichostrongyloids. Digital PCR (dPCR) is a rather new, highly precise and sensitive method 
for SNP quantification. The most common polymorphism associated with BZ resistance in H. contortus is 
located in codon 200 (F200Y) of the β tubulin isotype 1 gene. Likewise, also changes in codon 167 
(F167Y) and codon 198 (E198A, E198L) were observed to correlate with BZ resistance. The aim of our 
study was to establish dPCR assays to detect all of the above-described mutations in H. contortus. First, 
each assay was validated using synthetic fragments of H. contortus DNA containing the polymorphisms 
of interest. Then, samples from larval cultures collected from 27 Austrian and 10 Italian sheep farms 
were analyzed. For comparison, the latter were also analyzed by pyrosequencing. For H. contortus from 
Austrian sheep, elevated frequencies of F200Y resistance alleles (18.2%-100%; median = 93.2%) were 
detected in all samples. F167Y was also present on 5 farms (11.1%-81.4%). Low levels (up to 35.7%) of 
E198A were detected on 5 farms while E198L was not detected. On three farms from Italy, F200Y was 
found (5.4%-84.2%) while other resistance alleles were absent. Polymorphisms in codon 167 and codon 
198 were identified in H. contortus from Austria for the first time, and the high rate of F200Y observed in 
previous studies was confirmed. In Italy, frequency of resistance alleles was still comparatively low. 
However, early stage resistance was visible. Future research on AR-development could benefit from 
such early onset of SNP-surveillance.  
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Abstract 

Sheep scab is an economically damaging ectoparasitic disease caused by the Psoroptes Ovis mite that 
poses a significant welfare concern for the sheep population in Great Britain (GB). Though sheep scab is 
endemic in GB, the recent development of resistance to common treatments has emphasised the 
importance of timely control. In 2017 a new diagnostic ELISA test for sheep scab was commercialised in 
GB.  Different to the current clinical diagnosis via skin scraping, the sheep scab ELISA reliably detects P. 
ovis infestation early, at the subclinical stage. This allows the infestation to be identified before clinical 
signs emerge, reducing the risk of developing clinical disease and also limiting spread and economic loss. 

This study collated and analysed data from the sheep scab ELISA since commercialisation to examine its 
current use, identify risk factors for infestation, and to consider its value as a complementary source of 
data for surveillance. As expected, the number of submissions increased substantially over time, with 
the highest number received in the last month of the study period (August 2019). The data consistently 
showed seasonal patterns, with the highest number of submissions occurring in autumn and winter. 
While spatial analysis showed wide-spread uptake across England and Wales, only few ELISA 
submissions originated from Scotland, likely due to sheep scab being notifiable in this country. A 12-
sample ELISA submission is recommended to accurately estimate a flock’s serostatus and indeed these 
were most frequently submitted. Interestingly, the majority of submissions originated from itchy sheep, 
showing the test is also widely used to diagnose sheep with clinical signs. Double fencing displayed a 
significant negative association to a positive serostatus submission; however, common grazing was not 
identified as a risk factor. Finally, this study created a new database which could be further exploited to 
improve sheep scab control. 
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Abstract 

The density of infective third stage larvae (L3) on pasture is crucial to the epidemiology 
of gastrointestinal nematodes (GIN) in grazing ruminants but is difficult and time consuming to measure. 
The application of grazing management for parasite control in cattle consequently lacks precision, both 
in research and practice. In this study the GLOWORM-FL simulation framework was extended to 
incorporate grazing management in the form of rotational grazing, allowing estimation of L3 pasture 
contamination on a paddock by paddock basis. To test the model, four groups of second grazing season 
cattle (n = 44) were followed throughout the 2019 grazing season, recording movement 
between paddocks, GIN faecal egg counts, live weight, and late-season pasture larval counts. 
Coprocultures showed a predominance of Ostertagia ostertagi, and the model was therefore 
implemented using O. ostertagi parameters. Maps were produced to illustrate change in predicted 
numbers of L3 on herbage across 24 separate grazing paddocks. Model predictions of L3/kg dry matter 
herbage showed good agreement with pasture larvae counts, and peaked at 11,694 L3/kgDM. Numbers 
of L3 were predicted to decline gradually over winter, returning to similar intensities between paddocks 
by the start of the following grazing season, irrespective of contamination levels in the previous year. 
The success of grazing management strategies for parasite control relies on knowledge of parasite 
population dynamics, including when L3 are likely to appear on pasture, levels they will reach on 
herbage and the length of time they remain on pasture as a source of infection. The current study 
applies a mechanistic modelling approach to estimate these factors within a cattle rotational grazing 
system, and with further refinement could form the basis of a dynamic decision support tool to guide 
grazing management and sustainable nematode control. 
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Abstract 

Early immune responses to Fasciola hepatica are thought to be important in parasite establishment and 
infection outcome. However, knowledge of the antigen specificity of this early response is lacking. In this 
study, local adaptive immune responses within hepatic lymph nodes (HLN) were characterised during 
early infection of sheep. 

Two groups of eight 6-month-old male Merino-breedsheep each wereused (G1: uninfected animals, G2: 
infected animals). Sheep from G2 were orally challenged with 150 F. hepatica metacercariae of bovine 
origin and were slaughtered 16 days post-infection. HLN were isolated and re-stimulated with 10 F. 
hepatica antigens enriched in the secretomes of juvenile/immature (FhCB1, FhCB2, FhCB3, FhCL3, 
FhKT1), adult (FhCL1, FhCL2) parasites and three cystatins (FhCys1, FhCys2, FhCys3). Antigen-specific 
lympho-proliferation and Interleukin (IL)-10, IL-4 and interferon-γ (IFN-γ) production was assessed. 

All antigens with the exception of FhCys2 elicited an increase in HLN cell proliferation and statistical 
differences were detected between groups in eight out of ten antigens: P< 0.001 for FhCys1, FhCB1, 
FhCB2, FhCB3, FhCL2, FhCL3; and P< 0.05 for FhCys3 and FhCL1. Proliferative responses were highest for 
juvenile-associated antigens FhCB2 and FhCB3. Antigen-specific production of IL-4 was significantly 
increased in G2 animals for FhCys1 (P = 0.0292), FhCB1 (P = 0.0022), FhCB2 (P = 0.0024), FhCB3 (P = 
0.0009), FhCL2 (P = 0.0023) and FhCL3 (P = 0.0089); higher level of IL-10 production was detected in G2 
for FhCys3 (P = 0.007), FhCB1 and FhCL2 (P = 0.0019); and IFN-γ release was significantly increased in G2 
for FhCB2 (P = 0.0298), FhCB3 (P = 0.0135) and FhCL2 (P = 0.024). 

This study has identified a number of F. hepatica antigens targeted by the early adaptive immune 
response to the parasite. This information is useful for the development of vaccines targeting the initial 
migrating-stage of infection 
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Abstract 

Three-stage cluster random sampling was done for determination of the association of herd 
management with the prevalence of tick (Acari: Ixodidae) infestation in goats (Capra hircus) in southern 
Punjab, Pakistan. A total of 136 nomadic goat herds and settled farms were screened for ticks and 
related information like nature of herds, herd size, farming pattern, animal keeping, housing, floor 
pattern and hygienic measures and documented on a pre-structured questionnaire. In addition, 
participatory epidemiological tools were used to document trends of consultancy and therapy, choice of 
drugs and therapeutic approaches. A significant tick infestation (56.30%) was found in all the settled 
farms or nomadic herds irrespective of the herd size; however, herds having 40-60 goats showed highest 
infestation. Among 109 (80.1%) settled farms and 27 (19.8%) nomadic herds, highest infestation was 
found in nomadic herds. No significant association of tick infestation was found with the goat herds 
reared with large ruminants or separately. Association of tick infestation with goat herds reared in 
closed housing system was found to be significantly higher as compared to partially-closed or open. 
Tethered goats showed significantly higher rate of tick infestation than free living. Uncemented (Kacha) 
floor was a higher risk factor for tick infestation as compared to cemented and bricked. The goats of the 
settled farms were more prone to tick infestation whose owner neglected the tick infestation, consulted 
with quacks, used ethnoveterinary medicine and petroleum for control of ticks. The findings of present 
study will be helpful in devising appropriate extension services for the control of tick infestation in the 
selected region in specific and in resource-poor countries with similar livestock husbandry systems, in 
general.  
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Abstract 

In the past two decades the distribution of canine vector borne diseases (CVBDs) has been investigated 
mainly in industrialized countries of the north hemisphere, whereas data in developing countries is 
scant. India has a dog population of about 118 million with vague data on stray dog population. Though 
capture-neuter-vaccinate-release programme endorsed by WHO is still continuing, during economic 
crisis only a small proportion of stray dogs were included, and therefore these animals may act as 
reservoirs of several zoonotic parasites. Indeed, a recent study reported a high prevalence of CVBD-
causing pathogens (Hepatozoon canis, Babesia spp., Ehrlichia spp., Anaplasma spp., filarioids and 
Leishmania spp.) in blood and tick samples collected from stray dogs in India. Of the 230 animals 
examined, 229 (99.6%) were infested by ticks (mean intensity, 5.65) with Rhipicephalus sanguineus 
sensu lato (98.3%) and Rhipicephalus haemaphysaloides (1.7%) being morphologically identified. 
Overall, 67.8% of dogs and 78.3% ticks were positive for at least one pathogen with H. canis being the 
most prevalent (37.8% dogs, 42.5% ticks) followed by Anaplasma platys (22.6% dogs, 33.8% ticks), 
Ehrlichia canis (16.1% dogs, 16.9% ticks), Babesia vogeli (10% dogs, 3.8% ticks), Anaplasma 
phagocytophilum (0.4% dogs, 3.1% ticks) and Babesia gibsoni (0.4% dogs). Two filaroids (one each of 
Dirofilaria hongkongensis and Brugia malayi, 0.4%) were molecularly detected in dogs whilst no animals 
scored positive for Leishmania spp. Despite the admirable progress made by India towards the 
elimination of lymphatic filariasis, detection of B. malayi in dogs is a concern. Furthermore, recent 
outbreaks of human visceral leishmaniasis in eastern India, increasing prevalence of dirofilariasis and the 
recent report of A. phagocytophilum in ticks suggest for the need of further surveillance and adoption of 
adequate treatment as well as control measures to reduce the risk of CVBD-causing pathogens including 
those of zoonotic concern. 
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Abstract 

The aim of this study was to determine exposure to vector-borne pathogens (VBPs) in populations of 
dogs living on Greek islands located in the Ionian and Aegean seas. In total, 1154 dogs with different 
lifestyles and of varying ages and breeds were sampled and examined for the presence of clinical signs 
compatible with canine vector-borne diseases (CVBDs). Blood was collected from each animal. For the 
detection of antibodies against Leishmania spp, the WITNESS® Leishmania test was performed, and 
positive samples were further examined with indirect enzymatic immunoassay (ELISA). Antibodies to 
Borrelia burgdorferi, Ehrlichia canis/E. ewingii, and Anaplasma phagocytophilum/A. platys were 
investigated using the Snap® 4Dx®Plus test. Positive Ehrlichia spp and Anaplasma spp samples were 
further examined with indirect ELISA. Antibodies to Babesia spp were also investigated with indirect 
ELISA. ELISA-positive Anaplasma and Babesia samples were further processed with molecular analyses. 
Ticks from the animals were collected and sandflies were captured in Aegean islands, for species 
identification. In total, 25.6% of dogs were exposed to at least one of the pathogens investigated, with 
seroprevalences varying regionally. Of these dogs, 27.4% displayed clinical signs suggestive of CVBDs, 
i.e. cutaneous lesions, enlarged lymph nodes, pale mucous membranes, onychogryphosis and weight 
loss. The overall seroprevalence using rapid tests was 15.3% for Leishmania spp, 2.3% for 
Anaplasma spp and 7.5% for Ehrlichia spp, while B. burgdorferi was not detected. Babesia antibodies 
were detected to 12.5% of the samples tested. Four samples out of the 24 ELISA-positive for A. 
phagocytophilum, identified as A. platys with PCR and sequencing.  The majority (98.9%) of the ticks 
were Rhipicephalus sanguineus s.l, while sandflies belonged to 9 Phlebotomus species all competent 
vectors of L. infantum. Results confirm exposure of dogs to VBPs in the geographical areas investigated, 
suggesting the presence of distinct “hot-spots” of VBP infections on different Greek islands. 

Presenting author biography 

Panagiota Ligda is a Molecular Biologist and Geneticist from Greece. She holds a PhD degree in 
Veterinary Science from Ghent University.  

Since 2013 she is working as a research assistant in the Laboratory of Parasitology of the Veterinary 
Research Institute of the Hellenic Agricultural Organization – DIMITRA (ELGO-DIMITRA) and has 
participated in several National and European Research Projects.  



 

 

260 

 

Her research focus is on waterborne and foodborne parasites, mainly Giardia and Cryptosporidium, as 
well as vector-borne diseases.  

Panagiota is an author and co-author of 8 scientific publications in international journals and has actively 
participated in several national and international conferences. 

 



 

 

261 

 

O-3027 

The use of molecular markers to investigate possible resistance to heartworm 
preventives in Dirofilaria immitis samples from heartworm positive dogs in 
Europe 

Emily Curry1, Donato Traversa2, Elena Carretón3, Laura Kramer4, Heinz Sager5, Lisa Young6, Prichard 

Roger1 

1Institute of Parasitology, McGill University, Sainte Anne-de-Bellevue, Canada. 2Faculty of Veterinary 

Medicine, Località Piano d'Accio, Teramo, Italy. 3Faculty of Veterinary Medicine, IUIBS, University of Las 

Palmas de Gran Canaria, Las Palmas, Spain. 4Dip. Scienze Medico-Veterinarie, Università di Parma, 

Parma, Italy. 5Elanco Tiergesundheit AG, Basel, Switzerland. 6Elanco Animal Health, Greenfield, USA 

Abstract 

Dirofilaria immitis is a parasitic filarial nematode. It is the causative agent of Dirofilariasis, a potentially 
fatal pulmonary infection which primarily infects canids and felines. Dirofilariasis infections are primarily 
controlled with a prophylactic macrocyclic lactone (ML) regimen. Recent evidence has confirmed the 
development of ML-resistant isolates which are genetically distinct form wild-type populations. Previous 
research has clinically validated 9 single nucleotide polymorphism (SNP) molecular markers associated 
with resistance phenotypes. Previous ML-resistant samples, used to develop the SNP markers, had been 
collected from North America. In this study, three D. immitis US laboratory-maintained isolates and ten 
European D. immitis clinical isolates, from Italy, Spain, and Hungary were analyzed. The samples tested 
were fresh mf in blood, adult worms shipped in ethanol and rehydrated in phosphate buffered saline 
(PBS), or DNA extracted from frozen samples. After DNA extraction, each sample underwent MiSeq 
sequencing of regions encompassing 9 SNP sites previously correlated with ML resistance. The 
nucleotide frequencies of the 9 SNP sites were analyzed. The three laboratory-maintained US D. immitis 
isolates contained two known susceptible isolates and one resistant isolate. The genotype analysis of 
the European clinical isolates showed that all the European samples had genotypes consistent with 
susceptibility. Prior to the genotyping the European samples, it was possible that the positive 
heartworm infections could have arisen because of the development of ML-resistance or due to lack of 
owner compliance or incomplete use of heartworm preventatives. Our results indicate no evidence of 
ML-resistance and suggests that resistance has not developed, so far, in Europe, or been introduced via 
movement of infected dogs. However, vigilance is needed to maintain susceptibility to heartworm 
preventives in regions of the world so far without resistance. Research supported by Elanco Animal 
Health. 
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Abstract 

Angiostrongylus vasorum, a cardiopulmonary nematode of canids, resides in the right side of the heart 
and the pulmonary artery of the definitive host and causes respiratory problems, internal or open 
bleeding and neurological disorders. Because it remains unclear how A. vasorum induces bleeding 
disorders and hyperfibrinolysis in dogs, we performed a deep proteomic characterization of sex specific 
A. vasorum excretory/secretory proteins (ESP) and cuticular surface proteins and evaluated the effect of 
ESP on host coagulation and fibrinolysis in vitro. Proteins were quantified by liquid chromatography 
coupled to mass spectrometry (LC-MS) and functionally characterized through orthology analysis and 
pathway enrichment analysis. In total, we identified 1069 ESP (944 from female and 959 from male 
specimens) and 1594 surface proteins (715 and 1477, respectively). ESP and surface protein fractions 
both contain putative modulators of host coagulation, such as von Willebrand factor type D domain 
protein orthologues, proteases (including serine type proteases), protease inhibitors and proteasome 
subunits. Most of the abundant pathways represented regulatory nematode processes but also included 
the pathway ‘Proteasome’. The effect of ESP on coagulation and fibrinolysis in dog blood was evaluated 
using rotational thromboelastometry (ROTEM). ROTEM testing revealed minimal interaction of ESP with 
dog blood and did not change onset of fibrinolysis. Angiostrongylus vasorum ESP therefore are not the 
sole trigger inducing bleeding in dogs. Still, several highly abundant ESP or surface proteins may 
interfere with the host’s vascular haemostasis and likely contribute to the onset of bleeding disorders 
observed upon A. vasorum infections. It is likely that the coagulopathies in infected dogs are the result 
of vascular interaction and a multifactorial response of the host to this parasitic infection. 

 

Presenting author biography 

Nina Gillis-Germitsch is a PhD student and EVPC resident from the Institute of Parasitology, University of 
Zurich, Switzerland. She obtained her veterinary degree from the Vetsuisse faculty, University of Zurich 
in 2015 and in 2017 obtained her veterinary doctorate (Dr. med. vet. / DVM) by studying the 
epidemiology and detection of lungworms in canids. She continued her path in veterinary parasitology 



 

 

264 

 

at the Institute of Parasitology in Zurich by conducting a PhD with a focus on Angiostrongylus vasorum 
host-parasite interaction. 



 

 

265 

 

O-3029 

Feline leishmaniosis in endemic regions of the Mediterranean basin: first results 
from a multicentre study 

Roberta Iatta1, Gad Baneth2, Yaarit Nachum-Biala2, Guadalupe Mirò3, Ana Montoya3, Elias 

Papadopoulos4, Giovanni Benelli5, Bettina Schunack6, Domenico Otranto1,7 

1Department of Veterinary Medicine, University of Bari, Bari, Italy. 2School of Veterinary Medicine, 

Hebrew University, Rehovot, Israel. 3Animal Health Department, Veterinary Faculty, Universidad 

Complutense de Madrid, Madrid, Spain. 4Department of Infectious and Parasitic Diseases and Pathology, 

School of Veterinary Medicine, Aristotle University of Thessaloniki,, Thessaloniki, Greece. 5Department 

of Agriculture, Food and Environment, University of Pisa, Pisa, Italy. 6Elanco Animal Health, Monheim, 

Germany. 7Department of Pathobiology, Faculty of Veterinary Science, Bu-Ali Sina University, Hamedan, 

Iran, Islamic Republic of 

Abstract 

To fill knowledge gaps on the distribution of feline leishmaniosis, its clinical and pathological 
manifestations as well as associated risk factors, we are conducting a multicentre study on the 
occurrence of Leishmania infantum infection in cats living in Mediterranean countries. To date, 760 cats 
have been enrolled from Spain (n=305), Italy (n=221), Greece (n=124) and Israel (n=110) and their sera 
tested by indirect immunofluorescence antibody test (IFAT). 

Cat population was composed of 381 females and 379 males of which 199 (13.5%) were less than 18 
months old, 323 (22.5%) between 18 months and 6 years old, and 238 (64%) older than 6 years. Cats 
were recruited from colony (n=223), shelter (n=42) and stray (n=13) environments or were privately 
owned (n=482) with most being the common European breed (n =708, 93.1%). 

An overall seroprevalence of 8.8% (67/760) was recorded by IFAT with a higher rate in Israel (16.3%) 
followed by Spain (8.8%), Greece (8.1%) and Italy (5.4%). L. infantum DNA was detected by real time-
PCR in 6 out of 67 seropositive cats (8.9%). 

The risk of L. infantum infection in cats was significantly associated to the geographical areas (Israel vs 
Italy; p=0.0002) and age (>72 months vs <18 months; p=0.006, and >72 months vs 19-71 months; 
p=0.022). Contingency analysis showed a significant relationship between L. infantum seropositivity and 
the following clinical signs: disorexia/anorexia (p=0.002), cutaneous lesions, (p=0.005), alopecia 
(p=0.005), renal disease (p=0.009) and upper respiratory disease (p=0.040). 

These findings suggest that cats exposed to sand fly bites are at risk for infection and presentation of 
clinical forms. Further data on the diagnosis by ELISA, the presence of clinical-pathological abnormalities 
as well as retroviral infections will advance the knowledge of infection by L. infantum in feline 
populations from countries in the Mediterranean basin.  
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Abstract 

Canine vector-borne diseases (CVBDs) are of global importance since most of them are of zoonotic 
concern posing a direct threat to human health in addition to animal welfare. This study aimed to 
provide a comprehensive overview on the prevalence of CVBDs in sheltered and owned dogs from Iran 
and Pakistan where available data is scarce. Blood samples were collected from 403 dogs from six 
provinces in two countries and tested for DNA of Anaplasma spp., Rickettsia spp., filarioids, Leishmania 
spp., Coxiella burnetii, Ehrlichia spp., Babesia spp. and Hepatozoon spp. by conventional and real-time 
PCR. Furthermore, serum samples were screened for the detection of antibodies against L. infantum by 
IFAT. The occurrence of dogs positive for at least one pathogen was 46.9% with Hepatozoon canis the 
most frequently detected pathogen (41.4%), followed by A. platys (6.4%), E. canis (3.4%), Rickettsia spp. 
(2.2%), B. vogeli (1.0%) and L. infantum (0.3%). A seroprevalence of 9.6% to anti-L. infantum antibodies 
was also recorded. Results of this study indicate that dog populations from Iran and Pakistan are 
exposed to multiple pathogens transmitted by arthropods. Moreover, the circulation of spotted fever 
group Rickettsia spp. and L. infantum as well as of potentially zoonotic pathogens (i.e., A. platys and E. 
canis) may represent relevant public health issues. Therefore, effective control strategies and increasing 
public awareness for minimizing the risk of infection in animals and humans is recommended.  
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Abstract 

Since the introduction of toltrazuril for the metaphylaxis of piglet coccidiosis, only few field evaluations 
on the effect of treatment were performed. In 2018-2020, a non-randomized field survey was 
conducted to determine the presence of Cystoisospora suis on pig farms in six European countries, and 
to evaluate management parameters possibly associated with infection and diarrhoea. A total of 72 
farms (65-10,000 sows/farm) from Austria, Belgium, the Czech Republic, Germany, the Netherlands and 
Spain were included. Pooled faecal samples from 833 litters were taken in the 2nd and 3rd week of life 
and examined for consistency (1= firm, 2=pasty, 3=semiliquid, 4=liquid, with 3 / 4=diarrhoea) and the 
presence of C. suis (autofluorescence). For each farm management (including cleaning and disinfection) 
and treatment history was documented. Overall, 68% of the farms (43-83% by country) were positive 
for C. suis at least once, and on average 67% (47-83%) had diarrhoea. At the litter level, 46% excreted C. 
suis oocysts at least once, and 11% showed diarrhoea at least once. Parasites were diagnosed more 
frequently on farms with diarrhoea than on those without, but the correlation between oocyst excretion 
and diarrhoea in individual samples was poor, and samples with pasty consistency but not with faecal 
scores 3 and 4 were significantly more often positive for oocysts. Toltrazuril treatment (40 farms) only 
significantly reduced the occurrence of parasites when treatment was applied within the first three days 
of life. Disinfection with cresol-based compounds (but not with other chemicals) significantly reduced 
oocyst excretion and pasty and diarrhoeic faeces. Current control of C. suis appears to be insufficient on 
the majority of the examined farms. These findings highlight the importance of timely application 
treatment and an effective hygiene management. In addition, efficacy monitoring of the measures taken 
should be implemented to support cost-effective and sustainable parasite control. 
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Abstract 

On St. Lucia, a Caribbean island, there are efforts to expand and improve sheep production which 
currently consists of approximately 2000 sheep spread over 75 farms. A major constrain to production is 
gastro-intestinal nematodes, primarily Haemonchus contortus. In 2020, a small field study assessed the 
status of resistance to ivermectin and fenbendazole, the only anthelmintics available. Four farms that 
had not administered anthelmintics within the previous 6 weeks and had at least 6 sheep between 2 and 
6 months of age were selected for the study (one sheep of 10 months of age was inadvertently 
included). For three farms, sheep were randomly allocated within farms to an untreated control, 
ivermectin (Bomectin® Oral 0.1%, Interchemie Werken; 1 mL/5 kg) or fenbendazole (Fendazol 10%, 
Kepro BV; PO 1 mL/20 kg) group with the fourth farm having sheep allocated only to the control and 
ivermectin groups. A total of 34 sheep were allocated: 13 control, 13 ivermectin and 8 fenbendazole. 
Age, sex and bodyweight were not statistically different among the groups. A McMaster using 4 g of 
feces and saturated salt was used to determine the fecal egg counts (FECs) 14 days posttreatment and 
the FEC reduction calculated using the formula 100*[1-(mean treated/mean control)]. The FECs were: 
control 2,527 epg (0-10,400); ivermectin 2,119 (0-6,450); and fenbedazole 1,756 (1,150-6,000). 
Ivermectin and fenbendazole achieved a 16% and 30.5% reduction, respectively. While there are 
limitations in this study with the small sample size and lack of pretreatment FECs, the results suggest 
high resistance. Given the regular selling of sheep and shared grazing areas, this resistance is likely 
across farms on the island. Prior to introduction of new anthelmintics, it is critical to provide training on 
selective treatments, alternative control measures and breeding for resistance and/or resilience, if the 
industry is to grow. 
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Abstract 

The lack of large-scale molecular epidemiology studies of anthelmintic resistance in parasitic nematode 
populations and our relatively poor understanding of how anthelmintic resistance emerges and spreads 
represents a major knowledge gap. We have utilized deep amplicon sequencing to study the molecular 
epidemiology of benzimidazole resistance mutations in 102 and 28 gastrointestinal nematode (GIN) 
populations of sheep flocks from Western Canada and across Eastern and Central USA respectively. The 
patterns of benzimidazole resistance mutations in Western Canada and USA was more similar to each 
other than those previously found in large scale studies in the UK and Europe. The isotype-1 β-
tubulinF200Y (TTC>TAC) substitution was found to be the most common widespread benzimidazole 
resistance mutation by far in all regions whereas substitutions at codons 198 and 167 were rare and 
more regional suggesting they are at the very early stage of emergence. Although resistance was at a 
more advanced stage in the USA, the same mutations were present in the three major GIN species and 
the hierarchy of the frequencies of different mutations across each GIN species was the same: 
Haemonchus contortus > Trichostrongylus colubriformis > Teladorsagia circumcincta. Analysis of 
benzimidazole resistance allelic diversity and haplotype distributions found that the most common 
resistance haplotypes were shared between Western Canadian and USA for all three parasite species, 
strongly suggesting common origins of resistance in these two countries. Given the higher drug 
treatment selection pressure and more advanced stage of resistance in the USA, we propose the 
hypothesis that benzimidazole resistance has been originally imported into Canada from the USA related 
to the high-level animal movement. This supports the wider hypothesis that anthelmintic resistance 
typically emerges from a relatively small number of origins in a contiguous geographical region and 
emphasizes the importance of biosecurity in mitigation and control.  
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2020, applying deep amplicon sequencing and molecular epidemiology tools to study how the 
anthelmintic resistance arise and spread. 
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Abstract 

Data generated during acaricide efficacy trials, including dose confirmation and field studies, is essential 
for the registration of new ectoparasiticides in most developed countries. Specific guidelines for the 
conduct of such studies have been described by the W.A.A.V.P. and are being used by government 
regulators around the world. In Australia, the tick species Rhipicephalus microplus (Cattle Tick), R. 
sanguineus (Brown Dog Tick), Haemaphysalis longicornis (Bush Tick) and Ixodes holocyclus (Australian 
Paralysis Tick) are of greatest veterinary significance. Ixodes holocyclus is of particular importance 
because it has very high pathogenic potential and every year ~10,000 domestic animals are presented to 
veterinarians with symptoms of tick toxicosis. This tick is exclusive to the Australian environment and 
has a specialized life cycle that involves native wildlife hosts which complicates the laboratory 
propagation of this species and currently no laboratory colony exists. For animal welfare reasons, and to 
reduce the incidence of tick toxicosis in untreated control animals during these trials, animals need to be 
‘immunized’ with increasing numbers of ticks in the lead-up to such studies. Here we describe the 
conduct of specialized I. holocyclus efficacy trials at our Australian research facility. Furthermore, we 
discuss the challenges associated with the supply, storage and infestation procedure during I. holocyclus 
efficacy trials. 
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Abstract 

Introduction.  The routine use of moxidectin and ivermectin at The Donkey Sanctuary was reduced 
progressively between 2010-2015 in order to minimise the development of anthelmintic resistance. We 
aimed to quantify the change in anthelmintic efficacy over time along with group and animal-level risk 
factors for reduced efficacy.  Methods.  FECRT data were obtained from a total of 1614 equidae 
(primarily donkeys) kept in 68 co-grazed cohorts on 8 sanctuaries within The Donkey Sanctuary, Devon. 
One or two pre-treatment samples from each animal were examined using the standard McMaster 
method in conjunction with moxidectin dosing during winter housing in 2010, 2013, 2018 and 2019. 
Between one and four post-treatment samples were also obtained from each of the same animals 10-14 
days later. In total, over 4500 faecal egg counts were available for analysis. Bayesian modelling 
techniques were used to estimate efficacy for each cohort and year within two statistical models 
describing the entire dataset: one model based on arithmetic means and one model based on geometric 
means. Fixed-effect interactions of year, sanctuary, cohort-level factors, and animal-level factors were 
used to assess associations with efficacy. Random slopes were used to describe variation in efficacy 
between groups and individual animals.  Results.  Mean efficacy deteriorated between 2010-2013, and 
then stabilised between 2013-2019. Estimates for group-level factors indicate that manually removing 
faeces from pasture is associated with increased anthelmintic efficacy, and that donkeys are associated 
with reduced efficacy relative to ponies/hybrids.  Discussion.  Using a pair of customised statistical 
models, we were able to estimate the temporal dynamics and risk factors associated with reduced 
anthelmintic efficacy. The model based on arithmetic means was most useful for estimation of efficacy, 
but the model based on geometric means proved to be useful for estimation of risk factors. A major 
strength of Bayesian models is their ability to be customised to the available data. 
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Abstract 

Anthelmintic resistance (AR) is a growing concern in the control of helminth infections in ruminant 
livestock worldwide. The COST Action COMBAR aims at coordinating research at the European level to 
advance knowledge in this area, and to develop and promote new solutions for parasite control. 
COMBAR is a growing network, uniting 199 researchers from 34 countries with expertise in diagnostics, 
vaccine development, targeted selective treatment strategies, bioactive forages and other 
complementary control tools with the aim to integrate the various disciplines and propose new control 
options. Collaboration with agricultural economists helps to understand the financial impacts of 
helminth infections and AR, while the adoption of social sciences helps to understand and overcome the 
socio-psychological barriers to the uptake and maintenance of sustainable control approaches. The 
solution to AR will not be a single new drug but should be based on a diagnosis before treatment 
approach, understanding socio-economic drivers of treatment decisions and a broader panel of control 
options, including vaccines and nutraceuticals. This presentation will give an overview of COMBAR’s 
research coordination, capacity building and dissemination activities. Through joint collaboration, 
COMBAR can pave the way towards a transnational, multi-actor initiative involving researchers, farmers, 
veterinarians, industry to promote the uptake of sustainable helminth control approaches and develop 
new solutions. 
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Abstract 

In ruminant farm practice, the control of helminth infections is usually carried out using repeated and 
sometimes blind anthelmintic treatments, without prior diagnosis of infection. This approach has 
contributed to the development of anthelmintic resistance (AR) which is reported worldwide in multiple 
helminth species, especially in sheep, against all commercially available anthelmintic classes. Reliable 
diagnostics to determine the need for anthelmintic treatment and harmonized recommendations to 
measure anthelmintic efficacy are of pivotal importance. COMBAR Working Group 1 aims at exchanging 
knowledge of the available diagnostic tests/platforms across the consortium to compare their 
performance and cost-effectiveness and to prioritise tests with a broader applicability or industry appeal 
(e.g. high Technology Readiness Level) through market analyses in order to identify opportunities, 
barriers and challenges that might affect the uptake of helminth diagnosis across Europe. Hence, the 
integration of standardized, accurate and practical approaches to monitor anthelmintic efficacy is 
pursued in order to compile and map a precise picture of the AR status in Europe through coordinated 
field surveys. The development of validated high throughput diagnostics - e.g. molecular platforms and 
automated systems for faecal egg counts based on artificial intelligence - are expected to facilitate and 
speed up the diagnostic workflow and hence to underpin improved and standardized diagnosis of AR in 
ruminants. 
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Abstract 

Helminth infections are important production-limiting diseases of grazing livestock, but control of these 
infections is jeopardised by the development and spread of anthelmintic resistance (AR). The COST 
Action COMBAR aims at co-ordinating research and training to find/develop solutions to the AR 
problem.  

Our objective was to assess the economic impacts of helminth infections and AR, together with 
developing a deeper understanding of incentives and barriers that drive farmers’ animal health 
decisions, in order to aid in the development of effective communication strategies, with a higher 
farmer’s compliance. The economic cost of gastrointestinal nematodes, liver fluke and lungworm 
infections to the European ruminant livestock industry was estimated by a deterministic spreadsheet 
model as a function of the proportion of the ruminant population exposed to grazing, the infection 
frequency and intensity, the effect of the infection on animal productivity and mortality and 
anthelmintic treatment costs. The combined annual cost of the three helminth infections in 18 
participating countries was estimated at € 1.8 billion. The cost of AR against macrocyclic lactones was 
estimated to be € 38 million annually. 

In parallel, a framework, based on theories of behavioural and health psychology, was developed to 
understand the factors affecting European farmers’ decisions to adopt sustainable worm control 
measures. The framework was validated by implementing a survey in dairy cattle and sheep farms 
throughout different European regions. Different structural equation models were found to describe 
general trends and differences between regions. Common factors with a significant impact on farmers’ 
decision making as well as differences between sheep and dairy farmers and between European regions, 
were identified. Ultimately, these insights will be translated into targeted communication strategies. 
Together with tools to estimate the economic benefit of sustainable worm control to the farmer, this 
should improve farmers’ adoption and maintenance of sustainable worm control. 

 

Presenting author biography 

Edwin Claerebout is an EBVS® European Veterinary Specialist in Parasitology (dipEVPC) and professor in 
parasitology at the Faculty of Veterinary Medicine of Ghent University, Belgium, where he lectures on 



 

 

279 

 

parasitic diseases in domestic animals. His research interests are parasitic diseases in livestock, in 
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Abstract 

Multiple novel tools have been developed to control helminths in ruminants (e.g. vaccines, selective 
breeding for helminth resistance, bioactive plants, biological control by fungi). Other well-established 
approaches (e.g. grazing management) became less needed during an era of high reliance on 
anthelmintics. These control approaches are of great importance to support sustainable helminth 
control; however, they can be less effective and simple to apply than synthetic anthelmintics. COMBAR 
Working Group (WG) 3 seeks to explore the impacts of novel control approaches on worm populations, 
and potential interactions between them, so that outcomes can be maximized in terms of slowing 
anthelmintic (AH) resistance. Interventions are characterized by better use of AH disturbing helminth 
biology, improving the host response, and reducing pasture infectivity. The WG3 group in COMBAR has 
involved  >  80   participants to prepare systematic literature reviews, new experimental and field 
studies, and computer modelling to predict and improve epidemiological outcomes and to analyse the 
potential inputs of novel control solutions. By examining the interface between epidemiology, AH 
resistance, and potential combinations of control tools, suitable approaches are being designed for 
different ruminant sectors and climates in Europe. These include insertion of combined complementary 
control (e.g. bioactive plants and/or other modes of biocontrol like fungi) into grazing rotations, and 
targeted selective treatment. Outcomes of WG3 will propose  an analysed  ‘basket of options’, with 
transparent guidance on how each is likely to perform alone or together in different European farming 
contexts. Combined with Working Groups 1 (diagnostics) and 2 (socio-economic considerations), the aim 
is to inform producers and advisors, and focus future research on the knowledge gaps that are most 
important to successful implementation of combined control alongside AH for economically and 
environmentally sustainable livestock production. 
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Abstract 

The importance of the gut microbiome for host health has been the subject of intense research over the 
last decade. In particular, there is overwhelming evidence for the influence of resident microbiota on 
gut mucosal and systemic immunity; with significant implications for the outcome of gastrointestinal 
(GI) infections, such as parasitic helminths. The horse is a species that relies heavily on its gut microbiota 
for GI and overall health, and disturbances to this complex ecosystem are often associated with life-
threatening disease. In turn, nearly all horses harbour parasitic helminths from a young age, the most 
prevalent of which are the small strongyles, or cyathostomins. Research describing the relationship 
between equine gut microbiota and cyathostomin infection is in its infancy. Here, we describe of a series 
of recent field studies from our group using 16S rRNA sequencing to assess the impact of acute and 
chronic cyathostomin infection on equine faecal microbiota, followed by a post-mortem study 
evaluating the impact of infection on the luminal and mucosal microbiota throughout the GI tract. The 
results suggest that acute infection causes significant disruption to the composition of GI microbiota, 
which is reversed by treatment; whereas chronic infection causes relatively little perturbation; and may 
even result in an increased microbial diversity of the GI microbiota. At post-mortem, a number of the 
changes observed agreed with those seen in the chronically infected live horses, thus validating these 
findings. Notably, the compositional changes due to infection were most pronounced in the mucosa of 
the foregut of the horse, suggesting a systemic impact on host-microbiota interactions, most likely 
mediated by immune regulation resulting from chronic helminth infection. In addition to presenting 
these findings, we will discuss their relevance to the future of cyathostomin control, in particular 
regarding the refinement of treatment strategies to optimise equine gut health. 
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Abstract 

Introduction 

Cyathostomins (small strongyles) are highly prevalent helminth parasites of horses which can 
compromise equine health and welfare, with a range of clinical and sub-clinical manifestations. The 
success of these parasites arises from their ability to undergo hypobiosis in the host, the tolerance of the 
free-living stages to environmental conditions, and their acquisition of resistance to commonly-used 
anthelmintics. There are many gaps in our knowledge of how cyathostomin infection can affect the 
physiology of their equid hosts.   

Materials and Methods 

In our body of work we investigated the effect of anthelmintic treatment on the faecal microbiota and 
markers of inflammation in clinically-normal horses with patent cyathostomin infection, and compared 
this with changes seen in a group of horses in which an outbreak of acute larval cyathostominosis (ALC) 
occurred.   We also characterised the composition of cellular infiltrates in the caecum and colon in 
horses with a range of cyathostomin burdens at post-mortem examination, and correlated this with 
levels of cytokine and chemokine expression levels in these tissues. 

Results 

Administration of either moxidectin or fenbendazole to horses with patent cyathostomin infection 
resulted in a transient dysbiosis in faecal microbiota at day 7 post-administration, which resolved by day 
14.  Elevation of inflammatory markers was also seen at day 7 post-administration.  In horses with acute 
larval cyathostominosis,(ALC) more severe dysbiosis was seen, accompanied by hyperfibrinogenaemia 
and hypergammaglobulinemia. Cellular infiltrates associated with mucosal cyathostomin larvae included 
eosinophils and macrophages, and caecal and colonic extracts from infected horses were shown to 
contain measurable levels of TNF-α, which may have a role in the pathophysiology of ALC. 
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Conclusions 

Equine cyathostomin infections represent a rich field for the study of the positive and negative effects of 
parasitic helminths on host homeostasis. Imbalance in the host-helminth relationship alters gut 
microbiota and induces inflammation. 
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Abstract 

Cyathostomins are pervasive parasites of equids. In rare cases, mass excystment of the larval stages 
from within the mucosal walls can lead to life-threatening disease. Adulticidal anthelmintics, such as 
ivermectin, have been implicated in triggering this disease. In addition, concerns have also been raised 
that killing large numbers of encysted larvae in situ, such as with moxidectin, could lead to adverse 
inflammatory reactions as well. This study aimed to evaluate the local and systemic inflammatory 
reaction to moxidectin, which is both adulticidal and larvicidal, and ivermectin, which is adulticidal only. 
Briefly, 36 horses, aged 2-5 years, were allocated into 3 groups: moxidectin treated with 0.4mg/kg 
orally, ivermectin treated with 0.2 mg/kg orally, and an untreated control group. Half the horses from 
each group were euthanized at 2 weeks post-treatment, and the other half euthanized at 5 weeks post-
treatment. Weekly blood samples were collected throughout the study for gene expression evaluation. 
Tissue samples were collected from the cecum, ventral, and dorsal colon for histopathology and gene 
expression evaluation at the 2- and 5-week post-treatment intervals. The moxidectin treated group had 
a significantly lower pro-inflammatory response (such as with IFN- γ p<0.05 ), followed by the ivermectin 
treated group, compared to the untreated controls. The data suggest that removal of cyathostomins, 
including the larval stages, will reduce the pro-inflammatory response associated with cyathostomin 
infections; however, this is likely to not be of clinical significance. In conclusion, there were minimal anti-
inflammatory responses in horses treated with anthelmintics and were most pronounced in moxidectin 
treated horses. 
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Abstract 

Cyathostomins are the most common parasitic nematodes of equines and currently regarded as their 
most important parasites due to high prevalence, potentially severe clinical symptoms and widespread 
resistance to anthelmintics. Their taxonomy includes 50 recognized species. It is already known that 
morphological classification diverges with molecular phylogenetic analyses. In this study, for the eight of 
the most abundant cyathostomin species and five less abundant species in the adult metapopulation, 
nucleotide sequences of mitochondrial partial cytochrome c oxidase subunit I (COI) and the nuclear 
second internal transcribed spacer (ITS-2) were generated. Maximum likelihood trees were calculated 
for COI, ITS-2, and concatenated data. Cylicocyclus (Cyc.) nassatus, Cyc. ashworthi, Coronocyclus (Cor.) 
labiatus, Cor. coronatus, Cylicostephanus (Cys.) longibursatus, Cys. minutus, Cys. calicatus, 
Cylicodontophorus (Cyd.) bicoronatus and Cyathostomum (Cya.) pateratum were collected from 
different equine species and for some species from two geographic regions to investigate species 
diversity. As already described, despite being assigned to different genera, Cor. coronatus and Cys. 
calicatus were closely related and for Cys. minutus and Cys. calicatus cryptic species were discovered. In 
contrast, the species from the genus Cyathostomum appear to represent a monophyletic group. 
Although Cyc. nassatus and Cor. labiatus present two distinct haplotype groups both for nuclear and 
mitochondrial sequences, a cryptic species complex can be excluded due to free mixing of nuclear and 
mitochondrial haplotype groups. Cylicostephanus longibursatus, Cys. goldi, Cyd. bicoronatus, Cya. 
catinatum and Cyc. ashworthi were comparatively homogeneous; whereas Cyc. insigne, Cyc. 
leptostomus, Cya. pateratum were assigned to more than one significant cluster. The taxonomic 
classification into genera based on similar morphological characteristics can be refuted by molecular 
data for some genera. This indicates that the correct taxonomic assignment can only be deciphered with 
certainty by further molecular data for additional species, which should also take into account 
geographic and host-specific differences. 
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Abstract 

Cyathostomins are considered as the most prevalent and pathogenic parasites of grazing horses. The 
modelling of the succession of cyathostomin life cycles in field conditions could help to assess the risk on 
pastures. Specific knowledge about the external phase of the life cycle of cyathostomins is crucial to 
develop such models. However, the few available studies on the development of the free-living stages of 
cyathostomins have not been updated for over 30 years. The aim of this study was to investigate the 
effect of temperatures on this development: 10±1°C, 23±2°C, 30±2°C and outdoor temperatures (range: 
11-25°C, mean: 17°C) were tested. Eggs were extracted in September 2020 from the faeces of grazing 
horses. For each temperature, 28 Petri dishes containing 5 000 eggs in sterilized horse faeces (5 g) were 
prepared. The shortest times taken for the eggs to hatch and for the larvae to reach the first, second and 
third (L3) stages and the percentage of development according to each stage were determined by daily 
microscopical examination. The L3 identification was also realised following the key of Belivaqua et al. 
(1993). At each tested temperature, eggs hatched. A larval development arrest at the second stage was 
observed at 10°C between the 8th and 22nd day. The first L3 appeared on the 4th day at 30°C. The fastest 
time to obtain 100% of L3 was at 23°C (8 days) and the longest one at 10°C (28 days). The majority of L3 
belonged to the set of species including Cylicocyclus radiatus and C. nassatus regardless of temperatures 
and times. These results should enable to better parameterise life cycle models. Moreover, the L2 
development arrest observed opens up reflection on the signal inducing the L3 development especially 
at low temperatures. 
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Abstract 

Introduction 

Grazing horses are infected by a complex community of intestinal strongyles. Management of these 
parasites would benefit from a better understanding of their ecology and biology and the factors 
structuring their ecosystem.  

Materials and methods 

We used published regional- and horse-based records of strongyle community composition (n = 39 
studies) to estimate how environmental, horse and anatomical niche factors affected the communities 
‘structure.  

Results 

Strongyles communities were structured around three distinct groups of species, including three 
dominant, eight subdominant and 31 rare species with respective average prevalences of 84% ± 3.38%, 
55% ± 12.68% and 8.93% ± 6.70%. 

Shape of species accumulation curves correlated poorly to measured Faecal Egg Count (Spearman’s  = 
0.37 and 0.24 with number of species and rate of diversity saturation respectively), suggesting little 
contribution of species abundance to this indicator.  

After controlling for geoclimatic conditions, the recovery method did not affect species richness (p= 
0.68) but impacted on species turnover. This was however confounded with differences on the temporal 
and sampling effort scales between studies. In addition, we identified the temperate European area as 
the least species rich (p = 7 x 10-3).  
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Using a diversity partitioning approach on horse-based data, we found that within-host diversity and 
turnover between age classes represented 49.9% and 23.9% of overall diversity, underscoring the 
importance of environmental contamination and temporal dynamics respectively.  

Analysis of strongyle count gathered at the anatomical niche level identified 21 positive co-occurrences 
within the ventral colon, suggesting that facilitative interactions were involved.  

Discussion 

Our results identify little contribution of geoclimatic factors to strongyle community structuring but 
turnover between age groups as the main contributor of community diversity. Application of a 
nemabiome approach will contribute to disentangle further the processes at play in this temporal 
dynamic. 
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Abstract 

The advances in sequencing methodologies in recent years has facilitated the generation of an extensive 
range of omics or big data sets for parasites of veterinary importance. This represents a major step 
change advance, allowing unbiased and global analyses of parasite biology throughout the life cycle, 
especially for life cycle stages that have been previously inaccessible for analysis. This data is used to 
investigate host-parasite interactions and is been exploited for the search for new anti-parasite 
interventions and diagnostics.  

Genome sequencing has identified the genes important for parasite biology and evolution (genomics), 
as well as identifying elements critical for their regulation (non-coding RNAs). Analysis of the gene 
transcript data gives us information when and where these important genes are being transcribed 
during parasite development (transcriptomics). Proteomic techniques allow the characterisation of 
proteins critical for parasite metabolism and identification of the secreted proteins involved in host-
parasite interactions. The study of post-translational events such as glycosylation (glycomics) has 
identified molecules that play a critical role in parasite pathogenesis. 

Over the past decade, an extensive collection of big data sets have been generated for Fasciola species 
facilitating the study of liver fluke biology at the genomic, transcriptomic, proteomic and glycomic levels. 
Together these datasets can be interrogated to attain a global view of Fasciola developmental biology, 
to advance our understanding of the mechanisms involved in parasite growth and development, and 
elucidate the molecules critical for parasite virulence, infection and long-term survival, as well as to 
investigate the genetic traits involved in drug resistance. This data is forming the foundation for the 
development and discovery of novel control strategies (drugs and vaccines) and diagnostics to combat 
fasciolosis.  
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Abstract 

Introduction Information as regards the epidemiology of the Anaplasmataceae in small ruminants in 
several low- and middle-income countries is scarce. 

Materials and Methods: In this study a total of 712 DNA samples collected from small ruminants were 
analyzed for Anaplasmataceae and Anaplasma ovis using the 16S rRNA and MSP4 genes respectively. 
Infection risk was assessed by location, sex and age of the animals and qGIS® was used to construct 
spatial maps. 

Results: The prevalence of Anaplasmataceae spp was 89.1% (95% CI: 77.5-95.9) and 79.1% (95% CI: 
75.9-82.1) in ovines and caprines respectively (RR = 1.1, 95% CI: 1.0-1.3); higher than those previously 
reported in other eastern African countries. The prevalence of A. ovis was 26.1% and 25.4% for both 
ovines and caprines respectively with ovines showing significantly higher levels of infection than 
caprines (P < 0.05). The risk of Anaplasma ovis infections was not affected by age (OR = 1.2, 95% CI: 0.9-
1.7) or sex (OR = 1.1, 95% CI: 0.6-2.0). Small ruminants located at the forest edge (<0.3 km) showed 
higher A. ovis prevalence than those found inland with infections present in the midland regions 
associated with increased agricultural activity. 

Discussion: Anaplasma ovis remains a major challenge for small ruminant husbandry in Uganda and 
infections are under-reported. Policy efforts to prioritize management of Anaplasmataceae for small 
ruminant health would promote livestock productivity in vulnerable communities, improving livelihoods 
and ecosystem health. 
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Abstract 

Flystrike has been reported to affect up to 5% of sheep annually in New Zealand. Three species of 
Calliphoridae are associated with cutaneous myiasis (flystrike) in New Zealand: Calliphora stygia, Lucilia 
sericata and Lucilia cuprina. 

The aim of this study was to contrast the specificity and effectiveness of traps and baits that farmers 
could use on-farm to reinforce predictions from a climate-based model for the risk of flystrike. Farmers 
access to historically used baits for necrophagous dipterans is problematic due to the health and safety 
concerns regarding the chemicals these baits used.  

Four trap bait combinations were used in this study: LuciTrap® combined with a synthetic odour bait 
Lucilure (LL), Western Australian Trap (WAT) combined with squid, WAT combined with LL, and WAT 
combined with sheep liver preserved in 30% sodium sulphide (LSS). These four treatments were 
replicated four times in a Latin square design, laid out on a 1.7 ha area of a Massey University sheep 
farm. Fly catches were collected weekly over a six-week period from mid to late summer. Weather data 
for this period was sourced from a local NIWA weather station. 

A total of 22,616 flies were caught, of which 361/22,616 (1.6%) were L. cuprina, 188/22,616 (0.8%) 
were L. sericata and 3/22,616 (0.01%) were C. stygia. A negative binomial model gave the lowest AIC 
and was fitted separately to the L. cuprina and L. sericata catch data, adjusting for the effects of 
temperature, rainfall and week of catch.  

Model catch results showed no significant difference between the LuciTrap® combined with LL and the 
WAT combined with LSS for catching either L. cuprina or L. sericata (p>0.05). The WAT combined with LL 
and the WAT combined with squid were significantly worse than the other trap bait combinations for 
catching either L. cuprina or L. sericata (p<0.05).   
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The goal of my PhD is to develop a prediction model for the main species which cause flystrike in New 
Zealand, Lucilia cuprina and Lucilia sericata.  
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Abstract 

In Africa, tsetse flies control has long been implemented using insecticide-impregnated attracting 
targets. Phthalogen-blue cotton fabrics proved to be the most attractive and specific lure for tsetse. 
However, fabrics exhibit a number of drawbacks: high cost (cotton fabrics), toxicity and unavailability of 
the specific dye, inconsistant color over time, and high quantity of insecticide retained inside the fabrics, 
thus unreachable to the insects. Besides, “blue screen technology” was so far limited to the control of 
low prolific larviparous tsetse flies. In a consortium named FlyScreen, constituted by 4 research 
institutes and a Tanzanian enterprise, AtoZ Textile Mills Ltd, we developed a new technology based on 
the use of «multi-layer, multi-functionalized, polyethylen films». This innovative technology allows 
production of various color patterns of pyrethroid-impregnated screens, avoiding the drawbacks of 
using fabrics. It allows the production of horizontal full blue screens at low cost (75×50cm screen, < 
1.5€) to attract tabanids and tsetse. Besides, we developed white and blue pattern screens (60X60cm), 
to specifically attract highly prolific oviparous hematophagous flies such as Stomoxys spp. This low cost 
and flexible technology was used under a so-called « multi-target method » for the control of 
hematophagous flies in livestock. Data from field evaluation carried out in 12 dairy cattle farms in 
Thailand are highly promising. The use of 30-40 screens per farm brought a significant reduction in fly 
densities for 6-8 months. This technology might be a major achievement to reduce pesticide 
contamination in animal-products and environment. It opens an avenue for the control of tsetse and 
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other hematophagous flies, possibly including mosquitoes, provided specific olfactory or/and chromatic 
attractants are identified. However, FlyScreens are poorly efficient in France, where chemo-resistance to 
pyrethroids early developed in Stomoxys spp. Consequently, a "multi-trapping method" will be 
developped, in an insecticide- and plastic-free innovative technology under the new BioFlyTrap project 
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Abstract 

In recent years, the prevalence of multi-drug resistant Teladorsagia circumcincta has increased. 
Repeated use of drug-active groups, incorrect dosing, and moving animals to clean pasture immediately 
following drenching are some factors contributing to the proliferation of multi-drug resistant nematode 
populations. Several studies worldwide have investigated reversing the increase in drug resistance, with 
documented evidence for reversion toward susceptibility in some cases. This study aimed to test the 
hypothesis that resistance mutations result in an ecological fitness cost.  
The fitness of four Teladorsagia circumcincta isolates of known anthelmintic resistance status was 
assessed using in vitro assays: Isolates R1 and R2 were multi-drug resistant, whilst S1 and S2 were pan-
susceptible. The in vitro assays were designed to assess ex-sheathment rate, egg hatch rate, larval 
length, egg to L3 development after cold-stress, and migration after heat-stress.  
Isolates R1 and S1 had higher ex-sheathment than S2 after 24 hours incubation in artificial rumen fluid 
(P < 0.01). R2 had a higher egg hatch rate than S2 (P = 0.03). Isolate S2 was longer than all other isolates 
(P < 0.005). R2 was longer than R1 (P = 0.005). After storage at 4 °C all isolates exhibited decreased egg 
development; after 4 days exposure R1 and S1 had greater reduction than R2 (P < 0.005). All isolates 
displayed reduced migration ability after exposure to heat-stress; after 504 hours, differences were 
observed between R2 and S1 (P = 0.03), and R2 and S2 (P = 0.007).  
Although significant differences between isolates were observed for various fitness traits of 
Teladorsagia circumcincta, reduced fitness was not definitively associated with multi-drug resistance. 
However, variation in fitness parameters between isolates was large, making it difficult to determine 
whether resistance genotypes come with lower fitness. Future studies will focus on separating 
genotypes within isolates to overcome the variation in inter-isolate fitness. 
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Abstract 

Dermacentor reticulatus is one of the most widely distributed and abundant tick species in central 
Europe and is a vector for a range of pathogens including Babesia canis, which causes canine babesiosis. 
Prior to 2016, babesiosis (piroplasmosis) resulting from infection by B. canis was unknown in the UK. 
However, in March 2016, a cluster of cases was reported in the county of Essex in non-travelled dogs 
indicating that for the first time this pathogen had become established. Small, isolated populations of D. 
reticulatus are known to have been present in the UK for at least 100 years, however the outbreak of B. 
canis highlights the urgent need for an improved understanding of many aspects of its ecology and 
distribution, which remain poorly understood. To quantify the seasonal abundance of this species in the 
UK and the environmental factors that determine this, weekly sampling at sites throughout Wales and 
southern England was undertaken for 12 months. This showed that the activity of adult D. reticulatus 
peaked February and March and that no individuals were collected between May and mid-October; no 
questing tick activity was observed when the 5-day average temperature was greater than 15 °C. 
Laboratory analysis found that D. reticulatus were able survive cold shock and the lower lethal 
temperature was estimated to be between -18 and -20 °C.  Habitat was significantly associated with tick 
activity, with higher numbers of ticks collected from low lying vegetation in marsh environments than 
from exposed grassland or woodland.  A strong association was observed between activity and 
saturation deficit suggesting that the seasonal pattern of activity seen in the field, within the sites where 
it was abundant, is more strongly determined by temperature than humidity. Range expansion within 
the UK should be expected, bringing with it an elevated disease risk for animal and human hosts. 
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Abstract 

Background: The pathomechanism of canine A. vasorum infection-associated bleeding diathesis is not 
fully understood. We compared coagulation status and clinicopathological parameters in naturally 
infected dogs versus healthy control dogs, and compared ROTEM parameters between infected dogs 
with and without clinical signs of bleeding. 

Methods: Dogs with A. vasorum infection and ROTEM evaluation were retrospectively compared 
divided into dogs with and without clinical signs of bleeding. In addition, clinical signs, WBC count, 
thrombocyte numbers, hematocrit, plasmatic coagulation tests (PT, aPTT, fibrinogen concentration), D-
dimer and ROTEM parameters were analyzed and compared between bleeding, non-bleeding and 
control dogs, and between hypo- and normocoagulable dogs. 

Results: In the retrospective study with 21 dogs, ROTEM evaluation showed hyperfibrinolysis in 8/12 
(67%; 95% CI 40-86%) of dogs with and 1/9 (11%; 95% CI 2-44%) of the dogs without clinical signs of 
bleeding (P=0.016). Hyperfibrinolysis was associated with severe hypofibrinogenemia in 6/10 (60%, CI 
31-83%) of the cases. Survival to discharge was 67% (14/21 dogs, 95% CI 46-83%) and was not different 
between dogs with and without clinical signs of bleeding (P=0.379). 

In 18 prospectively evaluated naturally infected dogs, clinical signs of bleeding were present in 6/9 (67%) 
hypocoagulable and 1/9 (11%) normocoagulable dogs (P=0.050). PT, fibrinogen concentration and 
several ROTEM parameters were significantly different between hypocoagulable and normocoagulabe 
dogs. Hyperfibrinolysis was significantly associated with low MCFFib-tem (P=0.001) but not with low 
fibrinogen concentration (P=0.088) or increased D-Dimers (P=0.559). CFTEx-tem > 248 sec was 100% 
sensitive and 89% specific to predict hyperfibrinolysis. 

Conclusion and clinical relevance: Hyperfibrinolysis and hypofibrinogenemia leading to 
hypocoagulability were identified as important pathomechanisms in canine angiostrongylosis-associated 
bleeding. None of the evaluated clinical or laboratory parameters except Ex-tem S and Fib-tem S 
parameters and potentially PT was associated with bleeding or hypocoagulability.  
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Abstract 

Introduction      Cat owners (n=451) in the USA who were current users of an extended duration 
ectoparasiticide, fluralaner (Bravecto Topical Solution, Merck Animal Health, NJ, USA), were asked about 
their experiences using flea/tick medications.  Veterinarians also provided their annual flea and tick 
medication recommendations. Cat owner adherence to veterinary recommendations was assessed 
through medication transaction records. 

Materials and Methods               A paper survey was given to cat owners who visited one of 26 veterinary 
clinics for wellness visits. Clinic transaction records from a data collection service for January 2017 
through June 2019 were analyzed to track cat owner purchases of ectoparasiticides in the United States 
in a 12-month period. 

Results               All cat owners surveyed were currently using a flea/tick  treatment that has a 12-week 
re-dosing recommendation. Records were analyzed from 46,761 cats attending 671 veterinary clinics in 
the U.S. Most of the cat owners also previously used a monthly re-dosed ectoparasiticide. Doses and 
months of protection were calculated for three products; the 12-week re-dosing product and two 
monthly re-dosing products 

Discussion          Cat owners were highly satisfied with the extended duration treatment and preferred 
this option over monthly products they had used. Convenience was an important consideration and cat 
owners were satisfied with the longer dosing period. Owners obtaining extended duration 12-week re-
dosing interval protection recorded a significantly longer coverage duration (4.2 months) in a 12-month 
period, compared to the monthly re-dosed products at 3.6 months and 2.8 months. 
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Abstract 

Introduction: Numerous studies demonstrate a worldwide distribution of helminth and protozoan 
endoparasites in pet populations. To provide an overview about the occurrence of endoparasites in dogs 
and cats in Germany the results of parasitological examinations of fecal samples from privately owned 
cats and dogs from all parts in Germany were analyzed.  

Materials and Methods: Between January 2011 and December 2020 fecal samples from 16,550 cats and 
67,463 dogs were examined by a standardized centrifugal flotation method using 33% zinc sulfate 
solution, Baermann technique and enzyme immunoassay for the detection of Giardia Specific antigen 
(ProSpecT®). The results of parasitological examinations were stored and analyzed using Microsoft® MS 
SQL databases.  

Results: 28.9% of the examined dogs and 19.8% of the cats were infected with endoparasites. The 
examination of fecal samples from dogs revealed cysts / antigen of Giardia intestinalis (22.5%), eggs of 
Toxocara canis (4.9%), Toxascaris leonina (0.7%), Ancylostomatidae (2.3%), Trichuris vulpis (1.3%), 
Capillaria spp. (1.6%), Eucoleus aerophilus (0.4%) and Eucoleus boehmi (0.1%), larvae of Crenosoma 
vulpis (0.3%) and Angiostrongylus vasorum (1.2%), taeniid eggs (0.6%), Dipylidiidae (<0.1%), 
Mesocestoides spp. (0.1%), oocysts of Cystoisospora spp. (4.1%), C. ohioensis-complex (3.2%), C. canis 
(1.2%), Hammondia heydorni / Neospora caninum (0.3%) and sporocysts of Sarcocystis spp. (1.4%). 

In fecal samples from cats cysts / antigen of Giardia intestinalis (12.5%), eggs of Toxocara cati (4.9%), 
Toxascaris leonina (0.1%), Ancylostoma tubaeforme (0.1%), Aelurostrongylus abstrusus (0.7%), Capillaria 
spp. (0.8%), taeniid eggs (0.4%), Dipylidium caninum (<0.1%) and Mesocestoides spp. (<0.1%), oocysts of 
Cystoisospora spp. (4.9%), C. felis (3.4%), C. rivolta (2.0%), Toxoplasma gondii / Hammondia hammondi 
(0.5%) and sporocysts of Sarcocystis spp. (0.1%) were detected. 

Discussion: In comparison with previous studies infection rates with endoparasites remain stable on a 
high level. Routine parasitological examination and deworming protocols are recommended to reduce 
infections with parasites, which may be controlled by future long-term studies. 
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Abstract 

This abstract has been submitted under the aegis of the WAAVP Guidelines Subcommittee. These 
guidelines are the first on this specific topic and they intend to provide an in-depth review of current 
knowledge and assist the planning and implementation of studies for evaluating the efficacy of 
parasiticides in reducing transmission of vector-borne pathogens (VBPs) to dogs and cats. At present, 
the prevention of VBP transmission in companion animals is generally achieved through the 
administration of products that can repel or rapidly kill arthropods, thus preventing or interrupting 
feeding before transmission occurs. The present guidelines complement existing guidelines, which focus 
on efficacy assessment of parasiticides for the treatment, prevention and control of flea and tick 
infestations, but also give guidance for studies focused on other vectors (i.e. mosquitoes and 
phlebotomine sand flies). The efficacy of parasiticides in reducing VBP transmission can be evaluated 
through laboratory or field studies. As such, the present guidelines provide recommendations for these 
studies, representing a tool for researchers, pharmaceutical companies and authorities involved in the 
research, development and registration of products with claims for reducing VBP transmission in dogs 
and cats, respecting the overall principles of the 3Rs (replacement, reduction and refinement). In this 
presentation, gaps in our current understanding of VBP transmission times will be discussed, along with 
the need for further basic research on related topics. 
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Abstract 

The efficacy of a triple combination tablet (Simparica Trio®, Zoetis) containing sarolaner, moxidectin and 
pyrantel was evaluated for efficacy in a laboratory study against artificial infestations of Ctenocephalides 
canis and in a field study against natural infestations of fleas on dogs. In the laboratory study, dogs were 
randomly allocated based on pre-treatment flea counts to treatment with a single oral dose of either 
placebo or Simparica Trio® at the minimum dose of 1.2 mg/kg sarolaner, 24 µg/kg moxidectin and 5 
mg/kg pyrantel. All dogs were artificially infested with approximately 100 unfed adult C. canis 24 hours 
before treatment and weekly for 5 weeks post-treatment. Fleas were comb-counted 24 hours after 
treatment and after each weekly infestation. The field study was conducted in EU veterinary practices 
where dogs with natural flea infestations were allocated randomly to a single treatment with either 
Simparica Trio® (n = 297) or with NexGard® Spectra (afoxolaner + milbemycin oxime, n = 164) according 
to the label instructions on Day 0. Flea comb counts and examination for clinical signs of flea allergy 
dermatitis (FAD) were conducted pre-treatment, and again on Days 14 and 30 after treatment.  

  

In the laboratory study, Simparica Trio® was 100% effective against C. canis within 24 hours of treatment 
of existing infestation, and at each weekly flea count for 35 days after treatment. In the field study, 
the efficacy of Simparica Trio® and NexGard® Spectra against Ctenocephalides felis and C. Canis was ≥ 
97.9% and ≥ 96.1% , respectively.   Clinical signs of FAD improved following treatment with Simparica 
Trio®.  No treatment-related adverse reactions occurred in either study.  

  

Simparica Trio® was well-tolerated and provided highly effective and persistent control against both 
artificially induced and natural flea infestations on dogs for at least 1 month following a single oral dose. 
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Abstract 

Inhibitory glutamate-gated chloride channels (GluCls) are the targets of macrocyclic lactones (MLs), 
including ivermectin (IVM) and moxidectin (MOX), which pseudo-irreversibly allosterically activate 
GluCls, leading to flaccid paralysis, inhibition of pharyngeal pumping, inhibition of the secretory-
excretory pore and persistent reduction in fertility. All nematode GluCl subunits characterized so far are 
of the IVM-sensitive α-type, except for the lone IVM-  

insensitive β-type, GLC-2. Unlike all other GluCls, it is antagonized by IVM GLC-2 is unlikely to form 
homomeric channels in vivo and inclusion of GLC-2 into heteromeric receptors significantly reduces IVM 
activation. Few studies have investigated the role β-type subunits play in susceptibility to MLs. We 
investigated whether MOX is a GLC-2 antagonist like IVM, and sought to identify amino acid residues 
that play a role in discriminating agonist vs. antagonist responses. We expressed GLC-2 from the free-
living nematode Caenorhabditis elegans, a very useful model for experiments in anthelmintic 
pharmacology, in Xenopus laevis oocytes and used electrophysiological assays to investigate the 
pharmacology of IVM and MOX on this channel. We confirmed that IVM is an antagonist of GLC-2 and 
showed that MOX was also an antagonist, about 10-fold more potent than IVM in that regard. Two 
adjacent residues, M291 and Q292, proximal to the predicted IVM binding site, distinguish GLC-2 from 
GluCls that are activated by IVM, in which these residues are Q and S or A, respectively. The channel 
with a Q292 to S mutation (Q292S GLC-2) was activated by IVM and MOX. Oocytes expressing M291Q 
GLC-2 were antagonized by MOX whereas, IVM was an agonist for M291Q GLC-2. Competition 
experiments suggested that theses MLs occupy the same binding site, but with different outcomes. Our 
results show that MOX and IVM can have distinct effects on GluCls and identify key residues involved in 
the ML mechanism of action. 
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Abstract 

Increasing levels of multiple anthelmintic resistance have created an urgent need for the discovery of 
new anthelmintic drug classes with novel mechanisms of action. Phosphoethanolamine 
methyltransferases (PMTs) constitute key enzymes in the production of phosphatidylcholine by 
nematodes. This phospholipid is the most abundant in the cellular membrane, being of critical 
importance for its normal function and structure. Hence, the disruption of this pathway leads to severe 
consequences on the growth and development of nematodes. Furthermore, this biosynthesis pathway is 
absent in mammals, making it an especially attractive novel drug target. Here, we report initial findings 
from a panel of 15 PMT inhibitors tested in a larval development assay (LDA) against both multiple drug 
resistant (MDR) and fully susceptible isolates of Haemonchus contortus. Assays were done using eight 
drug concentrations (uM) as follows: 125, 31.25, 7.81, 1.95, 0.49, 0.12, 0.031, 0.008, with three replicate 
wells for each concentration per plate. Moreover, each “hit” compound based on an initial assay had at 
least three biological replicate assays performed. Reasonably strong anthelmintic activity was detected 
in four compounds, with no differences in response between the MDR and susceptible H. contortus 
isolates. Dose-response data were fitted using a non-linear regression model with variable slope. 
Compounds 1, 2, 4, and 13 exhibited IC50s (95% CI) of 5.11 uM (2.69 to 9.41), 4.33 uM (4.05 to ?), 21.58 
uM (18.22 to 25.40), and 2.25 uM (1.98 to 2.60), respectively. These results suggest that the 
anthelmintic effect of these “hit” compounds is rather potent. Future studies will involve in vitro testing 
against additional species of parasitic nematodes, as well as in vivo studies. 
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Abstract 

In recent decades, management of nematode parasites of veterinary importance has become 
complicated due to the development of anthelminthic resistance. Resistance to benzimidazoles (BZ) is 
the most well characterized and has been linked to mutations in codons 167, 198, or 200 of the isotype-
1 beta-tubulin gene in Strongylid nematodes. Reports of BZ-resistance in ascarids are rare, but recently, 
we reported for the first time, BZ-resistance in isolates of two ascarid species of poultry (Ascaridia 
dissimilis, Heterakis gallinarum). We performed whole-genome sequencing on samples from these 
isolates to identify the full family of beta-tubulin genes and determine if any of the canonical variants 
seen in strongyles were present in any of those genes. Illumina short-read sequencing was carried out 
on DNA extracted from individuals and pools of adult worms. Draft genomes were assembled, converted 
to databases, and queried in BLAST searches using a beta-tubulin sequence from Ascaridia galli, a closely 
related ascarid of poultry. Contigs with beta-tubulin sequences were identified and screened for the 
codons of interest. From these, the ortholog of tbb-2, the most highly expressed beta-tubulin of 
ascarids, was identified and analyzed at the codons of interest. To date, in sequences from six samples 
from these BZ-resistant isolates, no variants have been identified in these codons. These data strongly 
suggest that the genetic basis of BZ-resistance in ascarids differs from that of strongyles. It is noteworthy 
that these data are consistent with a previous study of Ascaris lumbricoides where despite strong 
suspicions of resistance, molecular analyses failed to identify canonical codons in the tbb-2 ortholog. 
The lack of canonical variants in beta-tubulin genes suggests that resistance may have taken a different 
evolutionary pathway in ascarids, and that genetic investigations must extend beyond these genes and 
codons. Analyses are ongoing to determine potential alternative genetic causes of BZ-resistance in 
ascarids. 
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Abstract 

Until recently, levamisole (LEV) and piperazine (PIP) were the only registered chemicals to treat 
nematode infections in chickens in Australia with no published appraisal of their efficacy status since 
registration. In 2020, Flubendazole (FLBZ) was registered while Fenbendazole (FBZ) has also been used 
off-label. The aim of this study was to investigate the efficacy of these anthelmintics against nematode 
isolates sourced from 5 different free-range layer chicken flocks. A series of controlled experiments 
were conducted in a total of 529 chickens experimentally (300), or naturally (229) infected with 
Ascaridia galli, Hetarakis gallinarum and Capillaria spp. Chickens received label-recommended doses of 
LEV (28 mg/kg), PIP (100 mg/kg) or LEV-PIP co-administered at their full individual doses as a single oral 
drench or in group drinking water at recommended concentrations of 0.8 mg/ml or 2.5 mg/ml over eight 
hours for 1 and 2 days respectively, FLBZ (30 ppm or 60 ppm) in the feed over 7 days, and FBZ (Panacur 
25® Sheep drench) at two doses rates (10 mg/kg as a single oral drench or  5mg/kg as 0.023 mg/ml in 
drinking water over eight hours for 5 days). Anthelmintic efficacies were estimated by both worm count 
reduction (WCR %) and excreta egg count reduction (EECR %) following WAAVP guidelines. Based on a 
standard cut-off value (≥90%), LEV, LEV-PIP, FLBZ and FBZ attained the desired efficacy against 
nematode isolates of different flock origin but PIP exhibited a poor efficacy against immature A. 
galli (61-85%), all stages of H. gallinarum (42-77%) and Capillaria spp (25-44%). An overall lower efficacy 
was observed when the drugs were administered to groups in drinking water. In conclusion, our results 
show no evidence of resistance of the nematode isolates to the tested anthelmintics. The PIP results 
appear related to its spectrum of activity rather than true resistance. 
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Abstract 

Parasitic gastroenteritis of small ruminants is a major constraint on efficient small ruminants production 
through mortality and reduced weight gains in addition to the failure of treatments due to anthelmintic 
resistance. The efficiency of the anthelmintic drug (albendazole, ivermectin and closantel) evaluated 
through faecal egg count reduction test revealed the emergence of multiple anthelmintic resistance. 
However, this is time-consuming, low in sensitivity, can detect resistance only when 25% of the 
individuals in the population are already resistant and estimate only the overall resistance of a 
nematode community, without identifying the resistant species. The early diagnosis of resistance can 
potentially be met by molecular techniques. The benzimidazole resistance has been correlated with 
single nucleotide polymorphisms (SNPs) at position 200 and 167 or at position 198 on the β-tubulin 
isotype 1 gene. At larval level, a restriction fragment length polymorphism strategy using the isotype 1 
β- tubulin gene used to overcome the limitations of morphological identification of larval stages of 
trichostrongylid nematode species followed by allele-specific PCR (AS-PCR) to detect mutations of 
residue 200 of the β-tubulin, which is implicated to differentiate between drug-susceptible and drug-
resistant populations. The benzimidazole resistance of H. contortus larvae was estimated 73% in goats 
and 54% in sheep for both field and abattoir isolates. For genotyping and evaluating the distribution of 
β-tubulin alleles associated with benzimidazole resistance at adult stages of both sheep and goat, the 
comparative efficacy of AS-PCR, restriction fragment length polymorphism-polymerase chain reaction 
(RFLP-PCR) and direct sequencing techniques were conducted. Overall, the prevalence of BZ resistant 
allele (R) was found 47% and 48% using AS-PCR and RFLP-PCR technique, respectively. The results 
indicated that these techniques were sensitive and can be used at large scale diagnosis of BZ resistance. 
However, RFLP-PCR is easy, highly reproducible, less expensive and can detect heterozygous resistant 
alleles. 
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Abstract 

Glutamate-gated chloride channels receptors (GluCls) are involved in the inhibition of neurotransmission 
in invertebrates and represent major molecular targets for therapeutic drugs. Among these drugs, 
macrocyclic lactones (MLs) are widely used as anthelmintic to treat parasitic nematodes impacting both 
human and animal health. Despite massive use of MLs since the 80’s, the exact molecular targets of 
these drugs are still unknown in many important parasite species. Among the GluCl subunit encoding 
genes, avr-14, glc-2, glc-3 and glc-4 are highly conserved throughout the nematode phylum. Using the 
Xenopus oocyte as an expression system, we pharmacologically characterized these GluCl subunits from 
the model nematode Caenorhabditis elegans, the human filarial nematode Brugia malayi and the horse 
parasitic nematode Parascaris univalens. In contrast with C. elegans, expression of parasitic nematode 
subunits as homomeric receptors was not reliable and needed glutamate application at the mM range 
to induce low currents at the nA range. However, the co-expression of GLC-2 and AVR-14B lead to the 
robust expression of ML-sensitive receptors for the three nematode species. In addition, we 
demonstrated that for C. elegans and P. univalens, GLC-2 co-assembled with GLC-3 to form a new GluCl 
subtype with distinct pharmacological properties. Whereas 1µM ivermectin, moxidectin and 
eprinomectin acted as agonist of the GLC-2/GLC-3 receptor from C. elegans, they did not directly 
activate GLC-2/GLC-3 of P. univalens. In contrast, these MLs potentialized glutamate elicited currents 
thus representing a unique pharmacological property. Our results highlight the importance of GLC-2 as a 
key subunit in the composition of heteromeric channels in nematodes and demonstrate that MLs act on 
novel GluCl subtypes that show unusual pharmacological properties, providing new insights about MLs 
mode of action. 
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Abstract 

Macrocyclic lactone (ML) resistance represents a challenge to control parasitic nematodes but the 
underlying resistance mechanisms and the drug uptake into the worm are not well understood. In 
Parascaris spp. and in several other nematode species, P-glycoproteins have been proposed as 
candidate genes. In the present study we investigate their functional role in specific tissues by 
expressing Parascaris univalens PGP-9 (Pun-PGP-9) in the Caenorhabditis elegans intestine or epidermis. 
In the transgenic worms, we stimulated pharyngeal pumping (PP) by addition of Escherichia coli OP50 
food bacteria or serotonin (5-HT) or without providing a specific PP stimulus in order to characterize the 
MLs susceptibility of transgenic using wild-type worms as control. Active drug ingestion by PP was 
identified as an important factor for ivermectin susceptibility while moxidectin susceptibility was only 
minimally though still significantly affected. In this context, intestinal Pun-PGP-9 overexpression elicited 
a protective effect against both ivermectin and moxidectin only in the presence of PP stimulation while 
epidermal Pun-PGP-9 overexpression protected against ivermectin only when the drug was not actively 
ingested. Furthermore, epidermal Pun-PGP-9 overexpression moderately decreased moxidectin 
susceptibility regardless of PP. The results  of this study demonstrate the role of active drug ingestion by 
nematodes for susceptibility and show how expression of P-glycoproteins at uptake barriers can reduce 
susceptibility while remarkable differences between ivermectin and moxidectin were observed not only 
regarding interaction with PGPs but also in terms of uptake pathways. 
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Abstract 

Fasciolosis is a worldwide distributed zoonotic parasitic disease caused by Fasciola hepatica, which 
mainly affects ruminants and humans in endemic areas. Due to the described resistance of F. hepatica 
against triclabendazole, several strategies for vaccine development to control fasciolosis have been 
described. Nevertheless, vaccination trials up to date have reached limited success, most of them 
targeting molecules of the adult worm. With the aim of defining new vaccine candidates against 
fasciolosis that might be effective against juvenile stages of the parasite, an in vitro model based on the 
co-culture of newly excysted juvenile worms of F. hepatica (FhNEJ) and mouse primary small-intestinal 
epithelial cells (MPSIEC) was developed to replicate the early host-parasite interactions. Intra- and inter-
compartment comparisons of parasite and host molecules before and after stimulation were done by 
using a new proteomic approach known as Sequential Window Acquisition of All Theoretical Mass 
Spectra (SWATH-MS). Up to 272 proteins differentially expressed in FhNEJ before and after MPSIEC co-
incubation (138 in the tegument and 134 in the somatic fraction) were identified. The majority of those 
proteins relates to biologically relevant processes such as proteolysis, metabolism, redox detoxification 
and regulation of innate immune responses. Additionally, up to 348 differentially expressed proteins 
were identified in MPSIEC comparing cells before and after co-culture with FhNEJ (182 in cytosol and 
166 in the membrane), most of them involved in regulation of gene expression, cytoskeleton 
organization and vesicle-mediated transport. Analysis of these results should provide a deep knowledge 
of the processes triggered during the initial phase of F. hepatica infection, allowing the identification of 
new vaccine candidates against fasciolosis. 
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Abstract 

Fascioliasis caused by Fasciola hepatica is a food-borne parasitic disease that typically affects ruminants 
and causes important annual economic losses in the livestock industry. Cases of human fascioliasis have 
also been reported worldwide and found to be mainly linked to the consumption of water plants that 
are infected with F. hepatica metacercariae, the infective form of this parasite. The vertebrate 
fibrinolytic system functions to remove clots that form in blood vessels in response to vascular lesions 
and its central protein is the pro-enzyme plasminogen. In the presence of the required signals, 
plasminogen is activated into plasmin, which is a broad-spectrum serine protease that degrades the clot 
and allows for normal blood flow to be recovered. Some parasites have evolved mechanisms to bind 
plasminogen and induce the formation of plasmin at their surface for migration purposes, and we 
hypothesized that this could also be the case for F. hepatica newly excysted juvenile worms (FhNEJ), 
which appear in the small intestine and take a complex migratory route towards their definitive location, 
the intra-hepatic biliary ducts. By using an enzyme-linked immunosorbent assay, we show the ability of 
FhNEJ to bind human plasminogen at their tegument surface and enhance plasmin activation, and we 
further identify 33 protein isoforms in this parasite compartment involved in such binding by bi-
dimensional electrophoresis combined with mass-spectrometry analysis. These results demonstrate that 
FhNEJ interact with the host fibrinolytic system, which represents a potential mechanism that the 
parasite has evolved to efficiently migrate through host tissues. Further studies are designed to 
elucidate the biological relevance of such an interaction in the establishment of fascioliasis, and 
altogether these results could pave the way for the development of control strategies that block disease 
progression at an early phase of infection. 
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Abstract 

Fasciolosis caused by Fasciola hepatica is a parasitic zoonosis of global distribution causing significant 
economic losses in animal production and a human public health problem in low-income countries. 
Hosts become infected after ingestion of aquatic plants carrying metacercariae and the newly excysted 
juvenile worms of F. hepatica (FhNEJ) are liberated in the small intestine. FhNEJ are capable of crossing 
the host's intestinal wall and initiating a complex migratory route that drives the parasites to their 
definitive location inside the bile ducts. Despite being a critical event in the progression of the infection, 
the available data on the cross-talk relationships between the parasite and the host at an early stage of 
the infection are scarce. The aim of this study was to set up an ex vivo model to recreate the intestinal 
wall penetration by parasites, by using FhNEJ injection into a mouse small intestine segment. After 3 
hours, control and passing-through FhNEJ were collected and analysed by Sequential Window 
Acquisition of All Theoretical Mass Spectra (SWATH-MS) proteomics. Up to 87 proteins differentially 
expressed in FhNEJ were identified. The obtained results revealed changes in the expression levels of 
proteins involved in several key aspects of the early F. hepatica infection such as proteolysis, 
metabolism or disruption of the host defense mechanisms. Parallelly, a histopathological study was 
performed on the treated intestine, evidencing little tissue damage or inflammatory response 
surrounding larvae migrating across the intestinal wall. Together, these findings provide a better 
understanding of the early host-parasite interface in fascioliosis that could help to define new 
pharmacological or vaccine targets for the early elimination of this parasitosis. 
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Abstract 

Gastrointestinal (GI) nematodes are ubiquitous parasites of humans, livestock, and wildlife and have 
significant associated morbidities. Extensive research has been carried out in wildlife and livestock 
investigating helminth dynamics and typically relies on characterising intensity noninvasively via faecal 
egg counts (FECs). However, most natural populations are infected with a diverse community of GI 
nematodes with distinct epidemiology. Our current understanding on how the dynamics within these 
communities might influence host health is limited by lack of tools to appropriately monitor their 
composition; FEC methods commonly group several species as ‘strongyles’ due to indistinguishable 
morphology. Recent developments in applying deep amplicon sequencing to larval stages of nematodes 
cultured from faecal samples have brought about the concept of the “nemabiome.” Analogous to 16S 
metabarcoding of the microbiome, sequencing of the ITS-2 locus allows characterisation of the complete 
GI nematode community to the species level. As these methods become more common, there is a need 
for statistical approaches to appropriately partition complex sources of variation in the nemabiome. We 
developed a generalised mixed-effects model (GLMM) approach to analyse read count data from 
metabarcoding of the nemabiome, allowing us to quantify the contributions of multiple host and 
environmental factors to GI community structure. We apply this approach to larval samples from the 
wild population of Soay sheep on St Kilda. The Soay sheep population harbours a community of ten 
species of nematodes and individuals can be infected with tens of thousands of nematodes leading to 
significant pathology. We carried out longitudinal sampling of 240 individuals of mixed age and sex over 
three seasons to investigate temporal and host-associated variation in the nemabiome. Here we show 
the validation of our GLMM approach for identifying drivers of the nemabiome composition and 
demonstrate the broad applicaton of this modelling approach to a wide range of within-host 
communities. 
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Abstract 

microRNAs (miRNAs) are small noncoding RNAs with important regulatory roles at the 
posttranscriptional level, typically resulting in messenger RNA (mRNA) degradation and suppression of 
translation. miRNAs have attracted much attention in recent years for their roles in parasite-host 
communication. Indeed, parasitic helminths abundantly release miRNAs into the extracellular space. 
This has been shown to have functional consequences on host cells. To what extent nematode miRNAs 
contribute to host immunomodulation, compared to other excretory/secretory molecules, remains 
unclear. 

We investigated the effects of the three most abundantly secreted miRNAs by the gastrointestinal 
nematode Heligmosomoides polygyrus on various immune cells. Upon transfection with synthetic 
nematode miRNAs, many genes appeared differentially expressed in a non-specific manner. However, a 
whole transcriptome analysis of in vitro differentiated mouse T helper 2 lymphocytes revealed a 
significant downregulation of several genes, including Mt2 (metallothionein 2). Metallothionein genes 1 
and 2 are involved in the regulation of intracellular zinc signaling during CD4+ T cell activation and are 
required for proper T cell activation. Among other processes, genes belonging to G protein-coupled 
signaling were further downregulated. Upregulated genes included Lrrc32 (Garp), for which a function in 
Th2 cells remains to be discovered.  

The regulation by helminth-derived miRNAs of other transcription factors and key molecules in the 
immune response to this class of pathogens will be discussed. 
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Abstract 

The equine bloodworm, Strongylus vulgaris is considered the most pathogenic equine helminth, as the 
migrating larval stages may cause potentially fatal vascular and intestinal damage. Current diagnostic 
options are not sufficiently effective in diagnosing these early, highly pathogenic larval stages. Thus 
there is an urgent need for diagnostic biomarkers of prepatent infections. Previous studies have shown 
that parasites secrete microRNAs (miRNAs), and that parasite-derived miRNAs can be isolated from the 
blood of infected hosts. This offers the promise of miRNAs as a diagnostic biomarker of parasitic 
infection. The aim of this project was to profile the specific miRNAs excreted by migratory S. 
vulgaris larvae and to examine if S. vulgaris miRNA could be isolated in the blood of infected horses. For 
this purpose live 4th and 5th stage larvae (L4/L5) were collected from the cranial mesenteric artery and its 
branches, during post-mortem examination of seven naturally infected foals. The larvae were incubated 
in RPMI 1640 medium for facilitation of miRNA excretion. After incubation, all remaining vital larvae 
were snap frozen in liquid nitrogen and stored at -80 degrees. Citrated blood samples were collected 
with a vacutainer system from the foals before euthanasia. RNA was extracted from larval samples, 
RPMI medium samples and plasma samples, using miRNeasy serum/plasma kits. Next-generation 
sequencing was performed, using Illumina technology for identification of miRNAs. In a preliminary 
bioinformatic screen, four distinct nematode miRNAs were detected in the plasma samples and await 
further validation. Bioinformatic analysis of larvae and RPMI medium samples are ongoing. This study is 
the first to investigate miRNAs secreted from S. vulgaris. This data is the foundation for future 
investigations into miRNA function and miRNAs as a potential biomarker for S. vulgaris infection.  
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Abstract 

The microbiome has been shown to be an important aspect of many organisms’ fitness but has yet to be 
characterized in many parasitic nematodes, including Parascaris spp., the major parasite of juvenile 
horses. Previous work with other parasitic nematodes has shown that they have unique microbiomes 
not only from their hosts, but also within the parasite. In some species, the microbiome has been 
exploited for control and treatment, and understanding relationships between parasites and their 
microbiome provides potential targets for new control methods. The microbiome of Parascaris spp. 
gonad and intestine samples were analyzed for this study to document this parasite’s unique 
microbiome and how it varies from the host. A total of 46 adult parasites (24 male, 22 female) were 
collected from three foals at necropsy and dissected to remove gonad and intestines. DNA was 
extracted from these samples, a library made using a 16S metagenomic sequencing protocol, and next 
generation sequencing was performed using the Illumina MiSeq platform. A bioinformatics pipeline was 
developed to identify taxa and relative abundance in the samples, and subsequent data analysis was 
carried out using the Vegan package for R. Two genera, Ralstonia and OPB56 were found only in male 
worms, and Ralstonia was specifically found in the male gonad. There were significant differences in 
alpha diversity between male and female worms overall (p = 0.0005), as well as between male and 
female gonads (p < 0.0001). Gonad and intestinal samples produced distinctly different groupings on 
beta diversity plots, indicating that there are distinct microbiomes for the different Parascaris spp. 
organs. Future work will include whole worm microbiome at different life stages, and both electron and 
fluorescent microscopy to visualize bacteria within the parasites. Anthelmintic resistance is widespread 
in Parascaris spp., and understanding the microbiome opens up new avenues for potential control 
options. 
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Abstract 

For the past four decades, macrocyclic lactones have been the most widely used anthelmintic class for 
treatment of equine cyathostomins. Introduced in the 1980s, ivermectin had high efficacy against 
luminal cyathostomin stages, while moxidectin was launched in the 1990s and had efficacy against 
luminal as well as encysted stages. Egg reappearance periods (ERPs) were originally long but vastly 
different between the two compounds, but in recent years several reports of dramatically shortened 
ERPs for both compounds have suggested emerging resistance to the ML class. The aim with this 
controlled efficacy study was to determine ERPs for ivermectin and moxidectin and associate these with 
total worm count data. Thirty-six horses, aged 2-5 years, and naturally infected with equine 
cyathostomins were randomly assigned to three treatment groups: Ivermectin (200 μg/kg), moxidectin 
(400 μg/kg), and untreated control. Fecal egg counts were determined on a weekly basis throughout the 
study. At two weeks post treatment, half the horses were euthanized and underwent necropsy with 
subsequent determination of luminal and mucosal parasite counts. At five weeks post treatment, the 
remaining half of the horses underwent the same procedure. Fecal egg count reductions were 100% at 
two weeks post treatment, but ERPs were four weeks for both anthelmintics. At the two-week interval, 
efficacy estimates against luminal stages were 97.1% and 93.3% for moxidectin and ivermectin, 
respectively, but three weeks later these had declined to 78.3% and 68.1%, respectively . Two weeks 
post treatment, larvicidal efficacy of moxidectin was 18.1% and 60.4% against early third stage (EL3) and 
late third stage/fourth stage larvae (LL3/L4), respectively, but three weeks later, the corresponding 
estimates had decreased to 8.0% and 21.2%. The worm count efficacy data suggest emerging 
macrococyclic lactone resistance in the studied cyathostomin population, and more work should be 
done to characterize this further. 
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Abstract 

The aim of this study was to explore the attitudes of Irish horse breeders around parasite control 
practices with an emphasis on pasture management practices, anthelmintics and parasite related 
diagnostics.  

 A convenience, purposive sample was used to select a sample size of approximately 20 breeders, 
thematic saturation was applied to define the sampling end point. The inclusion criteria used included: 
farm type, farm size, location, and level of parasite control engagement.  

 A one-to-one, qualitative, semi-structured interview technique was used, following a prepared 
interview topic guide. The guide facilitated discussion around parasite control measures (general 
approach, veterinary involvement, use of anthelmintic, use of diagnostics, pasture management), record 
keeping and awareness of anthelmintic resistance.  

 A total of 19 breeders agreed to participate, with 15 male and four male participants, from different 
locations in Ireland. Two farms managed young-stock only. Five of the farms were small (<4 
broodmares) whilst the rest were medium sized farms (between 4-30 broodmares). 

 An inductive thematic analysis of the interviews was performed. Assessment of current behaviours 
found that parasite control programs were primarily associated with the prophylactic use of 
anthelmintics without a strategic basis. A key driver of behaviour regarding was local farm tradition, that 
gave a sense of confidence regarding parasite control. The perceived benefits of parasitology diagnostics 
and uptake were varied and their application to parasite control was poorly understood. Anthelmintic 
resistance was recognised as an industry threat but not an issue on farm. Additionally, there was a poor 
understanding of its diagnosis and possible consequences. A centralised reliable information point was 
suggested as a solution.  

For two decades we have asked “what” owners do regarding parasite control, this study gives an insight 
into the barriers to and enablers of parasite control, providing information that could target our efforts 
into facilitating rather than dictating best practice.  
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First case of fenbendazole resistance in Parascaris univalens in Sweden and 
clinical efficacy of combination treatment with ivermectin 

Frida Martin, Eva Tydén 
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Abstract 

Resistance to anthelmintic drugs is an increasing problem in the equine roundworm Parascaris 
univalens. A stud farm in Sweden with earlier documented treatment failure of ivermectin and pyrantel 
recently suspected reduced efficacy of fenbendazole treatment and was therefore investigated. The 
stud is located in central Sweden and keeps horses on two separate farms, A (43 foals) and B (26 foals). 
All foals were between three and six months old. The effect of anthelmintic treatment was examined by 
Faecal Egg Count Reduction Test (FECRT). Foals positive for P. univalens infection was treated with 
fenbendazole (FBZ) oral paste at a dosage of 7.5 mg/kg body weight. Foals with coinfection of P. 
univalens and cyathostomins were treated with a combination of ivermectin (IVM) oral paste at a 
dosage of 0.2 mg/kg bodyweight and FBZ as above. On farm A 35 foals received FBZ and eight foals 
received combination treatment. On farm B 11 foals received FBZ while 15 foals received combination 
treatment. The egg count reduction was calculated by the shiny-eggCounts web interface. The FECRT of 
FBZ treated foals showed a reduction of P. univalens eggs of 73% on farm A and 88% on farm B. The 
combination treatment of FBZ and IVM increased the reduction of P. univalens eggs to 92% on farm A 
and 99% on farm B.  In conclusion, emerging resistance to FBZ is reported for the first time in Sweden, 
indicating presence of triple resistant P. univalens populations. We also noticed that combination 
treatment of FBZ and IVM improved the reduction of egg counts. Combination of anthelmintic drugs 
from different chemical groups have been proposed as alternative parasite control strategies where 
failure of individual drugs is documented, but needs to be further investigated for P. univalens.  
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Abstract 

Parascaris sp. is the only ascarid parasitic nematode in equids and one of the most threatening 
infectious organisms in horses. Only a limited number of compounds are available for treatment of 
horse helminthiasis and Parascaris sp. worms have developed resistance to the three major 
anthelmintic families. In order to overcome the appearance of resistance, there is an urgent need for 
new therapeutic strategies. The active ingredients of herbal essential oils are potentially effective 
antiparasitic drugs. Carvacrol is one of the principal chemical of essential oil from Origanum, Thymus, 
Coridothymus, Thymbra, Satureja and Lippia herbs. However the antiparasitic mode of action of 
carvacrol is poorly understood so far. Here, the objective of the work was to investigate and characterize 
the activity of carvacrol on Parascaris sp. nicotinic acetylcholine receptors (nAChRs) function both in vivo 
with the use of worm neuro-muscular flap preparations and in vitro with electrophysiology on nAChRs 
expressed in Xenopus laevis oocytes. Strikingly, we observed that carvacrol fully abolished Parascaris sp. 
muscle contractions elicited by acetylcholine. Conversely, carvacrol inhibited acetylcholine-induced 
currents on both the nicotine-sentitive AChR and the morantel-sensitive AChR subtypes. Thus, we show 
for the first time that the body muscle flap preparation is a tractable approach to investigate the 
pharmacology of Parascaris sp. neuro-muscular system. Our results suggest an intriguing mode of action 
for carvacrol being a potent antagonist of muscle nAChRs of Parascaris sp. worms which may account 
for its antiparasitic potency. 
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Abstract 

Dictyocaulus viviparus has a major impact on bovine health and productivity. Pasture infection levels can 
rise rapidly if weather conditions are favorable, causing unexpected outbreaks.  

Bulk tank milk (BTM) antibody levels against D. viviparus were used in two consecutive grazing seasons 
(2018-2019) to (1) investigate associations with farmer-reported lungworm outbreaks in dairy cows; (2) 
assess the impact of (sub)clinical infections on cow productivity; (3) identify risk factors for infections 
and (4) determine the relationship with meteorological parameters and their possible predictive value 
for an outbreak.  

A strong association was found between the occurrence of an outbreak and two consecutive positive 
BTM results, or a single positive BTM result in August or October. In both years, there was a substantial 
(NS) difference in the annual mean milk yield between farms with at least one BTM sample above the 
cut-off of 0.41 ODR and farms that stayed below this threshold (-0.17 and -0.70 kg milk/cow/day in 2018 
and 2019, respectively). In 2019, this association was stronger and significant when the cut-off was 
exceeded in at least two consecutive BTM samples (-1.74 kg milk/cow/day). BTM results were also 
significantly negatively associated with the closest milk production data during the two-weekly BTM 
sampling intervals in 2019. Purchase of new animals and the proportion of the first grazing season 
covered by preventive anthelmintic treatment were positively associated with milk yield losses, while 
mowing at least 50% of the pastures was negatively associated with reduced milk production. 
Preliminary results into the associations between BTM ODR and meteorological parameters reveal a 
positive association with evapotranspiration, a negative association with temperature, and number of 
hot (> 20°C) and rainy (> 2mm) days in the six to eight weeks before sampling of the BTM. Further 
research into the predictive value of these parameters is ongoing. 
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viviparus. She also conducted research into the diagnostics of lungworm disease and the associations 
with farmer-reported outbreaks, milk production losses and meteorological factors. Lastly, she studied 
the predictability of the disease using meteorological parameters. Marieke is (co-)author of several 
scientific publications, including papers on lungworm disease in dairy cattle and psoroptic mange in 
Belgian Blue cattle. 
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Abstract 

Ruminant fascioliasis and paramphistomiasis are responsible for significant negative economic and 
welfare implications in the global livestock industry. Methodologies based on counting liver and rumen 
fluke eggs in faeces (flukeFECs) are the mainstay for detecting patent infections in animals on farms 
where fluke is endemic. Egg identification is time-consuming, repetitive, requires specialist training and 
can be subjective. Artificial intelligence is a rapidly evolving digital technology with the potential to 
revolutionise parasite diagnostics by standardising egg identification and removing subjectivity of end 
users as well as enabling rapid throughput.  The objective of this study was to determine the feasibility 
of developing a digital image-based system to detect Fasciola hepatica and Calicophoron daubneyi eggs 
in sheep faeces. A flukeFEC methodology utilising an amalgamation of modified Flukefinder® and 
FECPAKG2 (www.techion.com) systems was optimised and validated to reliably detect fluke eggs in 
sheep and cattle faeces, at an egg detection limit of 5 epg for both F. hepatica and C. daubneyi. The 
combined flukeFEC system produces digital images. A bespoke machine learning algorithm (ML-A) was 
created, and a total of 252 high resolution images of F. hepatica and 98 of C. daubneyi were used to 
train and validate the model, which was then tested using a blinded randomised dataset of 6236 images. 
The sensitivity and specificity of the ML-A to detect fluke eggs in sheep faeces was 85.5% and 98.2% for 
F. hepatica and 65.8% and 97.7% C. daubneyi. Overall, the initial ML-A performed moderately, but 
continued training and refinement will improve its reliability. This study highlights the potential for 
supporting the development of new image-based fluke diagnostics. 

Presenting author biography 

Claire Reigate - PhD Candidate from Aberystwyth University, Wales, UK 

http://www.techion.com/


 

 

331 

 

O-4022 

Livelihood impacts of enhanced goat health in sub-Saharan Africa 

Lovemore Gwiriri1, Honest Machekano2, Andrew Cooke1, Casper Nyamukondiwa2, Javier Ventura-

Cordero3, Paul Airs3, Jan van Wyk4, Michael Lee5, Eric Morgan3, Taro Takahashi1 

1Rothamsted Research, Okehampton, United Kingdom. 2Botswana International University of Science 

and Technology, Palapye, Botswana. 3Queen's University Belfast, Belfast, United Kingdom. 4University of 

Pretoria, Pretoria, South Africa. 5Harper Adams University, Newport, United Kingdom 

Abstract 

A large proportion of smallholder rural households in Africa engage in production of goats, of which 
benefit includes resilience to variable weather conditions and portability as emergency assets. Their 
health and performance are strongly limited by disease and poor nutrition, with parasite infection by 
gastrointestinal nematode often identified as an underlying cause of the problem amidst limited access 
to anthelmintic drugs and extension services. It is often difficult, however, to quantify the exact impact 
of enhanced animal health on human livelihoods, as this change does not necessarily translate into 
observable cash income under subsistence settings. To overcome this challenge and at the same time 
evaluate the potential of plant-based targeted selective treatment (TST) as a locally more accessible 
alternative to conventional drug-based treatment, questionnaire-based interviews were carried out 
across 787 smallholders in Botswana. Goats were owned by 56% of farms and more common than any 
other type of livestock husbandry, reiterating the species' importance in the regional context. The 
number of goats owned was strongly associated with the number of daily meals typically consumed by 
the household as well as the household's self-stated status of food security, indicating the sample-wide 
tendency that goat rearing can create a form of economic buffer regardless of the health condition of 
animals. On the other hand, a high (>20%) rate of mortality was also commonly observed, across the 
entire sample but especially amongst flocks with less than 10 goats. Flocks that solely rely on grazing 
were found to have significantly (p < 0.05) higher mortality rates than those that receive fodder, grain, 
crop residues or other supplements of local origin. Combined together, our results suggest that 
improving goat health will likely have a direct and immediate impact on livelihoods of smallholders, and 
this may be attainable within a regional circular economy. 
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Abstract 

Refined management practices are needed to manage gastrointestinal nematodes (GIN) in warm, humid 
environments. The objective was to examine differences in GIN infection and weight gains of lambs born 
in fall (Oct-Nov; n = 20-158/yr; n = 716 total) or winter (Jan-Feb; n = 65-208/yr; n = 1717 total).  Katahdin 
lambs born between 2008 and 2020 were weaned between 90-120 d of age and supplemented with 
grain to meet nutrient demands. Dams were supplemented pre- and post-lambing. Weight and 
FAMACHA scores were determined ~ 60, 90, 120, and 150 d of age; FEC and PCV were determined ~90, 
120, and 150 d of age. Coproculture determined predominant genera.  Lambs were dewormed if 
FAMACHA score was > 3. During the study, sheep were actively selected for genetic resistance to GIN 
using breeding values (National Sheep Improvement Program, Sheep Genetics, Australia). Data were 
analyzed using mixed models with a repeated statement for day of sample collection, and age within 
season-yr used as a covariate. All traits were influenced by season × yr × day (P < 0.001); litter number, 
sex, age of dam influenced BW (P < 0.001). FEC were higher in fall than winter born lambs only on d 90, 
and similar on d 120 and 150 (P < 0.001). PCV was lower in winter than fall born lambs on d 120 and 150 
(P < 0.001), and FAMACHA lower on all days measured in fall than winter lambs (P < 0.001) making 
winter born more susceptible to anemia and need for deworming. Haemonchus contortus was the 
predominant GIN throughout. Fall compared with winter lambs weighed less at all time points (P < 
0.001) possibly due to poor forage quality available to dams. Attributes of genetic resistance will be 
discussed. Fall compared with winter lambs were dewormed less, but also weighed less. 
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Abstract 

The UK cattle industry has largely relied on routine / regular anthelmintic treatments to control gastro-
intestinal nematodes (GIN). The sheep sector has shown this policy can lead to widespread resistance 
and it more commonly uses tools like FEC and efficacy testing.  The project is a response to concerns 
from three dairy farmers in West Wales that parasite burdens in youngstock may be affecting growth 
rates and performance and the policy of routine treatments may need to be reviewed. The aim of this 
project was to evaluate sustainable control practices to improve the management of GIN in dairy 
youngstock. 

Faecal Egg Counts (FEC) were taken from youngstock every two to three weeks throughout the grazing 
season over two consecutive seasons. On two farms, Faecal Egg Count Reduction Tests (FECRT) were 
used to evaluate anthelmintic efficacy. For both farms the macrocyclic lactone group showed poor levels 
of efficacy, while benzimidazoles and levamisole were fully effective. Larvae were cultured from samples 
taken pre and post treatment and speciation using Nemabiome sequencing was completed.  Preliminary 
data suggest only Cooperia spp. survived treatment.  Preliminary analysis of daily liveweight gains has 
not shown differences in performance between treatment groups, however more detailed analysis is in 
progress.   

On the third farm much lower parasite burdens were observed resulting in a substantial reduction in 
anthelmintic treatments, with no detriment to daily live weight gains. Changing farmer behaviour, in 
terms of administering regular treatments has proved difficult, despite providing data to support 
decision making. This has partly been confounded by concerns around lungworm and the risk of Type II 
ostertagiosis.  
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Cross-species transmission is rare in a multi-host, multi-vector, multi-parasite 
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Abstract 

Vector-borne parasites, many of which cause major suffering worldwide, typically circulate in diverse 
wildlife communities comprising multiple reservoir host and vector species. However, we have little 
understanding of their transmission routes among those species, making effective disease management 
challenging. In particular it is hard to know the contributions different host species make to 
transmission, or the role that vector feeding preferences play in limiting exposure within the host 
community. To address these issues, we experimentally manipulated transmission within a natural 
multihost–multiparasie– multivector system, by blocking flea-borne parasite transmission from either of 
two co-occurring host species (bank voles and wood mice) in a wild woodland population. Through 
genetic analysis of the resulting infections (Trypanosoma spp. and Bartonella spp.), and fitting to a 
community epidemiological model, we show that cross-species transmission in this system is very rare, 
even for generalist parasites that are capable of infecting multiple host species. Hence, despite the 
potentially overwhelming complexity of these systems, there may be ‘covert simplicity’, whereby 
parasite transmission is dominated by single host species and their relatively host-specific vectors, 
potentially facilitating the targeting of key hosts for transmission control, even in diverse ecological 
communities.  
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Abstract 

Since some decades, herbivores captive in certain zoological parks are maintained in parcels with 
vegetation, which increases their risk of infection by strongyles due to high levels of ground 
contamination are achieved despite successful deworming is regularly applied. Some procedures 
recommended for livestock, as rotation of pastures or alternating animal species cannot be observed. 

With the aim to reduce it among African wild asses, European donkeys and wapitis (Cervus canadensis) 
captive in a zoo, a blend of spores of Mucor circinelloides (CECT20824) and Duddingtonia flagrans 
(CECT20823) was given by means of pellets previously sprayed with the blend (sprayed-on pellets), flour 
of cereals prior soaked in a water solution of spores (flour cereal) or pellets industrially manufactured 
with the spores (formulated pellets), respectively. Deworming was provided in July 2020, comprising 
ivermectin (0.2 mg/Kg bodyweight) plus praziquantel (1.5 mg/Kg bodyweight) (Equimax®, Virbac, Spain) 
for the equines, and fenbendazole (5 mg/Kg bodyweight) (Panacur® 10, MSD Animal Health, Spain) for 
the wapitis. The values of eggs of strongyles by gram of feces (EPG) dropped to 0 fourteen days after 
treatment, then increased slightly until March 2021, when numbers around 150 – 180, 200 – 233, and 
15 – 50 were observed in African asses, donkeys and wapitis, respectively. No side effects in the 
digestive tract, respiratory apparatus or on the skin were observed. It was concluded that formulated 
pellets are the most appropriate choice, but in view of the difficulty to get commercial pellets with 
fungal spores, flour cereal formulated fungi provides another highly useful tool. 

Research funded by the Research Projects CTM2015-65954-R and RYC-2016-21407 (Ministerio de 
Economía y Competitividad, Spain; FEDER), and ED431F 2018/03 (Consellería de Cultura, Educación e 
Ordenación Universitaria, Xunta de Galicia, Spain). María Sol Arias Vázquez is recipient of a Ramón y 
Cajal (Ministerio de Economía y Competitividad, Spain) contract. 

 

Presenting author biography 

Adolfo Paz-Silva is senior lecturer at the Animal Health Department, in the Faculty of Veterinary of Lugo, 
University of Santiago de Compostela (Spain). He is Diplomate of the European Veterinary Parasitology 



 

 

337 

 

College (EVPC Diplomate) and EBVS® Veterinary Specialist in Parasitology, member of the Spanish 
Society of Parasitology and the World Association for the Advancement of Veterinary Parasitology 
(WAAVP). 

Since 2013 he is the coordinator of the COPAR (Control of Parasites) Research Group at the USC, focused 
on developing strategies based on biological agents as a contribution to the integrated control of 
parasites among grazing animals. 



 

 

338 

 

O-4027 

Deer tick serine protease inhibitors 7A and 32A modulate host defense 
pathways: blood clotting and inflammation; aiding Borrelia burgdorferi 
transmission and dissemination 

Emily Bencosme-Cuevas1, Tae Kwon Kim2, Tae Heung Kim1, Moiz Ashraf Ansari1, Thu-Thuy Nguyen1, 

Albert Mulenga1 

1Texas A&M University, College Station, Texas, USA. 2Kansas State University, Manhattan, Kansas, USA 

Abstract 

Ticks and tick-borne diseases (TBD) are a major threat for human morbidity and mortality. They are 
responsible for 69% of human vector-borne diseases (HBD) identified in the USA. Nonetheless, Lyme 
disease (LD), caused by Borrelia burgdorferi (Bb) or B. mayonii that are transmitted by Ixodes spp ticks 
accounts for more than 65% of TBD cases. The costs of LD have been estimated at $712 million-$1.3 
billion a year. Resistance to acaricides, absence of an effective vaccine and the rising health impact of LD 
have justified the search for alternative methods to protect against Bb infection. Tick-antigen based 
vaccines have emerged as a promising alternative to prevent LD. However, there is a lack of effective 
antigens. Given the importance of tick saliva proteins in influencing feeding of ticks and transmission of 
Bb, our lab is interested in mining tick saliva for key proteins that might serve as targets in a vaccine to 
prevent LD. This study is a follow up study to our recently published findings that showed that 
Bb infection induced infected vector ticks, I. scapularis nymph ticks to secrete more proteins than 
uninfected. Here we have characterized two serine protease inhibitors (serpins) that were enhanced by 
Bb infection. Consistent findings that serpins regulated host defense pathways (eg. Inflammation and 
blood clotting) two serpins (S)7A and 32A likely modulate host defense to allow feeding and 
transmission of Bb.  We show that S7A, is a strong inhibitor of trypsin and blood clotting system 
proteases, Factors IX, X, and XI. Likewise, S32A, is a strong inhibitor of pro-inflammatory proteases, 
Chymase (in vitro and in vivo) and Cathepsin G, which are secreted by two of the first cells that infiltrate 
the feeding site: mast cells and neutrophils. We are investigating the role of these serpins in Bb 
transmission and dissemination. 
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Abstract 

Parasitic infection causes serious health problems in Elephants. The study was undertaken to know the 
prevalence of endo and ectoparasites in wild elephants (Elephas maximus indicus) in the Nilagiri hills and 
Anaimalai hills of Tamil Nadu, India from January 2018 to December 2020. A total of 14 dead wild 
elephants were examined for the presence of parasitic infections during postmortem at The Nilagiri hills 
and Anaimalai hills of Tamil Nadu, India. Gastrointestinal tract and external surface of the elephants 
were examined for the presence of internal and external parasites respectively. The internal and 
external parasites were collected and preserved in 70% alcohol for identification. Overall prevalence of 
parasitic infections in wild elephant was 64.29% (9/12). Gastric (28.57%) and cutaneous myiasis 
(28.57%) were found to be more followed by round worm infection (7.14%), lice infestation (7.14%) and 
tick infestation (7.14%). The collected round worms were identified as   Murshidia murshida, M. 
falcifera, Equinbria sipunculiformis and  Decrusia additicta. The bots collected from the stomach were 
identified as Cobboldia elephantis. The larvae collected from the cutaneous wound were identified as 
Chrysomya bezziana, C. villeneuvi, C. rufifacies and C. megacephala. The lice and ticks were identified as 
Haematomyzus elephantis and Amblyomma integrum, respectively. From this study it was concluded 
that elephants were highly infested with ectoparasites (90.90%) than the round worm infections 
(9.09%). 
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BBSRC UK funded scheme on “Vaccine against Fasciola species.   
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and sheep. 

Molecular identification of Amblyomma integrum – 1st in the World. 
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Abstract 

Polar bears (Ursus maritimus) are iconic indicators for the rapid and accelerating effects of climate 
change, especially in the Canadian Arctic which is warming at triple the global rate.  While there are 
obvious mechanisms for climate change to alter the transmission, survival, and impact of climate-
sensitive pathogens, demonstrating these changes is often difficult due to lack of baseline data and long 
term studies, especially in wildlife in remote regions.  We examined 425 serum samples from 381 adult 
polar bears, collected in western Hudson Bay, Canada, for antibodies to selected pathogens across three 
time periods: 1986-1989 (n = 157), 1995-1998 (n = 159), and 2015-2017 (n = 109). Seroprevalence for 
antibodies to Toxoplasma gondii (56%), Trichinella spp. (T. nativa and T6, 66%), and Francisella 
tularensis (a vector- and rodent-borne bacterium, 52%), generally increased over the three 
periods.  Antibodies to Neospora caninum were detected in only 10% of bears, all of which were also 
seropositive for T. gondii, and did not change with time. Toxoplasma gondii seroprevalence was higher 
following wetter summers, supporting increased oocyst transmission either directly to bears or their 
prey species.  Seroprevalence of Trichinella spp. was higher in polar bears previously captured in human 
settlements (especially adult males), and in years with warmer summer and winter temperatures, which 
may be due to increased consumption of terrestrial carnivores and other polar bears, and/or increased 
access to muscle larvae in carcasses. Seroprevalence of antibodies to F. tularensis increased following 
years polar bears spent more days on land, suggesting that this pathogen is primarily transmitted from 
rodent, water, or insect vectors on land. As the Arctic continues to warm, the effects of pathogens on 
wildlife populations already under stress may be enhanced, and high trophic level carnivores and 
scavengers such as polar bears may serve as sentinels for enhanced transmission of zoonoses. 
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Abstract 

The use of off-label anthelmintics to control gastrointestinal parasite infection in goats, poses a risk to 
the industry regarding the potential to violate residues in goat products. The limited registered products 
available for goats, demands the need to establish effective dose rates and provide residue depletion in 
tissue and estimated slaughter interval (ESI) of selected sheep and cattle anthelmintic treatments used 
in goats. 

  

The study used 148 boar goats treated with 1.5 times the recommended manufacturers sheep dose 
rate, using six registered sheep and cattle anthelmintics (n=24); moxidectin oral (0.2mg/kg), moxidectin 
long acting injectable (1mg/kg), derquantel (2mg/kg) and abamectin (0.2mg/kg), monepantel (2.5mg/kg) 
and cattle pour on; eprinomectin (0.5mg/kg) and doramectin (0.5mg/kg). 

  

Four animals per treatment were randomly selected to be sacrificed 2, 4, 7, 14, 28 and 42 days post 
anthelmintic treatment. Samples of liver, kidney, peri-renal fat, loin muscle and injection site were 
collected and immediately frozen before analysis. Samples were injected on an Agilent LCMS 6495 QQQ 
for analysis.  

  

The injectable administration of moxidectin showed concentrations detected in edible tissue of goats 
were not below the maximum residue limits (MRL) recommended by Australian Pesticides and 
Veterinary Medicines Authority (APVMA) at 42 days. This indicates an ESI similar to 133 days prescribed 
for sheep. The moxidectin concentrations by oral administration detected in edible tissue of goats 
indicates the same ESI of 7 days as in sheep. The monepantel, derquantel with abamectin and 
doramectin concentrations detected in edible tissue of goats, indicates a shorter ESI than in sheep. The 
eprinomectin concentrations detected in edible tissue of goats indicates a zero ESI as in cattle. 

This ESI of the six effective anthelmintic treatments will be recommended to Australian veterinarians for 

off label use in goats.  



 

 

344 

 

Presenting author biography 

Emma Doyle is a lecturer and researcher at the University of New England in NSW Australia. She has 
been involved in parasitology research for nearly 20 years with varied studies involving; breeding 
animals for parasite resistance and nutrient partitioning, vaccination using Barbervax, integrated pest 
management in sheep, fluke infection in kangaroo and cattle and use of immuno-stimulants. 



 

 

345 

 

O-4032 

Using a primary C. elegans mutant screen to identify candidate genes that affect 
the ivermectin sensitivity of the filarial worm B. malayi after RNAi 

Natalie Wilson, Elexis Price, Barbara Reaves, Adrian Wolstenholme 

University of Georgia, Athens, USA 

Abstract 

In 2016, nearly 800 million tablets of ivermectin were distributed to countries for use in elimination 
programs for human filarial diseases. Despite its widespread use, the mode of action of ivermectin 
against filarial nematodes is not well understood, and its in vivo potency cannot be replicated in vitro. To 
better understand how ivermectin affects filarial worms, our lab previously performed a transcriptomics 
study to identify differently expressed genes (DEG) in Brugia malayi adults and microfilariae after 
treatment of infected gerbils. Forty-four of these DEG had C. elegans orthologs available as mutant 
strains through the C. elegans Genetics Center. We have assayed these mutant strains for differential 
sensitivity to ivermectin by measuring three phenotypes affected by ivermectin: egg production, 
development, and motility. We have identified several resistant and hypersensitive strains of C. 
elegans as well as differences between responses to the three assays. Mutations conferring resistance 
included those in che-12 (e1812), a gene involved in chemotaxis, cilium assembly, and hyperosmotic 
response; and inx-14 (ag17), which is predicted to have gap junction hemi-channel activity and is 
expressed in the muscular, nervous, and reproductive systems. The che-12 mutants are additionally 
resistant to ivermectin’s effect on pharyngeal pumping, while inx-14 mutants are not different from 
control. Overall, twenty-three genes, with eleven strong candidate genes, have been identified as 
altering ivermectin sensitivity in at least one assay, supporting the validity of the overall approach. These 
may give insight into how ivermectin acts against filarial parasites; we are currently testing the effect of 
ivermectin on these genes in B. malayi using RNAi to confirm our findings with C. elegans. 
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Abstract 

The work described here complements previous findings on monepantel (MNP) pharmacological 
behaviour in cattle. MNP was given alone or co-administered with macrocyclic lactones or 
benzimidazoles to calves naturally infected with gastrointestinal nematodes (GIN) resistant to 
ivermectin (IVM) in two commercial cattle farms. Both pharmacokinetic and efficacy assessments were 
performed. In Farm A, two groups (n= 15) of male calves were treated with either MNP orally (2.5 
mg/kg) or IVM subcutaneously (sc, 0.2 mg/kg). In Farm B, eight groups (n=15) of male calves were 
treated with MNP, IVM, abamectin (ABA, oral, 0.2 mg/kg), ricobendazole (RBZ, sc, 3.75 mg/kg), 
albendazole (ABZ, oral, 5 mg/kg), MNP+ABA, MNP+RBZ and MNP+ABZ (all at the mentioned 
doses). Seven animals from MNP treated group (Farm A) were randomly selected to perform the PK 
study. MNP and its metabolite monepantel sulphone (MNPSO2) were the main analytes recovered in 
plasma. Higher Cmax and AUC values were obtained for the active MNPSO2 metabolite compared to 
MNP. Efficacies of 99% (Farm A) and 96% (Farm B) demonstrated the high efficacy of MNP (P< 0.05) 
against GIN resistant to IVM in cattle. While IVM failed to control Haemonchus spp. and Cooperia spp., 
MNP achieved 100% efficacy against Haemonchus spp., Cooperia spp. and Ostertagia spp. on both 
farms. However, in both farms MNP failed to control Oesophagostomum spp. (efficacies ranging from 22 
to 74%). While the combination MNP+ABA achieved an efficacy of 99% against this genus (Farm B), the 
combined treatments MNP+ABZ and MNP+RBZ shown a 100% reduction against all genera. In 
conclusion, the oral treatment with MNP should be considered for dealing with IVM resistant parasites 
in cattle. Moreover, the use of MNP in combination with benzimidazoles could be a valid strategy for 
improving its poor efficacy against Oesophagostomum spp. and thus extending its lifespan.  
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combinations in cattle. I aspire to transfer and apply all my knowledge to the productive sector, in order 
to optimize the parasitic control in animal production. 
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Abstract 

The current study evaluated the efficacy and the potential pharmacokinetic (PK) interactions occurring 
after the oral administration of abamectin (ABA) and oxfendazole (OXF) given both separately and co-
administered to calves in two farms (A and B). On each farm sixty (60) male calves infected with 
gastrointestinal nematodes were randomly allocated into four groups(n= 15): Control: animals did not 
receive anthelmintic treatment; ABA: orally treated with ABA (0.2 mg/kg); OXF: orally treated 
with OXF (4.5 mg/kg); ABA+OXF: simultaneously treated with ABA and OXF (at the above route 
and doses). Seven (7) animals from each treated group (from Farm B) were randomly selected to 
perform the PK study with blood samples being taken from these animals at regular intervals. A 
significantly (P<0.05) higher Cmax value was obtained for ABA alone (38.8±6.5 ng/mL), compared to that 
estimated after its co-administration with OXF (25.4±10.3ng ⁄mL). However, the ABA systemic 
exposure (expressed as AUC) obtained after administration of ABA alone (166±30.8 ng.d/mL) was similar 
to that observed in the ABA+OXF group (118±52.3 ng.d/mL). Likewise, OXF AUC values were similar 
after OXF administration alone (8.2±1.5 µg.h/mL) or combined with ABA (9.1±2.6 µg.h/mL). Overall, no 
adverse PK interactions were observed after the combined treatment. On Farm A, the Cooperia 
spp. were resistant to OXF, and the Ostertagia spp. were resistant to both ABA and OXF. Under this 
scenario the combined treatment only achieved an 84% efficacy against the multiple resistant 
Ostertagia spp. In contrast, on Farm B the Haemonchus spp. were resistant to ABA, the Ostertagia spp. 
were resistant to OXF and both anthelmintics failed to control the Cooperia spp. However, under the 
epidemiological conditions on Farm B, the combination was the only treatment that achieved 99.9% 
efficacy against all genera, indicating an evident additive effect of the combined treatment. 
Overall, an ABA+OXF combination can be useful to optimise the control of resistant gastrointestinal 
nematodes of cattle. However, its use must be necessarily supported by previous diagnosis of the 
resistant status of the nematode population. 
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Abstract 

Parasitic infections remain a major problem for health and economic interests, with all classes of 
existing parasiticides under threat from resistance. Comparative genomic studies have characterized 
variation across helminth gene families, presenting opportunities to exploit evolutionary differences to 
reduce parasitism. Animol aims to apply its drug discovery platform to novel targets in the glycolytic 
pathway to meet the urgent need for novel antiparasitic drugs. 

The use of DNA-encoded library (DEL) screens provides vast opportunity for novel small molecule 
discovery by expanding the chemical space and diversity for each screen. DEL screen generated data is 
then processed by machine learning (ML) algorithms, specifically formulated for animal health, to 
generate predictive binding models. Compounds then undergo expert selection prior to in vitro testing 
to identify lead compounds. More information on this process is in the DEL and ML poster submitted by 
Animol Discovery. 

The target selection process identifies phenotypes based on genetic evidence, potential spectrum for 
application, safety, and selectivity. Representative homologs are selected for parasitic profiles and used 
in target protein screening. These selections target species such as Haemonchus contortus, Dirofilaria 
immitis, Ostertagia ostertagi, Ctenocephalides felis, Stomoxys calcitrans, Lucilia sericata, Rhipicephalus 
microplus, and Ixodes scapularis. The profiles generated have provided families of compounds, with high 
affinity for parasite species homologs, showing spectrum against nematodes, insects and ticks, and 
suited to livestock or companion animal applications. 

Highly diverse novel molecules emerging from this DEL and ML process have progressed to phenotypic 
screening against whole-organism nematodes, insects, ticks, and simultaneously to biochemical assays 
to assess their potency against the target. Several molecules have progressed to in vivo models, for 
which results will be discussed. By formulating this approach, Animol Discovery is reducing the time and 
resources needed to develop a drug candidate, catapulting animal health forward with innovation and 
opportunity. 
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Abstract 

Introduction 

Leishmania infantum, the main prevalent zoonotic agent worldwide causing both canine and human 
visceral leishmaniasis. Current therapeutics present draw backs; thus, there is a need for more cost-
effective, safer, and cheaper drugs. Here, we evaluated the efficacy of both artesunate and the current 
first-line treatment (meglumine antimoniate/allopurinol) in dogs with clinical leishmaniasis using an 
imbalanced simple randomized clinical trial.  

Methods 

A total of 42 dogs were split into two groups: (i) test group (n=16) received a per-os administration of 25 
mg/kg/day for 6 days of artesunate and (ii) control group (n = 26) received meglumine antimoniate 100 
mg/kg/day and allopurinol 30 mg/kg/day for 28 days. Clinical evolution, load of IgG and parasitaemia 
were assessed at four time points: 0, 30, 90, and 180 days to assess the efficacy of each treatment.  

Results 

Significant improvement of clinical scores within both groups after treatment was observed. The 
artesunate group showed significant decrease (P = 0.0001) in clinical score, parasitaemia and IgG titers 
after 6 months of follow-up compared to the control group.  Compared to baseline values, a rapid and 
significant reduction (P < 0.012) in IgG titers, (i.e. 2.28- versus 3.04-fold for the control versus artesunate 
groups, respectively) was observed from day 30 days post-treatment. IgG levels continued to decrease 
in the artesunate group and 58% of cases became seronegative after 6-month follow-up. qPCR-positive 
dogs turned negative after treatment with artesunate, while 14.3% remained positive with the 
appearance of two new cases in the control group. Artesunate was safer, and no side effects registred. 
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Treatment failures were similar in both groups with 27.27%, including 18.18% mortality in the control 
group, versus 26.66% , including 13.33% mortality in the artesunate group.  

Discussion 

Artesunate showed higher efficacy than the current first-line treatment for CanL without any adverse 
effects. 
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Abstract 

The porcine roundworm Ascaris suum leads to reduced feed conversion and weight gain, but effects of 
this parasite on intestinal microbiota remain largely unexplored. Therefore, the intestinal microbiome 
and metabolome was assessed in pigs that were infected once with 10,000 A. suum eggs as well as pigs 
that received a trickle-infection (1,000 eggs/day over ten days), compared to a non-infected control 
group. Six pigs each were sacrificed per group on days 21, 35 and 49 post infection (pi). Faecal samples 
taken prior to infection and then weekly until slaughter as well as ingesta samples from different 
intestinal compartments were subjected to next-generation sequencing of the bacterial 16S rRNA gene. 
Metabolomic profiles were assessed in ingesta and serum samples by nuclear magnetic resonance. In 
faecal samples of single-infected pigs, a decrease in bacterial diversity was detected over the course of 
infection, while a significant alteration of the microbiome was detected in ileal and caecal ingesta on 
days 21 and 35 pi. Further, lactate and acetate were significantly increased on day 35 pi in the ileum of 
this group. Trickle-infected pigs showed a significantly altered microbiome in the caecum and colon on 
day 21 pi, accompanied by an increase in short-chain fatty acids (SCFAs) including butyrate and 
propionate. On day 35 pi, the ileal microbiome of this group differed significantly from the control 
group, and a decrease in SCFAs was detected in the caecum and colon. On day 49 pi, no significant 
microbiome/metabolome alterations were detected in ingesta samples of either group. Analysis of 
serum samples revealed, e.g., lower glucose, creatine and lactate levels in the trickle-infected group on 
days 21 and 35 pi, but an increase of these metabolites on day 49 pi, whereas no significant differences 
were detected between serum samples of the single-infected and the control group. 
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Abstract 

Haemonchus contortus is a blood-feeding parasitic nematode responsible for significant economic loss in 
the livestock industry. The parasite is globally distributed, and highly adaptable to new environments. 
Treatment relies on broad-spectrum anthelmintics, to which resistance is established or rapidly 
emerging for all major classes. Resistance to levamisole (LEV) is less widespread and LEV remains an 
important control option. Currently diagnosis of LEV resistance relies primarily on the inaccurate and 
time-consuming faecal egg count reduction test. Thus, it is necessary to develop molecular tools with 
which to diagnose and monitor LEV resistance more efficiently. 

LEV exerts its action by binding to acetylcholine receptors (AChR) and many studies have implicated the 
AChR subunit, ACR-8, in LEV sensitivity. Most studies to date have focused on the presence of deletions 
at the acr-8 locus and/or the presence of a truncated acr-8 transcript but these are not found in all 
resistant isolates, stressing the need for, the identification of a more accurate acr-8 associated-marker 
of LEV resistance in H. contortus. 

In the present study, the acr-8 locus was examined in pooled whole genome sequencing data from four 
H. contortus populations: LEV susceptible MHco3(ISE), LEV resistant MHco18(UGA2004), and F3 progeny 
of a genetic cross of the two, pre- and post-LEV treatment in vivo. A single non-synonymous SNP, S167T, 
was present in MHco18, absent in MHco3, and increased in frequency with LEV selection in the cross. 
This finding was confirmed with extensive single worm genotyping. Here we present an optimised allele-
specific PCR for the detection of S167T as a promising molecular marker of LEV resistance. This allele-
specific PCR is suitable for use in a research or reference laboratory setting, and presents an important 
step towards establishing molecular diagnosis for LEV resistance. 
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Abstract 

Ascaris suum is the most common and economically important porcine parasite in pig farming 
throughout Europe. Infection leads to reduced feed conversion, probably due to impaired intestinal 
nutrient transport. To generate more insight about intestinal absorption processes during A. suum 
infection, functional transport measurements, transcription and expression analyses were conducted on 
single-infected pigs (1x 10,000 eggs) and trickle-infected pigs (1,000 eggs/day over 10 days) compared to 
a control group. Six pigs of each group were sacrificed at 21, 35 and 49 days post infection (dpi). In a 
second experiment, groups of six pigs each received 30 vital adult worms via gavage or total excretory-
secretory (ES) antigen, cuticular ES antigen or somatic antigen of A. suum via injection into the 
duodenum, respectively, before being sacrificed 3 days later. Transport measurements of glucose, 
alanine and dipeptides were performed in short-circuit current (Ussing) chambers, while duodenal, 
jejunal and ileal mucosa was subjected to quantitative real-time PCR and semi-quantitative immunoblot 
analyses of genes involved in transport processes (e.g. SGLT1, GLUT1, GLUT2, ASCT1, PepT1).  

Results indicated that functional nutrient transport was reduced in the trickle-infected group at 49 dpi in 
the jejunum and ileum, while only minor alterations were observed in the single-infected group. On the 
expressional level, a decrease of GLUT2 and SGLT1 was observed in the jejunum 35 dpi and of GLUT2 in 
the ileum 49 dpi. Pigs that received adult A.suum primarily showed decreased expression of GLUT2 and 
PepT1 in the ileum, without any modulation of transport rates, indicating that a 3 day-presence may not 
be sufficient for functional alterations. Contrary to the initial hypothesis, injected total ES and somatic 
antigen induced an upregulation of transport processes and transcription rates in the duodenum and 
jejunum, possibly due to an “antigen shock”, while a decrease was observed in the ileum. 
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Abstract 

To obtain information on current management practices used on Swedish pig farms and assess the 
effects these may have on parasite occurrence, a nationwide cross-sectional study was carried out.  

 A total of 1615 faecal samples from 42 conventional, indoor farms were collected from the age 
categories: post-weaning (n=337); growers (n=345); fatteners (n=308); dry sows (n=277) and pre-partum 
sows (n=348). Samples were analysed using centrifugal flotation and a modified McMaster technique. 
Samples positive for strongyle-type eggs were cultured to third stage larvae for genus identification. 
Farms also responded to a questionnaire regarding management routines, and risk factors for parasite 
occurrence were assessed using multivariate analysis with logistic regression.  

Oesophagostomum spp. were the most prevalent parasites detected in 64% of the herds and 19% of the 
total number of samples. The highest prevalence was in pre-partum sows where 63% of the herds and 
41% of the samples were positive. Strict batch-wise production (OR=0.09, P=0.014) and cleaning before 
each batch (OR=0.18, P=0.006) reduced the risk of detecting Oesophagostomum spp. eggs.   

Ascaris suum were detected in 43% of the herds and in 5% of the samples. Again, the highest prevalence 
was in pre-partum sows with 37% of the herds and 9% of the samples being positive. Regarding samples 
collected from fatteners, 25% of the herds and 9% of the farms were positive for A. suum. A reduced risk 
of A. suum was seen on farms that disinfected the pens between each batch (OR=0.44, 
P=0.089).  Trichuris suis was only detected in 10% of the herds and in <1% of the samples. Only samples 
from adult sows were positive and again, batch-wise production reduced the risk of infection (OR=0.06, 
P=0.007).  

Based on our results, it was evident that good biosecurity and hygiene practices reduced the risk of 
helminth infections in the surveyed pig herds.  
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Abstract 

The Kubic FLOTAC Microscope (KFM) is a compact and portable digital microscope designed to analyse 
faecal specimens prepared with the Mini-FLOTAC/FLOTAC in both field and laboratory settings. The KFM 
combines the high sensitivity, accuracy and precision of the Mini-FLOTAC/FLOTAC techniques with a 
reliable system to capture high resolution pictures. This system was yet successfully used to perform 
Faecal Egg Count of gastrointestinal nematodes (GIN) in cattle. Moreover, the KFM can be remotely 
controlled via software by an external device, i.e. smartphone, tablet or PC, or via internet it is possible 
to transfer the captured pictures to other laboratories, that could be very useful to create a network or 
to support operators directly in the field. Recently, an Artificial Intelligence (AI) based predictive model 
was developed to perform a rapid, easy and precise automated recognizing and counting of parasitic 
elements. For this purpose, a dataset with 12,142 objects was used including samples of GIN from large 
and small ruminant faeces, as well as Trichuris vulpis and Toxocara canis eggs from dogs (confirmed by 
experts). The acquired images are first segmented into background and objects, which can be either 
impurities or pseudo-parasites with the main goal of being able to characterize the parasite species and 
to automatically count eggs. The AI system is able to recognize the 99.0% of the eggs analysed. 
Therefore, the KFM is a promising automated system for a rapid and accurate assessment of FEC to 
improve the diagnosis of parasitic infections in veterinary and human fields. 
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Abstract 

Resistance to the benzimidazole and tetrahydropyrimidine anthelmintic classes is prevalent in equine 
cyathostomins around the world, but only sparsely and sporadically documented to the macrocyclic 
lactone (ML) class. In 2020, routine surveillance of anthelmintic efficacy on a farm in Kentucky, USA 
suggested lack of ML efficacy and available data were analyzed to investigate this further.  In 2019, 58 
Thoroughbred yearlings were imported from Ireland while another 55 yearlings were born on the US 
farm. Ivermectin (200 μg/kg) was administered to all yearlings in February 2020, and the FECR was 100% 
in the US bred yearling groups, but 93.5% (95% credible interval: 85.6-97.6), 70.5% (55.5-99.9), and 
74.5% (62.4-83.2) in three groups of the Irish imports. Two of the groups were immediately retreated 
with ivermectin, yielding FECRs of 33.8% (13.4-61.9) and 23.5% (12.6-45.0), respectively. Horses from 
these two groups were then assigned randomly to two possible treatments; moxidectin (400 μg/kg) or a 
triple combination of moxidectin (400 μg/kg), oxibendazole (10 mg/kg), and pyrantel pamoate (6.6 
mg/kg). The moxidectin-treated had FECRs of 90.2% (62.6-98.2), 57.3% (26.1-78.6), and 50.0% (30.7-
64.2), while the triple combination had a 100% FECR in all treated groups. Subsequently, the efficacy of 
ivermectin was reassessed in June, 2020 yielding FECRs of 99.8% (99.4-99.9), 87.7% (79.6-93.1), and 
62.0% (48.3-72.4) in the three imported groups, while the FECRs of the US bred yearlings all remained in 
the 99-100% range. This is the first study to demonstrate and confirm ML resistance in cyathostomins 
through reassessment. ML-resistant cyathostomins were imported from Ireland, which illustrates that 
the global movement of horses can quickly spread resistant parasite isolates around the world. The 
equine industry is strongly encouraged to routinely monitor ML efficacy against strongylid parasites, so 
resistant cyathostomin isolates can be detected and appropriate interventions implemented as early as 
possible. 
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Abstract 

A surveillance-based, targeted treatment approach to helminth parasite control is recommended in 
adult horses, however, susceptibility and morbidity is higher in juveniles. Recent surveys indicate that 
interval or strategic anthelmintic administration, without faecal worm egg counts (FWEC’s), are 
frequently employed on studs. This could result in unnecessary treatments, or foals with high parasite 
burdens remaining undetected.   

The aims of the study were to monitor the incidence of helminth parasites in foals during their first year 
via monthly FWEC’s, evaluate changes in anthelmintic treatment regimes, report intervals from 
treatment to egg detection and describe any potential association between positive FWECs and clinical 
disease.   

Results showed that the incidence of Strongyloides westeri in foals <60 days of age increased following 
the change from interval to targeted (selective) ivermectin treatment but was not associated with 
clinical disease. 

The calendar month when ascarid eggs were first detected varied between years. The incidence of 
Paracaris.spp in foals 90-150 days old was 8.2%, 4.4% and 4.9% in 2018, 2019 and 2020, respectively. In 
2019, targeted treatment (fenbendazole) was administered to all foals aged >90 days, from the date of 
first detection of ascarids on the stud, resulting in a lower incidence (8.8%) in foals aged 151-210 days, 
compared to 2018 (18.6%), when an interval-based treatment with pyrantel was used and 2020 (16%) 
when foals aged 90-150 days received a targeted treatment of fenbendazole. 

Within 7-30 days of receiving ivermectin, 18.8%, 38.9% and 10% of foals had positive FWEC’s for 
strongyle, S. westeri or ascarid eggs, respectively. Following moxidectin treatment (n=83), positive 
strongyle egg counts were detected 31-66 days later (median 53 days). 

Parasites probably contribute little to disease as only 51% of foals receiving veterinary intervention for 
gastrointestinal or respiratory disease had positive FWEC’s within 1 month compared to 36% of age-
matched controls. 
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Abstract 

Introduction: equine worm programs are based on treatments applied at regular intervals during the 
year, often without diagnosis. These strategies led to the development of anthelmintic resistance 
worldwide. To reduce this phenomenon in horses, targeted selective treatments (TST), based on 
individual Fecal Egg Count (FEC), have been developed, treating only animals with a threshold value>200 
eggs per gram (EPG). The present study evaluates during one year two anthelmintic regimes on donkeys 
naturally infected by intestinal strongyles (Cyathostominae and Strongylus vulgaris) in Italy. Materials 
and Methods: study animals were allocated in two treatment groups (strategic–ST and selective–TST) of 
20 donkeys each, moreover a control group (C-group) of 10 animals were enrolled. Individual FECs were 
performed monthly using a modified McMaster technique. Results: at the beginning of the study in ST, 
TST and C-groups the mean EPG were 1585.5, 1627.0 and 1634.4, respectively, no statistical differences 
were observed (p=0.9815). In August 2015, donkeys belonging to ST and TST were dewormed with 
fenbendazole drench (7.5 mg/kg) showing a FEC reduction of 99.4% in both groups. All the donkeys of ST 
group were also treated with FBZ in February and July 2016, while monthly in TST group donkeys with an 
individual FEC>300EPG were treated. In the ST group after the first and the second treatment the mean 
EPG follow a progressive increase while remained almost constant in TST group allowing to treat a 
reduced number of donkeys per time-slot and avoiding high level of infestation (p<0.05). In the ST, TST 
and C-groups, the mean EPG during the study period was 347.0, 201.0 and 873.7, respectively. 
Discussion: the study showed that in the TST group the mean EPG of intestinal strongyles was lower 
than in ST; considering the high prevalence of S. vulgaris, TST in donkeys should be performed with 
specific parasitological surveillance. 
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Abstract 

Equine piroplasmosis is caused by Babesia caballi and Theileria equi and transmitted (among other hard 
ticks) by members of the genus Dermacentor. Infections can lead to life-threatening acute disease with 
anaemia and organ failure, especially in congenitally infected new-born foals, but also chronic and 
subclinical infections are described. In autumn 2020, a 23-year-old pregnant warmblood mare from 
Güssing, Eastern Austria, was presented at the equine emergency services of the Vetmeduni Vienna, 
Austria, with apathy, anaemia, fever, tachycardia and tachypnoea and a severely elevated serum 
amyloid A concentration. The horse had a poor body condition and showed thoracic and pericardial 
effusion, and later oedema and icteric mucous membranes. Blood smear and molecular analysis 
revealed an infection with Theileria equi. Upon treatment with imidocarb diproporionate, the mare 
improved clinically, parasites were undetectable in blood smears, and 19 days after hospitalization the 
horse was discharged from the hospital. However, two months after first hospitalization the mare was 
again presented to the hospital because of abortion, and the foetal spleen was also PCR-positive for T. 
equi. On the horse’s home pasture specimen of different stages of Dermacentor reticulatus were 
collected and subjected to PCR for T. equi, and one engorged specimen was positive. It is suspected that 
T. equi is endemically transmitted in the area where the infected animal had grazed, and it could be 
shown that transmission to the aborted foetus had occurred. Due to the chronic nature of equine 
theileriosis and the possible health implications of infection it is advised to include the infection in the 
panel of differential diagnosis in horses, included individuals without travel disease, and to be aware of 
iatrogenic transmission from inapparent carrier animals. 

Presenting author biography 

Study of veterinary medicine in Hannover, Germany, graduation 1992. PhD in veterinary parasitology 
(Hannover), postdoc in Copenhagen (DK), Hannover (D), Leipzig (D). Since 2003 full professor for 
parasitology, Vetmeduni Vienna, Austria. Member of the European Veterinary Parasitology College since 
2003. Detailed CV available under: https://vetdoc.vu-
wien.ac.at/vetdoc/suche.person_publikationen?sprache_in=de&menue_id_in=102&id_in=2723) 

  

 

https://vetdoc.vu-wien.ac.at/vetdoc/suche.person_publikationen?sprache_in=de&menue_id_in=102&id_in=2723
https://vetdoc.vu-wien.ac.at/vetdoc/suche.person_publikationen?sprache_in=de&menue_id_in=102&id_in=2723


 

 

369 

 

O-4047 

The seroprevalence of Neospora caninum in Ontario broodmares 

Olivia Johns1,2, David Pearl1,2, John Barta1,3, Rob Foster1,3, Tracey Chenier1,2 

1University of Guelph, Guelph, Canada. 2Department of Population Medicine, Guelph, Canada. 
3Department of Pathobiology, Guelph, Canada 

Abstract 

Introduction 
Neospora caninum is an important cause of abortion in cattle worldwide and recent confirmed cases 
suggest it is an unrecognized cause of equine abortion. Horses with antibodies to N. caninum exhibit 
higher pregnancy failure rates than unexposed horses.  The objective of this research was to describe 
the seroprevalence of N. caninum in Ontario broodmares and identify risk factors for infection. We 
hypothesized that the seroprevalence to N. caninum in Ontario broodmares would be similar to Ontario 
cattle (~20%).  

Material and Methods  
In this cross-sectional study, serum samples from 219 Ontario broodmares from 63 farms were tested 
for antibodies to N. caninum using an indirect immunofluorescence antibody test (IFAT). Using mixed 
logistic regression models with a random intercept for farm, the association between mare reproductive 
status (i.e., maiden, pregnant, open) and seroprevalence was examined. Using the latent variable 
technique, the intraclass correlation coefficient (ICC) was estimated.   

Results 
Antibodies (titre ≥1:40) for N. caninum were found in a total of 60/219 (27.40%) broodmares. The 
prevalence estimates of specific titres were 1:40 (39/219; 17.81%), 1:80 (8/219; 3.65%), and 1:160 
(13/219; 5.94%). Mare reproductive status was not associated with seroprevalence (titre ≥1:40; 
p=0.477). The correlation in serostatus among horses on the same farm (i.e. ICC) was 28.6% (95% CI: 
0.111-0.563).  

Discussion 
In this study, the seroprevalence of N. caninum antibodies in Ontario broodmares was similar to Ontario 
cattle. Seropositivity in horses in previous studies from different geographic locations have varied from 
6% to 78% in Brazil and France, respectively (Abreu et a., 2014; Pitel et al., 2003). Ongoing research will 
use a survey completed by farm owners to examine associations between animal, management, and 
environmental factors and seroprevalence.  

 

References: 
Abreu, RA., et al.(2014). Vet. Parasitol, 128-131. 



 

 

370 

 

Pitel, PH., et al.(2003). Vet. Parasitol, 1-6. 

 

Presenting author biography 

Olivia is currently completing her Master of Science in Theriogenology in the Department of Population 
Medicine at the Ontario Veterinary College, University of Guelph. She completed her Bachelor of Science 
in Animal Biology at the University of Guelph in 2019. Olivia grew up with horses and has always had a 
passion for their health. During her undergraduate studies she realized that she had a keen interest in 
equine reproductive medicine, specifically in causes of poor reproductive performance. 



 

 

371 

 

O-4048 

Comparative gene expression analysis between Parascaris univalens and 
Caenorhabditis elegans after Ivermectin exposure in vitro 

Faruk Dube1, Hinas Andrea2, Magnus Åbrink1, Staffan Svärd2, Eva Tyden1 

1Department of Biomedical Sciences and Veterinary Public Health, Swedish Universlity of Agricultural 

Sciences, Uppsala, Sweden. 2Department of Cell and Molecular Biology, Uppsala University, Uppsala, 

Sweden 

Abstract 

Anthelmintic resistance (AR) is a widespread burden in livestock in animals and an emerging threat in 
humans. Latest reports of multi-drug resistance in the equine parasitic roundworm, Parascaris univalens 
is of particular concern. Underlying mechanisms that drive resistance remain to be unravelled and a 
need for novel robust intervention approaches is essential. This study compares the effect of Ivermectin 
(IVM) to P. univalens and Caenorhabditis elegans in the effort of developing C. elegans as an in vitro 
model for AR studies. 

Anthelmintics näive adult P univalens worms isolated from two foals were incubated in cell culture 
media containing 10−9, 10−11, 10−13 M IVM or mock (control) at 37 °C for 24 h. RNA was subsequently 
isolated from the anterior part of the 12 worms and sequenced on Illumina NovaSeq 6000 platform. 
Conversely, ~ 450 young adult wild-type (N2) C. elegans worms were incubated in culture media 
containing 10−8 M IVM or mock (control) at 20 °C for 24 h. Worm behaviour was scored and RNA 
subsequently isolated. qPCR was performed on both species RNA, targeting selected candidates genes. 

Top regulated genes in P. univalens with orthologues in C. elegans, involved in biotransformation, drug 
targets, metabolite transportation and gene regulation were selected from the RNA-seq data as 
candidates. Generally, candidate genes followed similar expression patterns in P. univalens for both 
RNAseq and qPCR assays. A further qPCR comparison between 10−9 and 10−8 M IVM of P. univalens and 
C. elegans respectively, revealed an overall similar gene expression pattern between the animal species.  

Such parallels in the expression of AR important genes provides insight in using C. elegans as a probable 
model for AR studies in parasitic nematodes. Our ongoing studies entail further characterization of these 
P. univalens genes in C. elegans to establish their involvement in drug metabolism. 
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Abstract 

Breeding livestock with better abilities to withstand gastro-intestinal nematode (GIN) infection is a 
promising alternative control strategy to build sustainable production systems less reliant on drugs. As 
for other quantitative traits, breeding for enhanced resistance to GIN infection will depend on available 
genetic variation that is the substrate for selection to act upon. It should also not disrupt the existing 
host-pathogen dynamics and avoid initiating an arms race between more resistant hosts and their 
parasites.  

Insights from wild and domestic sheep and horse populations suggest that significant heritable genetic 
variation exists for resistance to GIN infection. This contradicts theoretical predictions that would expect 
the rapid fixation of favorable alleles through positive selection.  

Several factors have been proposed to explain this discrepancy and I have explored some of the 
proposed factors including the trait genetic architecture, genotype-by-environment interactions, and 
arms race between the host and its parasites. 

First, we leveraged dense genetic marker information to define the genetic architecture of sheep 
resistance to Haemonchus contortus revealing multiple genomic regions with pleiotropic effects. 
Second, we built sheep lines with divergent resistance potential to H. contortus infection and exposed 
them to contrasted environmental conditions revealing significant genotype x environment variation. 
Third, we provide the first evidence that H. contortus worms are able to display limited but significant 
transcriptional plasticity which promote its survival in the face of hosts with enhanced resistance.  

Breeding for resistance hence remains a sustainable strategy that requires to anticipate the effects of 
environmental perturbations and to monitor worm populations. Other strands of research include long-
term co-adaptation study to estimate interacting genetic matrices in both the host and the parasite, or 
identification of the factors driving susceptibility difference across host sexes.  
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As an independent researcher, I further studied the host-parasite system to develop sustainable control 
strategies. I evaluated alternative options to drug treatments while investigating the factors contributing 
to the maintenance of genetic variance for resistance to GIN infection.  

Recent efforts have been focused on characterizing parasitic nematode genetic diversity and on 
understanding how nematode species adapt to fluctuating environmental conditions. 
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Abstract 

Introduction 

Genome-wide scans have begun to expand and refine the gene repertoire associated with 
benzimidazole or ivermectin resistance. Suboptimal response to levamisole is, however still defined by 
mutations in a few nicotinic receptor subunits. We challenged this view by undertaking a genome-wide 
scan applied on two back-cross lines of Haemonchus contortus.  

Materials and methods 

Two levamisole resistant isolates - a multidrug-resistant field isolate and an in vitro selected resistant 
isolate - were each back-crossed against the susceptible ISE isolate for at least five generations under 
levamisole selection. Pooled whole genome sequencing was used to estimate genetic differentiation 
between the parental isolates and intermediate generations of the backcrosses.  

Results 

Using this approach, 121 and 158 genomic windows (10-Kbp) showed differentiation pattern consistent 
with levamisole selection in the in vitro selected and field derived backcross lines respectively. These 
were mostly falling within gene loci (78.7 and 72.2% for the lab and field isolate derived lines).  

Windows under selection were found over most levamisole receptor subunits, i.e. acr-8, unc-63, unc-29 
or in the vicinity of unc-38 but we found no evidence of selection over the lev-1 locus. To expand this 
candidate-based approach, I examined 120 one-to-one orthologs of C. elegans genes with known 
levamisole-associated phenotype. Of these, eat-6, unc-3, unc-63, unc-68 and unc-112 were found under 
selection in at least one back-cross generation.  

Ontology enrichment analysis highlighted neurogenesis, calcium ion binding and synaptic signalling. 
Genes defining these enrichments included acr-8 and two other genes in its vicinity, namely slo-1 and 
snt-5 orthologs. C. elegans knock-out mutants for these genes showed significant reduction in their 
sensitivity to levamisole. 
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Discussion 

This experiment provides novel insights into the genetic architecture of resistance to levamisole. Knock-
down experiments and expression study are undergoing to further characterize the relative contribution 
of highlighted candidates. 
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Abstract 

Canine monocytic ehrlichiosis is a tick-borne disease caused by the bacterium Ehrlichia canis, which is 
vectored by the tick, Rhipicephalus sanguineus sensu lato (s.l.). The genetic variability of this bacterium 
has been assessed by analysis of different genes, including the Tandem Repeat Protein 36 - TRP36, 
which has been assessed in the Americas, Africa, Asia, and in a single dog sample from Europe (i.e., 
Spain). To assess the variations in the TRP36 gene of E. canis in naturally infected canids and R. 
sanguineus s.l. ticks from Asian and European countries, DNA samples of dogs (n = 644), foxes (n = 146), 
and R. sanguineus s.l. ticks (n = 658) from Austria, Italy, Iran, Pakistan, India, Indonesia, Malaysia, the 
Philippines, Singapore, Thailand, Vietnam, and Taiwan were examined. Ehrlichia canis 16S rRNA positive 
samples (n = 129) were selected for molecular examination by analyses of the TRP36 gene. Out of 129 E. 
canis 16S rRNA positive samples from dogs (n = 88), foxes (n = 7), and R. sanguineus s.l. ticks (n = 34), 
TRP36 gene was amplified in 52. The phylogenetic analysis of the TRP36 gene showed that most samples 
were genetically close to the United States E. canis genogroup, whereas two samples from Austria and 
one from Pakistan clustered within the Taiwan genogroup. TRP36 sequences from all samples presented 
a high conserved nucleotide sequence in the tandem repeat region (from 6 to 20 copies), encoding for 
nine amino acids (i.e., TEDSVSAPA). Data herein obtained confirms the US genogroup as the most 
frequent group, whilst the Taiwan genogroup was present in a lower frequency. This is the first report of 
the US genogroup in red foxes, revealing that these canids share identical strains with domestic dogs 
and R. sanguineus s.l. ticks. 
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Abstract 

Psoroptes ovis causes a severe exudative dermatitis in Belgian blue cattle. Macrocyclic lactones (ML) are 
often used to treat psoroptic mange. Resistance against ML has recently been reported, but insights into 
the underlying resistance mechanisms are lacking. Possible pharmacodynamic and -kinetic changes were 
explored in this study.  

The transcriptomes of a ML sensitive mite population and a resistant population (pre- and post-
treatment) were compared using RNA seq. Additionally, the resulting reads were used to identify cys-
loop ligand-gated ion channels in P. ovis, as potential ML target sites. Subsequently, variation in the 
sequences of the two glutamate-gated chloride-channels, the major target sites, was determined with 
the use of deep amplicon sequencing on mite populations from farms (n=9) with different ML efficacy (2 
susceptible, 2 suspected resistant and 5 resistant populations).  

Analysis of the RNA seq data identified 30 ML-induced and 10 constitutively up-regulated genes in the 
resistant mite population. The ML-induced genes included two UDP-glycosyltransferases. Furthermore, 
two cytochrome P450 genes were upregulated in the resistant population, one of which was also ML 
induced, while the other one was constitutively up-regulated in the resistant population, regardless of 
the treatment. These findings have been confirmed through qPCR.  

After alignment of the raw reads of the RNA seq, two glutamate-gated chloride channels, two histamine-
gated chloride-channels, a pH sensitive chloride-channel, four GABA-gated chloride channels and seven 
nicotinic acetylcholine receptors were found in the genome of P. ovis. Deep amplicon sequencing of the 
Trans-membranal region 3 of both glutamate-gated chloride-channels showed no variation in the 
analysed sequences between the ten different mite populations.  

Hence, it can be suspected that pharmacokinetic changes are at the base of resistance against MLs in P. 
ovis. Pharmacodynamic changes are less likely to be involved, due to the lack of any variation in the two 
major target sites. 
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Abstract 

Emodepside is an anthelmintic drug effective against gastrointestinal nematodes and several 
developmental stages of the filarial parasites. Currently, emodepside is only approved for treatment of 
infected cats and dogs, and resistance has not yet been reported. Nematodes that are resistant to other 
anthelmintic drug classes are susceptible to emodepside, indicating that the emodepside mode of action 
is distinct from other anthelmintics. Caenorhabditis elegans is an ideal model organism to study 
phenotypic responses to emodepside in nematodes because of its direct life cycle, small well 
characterized genome, and availability of genome-editing tools. The C. elegans laboratory strain N2 is 
sensitive to the drug; movement, pharyngeal pumping, and egg-laying are inhibited and development is 
delayed. Mutagenesis studies in this species have implicated a calcium-activated potassium channel, 
SLO-1, in the emodepside mode of action. Here, we determined if natural genetic variation across the C. 
elegans species can explain differences in emodepside responses. In a genome-wide association study, 
the phenotypic response to 78.1 nM emodepside was assayed in high-throughput for 154 wild isolates. 
We found that several genomic regions on chromosome V are associated with differences in 
emodepside responses. Candidate genes in these regions include ugt-12, -13, -14, and -61, as well as slo-
1. Contrary to the resistance found in slo-1 mutants from mutagenesis screens, the genomic region that 
includes slo-1 is associated with increased susceptibility to emodepside. Currently, we are testing the 
roles of the candidate genes in emodepside responses using a CRISPR-Cas9 approach. Our results show 
that genes different from slo-1 affect the response to emodepside. Additionally, slo-1 variation does not 
correlate with emodepside resistance, suggesting that resistance is likely dependent on genetic 
background. 
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Abstract 

The threats posed by a range of viral and bacterial zoonotic diseases inevitably receive renewed 
attention in the wake of global pandemic events due to their overt and devastating impacts on human 
health and the economy. Parasitic zoonoses, however, many of which affect millions of people each day, 
are frequently ignored. In the case of fasciolosis, caused by infection with Fasciola hepatica or Fasciola 
gigantica, this oversight has allowed the expansion of areas of parasite sympatry and thus increased 
incidences of hybridisation and possible introgression between the two species. Here we highlight how 
an increased demand for animal-derived protein, combined with a lack of appropriate tools for 
detection of these events, is changing the status quo of these zoonotic parasites. 
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Abstract 

We investigated egg reappearance periods (ERP) in different seasons (summer and winter) with 3 
different ML anthelmintics.  Three faecal egg count reduction tests (Tests 1 to 3) were conducted in 
Winter (Jun/Jul) 2019, Summer (Jan/Feb) 2020 and Winter 2020.   A final test is planned for Jan/Feb 
2021.  The same group of 24 horses were used in all tests and were divided into two groups based on 
initial egg counts.  In all 3 tests the same horses (Group 1) received ivermectin, whilst the horses in 
Group 2 received moxidectin (first two tests) and then abamectin.  Egg counts were done with a 3-
chambered McMaster slide such that each egg seen represented a count of 17 eggs per gram.   The egg 
reappearance period was defined by the time taken in weeks post-treatment for average egg counts to 
increase to 10% or greater of what they had been pre-treatment. The ERP for ivermectin in the 3 tests 
were 6, 5 and 5 weeks (7, 5 and 5 when calculated using geometric means), whereas for moxidectin in 
the first two tests they were 7 (7) and 5 (6).  The ERP for abamectin (Test 3) was 6 (6) weeks. Despite the 
suggestion of a shortening of ERP for ivermectin when moving from Winter to Summer in the first two 
tests, Test 3 did not provide convincing evidence for there being a seasonal influence on ERP.  Rather, 
egg counts were essentially zero for the same amount of time (4 weeks) in all tests with all drugs, and 
any differences in ERP depended on how quickly counts rose after treatment in week 5 and 
onwards.  Differences in ERP were thus likely due to variation in the number of L4 stages left behind 
after treatment, or at least how many eggs they went on to produce. 
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Abstract 

Canine Leishmaniasis is a potentially fatal zoonotic infection caused by the protozoan 
parasite Leishmania infantum. About 2.5 million dogs are infected in southwestern Europe alone, and 
high prevalence of canine infection is associated with high risk of human disease1. Leishmania is an 
intracellular parasite residing in compartments called parasitophorous vacuoles (PV) that interact 
extensively with host-cell trafficking machinery, i.e. endocytic and secretory pathways, contributing to 
its survival and maturation within the host cell. Conventional chemotherapy of canine leishmaniasis (e.g. 
antimonials and miltefosine) usually exhibits toxic side effects and emerging of drug resistance. To avoid 
this latter, an alternative and promising approach consists in the development of compounds that 
indirectly target the parasite by interfering with host-cell machinery involved in Leishmania infection.  

ABMA is a molecule that had been identified to interfere with host-cell trafficking machinery and to 
protect cells against intracellular toxins and pathogens2. Interestingly, an ABMA derivative compound, 
R3-1, has displayed in our research team interesting activities on Leishmania infantum both in-vitro and 
in-vivo, and presented promising pharmaceutical druggability making this compound a potential drug 
candidate. However, its mechanism of action has not been elucidated. 

In the present study, aiming to identify the mechanism of action of R3-1, we showed by confocal 
microscopy that R3-1 interferes with the recruitment of several host-cell trafficking regulators to the PV, 
such as Rab7 and Lamp1, indicating an altered maturation of intracellular parasite. Moreover, Western-
Blot and proteomic analyses showed that R3-1 disturbed many proteins involved in different host-cell 
signaling pathways, and especially some regulating the transport of endocytic and lysosomal vesicles 
and their fusion with PVs.  

1Reguera et al., Veterinary Parasitol. 2016, 227:98-114. 

2Wu et al., Sci. Rep. 2017, 7:15567. 
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Abstract 

West Nile virus (WNV) has emerged as a major veterinary and public health concern in Europe, with 
recent outbreaks among horses and humans in more northerly regions that had not previously reported 
cases, e.g. Germany and the Netherlands. Mosquito-based surveillance of arboviruses is traditionally 
based on the detection of viruses in pools of mosquitoes. As mosquito processing is reliable, but labor- 
and time-consuming, new surveillance strategies allowing a fast and early response when facing 
potential outbreaks are required. The study aimed to investigate the excretion of WNV-specific RNA by 
Culex pipiens biotype molestus in order to evaluate the usefulness of mosquito excretions as alternative 
sample type in arbovirus surveillance. 

We infected Culex pipiens biotype molestus with WNV lineage 1 via artificial feeding using cotton swabs. 
Blood fed females were divided into eight groups with four to five specimens and were incubated for 20 
days. Excrements were collected daily on Parafilm or FTA-cards and analysed for WNV-specific RNA via 
RT-qPCR. 

WNV-specific RNA could be detected in the excretion of all groups at day one after infection. In the 
following four days a discontinuous virus excretion with lower levels of WNV-specific RNA were 
detected in four out of eight groups, suggesting that viral RNA from the infectious blood meal is 
degraded or digested together with the blood meal. In one group, we were able to detect a continuous 
excretion of WNV-specific RNA over the entire period of 20 days, which is an indication of virus 
replication at least in the mosquito midgut. 

In summary, we were able to detect an excretion of WNV-specific RNA and assume that the detectability 
over time depends on the respective infection status of the mosquito. Further studies are planned to 
assess if our results can be applied to other arboviruses and vector species and to evaluate its field-
applicability.  
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Abstract 

Neospora caninum is an intracellular obligate parasite that belongs to the apicomplexan family. 
Neosporosis represents a major cause of abortive disease in bovines in several countries around the 
world. As a typical intracellular apicomplexan parasite, N. caninum needs to modulate its host cell for 
successful replication. Here, we focused on parasite-driven interference with host cell cycle 
progression. Using primary bovine endothelial cells (BUVEC) as host cell system, we here showed that N. 
caninum-infected cells first accumulated in G0/G1-phase (at 24 h p. i.), but later on preferentially 
showed S-phase characteristics (at 32 h p. i.).  In terms of cell cycle-related key molecules, cyclin A1 was 
found enhanced in its abundance at 24 h p.i. but reduced at 32 h p. i., whilst cyclin B1 abundance was 
increased mainly at 24 h p. i. By PCNA- (S-phase) and α-/γ-tubulin- (mitosis) based analyses, a reduced 
number of cells experiencing distinct S-subphase steps and minor mitotic spindle alterations were stated 
in infected cell layers. In line with alterations of cell cycle progression, N. caninum-infected cells 
presented smaller nuclear sizes and showed nuclear morphological changes (lamin B1-positive lamina 
folds) as well as actin-related cytoskeleton alterations affecting actin cap formation (F-actin). 
Nevertheless, so far it remains unclear whether these observations are intentionally driven by the 
parasite or may rather be related to collateral effects driven by parasite-triggered energy/metabolites 
consumption or rather reflect consequences of the cytoplasmic space being occupied by the parasite. 
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Abstract 

The apicomplexan parasite Cryptosporidium is still on the front line of foodborne/waterborne 
parasitoses worldwide, causing thousands of human deaths each year. The analysis of C. parvum-driven 
metabolic impacts on its host cell in a scenario more close to the in vivo situation will provide important 
insights into the parasite strategy of cell building block scavenge and eventually reveal new promising 
anti-cryptosporidial therapeutic targets. In this sense, bovines represent the most important reservoir of 
the common zoonotic subclade C. parvum. Therefore, we here analyzed metabolic signatures of C. 
parvum-infected bovine small intestinal biopsies (BSIB) propagated under physioxic conditions. 
Thus, bovine small intestinal biopsies from crossbreed cattle were collected at a local slaughterhouse 
and infected with C. parvum sporozoites. C. parvum development in this ex vivo model was monitored 
by qPCR and SEM-analysis and early conversion rates of key metabolites were estimated in supernatants 
of C. parvum-infected biopsies. Metabolic analyses were performed in parallel under physioxia (5% O2) 
and hyperoxia (21% O2) to elucidate parasite-driven metabolic effects at physiological oxygen 
conditions. Metabolic signatures of C. parvum-infected BSIB revealed a rapid change in metabolic 
responses being characterized by an initial down-regulation of conversion rates of key metabolites, such 
as glutamate, glutamine, glucose, lactate, serine and aspartate at 3 hours p. i. (hpi). By contrast, a rapid 
increase of above mentioned conversion rates was detected after trophozoite establishment (i. e. 6 hpi), 
suggesting a succesfull parasite modulation on the metabolic performance of its epithelial niche. Of 
note, metabolic signatures-based principal component analyses (PCA) confirmed atmospheric-
dependent-clustering of C. parvum-driven metabolic responses, confirming physioxia as pivotal factor on 
conversion of fuels by C. parvum infected-cells.  

Here, we described metabolic insights into a bovine ex vivo model of C. parvum infection, which 
revealled physioxia as drinving factor of metabolic responses from C. parvum-infected bovine intestinal 
epithelium.  
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Abstract 

Q fever is a zoonotic disease whose aetiological agent is Coxiella burnetii, a Gram-negative bacterium. 
This pathogen has a worldwide distribution with an economic loss and a high impact on human and 
animal health. Transmission could be related to tick as well as to other routes. The burden of infection is 
relevant in areas that do not reach a good standard of hygienic conditions and livestock are managed 
close to humans. C. burnetii can be found in two phases (Phase I and Phase II), that are linked to the 
antigenic variations of its lipopolysaccharide (LPS). Q fever has a wide spectrum of clinical 
manifestations that ranges from acute to chronic, moreover, symptoms are indistinguishable from those 
belonging to other diseases, and often could be symptomless. For these reasons, reliable laboratory 
tests are essential for an accurate diagnosis.  

The purpose of this study was to validate a new diagnostic test based on enzyme-linked immunosorbent 
assay (ELISA) for the detection of antibodies against C. burnetii Phase II in acute disease. This assay, 
called Chorus Q Fever Phase II IgG and IgM Kit (DIESSE, Diagnostica Senese S.p.A), is carried out by a new 
medical device named Chorus.  

Validation plan, performed according to Regulations UNI-CEI-EN-ISO/IEC 17025 and 17043 and to World 
Organization for Animal Health (OIE) guidelines, foresaw 340 sera from patients symptomatic and 
clinically healthy. Firstly, the operator performances, in terms of accuracy and repeatability, were 
evaluated, afterwards, the performance of the assay, such as analytical specificity and sensitivity (ASp - 
ASe), diagnostic specificity and sensitivity (DSp - DSe) were assessed, finally, positive and negative 
predictive values (PPV - NPV) were determined.  

According to the optimal evaluated parameters, the diagnostic ELISA test was shown to be suitable for 
validation and commercialization as a screening method for human sera and a valid support for clinical 
diagnostics.  
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Abstract 

Ticks are important arthropod vectors because of their blood-feeding behaviour, which allows the 
transmission of the pathogens that affect both humans and animals. With the increasing spread in the 
distribution of a range of tick species, a better understanding of their feeding behaviour will support 
research into improved control strategies. In particular, the use of in vitro feeding models will facilitate 
more ethical and cost-effective research approaches. This study employed silicone impregnated 
membranes in artificial tick feeding units provisioned with citrated bovine blood along with a range of 
host- and tick-associated chemical stimuli, to observe Ixodes ricinus feeding responses. To help refine 
the technique, two groups of 60 Ixodes ricinus nymphs were used to examine the effects of 
temperature. For Group 1, tick feeding units were placed in a humidified incubator maintained at 37⁰C 
and 70% RH. For Group 2 units were placed on a hot plate set at 37⁰C but maintained on the laboratory 
bench at 21⁰C and 58% RH. 24 h after exposure to the membrane, 93.3% of Group 1 ticks had attached 
to the membrane and begun feeding. This was significantly (P<0.05) higher than the second group 
(10%). Mortality was also significantly (P<0.05) higher in Group 2 than group 1 after 48 hours (51.7% and 
11.7% respectively). In conclusion, the controlled temperature conditions promoted a better feeding 
response from the ticks to the silicone membranes.  
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Abstract 

Introduction 

Dermacentor species are important as ectoparasites and as disease vectors. Representatives of the 
genus in the United States that infest domestic animals include D. variabilis, D. andersoni, D. 
occidentalis, D. albipictus and D. nitens. Only the complete mitochondrial genome sequence of D. nitens 
is available for diagnostic or research use. Despite years of study, there is a paucity of genetic data from 
Nearctic Dermacentor species such as D. albipictus and D. occidentalis. There is also a lack of clarity on 
the genetic differences between the inornate and ornate morphs of D. albipictus.  

Methods 

Populations of D. variabilis, D. andersoni, D. occidentalis and the two morphs of D. albipictus were 
collected from various sampling sites across their range in the United States. We sequenced the 
complete mitochondrial genomes and nuclear ribosomal sequences of a subset of the collected ticks 
using the long PCR and deep sequencing approach.  

Results 

The complete mitochondrial genomes of the important Dermacentor species of the United States were 
annotated and phylogenetic analyses conducted. We present the results of our phylogenetic analyses 
and insights into the nature of the genus Dermacentor specifically as it pertains to species whose 
distribution is restricted to North America and in comparison to Dermacentor spp. present in other parts 
of the world. 

Discussion 

The availability of the mitochondrial genomes of these important Dermacentor species of the United 
States will be a key resource for molecular identification studies in diagnostic labs. This data will also 
advance tick systematics, resolve phylogenetic uncertainties in Dermacentor spp., and provide a basis 
for hypothesis generation in population genetics studies in the future.  
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Abstract 

Dermanyssus gallinae, also known as the poultry red mite (PRM), is one of the most important 
ectoparasites in the modern laying hen industry. PRM can also infest humans, causing gamasoidosis or 
avian mite dermatitis, which is manifested as skin lesions commonly characterized by rash and itching. In 
recent years, there has been an increase in the reported number of human infestation cases with D. 
gallinae, mostly associated with the proliferation of pigeons in the cities where they build their nests. 
The human form of the disease has not been linked to swallows (Hirundinidae) before. In this report, we 
describe an incident of human gamasoidosis linked to a nest of swallows built on the window ledge of an 
apartment on the island of Kefalonia, Greece. A 37-year-old male presented with scattered groups of 
pruritic, erythematous papules with a size of 3 mm and a central punctum in various parts of his body, 
including the upper and lower limbs. A few days after the symptoms’ onset the patient saw mites 
crawling in the room and on his body, whereas large mite numbers were present in the swallows’ nest. 
A detailed questionnaire was completed including all relevant information. Mites were identified as D. 
gallinae using morphological keys and amplifying the Cytochrome C oxidase subunit I (COI) gene by PCR. 
The Bayesian phylogenetic analysis and the median-joining network supported the identification of 
three haplogroups as regards to clustering haplotypes coming from D. gallinae haplotypes previously 
found in Greece and was identical to three PRM sequences isolated from hens in Portugal. The patient 
was treated with topical corticosteroids, and oral antihistamines, while the house was sprayed with 
deltamethrin. After 1 week the mites disappeared and clinical symptoms subsided. The current study is 
the first report of human gamasoidosis from PRM found in swallows’ nest. 
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Abstract 

Background: The blood feeding poultry red mite (PRM), Dermanyssus gallinae, causes substantial 
welfare and economic damage to the egg laying industry worldwide. We have investigated temporal 
gene expression across the 6 stages/sexes (egg, larvae, protonymph, deutonymph, adult male and adult 
female) of PRM. 

Results: RNA-seq transcript data for the 6 stages were mapped to the PRM genome creating a publicly 
available gene expression atlas (https://bioinformatics.psb.ugent.be/orcae/overview/Degal). Network 
analysis and clustering of stage-enriched gene expression in PRM resulted in 17 superclusters with 
stage-specific or multi-stage expression profiles. The 6 stage-specific superclusters were clearly 
demarked from each other and the adult female supercluster contained the highest number of stage-
specific transcripts (2,725), whilst the protonymph supercluster the fewest (165). Fifteen pairwise 
comparisons were performed between the different stages resulting in a total of 6,025 Differentially 
Expressed Genes (DEGs) (P>0.99).  These data were evaluated alongside a Venn/Euler analysis of the top 
100 most abundant genes in each stage. An expanded set of cuticle proteins and enzymes (chitinase and 
metallocarboxypeptidases) were identified in larvae and underpin cuticle formation and ecdysis to the 
protonymph stage. Two mucin/peritrophic-A salivary proteins were highly expressed in the blood-
feeding stages, indicating potential peritrophic membrane formation during feeding. Reproduction-
associated vitellogenins were the most abundant transcripts in adult females, whilst in adult males, an 
expanded set of serine and cysteine proteinases and an epididymal protein were highly 
abundant.  Assessment of the expression patterns of putative homologues of 32 allergen groups 
described for the house dust mites indicated a bias in expression towards the non-feeding larval stage in 
PRM. 

Conclusions: Temporal gene expression analysis has provided insight into developmental, feeding, 
reproduction and survival strategies employed by PRM. The publicly available PRM resource is an 
invaluable tool for investigating the biology of and novel interventions for this parasite. 
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Abstract 

Introduction 

Babesiosis, theileriosis, anaplasmosis, and heartwater are tick-borne diseases that threaten livestock 
production in sub-Saharan Africa including Burkina Faso and Benin. For over a decade, these two 
bordering countries have been facing an invasion of the livestock by the tick Rhipicephalus microplus, a 
major vector for babesiosis, accidentally introduced in Benin in 2004. The molecular identification of 
tick-borne pathogens in this border area is of particular interest due to animals seasonal migration 
between the two countries.  

Materials and methods 

The epidemiological features of ticks and tick-borne pathogens in cattle were investigated to compare 
the eastern Burkina Faso, corresponding to a seasonal migration departure zone, and the northern 
Benin, which represents a seasonal migration arrival zone.Ticks and peripheral blood were collected 
from a total of 946 cattle in the two areas. Ticks were morphologically identified and the DNA samples 
from bovine blood and ticks were analysed by Reverse Line Blot (RLB) hybridization process.  

Results 

A total of 2856 ticks were collected on 490 cattle in Burkina Faso, eight tick species were identified, 
while 3583 ticks were collected on 456 cattle in North Benin for nine tick species identified. The invasive 
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tick, Rhipicephalus microplus was not found in eastern Burkina Faso, but its spread farthest north in 
Benin is reported. Six tick-borne pathogens species were highlighted in cattle blood both in eastern 
Burkina Faso and in northern Benin. Ranked in decreasing order of overall prevalence, they are: Theileria 
mutans (91.1%), Theileria velifera (77.8%), Babesia bigemina (10.9%), Anaplasma marginale (4.2%), 
Babesia bovis (3.3%), and Theileria annulata (1.8%).  

Discussion 

This survey represents the first report of Theileria velifera and Theileria annulata in the region. Overall, 
the TBPs prevalence were significantly higher in northern Benin than in eastern Burkina Faso, indicating 
a higher parasitological risk in this area. 
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Abstract 

Pediculosis in cattle causes significant itching, irritation and stress to the animal, often resulting in skin 
damage and poor coat condition. The control of bovine pediculosis in Ireland is based predominantly on 
commercial insecticides belonging to one of two chemical classes, the synthetic pyrethroids and the 
macrocyclic lactones. In recent years, pyrethroid tolerance has been reported in a number of species of 
livestock lice in the UK and Australia.  

In this pilot survey, lice were detected in 16 (94%) out of 17 herds visited. Two species of lice, Bovicola 
bovis and Linognathus vituli were identified. In vitro contact bioassays showed evidence of deltamethrin 
tolerance in B. bovis collected from 4 farms. This was confirmed by repeatedly assessing louse 
infestations on treated animals on one farm. To our knowledge this is the first record of insecticide 
tolerant populations of lice in Irish cattle. The results also provide new data on the species of lice 
infesting beef cattle in Ireland and the prevalence and control of louse infestations in Irish beef cattle 
herds.  
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Abstract 

The current work assessed the relationship between pharmacokinetic behavior and clinical efficacy of 
the classic ivermectin (IVM) formulation (1%) and the long-acting ivermectin (IVM-LA) formulation 
(3.15%) to cattle. The study was carried out on a commercial beef cattle farm with a grazing system of 
meat production. Twenty (20) calves with active mange infection were allocated into 2 groups (n=10) 
and treated with a single subcutaneous injection of either IVM (1%) at 0.2 mg/kg or IVM-LA (3.15%) at 
0.63 mg/kg. The animals were weighed on a calibrated weighing scale to determine the dose prior to 
treatment. Blood samples were collected from 8 animals of each group to measure IVM concentrations 
by HPLC. Skin scraping samples were collected from each animal and mites were counted at 14, 21 and 
28 days post-treatment. IVM-LA administration increased the systemic drug exposure compared to the 
classic IVM formulation (p<0.05). However, both formulations failed to achieve a clinical mange cure. 
While the classic IVM formulation obtained an acaricide efficacy of 0%, IVM-LA achieved an efficacy of 
25% at day 14 post-treatment. The IVM-LA treatment reached the higher acaricide efficacy (38%) at 21 
days post-treatment. The non-cured animals remained with active mange 28 days post-treatment. No 
differences (p>0.05) in the Psoroptic ovis scores density were observed after both formulations of IVM. 
Considering the reduction in mite counts is reported to be a suitable parameter to monitor acaricide 
resistance, the results of the present trial have shown the presence of P. ovis populations with reduced 
susceptibility to IVM. However, additional studies are needed both to confirm the resistance status and 
to optimize the control of psoroptic mange in cattle in the new acaricide resistance scenario.  
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Abstract 

Ticks are vectors of disease-causing pathogens affecting human and animal health along with bacterial 
endosymbionts with unknown pathogenicity, and whose role in ticks is still little known. In this study, a 
total of 236 ticks collected from several Sardinian sites were screened for Francisella and Coxiella 
species by PCR and sequencing analysis, using primers targeting a fragment of the 16S rRNA gene. PCR 
results evidenced Francisella DNAs in 5.1% of tested ticks. Specifically, Rhipicephalus sanguineus s.l., 
Hyalomma marginatum, Hy. lusitanicum, and Rh. bursa ticks exhibited DNAs with 99-100% similarity to 
Francisella-like endosymbionts (FLEs) isolated from different tick species, worldwide. DNAs of 
Coxiellaceae were detected in the 69% of the analyzed ticks. Moreover, the sequence analysis 
highlighted that the 16S rRNA Coxiella genotypes here identified were 99-100% similar to Coxiella-like 
endosymbionts detected from Rhipicephalus, Dermacentor, Haemaphysalis and Ornithodoros 
species isolated over the world. This study provides important information on broadly distribution of 
endosymbionts in Sardinian ticks. Further studies on additional genes will improve the knowledge on 
genetic variability of endosymbiont strains circulating in Sardinian ticks. 

 



 

 

401 

 

P-1012 

Sympatric Ixodid tick species and their associated pathogens near the German 
Baltic coast 

Cristian Răileanu1, Oliver Tauchmann1, Cornelia Silaghi1,2 

1Institute of Infectology, Friedrich-Loeffler-Institut, Greifswald-Insel Riems, Germany. 2Department of 

Biology, University of Greifswald, Greifswald, Germany 

Abstract 

Ixodid ticks from northern hemisphere registered in recent years a northward expansion. This study 
aimed to investigate the tick species composition, their monthly occurrence and associated pathogens 
at different sites near the Baltic coast, in north-eastern Germany.  

Questing ticks were collected monthly (May to November, 2020) at four sites, mainly grasslands. 
Another site was included in October and November 2020 due to reported high tick infestation of dogs. 
Tick-borne encephalitis virus (TBEV) was screened by RT-qPCR and Anaplasma phagocytophilum by 
qPCR. Ticks were tested by nested PCR for Borrelia species and PCR for Babesia species and 
Rickettsia species. 

Altogether 964 ticks were collected: 714 I. ricinus, 161 Dermacentor reticulatus and 89 Haemaphysalis 
concinna. The highest occurrence of I. ricinus and D. reticulatus was in May and June for H. concinna. I. 
ricinus and D. reticulatus showed a second peak of occurrence in September and October, 
respectively.     

All samples were negative for TBEV. For A. phagocytophilum, 1.5% I. ricinus adults tested positive while 
the minimum infection rate (MIR) in nymphs was 1.3%. This agent was found in 0.6% D. reticulatus. 
Babesia spp. was detected in I. ricinus (18.5% adults, 1.3% MIR in nymphs) and H. concinna (13.3% 
adults, 9.5% MIR in nymphs) while for D. reticulatus an unspecific amplification was observed. 
Borrelia spp. was found in I. ricinus (49.3% adults, 11.6% MIR in nymphs), D. reticulatus (1.9%) and H. 
concinna (66.7% adults, 4.8% MIR in nymphs) while Rickettsia spp. was detected in I. ricinus (14.1% 
adults, 8.9% MIR in nymphs) and D. reticulatus (82%). 

Collection of D. reticulatus and H. concinna at these sites indicate their northward geographic expansion 
in Germany. Amplicons sequencing will help identifying the species infection rates and potential 
coinfections in ticks near the German Baltic coast, which will contribute at evaluating the risk posed by 
ticks in the region. 
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Abstract 

Ixodes ricinus, the main vector for tick-borne encephalitis virus (TBEV), registers a geographical spread 
towards Northern Europe. West Nile virus (WNV) is a mosquito-borne pathogen closely related to TBEV 
that recently showed also a northward expansion in Europe. Previous data indicated the replication of 
WNV in ticks but the role of I. ricinus as vector has been poorly investigated. This study aimed to analyse 
(i) the replication kinetics of WNV lineage 1 in I. ricinus nymphs (ii) the transstadial persistence of the 
virus from nymphs to adults and (iii) the transmission of WNV by females during feeding. 

To determine the WNV replication kinetics, 98 laboratory reared nymphs were infected by 
injection using an automatic nanoliter injector with WNV lineage 1 (Magpie/Italy/2008/203204, 
GenBank: JF719066) at a titer of 7.7 log10TCID50/ml. Ticks were incubated and sampled at seven-day 
intervals until day 28 post-infection (28 dpi). The quantification of WNV RNA showed a decrease in titer 
from 0 dpi (3.4 log10TCID50/mL) to 7 dpi (2.8 log10TCID50/mL) followed by a continuous increase from 7 
dpi until 28 dpi (3.9 log10TCID50/mL). To study the vector competence, 120 I. ricinus nymphs were 
artificially fed with a blood meal spiked with WNV at a titer of 5.95 log10TCID50/mL. In total, 56 nymphs 
fed until repletion then molted at a high rate (94.6%), resulting in 23 females and 30 males. Transstadial 
persistence of WNV was observed in 46.7% of the males while the artificial feeding of the females did 
not confirm the virus transmission into the blood meal. 

Based on these results WNV can persist for a long period in I. ricinus ticks but most likely, this species is 
not a competent vector for the virus. The reservoir role of I. ricinus for WNV can be discussed with hosts 
potentially acquiring the virus after ingesting the infected ticks.  
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Abstract 

Ectoparasites have been recognized as deleterious to domestic animals including goats and sheep, 
causing severe irritation, allergies, toxicities and can transmit vector-borne pathogens and affect 
mortality, morbidity and welfare of such infested animals. Pakistan has a huge small ruminants’ 
population including almost 78 million goats and 30 million sheep. According to the published literature, 
among all ectoparasites of goats and sheep of Pakistan, ticks are overriding by contributing one-third 
part while lice, fleas, mites and flies are also affecting animal health and production in negative way. 
Farmers are not aware about proper controlling methods of ectoparasites and small holder farmers with 
less affordability are adversely affected in COVID-19 with ultimate result of decreased access to 
veterinary medicine and commercial feed. The sub-lethal effects of ectoparasites are not only limited to 
the health and production of goats and sheep but raise key animal welfare issues. This review paper 
highlights the role of small ruminants’ veterinarians in understanding and addressing animal welfare 
problems associated with ectoparasites of goats and sheep. There is need of the right chemicals use 
(timing, dose, frequency) to control these parasites, under the farms’ feasibility. It focuses on making 
aware the farmers about the animal welfare, as farmers are less concerned about animal welfare. For 
instance, botflies (Oestrus ovis) are a serious animal welfare problem especially in sheep, resulting in 
severe stress and physical wounds. The purpose of this study is to emphasize the urgency to the 
strategic use of chemicals and other management tools like on-time shearing of sheep and curtail the 
risk factors including dampness, cracks, and crevices. The biosecurity measures to ward off the 
reintroduction of ectoparasite infestations once eliminated must be emphasized. The unsurpassed 
ectoparasite control and eradication initiatives are paramount ways of achieving this goal. 
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Abstract 

Recent global changes have led to an increase in the spread of ticks and tick-borne diseases (TBDs) 
affecting domestic ruminants and humans, with an annual loss of US $13.9–$18.7 billion globally. Ticks 
cause negative impacts on human and animal health through infestation and transmission of a wide 
range of pathogens, including viral, bacterial, and protozoal diseases. Pakistan reported that more than 
80% of bovines were infested with various ticks’ species. The current study determined the perception 
and practices of livestock farmers regarding tick infestation. A total of 112 livestock farms were surveyed 
in Punjab, Pakistan, among which animals from 42 (37.5%) farms were infested with ticks. Only 28.6% (n 
= 32) of the dairy farmers were consulting veterinarians for ticks control, while 86.7% (n = 97) of the 
respondents did not consider biosecurity measures in the control of tick transmission. Most of the 
respondents, 71.4% (n = 80), did not consider manual tick removal from their animals (i.e., by hand, 
followed by physically crushing) as a risky practice for spreading zoonotic diseases. Improper disposal of 
bottles of acaricides in the farm drainage was also observed, putting the environment and aquatic life at 
risk. An increase in temperatures and changes in rainfall patterns are highly associated with climate 
change, which may in turn increase tick infestation where it favors hatching of eggs and tick 
development. These inadequate practices may contribute to high disease burdens and economic losses, 
increasing the possibility of transmission of zoonotic TBDs and pollution of the environment. Therefore, 
an integrated One Health approach is required for the control of TBDs through environmentally friendly 
approaches. 
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Abstract 

Anaplasma phagocytophilum and Anaplasma ovis are tick-borne obligatory intracellular bacteria 
responsible for economic losses due to illnesses in small ruminant livestock. This study aimed to 
investigate the potential role of these agents for ill-thrift in lambs and thin ewes observed in five Merino 
sheep flocks from the hill lands of Spessart and South Rhön in Bavaria, Germany.  

Blood samples from 66 sheep were collected in EDTA tubes and for 55 samples routine haematology 
was performed. Questing Ixodes ricinus ticks were collected near one studied flock to determine the 
prevalence of these pathogens in ticks. DNA from blood and ticks was tested by qPCR targeting A. 
phagocytophilum msp2 and A. ovis msp4 partial genes. A. phagocytophilum variant analysis was done 
based on the 16S rRNA, groEL and msp4 targets amplified by nested PCR. 

Blood samples analysis indicated no anaemia or deviations of the leukocytes, but in two samples stained 
by Giemsa inclusion bodies in the granulocytes were found. A. phagocytophilum was detected in 22.7% 
of blood samples while the minimum infection rate in pooled ticks was 3.5% by qPCR. Five blood 
samples from one flock tested positive for A. ovis DNA, all ticks being negative. The qPCR detected both 
agents in one ewe. Based on the partial 16S rRNA, five previously described variants of A. 
phagocytophilum were observed: two potentially apathogenic variants in ticks and one lamb and three 
pathogenic variants in sheep only.  Concatenated analysis of A. phagocytophilum isolates based on 16S 
rRNA, groEL and msp4 showed a clear separation of animal isolates from tick isolates.  

In this study, A. phagocytophilum DNA was detected in clinically affected sheep and sympatric variants 
have been described. We report the first detection of A. ovis in sheep from Germany. Further studies 
will need to evaluate the clinical impact of these pathogens in sheep Population. 
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Abstract 

Ambyomma sculptum belongs to the Amblyomma cajennense complex. This tick can parasitize wild 
and domestic animals and humans, and is the main vector transmitting Rickettsia 
rickettsii, the etiological agent of Brazilian spotted fever. The objective of this study was to evaluate the 
cellular immune response of this tick after exposure in vitro to fluazuron. To perform the test, an 
emulsifiable concentrate of 5% fluazuron was prepared, diluted in DMSO, acetone, TritonX-100 and N-
methyl pyrrolidone. The emulsifiable concentrate was diluted to obtain solutions with concentrations of 
7.81, 250 and 4000 µL/mL-1 of fluazuron. The negative control consisted of only the diluents. For in vitro 
evaluation of the cellular response, 10 repetitions were performed, composed of three engorged 
females of A. sculptum immersed for one minute in the solutions, after which the females dried and 
incubated at temperature of 27.0ºC ± 1.0ºC and 80% ± 10% RH. The hemolymph was collected in the 
dorsal region of the ticks. The total and differential hemocyte counts were performed 24 and 48 hours 
after immersion. Fluazuron promoted a significant decrease in the total hemocytes of A. sculptum at a 
concentration of 4000µL/mL-1 after 48 h. Among the six cell types observed in the differential count, it 
significantly (p≤0.05) interfered by reducing the granulocyte count and increasing the frequency of 
spherulocytes, at the same time interval and concentration. After 24 h at concentrations of 7.81 and 
250µL/mL-1, the spherulocytes count was significantly reduced. The oenocytoid count increased at a 
concentration of 7.81µL/mL-1 after 24 h. Fluazuron was able to interfere in the cellular response of the 
tick A. sculptum, probably by interfering with the capacity of phagocytosis and encapsulation 
of hemocyte opening. New studies are necessary on the action of insect growth disruptors on this tick. 
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Abstract 

Tick saliva proteins possess significant functions for ticks to escape host immune response and facilitate 
blood meal feeding and transmission of tick-borne disease agents by ticks. Therefore, TSPs are potential 
targets for tick vaccine development. In the present study, we characterized an Ixodes scapularis saliva 
protein 5B, one of tick serine protease inhibitor (serpin) that is highly conserved across tick species, 
increases significantly in response to feeding, and is highly secreted by Borrelia burgdorferi infected I. 
scapularis nymphs. In this study, recombinant (r)5B was expressed in three forms regarding the position 
of Histidine (His) tag: C-terminal, N-terminal and non-His tagged. Enzymatic activity of r5B was profiled 
against a panel of 18 serine proteases related to inflammation, blood clotting, and other immune 
defense system pathways. Our data show r5B is an inhibitor of Trypsin and multiple blood clotting 
factors except Thrombin. We also show that the C-terminal histidine tagged r5B has the highest 
enzymatic activity, inhibiting Trypsin and Factor Xa at 96.3.7% and 71.8% inhibition rate; followed by 
non-tagged (90.9% and 69.7%) and N-terminal tagged r5B (87.7% and 48.8%). Because the enzymatic 
inhibition of the serpins requires conformation changes of the protein structure in which the reactive 
center loop inserts into the β-sheet, our results suggest that the histidine tag at the N-terminal might 
interfere with the protein folding. Our data also show that 5B is an anti-coagulant with activity 
increasing when complexed with heparin.  
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Abstract 

In the Neotropical region, reports of myiasis in birds are mainly associated with parasitism by flies of the 
genus Philornis (Insecta, Diptera, Muscidae). Lucilia cuprina (Wiedemann) – the Australian sheep blowfly 
- is a primary myiasis fly in Oceania and South Africa, is a very common species in the Neotropics with no 
previous evidence of parasitic activity in that region. Underreporting of myiasis cases in animals may 
hide the emergence of new interactions between parasites and potential new hosts. In May 28th, 2010, 
L2 larvae of L. cuprina were found on a skin ulcer of a debilitated black vulture Coragyps atratus. The 
animal was stuck on a puddle of mud on a lake in the city  of Monte Mor, São Paulo state, Brazil ( 
22o56'48"S; 47o18'57"W) and taken to the veterinary service of the zoonosis control center of the 
municipality. During the clinical examination, it was noticed the animal had only one leg but the 
remaining part of this limb was fully healed showing this was an old injury that the animal was able to 
manage until that day. The vulture was also presenting a skin ulcer in a wing, on the humerus area, that 
was infested by active fly larvae, it was also parasitized by Mallophaga lice on its feathers. Fly larvae 
were mechanically removed with a forceps and the wound properly disinfected. The animal fully 
recovered, was able to fly and released around three days after its capture. Larvae was kept in ethanol 
70% until dissection to inspect the cephaloskeleton and anal plate, then identified to the species level 
using proper taxonomic key. To our knowledge, this is the first report of L. cuprina as a myiasis causing 
agent in the Neotropics and the first time Coragyps atratus is identified as a host for a myiasis causing 
agent. 
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Abstract 

Fasciola hepatica cathepsin L1 (FhCL1) is a major component of adult excretory/secretory (ES) products. 
It has been shown to be highly immunogenic and therefore has become the antigen of choice for 
serodiagnostic tests and vaccine trials. Any variation in FhCL1 genes could result in variation in the 
protein sequence, and therefore could result in the loss of immunogenic epitopes. Previous studies have 
reported that there are at least six FhCL1 genes in the genome, estimated to have 87-97% nucleotide 
identity, although PCR-based sequencing approaches have made it difficult to pin down this variation 
amongst the six genes. Increased expression of FhCL1 occurs as the parasite matures, but it is not known 
if adult parasites express all six FhCL1 genes simultaneously. We PCR amplified and cloned the FhCL1 
genes from cDNA of six individual adult fluke into the pGEM-T vector. Plasmid clones were purified from 
between two and nine colonies per fluke and FhCL1 genes sequenced by Sanger sequencing. Through 
comparison of the sequences by multiple sequence alignment (ClustalW Omega), we identified a total of 
14 FhCL1 variants identified at least once amongst the six fluke. The variants had between 97.5-99% 
nucleotide identity and 96.3-99.7% amino acid identity in the gene and translated protein sequences, 
with all protein sequences matching to the FhCL1A isoform group. In total, we found that an individual 
adult fluke expresses between one and seven different FhCL1 alleles in their genomes, meaning at least 
four FhCL1 genes can be expressed in adult fluke. The simultaneous expression of multiple FhCL1 genes 
by an individual fluke may be an important consideration when using a single FhCL1 antigen in a 
serodiagnostic test. 
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Abstract 

Vaccine development is an urgent need in fasciolosis, mainly due to the increase of anthelmintic 
resistance. Three vaccine trials against Fasciola hepatica have been assayed in sheep, using different 
recombinant antigens that have been applied as multivalent cocktails vaccine: 

In the first trial (PRGN1), cathepsin L1 (FhCL1), Leucine aminopeptidase (FhLAP), Peroxiredoxin (FhPrx) 
and the helminth defence molecule (FhHDM) were used, in different combinations. Protection against F. 
hepatica was observed in sheep using a mixture of these four antigens with the adjuvant Montanide 61 
VG; however, this result was not repeated in a subsequent test even though high titres of IgG1 and IgG2 
specific for all four antigens were found. 

The second vaccine trial (PRGN2) was carried out with the same antigens of the first trial, with the 
variation of the use of Quil A as an adjuvant, and PCMC-MAMP was incorporated as a vehicle for the 
antigens. In this case, the production of specific antibodies against the antigens was observed, although 
without protection against the parasite. 

The third and last trial (PRGN3) consisted of immunization with FhLAP alone and in combination with 
two new antigens (Cathepsin L3 and Cathepsin B3), in adjuvant Montanide 206 VG. At the same time, 
the immunomodulatory effect of a commercial vaccine against Toxoplasma gondii (Ovilis Toxovax®) was 
tested in another group immunized with CL3 + CB3 in Montanide 206 VG. In this trial, no significant 
reduction in parasite loads, egg count, or liver disease was observed either. Although there was a high 
response of IgG1 and IgG2 specific for the antigens used in immunization, protection was not induced 
either. The use of the Ovilis Toxovac® vaccine did not produce significant differences in protection or in 
serum levels of IgG1 and IgG2 with respect to the group immunized only with CL3 + CB3. 
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Abstract 

In the present study, a field study has been carried out to evaluate the immunoprotective effect of 
oocysts attenuated by X-ray irradiation of various species of the genus Eimeria against caprine 
coccidiosis. The oocysts used in the preparation of the immunogen were obtained from the feces of 
naturally infected animals in the same farm where the study was carried out, with E. christenseni, E. 
arloingi and E. ninakohlyamimovae being the major species. The immunization protocol was developed 
in parallel in animals with 1 and 2 weeks old, by using 2 infecting doses (2 x 104 oocysts y 6 x 104) and 
two irradiation intensities (10 and 20 Krad). To evaluate the immunoprotective effect, animals were 
sampled weekly until week 8 of life, determining body weight, consistency of feces, health status, oocyst 
fecal counts and Eimeria species. The inoculum did not induce clinical signs compatible with coccidiosis 
and the percentage of species was not significantly modified with respect to the controls, with E. 
christenseni being the major species throughout the study. Immunized animals at one and two weeks of 
age experienced a reduction in oocyst fecal counts, variable according to the infecting dose and degree 
of oocyst attenuation. Particularly, the total oocyst counts at the end of the experiment was significantly 
lower in the groups that had been immunized with 20 x 104 oocysts attenuated at 20 Krad regardless of 
age. Pending testing higher doses of infection and higher degree of irradiation, the results of the present 
study would indicate that attenuation with 20 Krad would be the most effective, especially when 
combined with infectious doses of 2 x 104 oocysts, with slightly better results when immunization occurs 
at two weeks of age. 
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Abstract 

Thelazia callipaeda (Spirurida, Thelaziidae) is a parasitic nematode causing infections of the conjunctival 
sac and associated ocular tissues in domestic and wild carnivores, rabbits, hares, and humans. Railliet 
and Henry first described this parasite in Asia in 1910, while the first European cases were documented 
in Italy in the 1980s. Since then, the parasite has been recorded in many European countries, where the 
drospohilid flies Phortica variegata are vectors responsible for its transmission.  

Although potentially autochthonous infections of T. callipaeda in dogs were reported in the past decade 
in Austria, information about this parasite (especially in international recognized journals) is lacking. 
Recently the first autochthonous case of ocular thelaziosis was reported in a cat. Moreover, there is 
virtually no information about the presence of Phortica variegata in entire Austria.  

Therefore, we summarize several autochthonous cases in dogs, which were confirmed by molecular 
tools. Furthermore, we document the first barcode confirmed findings of Phortica variegata in several 
regions in Austria. In addition, an online survey was conducted among veterinary practitioners and 
veterinary students providing information about their knowledge of this zoonotic parasite and its vector. 
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Abstract 

The genus Cercopithifilaria includes at least three species of filarioids, Cercopithifilaria bainae, 
Cercopithifilaria grassii and Cercopithifilaria sp. II sensu Otranto et al. 2013, which infect domestic dogs 
(Canis lupus familiaris) and red foxes (Vulpes vulpes). Due to the difficulties in diagnosing microfilariae 
dwelling in the skin of animals, these parasites have been for long time disregarded. Nonetheless, their 
close association with their vector (i.e., Rhipicephalus sanguineus s.l.) makes these filarioids widely 
distributed worldwide. This study aims to fill the gaps about the occurrence of Cercopithifilaria spp. in 
dogs from Iran. From October 2018 to September 2020, skin biopsies were collected from 490 dogs in 
six provinces of Iran i.e. Hamedan, Kermanshah, Yazd, Mazandaran, Khuzestan, Lorestan, and soaked in 
saline solution at room temperature overnight. Dermal microfilariae were identified by microscopic 
examination and molecular analyses. Microfilariae of Cercopithifilaria spp. were found in skin biopsies of 
29/502 (5.78%) dogs with infection rates up to 25% in Kermanshah. Morphologic and morphometric 
characteristics of the microfilariae (i.e., average length and width of 174.92 × 7.64 µm, rounded head, 
short dorsoventrally flattened body) were consistent with C. bainae. Out of 24 skin samples, 15 scored 
molecularly positive for cytochrome c oxidase subunit I (cox1) gene. Among them, 12 sequences showed 
a nucleotide identity of 100% and three of 93.39% with the reference sequence of C. bainae available in 
GenBank (haplotype I, JQ305162). Phylogenetic analysis confirmed the molecular identification in 
clustering the representative sequences within the clade of C. bainae and in a monophyletic clade, 
respectively. This new report from Iran broadens current knowledge on the geographical distribution of 
C. bainae in dogs in Middle Eastern Countries. More extensive studies on different wild canine species 
(e.g. jackals, foxes, wolves) in the country could contribute to further investigate the epidemiology of 
this little known filarioid. 
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Abstract 

Ancylostoma ceylanicum is a zoonotic hookworm that can cause abdominal pain, diarrhea, and iron-
deficiency anemia in humans. Although hookworm adult crude extract and excretory/secretory products 
possess Cu/Zn superoxide dismutase (SOD) activity, no data are available on the isolation of SODs from 
hookworms. This study describes the molecular cloning of a Cu/Zn SOD from A. ceylanicum (Ace-Cu/Zn 
SOD). First-strand cDNA was synthesized from adult A. ceylanicum total RNA by reverse-transcription 
polymerase chain reaction (RT-PCR). Ace-Cu/Zn SOD cDNA was amplified by PCR using primers based on 
Ace-SOD sequence in GenBank (EPB74602.1) and cloned into pMD19-T vector. The putative A. 
ceylanicum extracellular SOD (Ace-EcSOD) cDNA sequence was consisted of 447 bp, encoding a 148 
amino acid (aa) open reading frame (ORF) with an estimated molecular mass of 15,613 Da and a 
theoretical pI 7.82.  Ace-EcSOD ORF comprised a 66 bp signal peptide sequence and a 381 bp cDNA 
sequence encoding the mature protein (126 amino acids). Multiple alignments of Ace-EcSOD aa 
sequence to EcSODs from other nematodes showed that this protein is moderately similar to 
Haemonchus contortus extracellular SOD (Hc-EcSOD) and Caenorhabditis elegans extracellular SOD (Ce-
EcSOD) with a 41% and 39% identity, respectively. Two of the copper-binding aa residues (His-73 and 
His-75), the Arg-139 residue essential to guide the superoxide ion at the active site, and Cys-84 and -142 
responsible for disulfide bonds formation were conserved. In the phylogenetic tree, Ace-EcSOD 
clustered with Hc-EcSOD and Ce-EcSOD in one branch. These results may help in further studies on the 
biological function of this protein. 
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Abstract 

Babesial parasites are some of the most ubiquitous blood parasites and consequently have considerable 
worldwide veterinary impact. Dogs living in the tropics are highly exposed to babesial parasites, 
particularly to Babesia vogeli. Limited data on the seroprevalence and molecular prevalence of Babesia 
spp. in dogs are available in Latin America. We conducted a cross-sectional study combining serological 
and molecular tests to estimate the seroprevalence and molecular epidemiology of Babesia spp. 
infections in dogs in two hyperendemic foci in Brazil. A total of 630 privately-owned dogs (417 from 
Goiana and 213 from São Joaquim de Bicas) were sampled and molecularly and serologically tested for 
Babesia spp. Overall, 519 dogs (82.4%) presented detectable IgG antibodies against Babesia spp. 
and seropositivity was significantly higher in dogs older than 1 year. Molecularly, 34 dogs (5.4%) were 
positive for a ~200 bp fragment of the 18S rRNA of Babesia spp. and 88 (14.0%) for a longer fragment 
(~450 bp) of the same gene of Babesia spp. and other protozoa. The 18S rRNA gene sequences 
generated herein corresponded to B. vogeli (n=52) or Hepatozoon canis (n=20). This study confirms a 
high level of exposure to B. vogeli in two areas of Brazil and highlights that most of the dogs living in 
these areas are infected during the course of their life, reflected by increased seroprevalence in older 
dogs. Increased awareness and prevention of tick-borne protozoa infections in dogs from Brazil and 
Latin America are urgently needed.  
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Abstract 

Cats can have a range of parasitic infections, which may affect their health just as some infections also 
have zoonotic implications. Denmark has a large population of feral or unowned cats, which typically live 
on their own though often in close proximity to humans. In this nationwide study, such cats, which had 
been trapped and euthanized by cat NGOs, were examined for endoparasites. Intestines (n=250) and 
lungs (n=217) were examined by a Sedimentation and Counting Technique (SCT) for worms, including 
Echinococcus multilocularis. DNA was extracted from tongue tissue (n=512) and examined for 
Toxoplasma gondii by real time PCR. Faecal samples (n=48) were examined for Giardia and 
Cryptosporidium by immunofluorescence microscopy. The most common parasite was Toxocara cati, as 
89% (95% confidence interval [85, 93]) of the cats harboured especially adult worms, with a mean total 
burden of 14 [12, 16]. No E. multilocularis were detected, whereas 38% [32, 45] of the cats harboured 
Hydatigera taeniaeformis and 3% [1, 6] Mesocestoides lineatus. Recovery of adult Aelurostrongylus 
abstrusus was poor but first-stage larvae were found in 17% [12, 23] of the cats, and 9% [5, 13] of the 
cats had Eucoleus aerophilus in the airways. Altogether 51% [46, 55] of the cats tested positive for T. 
gondii with Ct-value <38. Preliminary results indicate that 21% [10, 35] of the cats were positive for 
Giardia, whereas Cryptosporidium was not detected. While the results support earlier findings that 
unowned, unsocialized cats do not play a major role in transmission of E. multilocularis, many of the cats 
were parasitized. Especially the zoonotic T. cati and T. gondii appeared to be highly prevalent. In 
particular, the prevalence of T. cati was high compared with findings in other European countries.  
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Abstract 

Toxocara cati is a common zoonotic roundworm infecting felids including domestic cats (Felis catus) as 
definitive hosts. Regular deworming practices using readily available and effective anthelmintics are 
encouraged by veterinarians. Despite this, T. cati infections continue to remain at high prevalence across 
large endemic areas. In part, this persistence may be due to disease reservoir exposure not being 
adequately understood or addressed. Prevalence of T.cati in small mammalian paratenic hosts presents 
a potential infection pressure on cats with unrestricted outdoor access, where predation events can 
result in consumption of infective larvae in prey tissues. The likely extent of T. cati transmission via this 
route is understudied; with historical limitations in identifying the parasite to species level, and recent 
European studies focused on the mainland. The present research aims to address some gaps in the 
knowledge by collecting species-level prevalence data for T. cati infection in small mammal species 
sampled from the United Kingdom. As an alternative to the common practice of sampling trapped wild 
animals, a citizen science methodology was used over four years across 31 households to collect 
samples of animals naturally predated by cats, thereby demonstrating the potential for the animals 
sampled to become prey items. PCR was used to amplify larval DNA in four host tissue types, using 
species-specific primers to distinguish between closely related T. cati and T. canis infections. Detection 
of parasite DNA supported an estimate of T. cati infection prevalence in the different species of 
paratenic hosts. Prevalence data was then compared with extrinsic temporal and geographic factors, 
and intrinsic host factors such as age, diet and sex. This study intends to further our understanding of 
the biology of T. cati in sylvatic paratenic hosts to better ascertain disease transmission risks as a result 
of hunting behaviour. 
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Abstract 

Heartworm disease is a cardiopulmonary condition caused by Dirofilaria immitis, which lodges in the 
pulmonary arteries of the hosts. The presence of the parasites produces pulmonary endarteritis, which 
chronically leads to pulmonary hypertension (PH) and right-sided cardiac failure. The diagnosis of these 
alterations is essential for a correct management of the disease. The objective was to determine the 
utility of radiological findings to stage the severity of PH in heartworm disease. For this, 62 heartworm-
infected dogs were evaluated. The presence/absence of microfilariae was determined. Ultrasound 
examination was used to determine the parasite load, and the presence/absence of PH by means of the 
Right Pulmonary Artery Distensibility Index. Latero-lateral (LL) view, right recumbence and dorso-ventral 
(DV) thoracic radiographs were performed. Vertebral Heart Score (VHS) and ratio of the right cranial 
pulmonary artery to the fourth rib (P:R ratio) were measured according to previous authors. A 
statistically significant relationship (p<0.05) was observed between the presence or absence of PH (n=32 
and n=30, respectively) and the P:R ratio LL (1.4±0.4 vs 1±0.2), P:R ratio DV (1.6±0.6 vs 1.2±0.3) and VHS 
(10.4±0.8 vs 9.7±0.8). On the other hand, the parasite load did not influence the radiological findings. 
Regarding the presence/absence of microfilariae, only a statistically significant difference was observed 
in the P:R ratio DV (1.5±0.3 vs 1.37±0.58). The results show a relationship between presence of PH and 
radiological changes. Currently, thoracic radiology is used to determine the severity of heartworm 
disease, but the evaluation is based on subjective parameters. The results validate the possibility of 
using thoracic radiology as a tool to help determine the presence and severity of PH in dogs infected by 
D immitis.  
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Abstract 

Endothelin-1 (ET-1) is a powerful vasoconstrictor and promoter of cell proliferation, causing chronic 
structural changes leading to cardiopulmonary tissue remodeling, which probably leads to the 
development of pulmonary hypertension (PH) in dogs and humans. Furthermore, ET-1 concentrations 
strongly correlate with the severity of PH. The objective was to determine ET-1 levels in dogs infected by 
Dirofilaria immitis and to evaluate its progression throughout adulticide treatment. 25 heartworm-
infected dogs received the recommended adulticide treatment protocol. Blood samples were taken to 
determine ET-1 and the presence of PH was determined echocardiographically, by using the Right 
Pulmonary Artery Distensibility Index (RPADi) on days 0 (diagnosis), 120 (discharge) and 270. The values 
over time were compared in all the dogs and no statistically significant differences in ET-1 concentration 
were observed between the 3 time points (day 0: 33.3±34.6 pg/ml; day 120: 33.5±31.6 pg/ml, day 270: 
37.2±39.3 pg/ml). Hypertensive dogs (RPADi <28%) showed a significant increase (p<0.05) in the ET-1 
concentration compared to normotensive (RPADi >29%), at all time points: day 0 (51.5±36.2 pg/ml; n=11 
vs 25.9±39.2 pg/ml; n=14), day 120 (58.8±29.5 pg/ml; n=11 vs 13.6±14.6 pg/ml; n=14), and day 270 
(55±39.5 pg/ml; n=13 vs 20.8±32.5 pg/ml; n=13). The presence of ET-1 in dogs with heartworm can be 
the result of the immunological reaction against the parasite, with the release of cytokines, as well as 
hypoxia and physical stress due to their presence which would consequently cause PH. Previous results 
have shown that PH persists in the patient once the parasite has been eliminated; therefore, it is 
possible that the ET-1 values have remained constant in the animals even after elimination of the 
parasites. This biomarker may be useful in the clinical evaluation of PH in heartworm. 
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Abstract 

Cytauxzoon felis is a hemoprotozoal tick-transmitted pathogen of felids. Felids that survive acute disease 
often remain infected and serve as reservoirs for subsequent tick transmission to other susceptible 
felines. States adjacent to Kansas have identified C. felis domestic cat reservoirs while statewide 
awareness and concern of cytauxzoonosis have increased. The objective of this study was to determine 
the prevalence of C. felis reservoirs in the eastern Kansas domestic cat population using a sensitive 
quantitative PCR assay targeting the C. felis Cox3 mitochondrial gene. An overall C. felis infection 
prevalence of 25.8% (+/-2.1%) was determined for asymptomatic domestic cats in eastern Kansas. 
Significantly more C. felis reservoir cats were identified in spring and fall suggesting a seasonal 
fluctuation of survivors. Additionally, a greater percentage of feral and owned cats were positive for C. 
felis compared to rescue/rescinded cats. This study demonstrates that C. felis domestic cat reservoirs 
are common among cats that spend at least a portion of time outdoors in eastern Kansas, and that more 
cats likely survive cytauxzoonosis than expected. Understanding the role of C. felis domestic cat 
reservoirs is essential in developing cytauxzoonosis mitigation strategies, including recommending year-
round use of acaricide products for all cats that spend any time outdoors.  
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Abstract 

Canine vector-borne diseases (VBDs) represent a group of illnesses which can significantly impact the 
health of dogs. These are caused by wide range of pathogens, comprising protozoa, helminthes, 
bacteria, and viruses, transmitted by hematophagous arthropod vectors, such as insects and ticks. In 
addition to their veterinary importance, some canine VBDs-causing pathogens are also of zoonotic 
concern. The present study aimed to determine the exposure and prevalence of selected vector-borne 
pathogens in dogs living in urban area of Bucharest (southeast Romania). For this, EDTA-blood samples 
collected from 614 client-owned dogs presented at a veterinary clinic were screened for the presence of 
antigen (Ag) of Dirofilaria immitis and antibodies (Ab) against Borrelia burgdorferi (sensu 
lato), Anaplasma spp., and Ehrlichia spp. using a commercially available rapid ELISA-based test. Overall, 
21.2% [95% CI: 18.0 - 24.6] of the tested dogs were positive for at least one of the tested pathogen. D. 
immitis was the most prevalent pathogen (17.6%; 95% CI: 14.6 - 20.08), followed by 
Anaplasma spp. (2.6%; 95% CI: 1.5 - 4.2), Ehrlichia spp. (2.0%; 95% CI: 1.0 - 3.4) and B. 
burgdorferi s.l.  (0.7%; 95% CI: 0.2 - 1.7). Ten dogs (1.6%; 95% CI: 0.8-2.9) were seroreactive for two 
pathogens, as follows: four were positive for Anaplasma spp. plus Ehrlichia spp., whereas three were 
positive for D. immitis plus Anaplasma spp., two for D. immitis plus Ehrlichia spp., and one for Ehrlichia 
spp. plus B. burgdorferi s.l. These findings show the exposure and co-exposure of client-owned dogs to 
vector-borne pathogens of significant clinical relevance, such as the heartworm D. immitis but also to 
pathogens of emerging concern, such as Anaplasma spp. and Lyme disease-associated B. burgdorferi s.l. 
Therefore, both clinicians and owners should be aware about the risks of VBDs and a proper prevention 
program to be applied.  
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Abstract 

Rodents are distributed across all continents except Antarctica making up to 42% of worldwide 
mammalian biodiversity. Overlapping of their biomes and human populations or anthropized landscapes 
is common and highly complex synantropic relationships between humans, domestic animals and 
rodents emerge as is the case of capybaras (Hydrochoerus hydrochaeris) and the Colombian-Venezuelan 
populations and their extensive livestock farming at Orinoquía region. Parasitic spillover events and 
reservoirs establishment represent not only a human health concern for local population and their cattle 
but also for wild capybara populations themself, such human-wildlife interface demands a continuous 
monitoring of the parasitic fauna affecting synanthropic rodents like capybaras at Colombian Orinoquía 
region. Under that scenario, a parasitological monitoring of free-living capybaras was performed. Three 
wild capybara populations at northern Orinoquía tropical savannah of Colombia were studied. A total of 
46 feces samples were collected from capybara herds at environs of active cattle ranching farms. 
Coprological, coproantigen and molecular analysis revelated a total of sixteen parasite taxa comprising 
five protozoans of the phylum Apicomplexa (Cryptosporidium sp. and Eimeria trinidadensis), Amoebozoa 
(Entamoeba sp.) and Ciliophora (Neobalantidium coli and Cyclophosthium sp.), eleven metazoans of the 
phylum Nematoda (Fam: Ascarididae and Ancylostomatidae, Lagochilascaris sp., Echinocoleus 
hydrochoerid, Protozoophaga obesa and Strongyloides sp.) and Platyhelminthes from class Cestoda 
(Monoecocestus sp. and Fam: Taenidae) and Trematoda (Hippocrepis hippocrepis, Plagiorchis muris, and 
Taxorchis schistocotyle). Neither filarial nor acanthocephalan were found. Here we identified the 
zoonotic Plagiorchis muris for the first time at South American territory and likewise the present study is 
the first report of this parasite in Caviidae family. In addition, the present study describes for the first 
time the genus Lagochilascaris sp. in non-human animals for Colombia, expanding the previous known 
distribution range of this parasite. Overall, here we describe five zoonotic parasite taxa of public health 
concern in free-living capybaras. 
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Abstract 

 

Hepatozoon Miller, 1908 (Hepatozoidae) includes blood protozoans with a cosmopolitan distribution 
and are reported to parasitize a range of vertebrate hosts including mammals, birds, reptiles, and 
amphibians. Regarding snakes, with the advance of molecular data, several new Hepatozoon species 
have been described through the years worldwide. However, in Brazil, the number of studies with 
morphological and molecular data targeting Hepatozoon species diversity in snakes is scarce. Therefore, 
the present study aimed to characterize through morphological and molecular analysis a 
haemogregarine, Hepatozoon sp. (Apicomplexa: Adeleorina: Hepatozoidae), found infecting the sleep 
snake Dipsas mikanii (Schlegel, 1837) (Squamata: Colubridae: Dipsadinae). The snake was collected in 
2017 at the municipality of Britânia, Goiás State, Brazil. Blood smears were made to find blood 
gametocytes and PCR was performed targeting the 18S rRNA gene. Microscopy screening of blood 
smears revealed the presence of intraerythrocytic gamont stages of Hepatozoon sp. in the peripheral 
blood with a parasitemia of 0.25%. Furthermore, meronts and monozoic cysts were observed in 
histological sections of the liver from the infected individual. The interspecific divergence of 18S rRNA 
sequences fragments isolated from D. mikanii had differences (2.39% - 11.3%) as compared to other 
sequences of species of Hepatozoon from snakes. Based on morphological and molecular data, a new 
Hepatozoon species infecting D. mikanii from Brazil has been proposed, contributing to the knowledge 
of Hepatozoon diversity in Brazilian snakes. (Fapesp Processes #2018/00754-9 and #2018/09623-4). 
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Abstract 

 

The taxonomic classification of haemogregarine parasites, for years, was based on morphological and 
morphometric data of blood stages in the vertebrate host. Nowadays, the molecular tool is essential to 
the identification of hemoparasite species. Therefore, the present study characterized through 
morphological, morphometric, and molecular data a haemogregarine parasite found in one Amazonian-
river turtle Podocnemis expansa (Schweigger, 1812), collected in August 2019 from Itacaiú municipality, 
Goiás State, Brazil. The blood smears were analyzed and parasitaemia of 13.97% was observed. 
Moreover, the intra-erythrocytic stages of trophozoite, immature gamonts, and mature gamonts were 
also identified. The trophozoites were small with shape rounded in one end and tapered in the other, 
with or without cytoplasmic vacuoles and dense nuclei. The immature gamonts showed several 
morphologies with or without nuclei evidenced and with or without cytoplasmic vacuoles. The mature 
gamonts were not large enough to displace the erythrocyte nuclei or cause cell hypertrophy. Regarding 
molecular analysis, through the partial sequence obtained from the SSU rDNA gene along with 
phylogenetic analysis using Maxima Likelihood (ML), a monophyletic clade of the genus 
Haemogregarina from turtles, with two branches, one with isolates from other countries and one with 
Brazilian isolates was observed. Additionally, the gene similarity among the Haemogregarina isolates 
worldwide ranged from 90.2% – 96.6%. Therefore, a new Haemogregarina species has been proposed 
for the first time in P. expansa host, using the integrative taxonomy  approach,  contributing from the 
knowledge of hemoparasites in South American river turtles. (Fapesp Processes #2018/00754-9 and 
#2018/09623-4).  
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Abstract 

Cardiopulmonary parasites Angiostrongylus vasorum, Crenosoma vulpis and Eucoleus aerophilus are a 
source of increasing concern in several parts of the world, where they can cause significant pulmonary 
and cardiac diseases in domestic dogs. Although it is already known that the red fox is an important 
reservoir for A.vasorum and might play a major role in the transmission of C. vulpis and E. aerophilus to 
domestic dogs as well, there are no recent study about the prevalence of these parasites in foxes from 
Sardinia, Italy, as the last work dates back to 1986. Therefore, in order to understand the role that these 
wild canids might play in the transmission of these parasites to domestic dogs, we have carried out a 
survey among red fox population of Sardinia Island. Forty-six foxes, found dead for traumatic lesions (car 
crash) were collected, hearts and lungs were dissected for the extraction of adult worms, which were 
subsequently identified using morphometrical features and PCR amplification. Faeces from rectum were 
also examined using Baermann technique, and the identification of first stage larvae was based on 
morphological keys available in the main literature. An overall prevalence of 50% was detected: 6.5% of 
the foxes scored positive for A. vasorum, 13% for C. vulpis and 41.3% for E. aerophilus. Four animals 
presented a concurrent infestation of different species. The prevalence of C. vulpis and E. aerophilus 
were higher compared to the previous study (13% and 41% respectively), while A. vasorum prevalence 
(6.5%) seems decreased. Our study reveal that the red fox represents a reservoir host for A. vasorum, C. 
vulpis and E. aerophilus also in Sardinia Island, thus it should be considered especially by veterinary 
clinicians in the differential diagnosis of respiratory distress syndrome in domestic dogs. 
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Abstract 

Ticks and lice are blood-sucking ectoparasites of cervids and act as a vector for zoonotic diseases. The 
study was under taken to know the prevalence of ectoparasites on Sambar deer (Rusa unicolor)  and 
Spotted deer (Axis axis) from January 2018 to December 2020 at Tamil Nadu, India. The premises of two 
flock of deer park at Ooty, The Nilgiris and Amirti Zoo, Vellore district were examined for the presence of 
ticks by tick drag methods. A total of  6 dead sambar (Rusa unicolor) and spotted deer (Axis axis) was 
examined for the presence of ectoparasites during post mortem at Kunthaladi, Thanimoola, Nilakottai 
range, Gudalur, The Nilgiris, Vadavalli Veterinary dispensary at Coimbatore and Madras Veterinary 
College  (Deer belongs to Guindy deer park) of Tamil Nadu, India. External surface of the deer were 
examined for the presence of ecto parasites respectively. The external parasites were collected and 
preserved in 70% alcohol for identification. The collected ticks were identified as Amblyomma 
testudinarium, Rhipicephalus heamaphysaloides, Haemaphysalis megalaimae, H. aculata, H. sambar, H. 
kutchensis and H.bispinosa. The deer keds and the lice were identified as Lipoptena cervi and 
Haematopinus tuberculatus, respectively. The ticks were located mostly on the scrotum, ear and body 
surface. No ticks and tick stages were observed from the premises of Deer park at Ooty, The Nilgiris and 
Amirthi zoo at Vellore district of Tamil Nadu, India. 
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Abstract 

European badgers (Meles meles) are widespread in Italy and colonise different habitats, including 
anthropogenic settlements. Updated epizootiological information on parasites infecting badgers living in 
Italy is lacking. Therefore, this study evaluated the occurrence of gastrointestinal, cardiorespiratory, and 
urinary parasites in free-ranging badgers in Central Italy. A total of 24 faecal samples were collected 
from deceased individuals as well as from latrines and pathways. Urine samples were collected directly 
from the urinary bladder of two necropsied badgers. All the faecal samples were examined by the Mini-
FLOTAC and the Baermann techniques. A rapid immunoassay for the search of Giardia and 
Cryptosporidium spp. faecal antigens was also used. Urine samples were centrifuged, and the obtained 
sediments were microscopically examined for the presence of Pearsonema spp. eggs, after flotation 
test. At copromicoscopical and immunological analysis, 21 out of 24 faecal samples (87.5%) were 
positive for at least a single parasite. Uncinaria criniformis, Strongyloides spp., Giardia spp., 
Cryptosporidium spp., Aoncotheca putorii, coccidia, Eucoleus aerophilus, Perostrongylus falciformis, 
Crenosoma melesi, and Angiostrongylus daskalovi, were identified. Among protozoa, 33% (8/24) of 
faecal samples were positive for Giardia spp., 8.3% (2/24) for Cryptosporidium spp., and 8.3% (2/24) for 
coccidia. Gastrointestinal and cardio-respiratory nematodes were identified in the 75% (18/24) and 25% 
(6/24) of the examined samples, respectively. Pearsonema spp. eggs were found in one out of the two 
examined urine samples. Further parasitological and molecular investigations aimed at identifying the 
species (and genotypes) of parasites found in positive samples are in progress. Obtained data improve 
the knowledge on the parasite-fauna of European badgers and are the first report of Pearsonema spp., 
Giardia spp., Cryptosporidium spp., and coccidia infections infection in the European badger in Italy. 
Moreover, some parasites identified in this study have a potential impact on the population health of 
wild badgers or may have a zoonotic potential. 
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Abstract 

In this work the helminth-fauna of 50 birds of prey in Andalusia (South of Spain) has been studied, 
analysing the descriptive parameters of the helminth communities in the different species. The birds 
analysed were: Accipitriforms (Buteo buteo; Accipiter nisus; A. gentilis; Circaetus gallicus; Circus 
aeruginosus; Hieraaetus pennatus; Gyps fulvus, Milvus migrans), Falconiforms (Falco tinnunculus and F. 
naumanni) and Strigiforms (Bubo bubo; Asio otus; Otus scops and Strix aluco).  

A percentage of 74% of the animals were parasitized by helminths. The most prevalent were nematodes 
(74%), followed by trematodes (22%), acanthocephala (18%) and cestodes (10%).  

We identified 14 species of nematodes (Eucoleus dispar, Physaloptera alata, P. crosi, Harteria hispanica, 
Microtetrameres sp., Synhimantus laticeps, Cyrnea leptoptera, C. mansioni, C. spinosa, C. ficheuri, 
Porrocaecum angusticolle, Capillaria tenuissima, Subulura bolivari and Sicarius dipterum), 5 trematodes 
(Strigea sp., S. sphaerula, Neodiplostomum sp, Brachylaima sp. and Platynosomum sp), 4 cestodes 
(Unciunia sp, Pseudidiogenes sp., Dilepididae sp. and  Hymenolepididae sp) and 3 acanthocephala (C. 
globocephalus, C. buteoni and C. turdi). 

S. dipterum and C. turdi are reported for first time in raptors and are considered accidental parasites. 

The helminthic communities of the raptors analysed are similar from the qualitative point of view, but 
differences are seen in terms of richness and dominant species. It can be considered that richness is 
greater in diurnal bird of preys than in nocturnal raptors. The analysis of similarity suggests that the 
composition and structure of communities are conditioned, both by eating habits, and by phylogenetic 
factors, related to coevolution of parasites and their hosts. 
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Abstract 

This study investigates the helminth-fauna of 125 iberian lynxes in Andalucia by describing and analysing 
the parameters of the helminthic communities for every parasite species found. 

A total of 61,6% of the animals (77) were parasitized by one or more species of helminths. From these 
animals, 64 had nematodes and 34 cestodes. No trematodes were found in this study. 

It was possible to identify 11 helminth species: 7 nematodes: (Toxocara cati, Toxascaris leonina, 
Ancylostoma tubaeforme, Eucoleus aerophilus, Vigisospirura potekhina, Aelurostrongylus abstrusus and 
Dirofilaria immitis) and 4 cestodes (Taenia pisiformis, Taenia taeniaeformis, Mesocestoides sp. and 
Joyeuxiella pasqualei). The most prevalent specie was Toxocara cati (40%), followed by Taenia spp. 
(25,6%) and Ancylostoma tubaeforme (13,6%). 

A classification of the lynxes analyzed was carried out in two metapopulations based on the area of 
origin: Córdoba and Jaén (Sierra Morena) on one hand, and Huelva and Sevilla (Doñana-Aljarafe) on the 
other. In both populations, T. cati was the central specie (prevalence of 44,3% and 30,8%, respectively), 
although Ancylostoma tubaeforme was also a central specie in Doñana-Aljarafe (26,9%). 

Low helminth richness was observed with values between 1,71 and 1,78. It was also found low helminth 
diversity, with dominance of a few helminth species over the rest with an irregular distribution. 
Furthermore, the Bray-Curtis analysis confirmed the similarity between lynxes from Córdoba and Jaén in 
contrast with the Doñana-Aljarafe metapopulation. 

In addition, the analysis by age ranges showed that juvenile lynxes present a higher prevalence of 
parasites than adults (73,1% versus 53,3%), with T. cati being the most common specie in both groups. 
According to Fisher’s test (p<0,05), this species prevalence is significatively higher in juveniles, which 
could be attributable to its mammary transmission. Ancylostoma tubaeforme is the dominant specie 
among adults, with higher abundances than those found in the juveniles’ group. 
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Abstract 

The Roberto Burle Marx Park, in the Municipality of São José dos Campos, State of São Paulo, Brazil, is 
an area under governmental trust dedicated to the protection of the legacy of the renowned Brazilian 
designer. Gardens and a lacustrine assemblage are open to visitors, but protected woods reach the 
Paraíba do Sul river's margins. Capybaras (Hydrochoerus hydrochaeris) have long been present in the 
park, and approximately 40 individuals settled in the garden lakes, sustaining a tick population 
(Amblyomma sculptum) with Brazilian Spotted Fever, a tick-borne infection caused by Rickettsia 
rickettsii, transmission risk. An integrated control project started in September 2020, selecting twelve 
fixed position tick monitoring points, using approximately 200g dry-ice placed on 0.7m × 1.0m pieces of 
white non-woven fabric left on-site for 40 minutes. Unsublimated dry-ice is discarded, and the fabric is 
folded and bagged. Following an assessment in October 2020, Metarhizium anisopliae IBCB425 
(Ecometa, Toyobo) was mechanically sprayed at 2×1013 conidia/ha. These procedures were repeated in 
November and December 2020 and will continue until the rainy season ends. Traps were deposited 
directly in plastic containers closed with tulle and incubated at room temperature for ten days to 
calculate mortality, which was 68% for nymphs and 35% for adults in November 2020, but has fallen to 
25% and 27%, respectively, in December 2020. However, only two monitoring points yielded ticks on 
this occasion, and the apparent low efficacy could be traced to a single outlier trap deployed close to a 
dense thicket, where vegetation partially blocks the spray. Surviving ticks may have been attracted from 
untreated areas within the bush and had low chances of contacting the infective propagules. However, 
the continuous application is expected to augment the fungal mass, and it should be able to colonize 
deeper into the woods and deliver higher tick mortality. 
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Abstract 

Trichinellosis is a widespread zoonotic disease caused by Trichinella spp. infection. Human outbreaks are 
mainly associated with consumption of raw or undercooked meat of domestic pig (Sus scrofa 
domesticus) and wild boar (Sus scrofa). Here, we determined the seroprevalence of Trichinella spp. in 
wild boars (Sus scrofa) from south-western Spain. 

A total of 535 blood samples were collected by endocranial venous sinuses puncture from hunted wild 
boars during 2018-2019 hunting seasons. Serum was obtained and analysed to detect antibodies against 
Trichinella spp. using a commercial ELISA.  

The overall seroprevalence was 8.41% (45/535; CI95%: 8.38-8.43) and the seropositivity found in 2018 
and 2019 was of 10.64% (28/263) and 6.25% (17/272), respectively. Although the spatial sampling was 
not homogeneous across the study area, seropositivity distribution found was diverse, ranging from 
0.00% (0/35) in the province of Seville to 20% (14/70 and 3/15) in the provinces of Badajoz and Malaga.  

The overall seroprevalence obtained in the present study differ from the 0.77% previously reported in 
south-western Spain (Garcia-Sanchez et al. 2009) and of 0.2% found in central Spain (Boadella et al. 
2012). The results obtained are of public health concern since Spain is the third country in Europe in the 
number of hunted wild boars (Sus scrofa) per year. More than 370.000 wild boars are hunted annually in 
Spain and meat and meat-products from this game species are not only consumed in this country, but 
high amounts (over 90% of hunted wild boar) are exported each year to other European countries. 
Further studies are required to elucidate the Trichinella spp. infection levels in meat and derived 
products from infected wild boar and the risk of transmission of this food-borne zoonotic disease. 
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Abstract 

Marine mammal populations are negatively impacted by climate change as rising global temperatures 
correlate with increases in the geographic distribution, prevalence, and virulence of aquatic parasites. 
With harmful parasites threatening the biodiversity of many marine mammal species, we aim to develop 
novel molecular tools to quickly and reliably identify these infections. Otostrongylus circumlitus (harbor 
seal lungworm) causes bronchitis-like symptoms in adult harbor seals, eventually decreasing their 
overall fitness, and is lethal in seal pups. In addition, O. circumlitus migrates to the heart of its incidental 
host, the northern elephant seal, where it is immediately responsible for fatal conditions. Current PCR 
diagnostics lack the sensitivity to detect DNA from parasite eggs or larvae in samples collected from live, 
infected marine mammals. Thus, to optimize sensitivity and specificity, we are developing a quantitative 
real-time PCR (qRT-PCR) assay to target highly divergent, high copy-number repetitive DNA sequences. 
To be practical, this assay needs to be easily accessible to marine mammal rescue centers and be 
capable of detecting O. circumlitus infection in non-invasive samples, such as blood, feces and/or 
sputum. Currently, treatment of O. circumlitus infections is initiated based on clinical pathology and 
presentation. The standard diagnostic tool for O. circumlitus infections detects elevated levels of Serum 
amyloid A (SAA) proteins in the blood of these infected animals due to increased inflammation. 
However, the sensitivity and specificity of the SAA assay for O. circumlitus infections in marine mammals 
is unknown. Additionally, since there is no current antemortem diagnostic test for O. circumlitus, 
animals that are assumed to be infected with this nematode are given a general anthelmintic, such as 
ivermectin. Therefore, this qRT-PCR assay will also be used to evaluate the efficacy of these current 
diagnostics and therapies through the analysis of pre- and post-treatment samples from infected marine 
mammals. 
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Abstract 

Black flies (Diptera: Simuliidae) serve as arthropod vectors for a variety of Onchocerca species that may 
be associated with disease in humans, domestic animals, and wildlife. The emergence of zoonotic 
Onchocerca lupi in North America and reports of cervid-associated zoonotic onchocerciasis highlight the 
need for increased entomological surveillance. In addition, there is mounting evidence that Onchocerca 
diversity in North America is far greater than previously thought, currently regarded as Onchocerca 
cervipedis species complex. To better understand the biodiversity and geographic distribution of 
Onchocerca, black flies were screened for filarioid DNA in Lake County, northern California, USA. Overall, 
485 female black flies (2015: 150, 2016: 335) were collected using CO2-baited traps from February to 
October, 2015-16. Individual flies were morphologically identified and pooled (£ 10 individuals) by 
species, collection date, and trap location. Among the pools, there were: 158 individuals of S. tescorum 
(2015: 57, 2016: 101), 302 individuals of S. vittatum (s.l.) (2015: 82, 2016: 220), 12 individuals of S. 
clarum “black” phenotype (2015: 5, 2016: 7), and 13 individuals of S. clarum “orange” phenotype (2015: 
6, 2016: 7). Black fly pools were processed for DNA extraction, and subsequent PCR and sequencing 
targeting of the NADH dehydrogenase subunit 5 gene. PCR analysis revealed the percentage of positive 
pools in 2015-16 were 7.50% (n=3) for S. tescorum, 3.75% (n=3) for S. vittatum (s.l.; likely S. tribulatum), 
7.69% (n=1) for S. clarum “black” phenotype, and no positives for S. clarum “orange” phenotype. 
Genetic distance and phylogenetic analyses suggest that the northern California Onchocerca isolates 
belong to the same species reported in black flies from southern California (98.5-100% maximum 
identity), and seems closely related to isolates of white-tailed deer from upstate New York. A 
comprehensive reassessment of North American Onchocerca biodiversity, host, and geographic range is 
necessary.  
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Abstract 

Fascioloides magna, commonly known as the giant liver fluke or deer fluke, is a parasitic trematode of 
cervids across North America, including white-tailed deer, elk and caribou. Infection in aberrant, dead-
end hosts such as cattle, small ruminants, and moose are often fatal. A 4-year-old male intact lesser 
spot-nosed guenon (Cercopithecus petaurista), housed at a North American zoological facility presented 
with acute lethargy, inappetence and mild neurologic signs. Physical examination revealed hemorrhagic 
pleural effusion in the right hemithorax. This animal’s condition improved over several days but ten days 
later, the animal again presented with acute lethargy and weakness. A hemorrhagic pleural effusion was 
identified within the left hemithorax. The guenon developed respiratory and cardiac arrest while 
anesthetized, and was subsequently necropsied. Gross examination revealed hemorrhagic thoracic and 
abdominal effusion and a single trematode within the right hemithorax. Histologic evaluation revealed 
biliary hyperplasia, fibrosis and hepatic necrosis with microgranulomas, severe bile peritonitis and 
pleuritis, myocardial necrosis, proliferative enterocolitis and lymphocytic pancreatitis. The parasite 
specimen was cleared in lactophenol, and morphologically assessed with compound and dissecting 
microscopes. The leaf-shaped, fluke specimen was morphologically identified as F. magna. Genomic 
DNA extraction, PCR, and sequencing of the mitochondrial cytochrome c-oxidase subunit 1 gene of the 
mitochondrial DNA revealed 99.3-99.6% similarity with available F. magna sequences, confirming 
morphological identification. To our knowledge, this is the first report of F. magna infection in a non-
human primate. This record demonstrated the susceptibility of primates to F. magna and suggests the 
zoonotic potential of this trematode. 
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Abstract 

The recent outbreak of SARS-CoV-2 has highlighted the increase in Emerging Infectious Diseases (EIDs) 
since the 1940s, with many EIDs having the potential to cause devastating effects worldwide. The main 
driver of these EIDs has been identified as human interaction with wildlife and have emphasised the lack 
of knowledge in pathogen communities. Human wildlife and ecosystem perturbations have been shown 
to effect pathogen communities. Wild rodent models have proven excellent for studying these changes 
in parasite communities and have been a particular focus of eco-immunological research. Rodent 
population cycles have been shown to influence the transmission of zoonotic disease. Helminth species 
have been shown to be one of the factors regulating rodent abundance and indirectly affect disease 
burden through trade-offs between Th1 and Th2 immune pathways. Studies of the invasive population 
of bank voles, Myodes glareolus, in Ireland have revealed that this species has a verifiable introduction 
point, is actively spreading across the island and exhibits enemy release, spillover, spillback and dilution 
of pathogens. The M. glareolus invasion in Ireland presents a unique opportunity as a model system to 
explore the invasion dynamics of helminth species. Longitudinal studies, using previously collected data 
as a baseline, can demonstrate the interplay between helminth parasite dynamics and microparasites as 
voles become established across Ireland. Similarly, this species, acting as a model system can provide 
the opportunity to concurrently study immune gene expression in Irish rodent species and how it 
changes during the process of invasion. Using the M. glareolus invasion as a model system, we can begin 
to fill the large gap in our knowledge surrounding the area of wildlife pathogen dynamics. 
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Abstract 

Eimeriosis is a protozoan disease of global distribution caused by parasites of the genus Eimeria spp. The 
protozoa infects and destroys the intestinal mucosa lining in its endogenous phase, generating diarrhea 
in young animals and no symptoms in adults. Little information is available concerning Eimeria spp. 
infection in red deer (Cervus elaphus). This work reports the presence of new species of Eimeria in red 
deer from a meso-Mediterranean area located in central Spain. 

In December 2020, 62 adults and 35 young red deer from a private natural reserve were examined for 
coccidial infection. Fresh fecal samples were individually collected and analyzed by McMaster modified 
method. Positive samples were sporulated using 2% potassium dichromate for later identification of 
Eimeria spp.  

The 14.28% of the young red deer excreted oocysts with loads between 36 and 495 oocysts per gram of 
feces. We did not found oocysts in adult samples. The Eimeria species involved were E. robusta, 
E. elaphi, E. sordida and E. austriaca. The 61.3% of the oocysts identified corresponded to E. robusta, 
29.7% to E.austriaca, 5.9% to E. sordida and 2.9% to E. elaphi. This is the first report of E. austriaca in 
Spain and the Mediterranean region, although it has been identified in deer in Poland and Austria. Our 
results contribute to the description of the parasitofauna of Cervus elaphus, in particular, Eimeria spp. 
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Abstract 

The worldwide emergence of the cardiopulmonary parasites Angiostrongylus vasorum, Crenosoma 
vulpis, Capillaria aerophila, and Aelurostrongylus abstrusus infecting wild and domestic animals continue 
to concern the scientific and veterinary community. In this study, occurrence of the parasites was 
investigated in six wild carnivore species from Denmark; raccoon dogs (Nyctereutes procyonoides), red 
foxes (Vulpes vulpes), American mink (Neovison vison), beech martens (Martes foina), Eurasian otters 
(Lutra lutra) and polecats (Mustela putorius). The purpose was to examine their potential as reservoirs 
of cardiopulmonary parasites for domestic dogs and cats. Hearts and lungs were collected from animals 
either hunted, found dead or euthanized in 2017–2018, and subsequently examined for 
cardiopulmonary parasites. Identification of C. aerophila was based solely on morphology, while 
identification of A. vasorum, C. vulpis, and A. abstrusus was achieved by PCR targeting the internal 
transcribed spacer 2 region of ribosomal DNA. For the simultaneous detection of A. vasorum and C. 
vulpis a duplex real-time PCR was used, whereas a conventional PCR was used for the detection of A. 
abstrusus. Three of the four nematode species were identified with the following countrywide 
prevalences: C. vulpis 5.1% with 95% CI [3.9-6.7], C. aerophila 4.9% [3.5-6.1], and A. vasorum 4.8% [3.7-
6.4].  

In Denmark, this is the first report of A. vasorum and C. vulpis infections in raccoon dogs, mink, and 
polecats, and C. aerophila in raccoon dogs and beech martens. In addition, this is the first report of A. 
vasorum and C. vulpis in wild animals from the island of Bornholm. Lastly, this is, to our knowledge, the 
first report of C. vulpis infection in mink, and C. vulpis and A. vasorum infections in polecats worldwide. 
The current data thus shows that several wild carnivores have the potential to act as reservoir hosts for 
these cardiopulmonary parasites in Denmark.  
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Abstract 

Introduction 

Although widely studied in the early 20th century, haemosporidian infections in wild raptors are 
relatively scarce. The objective of this work was to determine the prevalence and risk factors associated 
to haemosporidian prevalence in raptors from France, and to propose sanitary measures adapted to 
wildlife rehabilitation centres to minimize health risks linked to haemoparasitism. 
  

Materials and Methods 

Blood samples from 884 raptor birds (24 species) admitted to a wildlife rehabilitation centre from 
Southern France were collected during seven years (2011-2017). Seventeen diurnal (e.g. falcons, eagles, 
buzzards, sparrowhawks) and seven nocturnal (e.g. owls) raptors were sampled. Samples came from 
either immature or adult birds, and their origin was mainly from the Gard and the Hérault departments. 

Thin blood smears were analysed at the French Museum of Natural History (MNHN) and the 
epidemiological analysis was performed at the National Veterinary College of Alfort (EnvA). 

 
Results 

Thirty-three percent of birds (292/884) were infected by one or more haemosporidia species. 
Haemoproteus and Leucocytozoon infections were more prevalent than Plasmodium infections. The 
haemoparasitism did not have a negative impact on release and we did not observe clinical signs 
suggestive of haemosporidian infection. Diurnal and young birds seemed more prone to be infected, 
while year and season seemed to play a role in the risk of exposure. 
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Discussion 

Our results suggest the need to control vector presence in wildlife centres, but other measures for the 
detection and treatment of haemosporidiosis would not be crucial for raptors hosted at wildlife 
rehabilitation centres. 
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Abstract 

Marine parasites are considered good markers of biological and environmental phenomena, as their 
transmission and evolutionary fate are closely linked to host and ecosystem characteristics. Thus, 
parasite-host interactions represent tools to explore the origins, distribution and maintenance of 
biodiversity, providing information on host ecology, biogeography and phylogeny. The Canary Islands is 
an area with great biodiversity in cetaceans with at least 30 different resident species, most of them 
odontocetes. Dead stranded cetaceans are regularly pathologically studied Veterinary Pathologists at 
Institute of Animal Health (University of Las Palmas Gran Canaria) since the 90s. Parasitized organs have 
been grossly and microscopically analyzed from 1999 to 2012. During the period 1999-2005, 32% of 
multi-organic parasitosis were included in consumptive pathological entity of natural origin, while in the 
period 2006-2012, 25% of parasitic diseases were documented, involving parasites such as Toxoplasma 
gondii, Nasitrema sp., Crassicauda sp., Brahycladium atlanticum, Oschmarinella rochebruni, Pholeter 
gastrophilus and Bolbosoma sp., as well as other ectoparasites and endoparasites. Most of the animals 
documented were parasitized but these parasite-host interactions are not necessarily negative in all 
cases, as the mechanisms of parasite aggression tend to be multifactorial and the characteristics of the 
host, parasites, environment and other possible agents have to be taken into account. These data help 
to improve the knowledge base on parasitic pathologies and may be of value for future conservation 
actions. 



 

 

441 

 

P-1054 

First reports on autochthonous Angiostrongylus sp. and Crenosoma sp. 
infections in German wild Eurasian lynx (Lynx lynx) and new insights into lynx 
gastrointestinal parasite fauna 

Lisa Segeritz1, Juan Velez1, Ole Anders2, Lilli Middelhoff2, Anja Taubert1, Carlos Hermosilla1 

1Justus Liebig University, Giessen, Germany. 2Harz National Park, Wernigerode, Germany 

Abstract 

The Eurasian lynx (Lynx lynx) is the largest feline apex predator existing in Europe today. Its range in the 
Western part of the continent is very fragment. Several populations have emerged from reintroduction 
projects carried out here since the 1970s. Lynx can be infected by a wide range of parasites, affecting its 
health condition and population performance. Therefore, this study was conducted to analyse the actual 
parasite fauna of free-ranging Eurasian lynx on the example of the German Harz population. In total, 19 
faecal samples were obtained in 2020. Coprological analyses were performed by the sodium acetate 
acetic acid formalin (SAF)-technique, Giardia and Cryptosporidium coproantigen-ELISAs and 
carbolfuchsin-stained faecal smears. In addition, a subset of metastrongyloid lungworm larvae- and 
Ancylostomatidae egg-positive samples was analysed by PCR and sequencing to identify the 
microscopically observed parasites to species level. Overall, 14 parasite taxa were detected in lynx scat 
samples, with six nematode species (Uncinaria stenocephala, Crenosoma sp., Angiostrongylus sp., 
Toxascaris leonina, Toxocara sp., spirurids and Capillaria spp.), one cestode species 
(Diphyllobothrium sp.), one trematode species (Heterophylidae) and five protozoan species 
(Toxoplasma/Hammondia, Cystoisospora sp., Sarcocystis sp., Giardia and Cryptosporidium spp.). This 
study represents the first report on Angiostronglyus sp. and Crenosoma sp. infections in Eurasian lynx, 
detected by coprological analyses. Furthermore, it provides first-time insights into the endoparasite 
status of wild Eurasian lynx in Germany and thereby on the occurrence of four helminth genera 
(Uncinaria, Toxascaris, Toxocara, Diphyllobothrium) and at least two relevant anthropozoonotic 
protozoan genera (i. e. Cryptosporidium and Giardia) in lynx in Europe. 
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Abstract 

Introduction 
Wildlife populations are being increasingly challenged by a variety of anthropogenic stressors including 
climate change, introduction of non-native species, and encroachment of domestic livestock, which can 
favor parasite infestation and invasive parasites. For instance, the pathogenic strongyle Haemonchus 
contortus proliferated in Alberta, Canada, during the last decade. Parasites negatively impact host 
fitness through a variety of mechanisms ranging from diversion of resources, damage to tissues, and 
costly immune responses, with consequent impacts on population health and dynamics, in both 
domestic and wild animals. Therefore, determining and monitoring parasite abundance and community 
is of primary importance for pathogen control strategies and long-term management of populations. We 
aimed in this study to update and refine our knowledge on gastrointestinal and protostrongylid 
nematode parasite communities of bighorn sheep populations from western Canada.  

Materials and Methods 
Using fecal samples collected from 13 herds of free-living bighorn sheep, mostly from across the 
province of Alberta, (1) we performed parasitological analyses to morphologically assess the diversity 
and abundance of gastrointestinal and respiratory strongyles using Wisconsin and Baermann 
techniques, respectively, and (2) we applied the non-invasive metabarcoding approach to precisely 
determine gastrointestinal nematodes communities (termed the “nemabiome”).  

Results 
Nematodirus spp. and Marshallagia marshalli were found in greater than 94% of the populations, while 
strongyles in 65%, with high variations of infestation intensity. Deep-sequencing revealed different 
species of Nematodirus (N. andersoni, N. davtiani, N. oiratianus) and of gastro-intestinal strongyles, 
including species shared with domestic ungulates (e.g., Oesophagostomum venulosum, Teladorsagia 
circumcincta, Ostertagia ostertagi). Moreover, lungworms were isolated in all populations wherein it 
was discovered that Protostrongylus spp. was the predominant genus present. 
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Discussion 

Our results revealed heterogeneity of parasite abundance and diversity among populations of bighorn 
sheep in southwestern Canada, and suggest cross-contamination with domestic ungulates. 
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Abstract 

Introduction: The efficacy of treatment administered to livestock is influenced by 
environmental/ecological and parasite factors. Parasite factors include: presence of a fitness cost for 
resistant worms, inheritance pattern of resistance, and the extent to which resistant and susceptible 
worms interbreed. The aim of this project is to investigate these key areas in an artificial challenge 
model. Material and methods: Thirty worm-free lambs were infected with different isolates of 
Haemonchus contortus: ivermectin-susceptible (MHco3), ivermectin-resistant (MHco18), F1 reciprocal 
genetic crosses of the two strains (MHco3_18 and MHco18_3) or a co-infection of both MHco3 and 
MHco18 (n=6/group). Three sheep from each of the MHco18, MHco3_18 and MHco18_3 groups were 
treated with ivermectin (0.2mg/kg bodyweight). Morphometrics were examined for differences 
potentially associated with fitness or mating compatibility. Results: Females of the susceptible strain 
were smaller compared to the resistant strain and males of the susceptible strain had smaller spicules 
than the resistant strain or crosses. Moreover, for the resistant but not the susceptible strain, treated 
worms of both sexes were smaller than those that were untreated. To determine whether resistance is 
dominant or recessive, the F1 genetic crosses were treated with ivermectin in vivo. The survival of 
heterozygous adults from the genetic crosses post ivermectin treatment provided strong evidence that 
resistance is not recessive but may be co-dominant and/or multigenic when compared to the higher 
survival rate of the resistant parental strain. Conclusion: We observed differences in size and spicule 
length between the strains but cannot confirm these were exclusively due to the resistance status of the 
strains. However, the reduction in size of a highly resistant strain under active treatment does suggest 
resistance, drug selection and size interact, necessitating further investigation. Lastly, we provide clear 
evidence ivermectin resistance is not recessive in Haemonchus, with the trait being co-dominant or 
multi-genic. 
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Abstract 

Gastrointestinal nematodes (GIN) are included among the most frequent causes of disease and reduced 
performances in equids. In equids, the control of GIN is based largely on the use of commercial 
anthelmintics. However, drug resistant GIN populations have been selected worldwide. The aim of this 
study was to evaluate in vitro the anthelmintic activity against GIN of donkeys of an aqueous extract of 
Glycyrrhiza glabra root and that of glycyrrhetinic acid, using the egg hatch test (EHT) and the larval 
migration inhibition test (LMIT). In these assays, tested compounds were used at 30, 10, 5.0, 1.0, and 0.5 
mg/ml. Treated (Thiabendazole 0.1 mg/ml, TBZ) and untreated controls were also performed. All 
experiments were performed in triplicate and obtained data were statistically analysed. In addition, GIN 
L3 were identified at the genus level. In EHT and LMIT, both tested substances showed inhibition 
properties against GIN eggs and larvae when compared to the untreated controls. Moreover, both 
compounds showed a concentration-dependent efficacy. However, G. glabra root aqueous extract 
showed a significantly lower efficacy when compared to that of glycyrrhetinic acid, especially at the 
higher concentrations. In LMIT, glycyrrhetinic acid at the higher concentration showed an efficacy 
comparable to that of the reference drug (TBZ), but its activity was significantly reduced at lower 
concentrations. GIN L3 were identified as cyathostomin larvae belonging to the genera Cylicocyclus spp. 
and Cylicostephanus spp. Further studies aimed to evaluate the potential of tested compounds to be 
used as natural de-wormers for equids are encouraged 
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Abstract 

Among alpacas, there are several types of mites reported, but sarcoptic mange seems to be the only one 
clinically relevant. Even though there is a wide range of ectoparasitic molecules effective against 
sarcoptic mange, in alpacas the treatment is more challenging as pour-on solutions are not well 
absorbed and the systemic products have poor efficacy. 

A 5 years-old female alpaca was brought to our clinic due to some dermatological problems. When 
clinically examined, the animal presented alopecia and very thick crusts on both ears, accompanied by 
restlessness. Crusts were collected and examined for the presence of ectoparasites. Detected mites 
were morphologically and molecularly identified. Keratolytic substances were applied in order to 
remove the crusts. A combination of local and general treatment with amitraz and eprinomectin was 
done for three months until all the mites were dead, and the lesions disappeared. 

Mites were morphologically identified as Sarcoptes mites. The skin lesions started to improve after five 
weeks of treatment and after five months, all the lesions disappeared. 

Successful treatment in sarcoptic mange of alpacas is a long-term procedure and not always easy. 
Several molecules, such as 1% ivermectin and 1% moxidectin seemed to be efficient in some cases. 
However, treatment of sarcoptic mange with doramectin or ivermectin, amitraz or diazinon failed to 
succeed. With the present case, we highlight the importance of publishing other various treatment 
protocols in order to have more information on this subject available for vets worldwide. 

 



 

 

447 

 

P-2005 

The prevalence of Echinococcus multilocularis in red foxes (Vulpes vulpes) in 
Lithuania and evaluation of improved method for detection of the abundance 

Anni Takala1, Peter Deplazes2, Mindaugas Šarkūnas1 

1Dept. of Veterinary Pathobiology, Lithuanian University of Health Sciences, Kaunas, Lithuania. 2Institute 

of Parasitology, University of Zürich, Zürich, Switzerland 

Abstract 

The aim of this study was to examine the prevalence and abundance of Echinococcus multilocularis in 
red foxes (Vulpes vulpes) in Lithuania. Furthermore we evaluated an improved enumeration method for 
E. multilocularis with the sedimentation and counting technique (SCT). Red foxes (n=70) were hunted in 
25 districts of Central/Eastern Lithuania between November 2018 and May 2020. The prevalence of E. 
multilocularis in red foxes was 31.4 % (95% CI 20.5-42.3) and the abundance varied between 1-2266 
worms per infected fox. The juvenile foxes harbored higher (P>0.05) numbers of worms (401 (3-2266); 
95% CI -366.31-1168.88) than those of adults (263 (1-1255); 95% CI 31.06-494.54). This was especially 
true in case of male juveniles which had the highest (P>0.05) average worm burdens of 921 worms per 
fox (228-2266; 95% CI -1971.95-3814.62), whereas the male adults had a mean abundance of 195 (2-
930; 95% CI -58.92-448.25). However, in case of females, adults had higher average worm burdens (365 
(1-1255); 95% CI -205.30-935.30) than the juveniles (14 (7-20); 95% CI -2.29-30.29). The differences in 
worm burden between adult and juvenile foxes and different genders most probably should be related 
to habits of different predation on rodents and differences in diet. An improved calculation based on the 
number of scolices and excess of gravid proglottids found in the samples improved the detection level 
for the abundance by 19.61% (95% CI: 11.9-27.3) in low abundance (1-20), 53.39% (95% CI: 49.9-56.9) in 
moderate abundance (21-130) and 6.73% (95% CI: 6.1-7.4) in high abundance (above 130) group as 
compared to those of calculation based on the scolices of E. multilocularis only (p<0.05). 
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Abstract 

The rumen fluke Calicophoron daubneyi is a trematode infecting ruminants worldwide. In recent years, 
an apparent quick increase in its prevalence has been recorded in abattoir studies conducted in 
European and American countries. For the purpose to limit the development of the eggs of C. daubneyi, 
the antagonistic activity of the filamentous fungus Trichoderma attrobrunneum (CECT20999) was 
assessed. 

Fecal samples were collected from 30 dairy cows naturally infected, processed through the 
sedimentation test and the eggs of the trematode concentrated, placed into Eppendorf tubes, and 
splitted into two groups, G-1 (control) and G-2 (tubes added spores of the fungus). During the day, all 
the eggs were maintained under natural light and 15-18°C; in the night, one batch was placed under 3-
6ºC (RF), other at 15-18°C (RT) and another at 23-26ºC (ST). The eggs were examined under the 
microscope and classified into non-viable and viable; viable eggs were later identified as undeveloped or 
developed.  

With respect to the controls, the viability of eggs decreased by four times in the G-2, regardless of 
temperature. During a period of 24 days, the development of the eggs to miracidia reduced by 9-52% in 
G-2RF, 2-47% in G-2RT and 3-67% in G-2ST. It is concluded that T. attrobrunneum could be used in a 
helpful and practical way to limit the survival and development rates of eggs of C. daubneyi, and further 
investigations are required to design appropriate strategies to improve its presence in the soil. 

This research was funded by the Research Projects CTM2015-65954-R and RYC-2016-21407 (Ministerio 
de Economía y Competitividad, Spain; FEDER), and ED431F 2018/03 (Consellería de Cultura, Educación e 
Ordenación Universitaria, Xunta de Galicia, Spain). María Sol Arias Vázquez is recipient of a Ramón y 
Cajal (Ministerio de Economía y Competitividad, Spain) contract. 
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Abstract 

The cardiopulmonary nematode Angiostrongylus vasorum infects canids and is known to cause 
angiostrongylosis in dogs. Dogs may suffer from respiratory distress, bleeding disorders and/or 
neurological signs. If left untreated the infection is often fatal, especially in dogs showing systemic 
bleeding. Descriptions of clinical signs in foxes are rare. To evaluate the impact of infection on fox 
health, sera of experimentally infected foxes were subjected to a quantitative proteomic analysis and 
compared to available data obtained from dog sera. Serum proteins from eight A. vasorum 
experimentally infected foxes before and after inoculation (day 0, 35, 84, 154) were measured by liquid 
chromatography, tandem mass spectrometry (LC-MS/MS) in data-independent acquisition mode. 
Compared to day 0, 30 proteins were upregulated and 19 downregulated at day 35, 65 and 32 at day 84, 
and 94 and 82 at day 154 (log2 ratio cut-off ≥ 1.0; q-value ≤ 0.05), respectively. Bone marrow 
proteoglycan, chitinase 3-like protein 1 and pulmonary surfactant-associated protein B were among 
strongly up-regulated proteins (log2 fold-changes ≥ 7) as of day 84. The complement and coagulation 
cascade represented one of the top most enriched KEGG pathways among downregulated proteins at 
day 154 compared to before inoculation (adjusted p-value=0.01). Qualitative comparison to dog serum 
changes upon A. vasorum infection suggests that foxes have similar serum alterations upon infection, 
which includes upregulation of proteins involved in inflammatory and immune response and 
downregulation of proteins relevant for the coagulation and complement cascade. This implies that A. 
vasorum may cause disease in foxes, which could hardly be appreciate so far, since they are wild 
animals. Accordingly, this may shorten their life expectancy or increase their odds of succumbing to 
other diseases or accidents. 
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Abstract 

Haemonchus contortus is one of the most pathogenic gastrointestinal nematode (GIN) of small 
ruminants. Nutritional supplements have a major effect on maintaining or improving immune function 
and also an immune response against the GIN. The aim of this study was to evaluate the effect of dry 
medicinal plants (HERB), and organic selenium (SE) on immune responses of H. contortus infected lambs. 
Twenty-one lambs infected with approximately 5000 L3 larvae of H. contortus and re-infected two times 
during the experiment (on day 49 and 77) were divided into three experimental groups: Control (C), 
HERB and SE. Blood samples were regularly taken to determine haematological and immunological 
parameters. After slaughter (on day 119) the abomasum of each lamb was dissected for histopathology, 
and the parasites were processed for worm counting. Treatment with HERB and SE significantly affected 
the number of total leukocytes, neutrophils, and monocytes, indicating stronger immune responses. SE 
had significantly higher serum IgG level after the second re-infection than other groups (P < 0.05), and 
faster onset of IgA after the first re-infection compared to C (P < 0.01). The mean length of adult female 
worms was C > HERB > SE (2.1, 2.08 and 2.01 cm, respectively). The difference between the C 
versus HERB and SE groups, in worm length could be accounted for by differences in IgA responses. 
HERB group showed strong local inflammation in the abomasum with the formation of lymphoid 
aggregates and the infiltration of immune cells, but higher numbers of eosinophils and plasma cells in 
the mucosa was in SE. In conclusion, HERB and SE groups could elicit a stronger immune response to H. 
contortus infection than infected control animals. Acknowledgments: Slovak Research and Development 
Agency (APVV 18-0131), SAS Programme for PhD students’ grants (DoktoGrant APP0029), COST Action 
CA16230 (www.combar-ca.eu). 

http://www.combar-ca.eu/
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Abstract 

Canine leishmaniosis (CanL) is caused by obligate intracellular parasites of the genus Leishmania that live 
within myeloid lineage cells. The outcome of the infection results from multiple host and parasite 
factors, and their interactions. Even though these host-parasite interactions during leishmaniosis have 
been well-studied in various species, research and knowledge gaps also remain, especially in terms of 
the precise mechanisms involved in the immune evasion. Emerging evidence suggests that intracellular 
pathogens can modulate the host gene expression processes through long non-coding RNAs (lncRNAs) 
as an additional strategy to dampen the host immune response. Here, we evaluated the impact of 
Leishmania infantum natural infection on the host immune response at whole transcriptome level to get 
a deeper understanding of the molecular mechanisms behind immune evasion during CanL. Total RNA 
sequencing was performed on lymph node aspirates from 10 sick dogs and 8 healthy non-infected dogs 
which served as controls. Differential expression, weighted gene co-expression network and functional 
enrichment analyses were performed after pseudo-mapping the raw reads to the canine reference 
transcriptome. We identified 112 differentially expressed lncRNAs in dogs with CanL, suggesting that 
lncRNAs might participate in the immunopathogenesis of the disease. Furthermore, lncRNAs-mRNAs co-
expression network analysis suggested that lncRNAs are likely to be important modulators of innate 
immunity and cytokine signaling, as 29 lncRNAs established 227 connections with cytokine related 
protein coding hub genes. In particular, JUN could be a key immune regulator during L. 
infantum infection, since it was not only a central node in the co-expression network, but also one of the 
hub genes of the most relevant module and the second most up-regulated lncRNA in the lymph nodes of 
dogs with CanL. Therefore, differentially expressed lncRNAs display the potential to be targets for 
immunotherapy and future studies are warranted to further characterize their role in CanL. 
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Abstract 

Trichinellosis is endemic in Argentina, with human outbreaks having mainly domestic pigs as focalised 
sources of infection. Enzyme-Linked Immunosorbent Assay (ELISA), based on excretory/secretory T. 
spiralis muscle larvae antigens (E/S ML) is the most recommended technique for epidemiological 
surveillance to detect anti-Trichinella antibodies in domestic pigs. Available international ELISA kits are 
expensive and need to be validated in each country. Thus, the aim of the present study was to evaluate 
the performance of an in-house indirect ELISA based on E/S ML antigen. The artificial digestion (AD) was 
used as reference technique. A total of 343 swine serum samples were used to define sensitivity, 
specificity, accuracy and repeatability of the ELISA. Sera tested were from 91 outdoor pigs associated 
with local outbreaks, 12 of them diagnosed as positive by AD, and 242 serum samples from intensive-
rearing farms with strict hygienic conditions and negative results by AD. Sera from 2 pigs experimentally 
infected with 10,000 T. spiralis ML (bled at five different days post infection) were also included.  E/S ML 
antigen was diluted at 5 µg/ml in coating buffer, samples were diluted 1/100 in wash buffer and 
peroxidase conjugated rabbit anti-pig IgG was used at 1/2500 dilution (Sigma). Reaction was developed 
using ortho-phenylene-diamine diluted in a citric acid buffer 0.07% H2O2. After 15 minutes, reaction was 
stopped with H2SO4 2.5N. The cut-off point was calculated based on the OD values of 5 negative controls 
(NC) using the formula: Mean NC ± 3 SD. The diagnostic sensitivity and specificity of the ELISA were 
95.5% and 98.4%, respectively. The accuracy was 98.2%. The inter-assay repeatability (4 plates) 
calculated for 1 positive and 4 negative controls was under 20%. The performance of this ELISA suggests 
that it could be used as a reliable and practical tool for seroepidemiological studies in Argentina. 
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Abstract 

NET formation is an important mechanism of the innate immune system, elicited by polymorphonuclear 
neutrophils (PMN). NETs are composed by DNA (chromatin) and enzymes with microbiocidal activity, 
that are originated in PMN granules. NETs were first reported as a defence mechanism against bacteria 
and are also induced by soluble mediators, such as PMA, IL-8 and PAF. NET formation has been proved 
as an important defence mechanism against apicomplexan parasites. Toxoplasma gondii tachyzoite-
triggered NET formation has been so far reported in human, mouse, dolphins, sheep, cattle and in the 
final host, the cat. The molecular mechanisms behind T. gondii-induced NETosis are not entirely 
elucidated yet  

NET formation requires a sequence of events including translocation of neutrophil elastase and 
myeloperoxidase, chromatin de-condensation, rupture of the nuclear membrane, fusion with 
cytoplasmic PMN vesicles and membranes, and, extrusion of NETs. Some of these steps resemble a 
mitotic cell, notably chromatin decondensation and nuclear membrane rupture. Given that PMN are 
considered terminally differentiated cells, it was recently hypothesized that this immune cell type 
repurposes cell cycle proteins to produce NETs. So far, this hypothesis has neither been studied in 
parasite triggered-NETosis nor in the bovine system.  

By confocal and transmission electron microscopy (TEM), we discovered that T. gondii tachyzoites 
induce NET formation in 9.25% of PMN (ratio 1:2 PMN:tachyzoites ; 60 min). We also observed that the 
mitotic marker Ki67, phosphorylated form of Histone H3-Serine 10 (p-HH3S10) and Lamin B1 signals are 
upregulated and re-located during T. gondii-induced NET formation. Also, neutrophil nuclear membrane 
disruption was further confirmed by TEM analysis. However, we did not observe centrosome duplication 
as described for PMA-stimulated human PMN, indicating stimuli- and/or species-specific mechanisms in 
T. gondii-induced bovine NETosis. 

Overall, current data show new insights into T. gondii-induced bovine NETosis indicating that PMN may 
repurpose cell cycle proteins.   
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Abstract 

Over the last years, fluke infections considerably increased in Europe, mainly fasciolosis (Fasciola 
hepatica) and paramphistomosis (Calicophoron daubneyi). The definitive hosts ingest encysted 
metacercariae present on vegetation, then juvenile flukes excyst, penetrate the small intestinal mucosa 
and migrate to either the liver or rumen/reticulum where adults are localized.  

Polymorphonuclear neutrophils (PMN) are the most abundant granulocytes in blood and the first ones 
being attracted to sites of infection. Neutrophil extracellular traps (NETs), consisting of nuclear DNA 
decorated with histones, antimicrobial peptides and other granular enzymes, entrap and immobilize 
numerous invasive parasites. Here, we analysed if different fluke stages and species trigger PMN 
activation and NET release. PMN were co-cultured with F. hepatica NEJ (newly excysted juveniles), 
metacercariae, eggs, and soluble antigen (FhAg), as well as with C. daubneyi eggs and soluble antigen 
(CdAg).  

All stages induced PMN activation and low levels of NETosis as detected by immunofluorescence and 
scanning electron microscopy. Nuclear area expansion (NAE) analyses confirmed FhNEJ as weak NETosis 
inducers. FhNEJ remained vital and motile throughout experiments, even though some PMN were 
attached to their surface. Chemotaxis assays showed enhanced PMN migration towards vital FhNEJ. 
FhAg failed to induce intra- and extracellular reactive oxygen species (ROS) production in PMN. 
Mitochondrial oxygen consumption rates (OCR) and extracellular acidification rates (ECAR) of PMN were 
significantly increased by CdAg but not by  FhAg stimulation. Additionally, weak but enhanced formation 
of NETs and PMN activation upon CdAg stimulation were observed. 

In summary, F. hepatica and C. daubneyi induced weak NETosis and PMN activation. Weak PMN 
responses might reflect parasite-specific evasion strategies (e. g. via excretory-secretory antigens, 
proteases or nucleases) to interfere with PMN-derived effector mechanisms. Further analyses will help 
to explain if such evasion mechanisms are also occurring in vivo by demonstrating minimal or even 
absence of NETs in inflamed tissues. 
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Abstract 

Angiostrongylus vasorum is a neglected parasite and causal agent of cardiopulmonary disorders in 
canids. The life cyle of A. vasorum requires the presence of terrestrial gastropods (slugs/snails) as 
obligate intermediate hosts. Concerning the specific localization of A. vasorum-L3 and adults in vivo, 
parasite interactions with circulating polymorphonuclear neutrophils (PMN) and blood vessel-derived 
endothelial cells are very likely to occur. In this context, we here studied early host innate immune 
reactions by analyzing primary canine endothelial aortic cell (CAEC)- and PMN-derived responses against 
A. vasorum L3 stages on the level of parasite-triggered NETosis and A. vasorum antigen-induced 
endothelial adhesion molecule (i. e. ICAM-1, VCAM-1, P-selectin, E-selectin) expression and gene 
transcription. Canine PMN were isolated from blood samples of healthy dogs and exposed to A. 
vasorum L3 stages. Scanning electron (SEM) and immunofluorescence microscopic (IF) analyses were 
performed to visualize and quantify L3-triggered NETosis and to evaluate the presence of different NET 
phenotypes [spread NETs (sprNETs), diffuse NETs (diffNETs), aggregated NETs (aggNETs)]. The presence 
of histones and neutrophil elastase (NE) on DNA (DAPI)-rich NET structures was confirmed by 
immunofluorescence analyses. Primary CAEC were isolated from canine aorta and stimulated with 
soluble A. vasorum L3 antigens. Adhesion molecule (ICAM-1, VCAM-1, P-selectin, E-selectin) gene 
transcription and protein expression was quantified via qPCR and Western Blot analyses, 
respectively.Microscopic analyses revealed that canine PMN reacted rapidly against motile A. 
vasorum L3 stages by extruding NETs. Typical characteristics of NETs were confirmed by co-localization 
of DNA, histones and NE. Concerning NET phenotypes, sprNETs were the most abundant ones. Individual 
donor variations of CAEC-derived immune reactions for adhesion molecule gene and protein expression 
were here observed, corresponding well to diverse canine immunopathological reactions in vivo. 
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Abstract 

Eimeria bovis is the causative agent of bovine coccidiosis, a disease of global importance which affects 
cattle productivity. Neutrophil extracellular traps (NETs), represent an important early host innate 
effector mechanism of polymorphonuclear neutrophils (PMN). NETs are released in response to E. bovis 
sporozoites. So far, no data are available on metabolic requirements of E. bovis sporozoite-triggered NET 
formation. Therefore, we here studied PMN-derived early glycolytic and mitochondrial responses. 
Seahorse-based analysis revealed an immediate induction of early glycolytic responses and of oxygen 
consumption rates upon confrontation of bovine PMN with E. bovis sporozoites. The role of distinct 
metabolic pathways in sporozoite-triggered NETosis was estimated by chemical inhibition experiments 
targeting glycolysis and energy generation. Therefore, 2-fluor-2-deoxy-D-glucose (FDG), 6-diazo-5-oxo-L-
norleucin (DON), sodium dichloroacetate (DCA), oxythiamine (OT), sodium oxamate (Oxa) and 
oligomycin A (OmA) were used to block glycolysis, glutaminolysis, pyruvate dehydrogenase kinase, 
pyruvate dehydrogenase, lactate dehydrogenase and mitochondrial ATP-synthase, respectively. Current 
data showed that sporozoite-induced ‘cell-free’ and ‘anchored’ NETs were significantly diminished via 
PMN pretreatments with OmA and OXA thereby indicating a key role of ATP and lactate-mediated 
metabolic pathways for effective sporozoite-mediated NETs formation. However, FDG, DCA, OT and 
DON treatments failed to influence NETs formation thereby denying a role of respective metabolic 
pathways in sporozoite-driven NETosis. Given that lactate and ATP seemed to be of major importance in 
parasite-driven NET formation, we additionally studied the effects of MCT-1 and MCT-2 inhibitors (AR-
C141900, AR-C151858) and of P2-purinergic signaling blockers (theobromine, NF449). In all cases, PMN 
pretreatments led to a highly effective blockage of sporozoite-triggered NETosis.  

Overall, current data provide insights on the influence of carbohydrate-related metabolic pathways on E. 
bovis sporozoite-induced NETosis.  
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Abstract 

Sarcoptosis (mange) is caused by the anthropozoonotic mite species Sarcoptes scabiei. Life cycle 
includes three larval stages, which all develop within host epidermis of humans and animals. Clinical 
consequences occur as result of severe infestation with dermatitis, pruritus and exudation. Based on its 
intradermal localization, S. scabiei is constantly exposed to different components of the host innate 
immune system, such as phagocytes. Direct contact between recruited polymorphonuclear neutrophils 
(PMN) and S. scabiei mites at sites of infection will inevitable occur. PMN display different effector 
mechanisms against foreign pathogens: phagocytosis, degranulation of antimicrobial molecules and 
neutrophil extracellular trap (NET) formation. Aim of the current work was to investigate early 
responses of bovine PMN against both, S. scabei mites and soluble antigens (ScAg).Bovine PMN were 
isolated from peripheral blood and exposed to S. scabiei mites and ScAg. Immunofluorescence analyses 
detecting DNA (DAPI), histones and neutrophil elastase (NE) were performed to confirm presence of 
NETs. ScAg-induced PMN activation was evaluated on the level of oxygen consumption rates (OCR) and 
extracellular acidification rates (ECAR) via Seahorse technology. Calcium signals were fluorimetrically 
detected using the Ca++-sensitive dye fluo-4. Finally, live cell 3D holotomographic microscopy (3D 
Explorer, Nanolive) was performed to analyze ScAg-induced morphological changes of 
PMN.Immunofluorescence analyses revealed that S. scabiei mites and ScAg were weak inducers of NETs, 
even though ScAg stimulation resulted in effective PMN activation as documented by rapid induction of 
neutrophil oxidative responses on the level of oxygen consumption and proton efflux. Additionally, ScAg 
stimulation induced a short increase in Ca++-driven signals over time in PMN. Given that mite- and ScAg-
triggered NETosis was rather weak,  further investigations are needed to clarify role of S. scabiei-derived 
evasion strategies either by secretory excretory (SE) or exoskeletal antigens.  
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Abstract 

Cystic echinococcosis (CE) is a zoonosis caused by Echinococcus granulosus sensu lato (s.l.), the larval 
form of a helminthic tapeworm Cestode belonging to the family of Taeniidae. CE is a worldwide public 
health problem. The parasite’s life cycle comprises definitive hosts (canids) and intermediate hosts 
(ruminants) and can occasionally involve humans. Molecular studies on E. granulosus complex have 
differentiated the cluster into five species: E. granulosus sensu stricto (s.s.) (genotypes G1 and G3), E. 
equinus (genotype G4), E. ortleppi (genotype G5), E. canadensis (genotypes G6–G8 and G10), and E. 
felidis. E. granulosus s.s., related with G1 and G3 genotypes, is endemic and has high prevalence in the 
Mediterranean basin.  

  

The main aim of our study was to confirm the diagnosis of 13 patients suspected of CE and also to 
comprehend more about human CE diagnostic tools. 

These 13 subjects were firstly investigated by ultrasound (US) and immunological analysis of the sera, 
then, after a pericystectomy, needed for several complications, the cysts had been subjected to 
parasitological, histopathological and molecular biology examinations.  

  

US results evidenced one CE1, one CE2, eight CE3b, one CE4, and two CE5, while immunological tests 
showed nine positive and four negative sera. Parasitology and histopathology confirmed eleven CE cysts, 
8 were fertile since displayed protoscoleces. Moreover, E. granulosus s.s. was identified by molecular 
biology performed only on the eight fertile cysts, and three G1 and four G3 were genotyped by tree 
neighbor-joining (NJ) phylogenetic.  
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In conclusion, our results showed that 11 patients were affected by E. granulosus s.s. G1 orG3, and 2 
cystic neoformations had a non-parasitic cause.  



 

 

460 

 

P-2021 

An integrated approach to control toxoplasmosis in a hyperendemic area of 
southern Italy 

Paola Pepe1, Antonio Bosco1, Giuseppe Mangieri1, Maria Paola Maurelli1, Loredana Baldi2, Federico 

Capuano2, Paolo Sarnelli3, Luigi Morena4, Renato Pinto3, Giuseppe Cringoli1,4, Laura Rinaldi1,4 

1Department of Veterinary Medicine and Animal Production, University of Naples Federico II, 

CREMOPAR, Naples, Italy. 2Istituto Zooprofilattico Sperimentale del Mezzogiorno, Portici, Naples, Italy. 
3UOD Prevenzione e Sanità Pubblica Veterinaria Regione Campania, Naples, Italy. 4Centro di Riferimento 

Regionale per le Malattie degli Animali Domestici (CReSan), Regione Campania, Naples, Italy 

Abstract 

Toxoplasmosis is a widespread worldwide zoonotic infection caused by the intracellular protozoan 
Toxoplasma gondii. This infection is considered one of the most important food-borne parasitic 
zoonoses globally. Toxoplasmosis beyond its impact on public health, has also important veterinary 
implications, because it causes miscarriage or congenital malformations with negative economic impacts 
in livestock. The aim of this study was to develop an integrated approach to control toxoplasmosis in the 
Campania region, a hyperendemic area of southern Italy. The activities of the control programme 
started in 2019 and were divided in two different phases. The first one provided baseline data of this 
infection by performing: (i) serological analysis for T. gondii in 104 livestock (sheep, goats, cattle and 
water buffaloes) farms (no. animals analysed= 1127); (ii) serological and molecular analysis in meat-
producing livestock (sheep, goats, cattle, water buffaloes and pigs) during the slaughter’s activities (no. 
animals analysed= 411); (iii) analysis of the risk factors associated to T. gondii in livestock farms. The 
second phase included control strategies in order to reduce T. gondii infection as following: 
(i) application of adequate biosecurity management practices in positive livestock farms; (ii) treatment 
of outdoor domestic cats with clindamycin; (iii) outreach activities (information, dissemination and 
health education) to farmers and vet practitioners.  

The present study confirmed the spread of this infection in southern Italy with high prevalence values 
(up to 93.1 % in sheep farms) and the need of valid control strategies based on comprehensive and 
transdisciplinary actions according to the One Health approach. 
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Abstract 

The growing expansion of poultry production in Argentina is linked to veterinary drug use to treat both 
infectious and parasitic diseases. Few ectoparasitic compounds are approved for use in poultry 
production. Fipronil (FIP) is a pesticide widely used in agriculture. It is also authorized to control 
ectoparasites in small animals and, in some countries, in cattle. There has been evidence of FIP extra-
label use in laying hens, mainly to control the red mite Dermanyssus gallinae. This is an ectoparasite that 
causes great economic losses in the laying hen industry. Consequently, FIP residues have been reported 
in eggs. The aim of the present work was to carry out a quantitative exposure assessment and risk 
characterization for FIP residues in laying hen eggs for local consumption. Consumption surveys and egg 
sampling were conducted for three years in five different cities. The egg samples were analyzed to 
determine FIP concentrations by HPLC-MSMS. The FIP prevalence, residue concentrations, residue 
stability to different cooking methods, egg consumption, among the most important variables were 
modelled. The egg sample number taken was 350, of which 20.7% contained FIP residues. The highest 
residue corresponded to the FIP sulfone metabolite (FIP-SO2). The egg marker residue (FIP + FIP-SO2) 
levels quantified were considered for the exposure assessment. Concentrations ranged between 0.01 to 
2.51 µg/g with a median value of 0.15 µg/g. When eggs were cooked, FIP residues were stable and also 
concentrated. The greatest increase in FIP concentrations was achieved after microwaving, followed by 
omelette making and boiling. The highest probability of consuming eggs with FIP residues above the 
admissible daily intake (ADI) was for young adults (20.8%), followed by babies (16.9%), young 
children (16.4%), children (13.4%), teenagers (10.3%), older adults (9.41%) and adults (8.65%). 
Considering these exposure values, there is a risk associated with egg consumption containing FIP 
residues in all age groups. 
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Abstract 

Hydatidosis is a neglected zoonotic disease of animal and human health significance. The disease occurs 
due to zoonotic tapeworms of Echinococcus spp. Huge economic losses have been reported due to 
hydatidosis in India. In view of this, the current study was conducted to estimate the prevalence of 
hydatidosis in slaughtered sheep, goat and pigs in Punjab, India. During July 2020 to February 2021, 23 
meat shops and 2 slaughter houses from the five districts (Ludhiana, Amritsar, Patiala, Jalandhar and 
Chandigarh) of Punjab were visited. A total of 1049 slaughtered animals comprising of 372 sheep, 471 
goats and  206 pigs were post-mortem inspected for the presence of hydatid cysts. Prevalence of 
hydatidosis was 9.94% (37/372), 5.94% (28/471), and 3.88% (8/206) in sheep, goat and pigs, 
respectively.  Molecular characterization of Echinococcus spp. is in progress. The results indicate that 
hydatidosis is endemic in Punjab, a northern state of India, and one health approach is required to 
control and prevent this disease. 
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Abstract 

Ascaris worms are soil transmitted helminths of veterinary and public health importance. Ascaris suum 
and A. lumbricoides are roundworms that inhabit intestines of pigs and humans, respectively. Several 
studies using coprological examination (which could not identify species of Ascaris) have been 
conducted in humans and pigs to determine the status of Ascaris spp. infection in India including Punjab; 
however, none of them identified the species of Ascaris using molecular tools. To determine if zoonotic 
transmission of Ascaris roundworms occurs in India, the current study was conducted on molecular 
epidemiology of Ascaris infection in pigs in Punjab, India. Fifty eight of 292 pigs were positive for Ascaris 
spp. eggs (on coprological examination)/worms (on postmortem examination)/both. To characterize 
individual worms obtained from different pigs, PCR targeting internal transcribed spacer gene was 
performed followed by restriction fragment length polymorphism. Our preliminary findings based on the 
10 worms tested indicated presence of A. suum, A. lumbricoides as well as hybrids (of pig and human 
origin); however, research is in progress and updated results will be presented. To the best of our 
knowledge, current study is the first molecular characterization of Ascaris spp. worms in pigs in India. 
Our investigation indicates zoonotic Ascaris transmission among pigs and humans in Punjab, India. One 
Health approach is thus required to tackle ascariasis, and our findings could be helpful to develop 
control and preventive measures especially in the pig rearing communities.  
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Abstract 

Introduction: Toxoplasma gondii is an important zoonotic foodborne parasite. Amid the possible 
transmission routes, meat of infected animals appears to be a major source of 
infection in Europe. In France, pork is the most consumed meat, especially in the form of dry sausage. 
However, the risk of parasite transmission via the consumption of specific processed pork products is 
unknown, mainly since processing will affect viability but may not entirely inactivate all T. 
gondii parasites. 

Materials and Methods: We investigated the predilection sites and distribution of the parasite in 
selected tissues of 7 pigs experimentally infected with 1000 oocysts/tissue cysts and 2 naturally infected 
pigs by means of MC-PCR. Muscle tissue of experimentally infected pigs was used to evaluate the impact 
of the manufacturing process, including different concentrations of nitrites (0–120 ppm) and NaCl (0–26 
g/kg), ripening (2 days/16–24°C) and drying (up to 30 days/13°C) of dry sausage with a combination of 
bioassay, qPCR and MC-PCR. 

Results:  DNA of T. gondii was detected in 48.1 % (13/27) of muscle samples by MC-PCR. In dry sausages, 
94.4 % (51/54) of samples were positive for T. gondii by PCR, however, none were positive by mouse 
bioassay. 

Discussion: Results suggest an uneven distribution or a tissue cyst concentration below the detection 
limit in the pig carcasses examined. Even in dry sausage without added NaCl and nitrites, no viable T. 
gondii were detected. Results will be used in quantitative microbiological risk assessment for T. gondii. 

 Funding: This project is funded by One Health European Joint Programme: H2020 grant agreement No 

773830 (ToxSauQMRA and TOXOSOURCES) and France-Agri-Mer: contract number 0917003490This 

work is also being presented at OHEJPASM2021. 
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Abstract 

Introduction: Toxoplasma gondii is a zoonotic parasite of importance to both human and animal health. 
The parasite has various transmission routes, and meat of infected animals appears to be a major source 
of infection in Europe. Therefore, we aimed to assess the T. gondii prevalence in Europe in a selection of 
its animal host species. 

Materials and Methods: For the first time in Europe, a systematic literature review was performed for 
37 animal species, ranging from domestic cats and livestock to wildlife. The systematic review was 
conducted according to PRISMA guidelines. Study selection was performed independently by 20 
scientists from 13 countries across Europe, using the online tool Cadima. Peer-reviewed articles 
published in English since 2000 were eligible, based on specified criteria including natural infection, 
detection of T. gondii, and host species. 

Results: A total of 1985 publications were retrieved. After screening titles, abstracts and full texts, 275 
articles met the inclusion criteria for data extraction. The included studies provide data on pigs (55), 
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felids (48), sheep (39), wild boars (30), wild ruminants (29), goats (22), cattle (20), lagomorphs (13), 
equids (12), poultry (11), wild birds (10) and buffaloes (1). 

Discussion: The data provide unique overview and strong input for assessment of source attribution, 
and can thereby aid the development of effective prevention strategies. The data, with emphasis on 
regional and age-related T. gondii prevalence estimates, will be analyzed by Bayesian hierarchical 
modeling and used as input data in a multi-country quantitative microbiological risk assessment within 
TOXOSOURCES project.  

  

Funding: This work was done as part of TOXOSOURCES project, supported by funding from the European 
Union’s Horizon 2020 Research and Innovation programme under grant agreement No 773830: One 
Health European Joint Programme. 

  

This work is also being presented at OHEJPASM2021. 
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Abstract 

In the past, the vector competence of many Culex and Aedes mosquito species native to Europe was 
investigated. Little, however, is known about the role of snowmelt mosquitoes such as Aedes punctor, 
which is widespread across Europe, as potential vectors of arboviruses such as West Nile virus (WNV). In 
recent years, WNV has increasingly gained importance in Europe. It is a mosquito-borne flavivirus that 
can cause severe neurological disease in humans and animals such as equids. While Culex pipiens 
mosquitoes are considered the main vectors of WNV in Europe, a confirmation of a role of Ae. punctor in 
WNV transmission would be significant for future surveillance and control strategies. 
We therefore performed a vector competence study with Ae. punctor and a WNV lineage 1 in the 
laboratory.  

Field-collected Ae. punctor larvae reared to adults in the laboratory were orally infected with a WNV 
containing bloodmeal. A total of 53 blood-fed females were incubated for 14 days at a temperature of 
18°C, corresponding to average spring temperatures in Germany, a relative humidity of 85% and a 
photocycle of 18h light and 6h darkness, while being offered 5% glucose ad libitum. After the incubation 
period, all 17 females still alive were salivated and dissected, and the viral load determined in body, legs 
and wings and saliva by quantitative RT-PCR. WNV-RNA could not be detected in any saliva samples or 
legs and wings samples. However, we were able to detect viral RNA in one of the body samples. 

Our results suggest that mosquitoes of the species Ae. punctor are not very susceptible to WNV and 
probably do not play a role in WNV spread and transmission in Europe. 
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Abstract 

Apart from outbreaks of dictyocaulosis, the normal presentation of helminth parasitism in adult cattle of 
pasture-based husbandry systems is subclinical; however, there is evidence that such infections may be 
important sources of production loss.   

 In the context of a fasciolicide study, there has been the opportunity to determine the helminth 
parasite diversity and burden of milking cows using standard parasitology methods.  The cows (~610 to 
760 kg; ~4 to 15 years) were sourced in January 2020 from commercial farms in the Bavaria (4 farms, 19 
cows)/Tyrol (two farms, four cows) border region, based on positive Fasciola egg count test (range pre-
study, 1-67 per two grams of feces).  

 Twelve species of gastrointestinal nematodes, two species of liver flukes, and rumen flukes were 
recorded; no lungworms were recovered from any cow.  All cows were infected with adult Ostertagia 
ostertagi/lyrata (range, 70-2,020) and inhibited Ostertagia larvae (range, 210-140,600). Other 
nematodes present were Trichostrongylus axei (22/23; range, 10-53,400), Cooperia punctata (17/23; 
range, 10-3,330), Oesophagostomum radiatum (16/23; range, 1-242), Cooperia oncophora/surnabada 
(8/23; range, 10-2,660), Ostertagia leptospicularis/kolchida (7/23; range, 40-220), Oesophagostomum 
venulosum (7/23; range, 1-4), Nematodirus helvetianus (3/23; range, 10-110), Bunostomum 
phlebotomum (3/23; range, 10-50), Chabertia ovina (3/23; range, 1-8), Trichostrongylus longispicularis 
(2/23; range, 10-20), and Capillaria bilobata (1/23; 20). Ten to 152 Fasciola hepatica were recovered 
from 12 non-fasciolicide-treated cows; Dicrocoelium dendriticum (range, 23-577) from the four cows 
from North Tyrol and one other animal. In addition, 10 cows from five farms had rumen flukes (range, 1-
536). 

 Not even considering specifically F. hepatica, these results of the examination of clinically healthy 
animals confirm the common challenge with a variety of helminth parasites of grazing milking cows in 
the region. The level of polyparasitism recorded in this investigation re-emphasizes the implementation 
of appropriate control measures including strategic anthelmintic use. 
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Abstract 

Both EPRINEX® and LONGRANGE® provide therapeutic activity against a broad range of developing, 
inhibited and adult nematodes of cattle. However, data are lacking on their efficacy against the 
nematode parasites Chabertia ovina and Oesophagostomum venulosum. These two nematodes have 
rarely been reported parasitizing cattle in the past but recent necropsy surveys revealed their frequent 
occurrence in young stock which grazed at several locations in the Alps of Germany and Austria: C. ovina 
- 54/58 (93.1%), range, 1 to 223; O. venulosum - 8/54 (14.8%), range, 1 to 11 (Rehbein et al., 
unpublished). Therefore, an experimental study was conducted to evaluate the efficacy of EPRINEX® and 
LONGRANGE® against O. venulosum and C. ovina which were isolated from those cattle. 

  

Forty male Brown Swiss cattle (age, ~four to six months; weight, 118 to 170 kg) with induced C. ovina 
(~1,000 larvae per animal on Day -14) and O. venulosum (~1,500 larvae per animal on Day -7) co-
infections were formed randomly into five groups of eight animals which served either as untreated 
controls or received EPRINEX® or LONGRANGE® per product label when the parasites were fourth-stage 
larval (Day 0) or adult (Day 28) nematodes. Efficacy was determined based on geometric mean (GM) 
nematode counts established after necropsy of the cattle at Day 42. 

  

Both C. ovina (range, 39 to 604; GM, 291.1) and O. venulosum (range, 3 to 23; GM, 10.6) were recovered 
from all eight controls while among the 32 cattle which were administered either EPRINEX® and 
LONGRANGE® only a single C. ovina specimen was isolated from one animal which 
received LONGRANGE® when the nematodes were adult (p<0.0001 at a=0.05).  

  

In conclusion, both EPRINEX® and LONGRANGE® treatments provided >99.9% efficacy against 
developing larval and adult C. ovina and O. venulosum nematode infections in cattle. 
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Abstract 

The breeding of small ruminants in mountain regions in Portugal is based on a traditional production 
system, on extensive/semi-extensive grazing and direct use of existing natural resources. This study 
aimed to determine the gastrointestinal parasite profile of small ruminants in the Marão, Aboboreira 
and Montemuro mountains and to assess the anthelmintic efficacy and possible resistances. A total of 
nine flocks were enrolled for this study, with different number of animals, in different occasions, during 
a period from autumn of 2018 to autumn of 2020. Coprological qualitative and quantitative analysis 
(flotation, natural sedimentation and modified McMaster method) were. The eggs/oocysts genera 
morphologically identified were: trichostrongyle-type, Nematodirus spp., Strongyloides spp., 
Skryabinema spp., Moniezia spp., Trichuris spp., Eimeria spp., and Paramphistome type. Fasciola 
hepatica eggs were not identified. The mean egg per gram (EPG) values of trichostrongyle-type among 
the flocks ranged from 42 to 1641, and the mean oocyst per gram (OPG) of Eimeria spp. ranged from 
117 to 15352. Based on the EPG, the presence of anthelmintic resistance (AR) was evaluated in five 
flocks using the faecal egg count reduction test (FECRT). According to this test, AR to fenbendazol was 
present in two flocks (FECRT=91.5% [95% CI: 29.6%–99.0%]; FECRT=64.6% [95% CI: 40.9%–78.8%]) and 
to ivermectin in one flock (FECRT= 75.7% [95% CI: 47.6%-88.7%]). Teladorsagia/Trichostrongylus 
(92.7%), Haemonchus spp. (4.9%) and Cooperia spp. (2.4%) L3 were isolated from the post-treatment 
coprocultures of one flock with resistance to fenbendazol. It is concluded that AR against fenbendazol 
and ivermectin is present in small ruminant farms from mountain regions in the North of Portugal. 
Strategies to prevent the development of AR should be adopted in the North of Portugal, which include, 
among others, the use of targeted selective treatments to sustain susceptible gastrointestinal nematode 
population in refugia. 
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Abstract 

The breeding of small ruminants in mountain regions in Portugal is based on a traditional production 
system, on extensive/semi-extensive grazing and direct use of existing natural resources. This study 
aimed to determine the pulmonary nematode parasitism profile of small ruminants in the Marão, 
Aboboreira and Montemuro mountains in Portugal. A total of eight flocks (four goat flocks and four 
sheep flocks) were enrolled for this study, with different number of animals, in different occasions, 
during a period from autumn of 2018 to autumn of 2020. A modified Baermann method was performed 
in individual faecal samples from the different flocks in order to diagnose lungworm infection. 357 out of 
629 individual faecal samples were positive for lungworm larvae (56.1%). The prevalence varied from 
13% to 100% in the examined samples from the goat flocks, and from 0% to 89% in the sheep flocks, 
during the different seasons of the period of the study. Moreover, prevalence was higher in the spring 
(66.1%) compared to the autumn (56.8%) and the summer (48.3%) seasons. Lungworms were more 
prevalent in goats (75.9%) than in sheep (10.6%). Most of the positive animals were infected with 
Muellerius capillaris (99%). Cystocaulus ocreatus and Dictyocaulus filaria were also identified, but only in 
three and two sheep respectively. Most of the animals were asymptomatic. One goat flock had co-
infection with Pasteurella spp.  This study shows that lungworms in small ruminants in mountain areas 
are highly prevalent, especially in goats. The presence of pulmonary nematode parasitism should be 
considered to apply the correct specific anthelmintic treatment in goats and sheep (higher dose and/or 
repeated treatment) to reduce, particularly, the prevalence of M. capillaris, and avoid possible clinical or 
subclinical symptoms that can result in important production and economic losses. 
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Abstract 

Gastrointestinal parasite control is traditionally achieved with the use of anthelmintic drugs. However, 
due to regulated use in organic production and the rise in anthelmintic resistance, alternatives are 
sought after. One of the alternatives is the use of bioactive plant feeding with this study focussing on the 
shrub heather (Ericaceae family) as it is rich in condensed tannins, highly abundant across Europe and 
has shown direct anthelmintic effects in vitro. The objective of this study was to compare the 
anthelmintic efficacy of heather acetone extracts from five European countries, across two seasons, 
against two parasite species, Teladorsagia circumcincta and Trichostrongylus colubriformis, as well as 
comparing Spanish Calluna vulgaris samples to Erica cinerea. 

Heather extracts were analysed to determine their total CT content and tested in vitro, with the aim to 
quantify their impact on egg hatching. Results show significant variations in efficacy of extracts on egg 
hatching in a dose dependent manner. There was a significant effect of season, country of origin and 
extract dry weight on egg hatching rate; there was also variation in the susceptibility of the two parasite 
species. Additionally, there was a significant variation of heather species from Spanish samples, with 
C.vulgaris samples resulting in a higher anthelmintic activity compared with E.cinerea. The total CT 
content of the extracts were not always associated with LD50 values, indicating that CT fractions or 
other plant compounds may have additional anthelmintic effects. This study is part of the H2020 RELACS 
project.  
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Abstract 

Sheep raising is an important socioeconomic activity distributed throughout the Paraguayan territory. 
Health problems among gastrointestinal nematode infections have been considered the main obstacles 
for sheep farmers worldwide, since they cause a large part of the losses observed in this species, 
especially in tropical regions, where economic losses are more pronounced. Cases of intense parasitism 
are relatively common, and such cases are an important cause of high mortality, especially in young 
animals. The aim of this research was to determine the frequency of gastrointestinal parasites in sheep 
from the Recanto dos Anjos farm in Curuguaty district, Paraguay. A descriptive transverse cross section 
study was conducted. It was collected sample from 80 sheep with or without clinical signs of parasites of 
four categories (lambs, sheep with their offspring, pregnant sheep and rams) of the breed Santa Inés 
and Dorper; sampling consisted on direct extraction of feces from the rectum. The samples were 
processed in a private laboratory where quantitative analysis of helminth eggs per gram of faeces was 
carried out, using the McMaster technique, the identification of helminth genera was performed by 
coproculture and identification of larvae 3. It was observed that 97.5% of sheep had gastrointestinal 
parasites. The identified helminth genera were: Haemonchus spp., Cooperia spp., Trichostrongylus spp., 
Teladorsagia spp., Nematodirus spp., Oesophagostomum spp., Moniezia spp., as well as protozoa of the 
genus Eimeria spp.  A high frequency of gastrointestinal parasites was observed in the four groups of 
sheep: lambs, pregnant sheep, sheep with their offspring and rams. From all animals sampled, 17.9% 
had mild infestation intensity, 26.9% moderate and 55% high parasitic infestation. Sheep herd from 
Recanto dos Anjos farm presents high prevalence of gastrointestinal parasites, being Haemonchus 
contortus, the most prevalent parasite. These results can explain low productivity of the herd and 
consequently the economic losses in the region 
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Abstract 

The emergence of resistant gastrointestinal nematodes (GIN) against benzimidazoles (BZ), ivermectin 
(IVM) and levamisole (LEV) is widespread in the Europe. Intensive use of anthelmintics to control 
helminth infections has led to anthelmintic resistance (AR), which has become an important issue in 
Lithuania, where the number of sheep were increasing the last 15 years. The aim of the study was to 
evaluate the prevalence of AR to BZ, IVM and LEV in Lithuanian sheep farms. In vitro larval development 
test (LDT) was used, which is most efficient in vitro test for large scale epidemiological studies. During 
2019-2020 the study was carried out in 35 sheep farms from all over Lithuania territory. Data were 
analyzed using a threshold discriminating concentration 0,04 μg/ml-1 for thiabendazole, 21.6 ng/ml-1 
for ivermectin-aglycone, 2 μg/ml-1 for levamisole. Resistance to IVM was indicated in 14 farms (40.0%), 
while BZ was in 12 (34.3%). Resistance to LEV was not detected in Lithuanian sheep farms. 16 farms 
were free from AR, while in 7 farms multidrug resistance was detected. Trichostrongylus spp. were the 
most prevalent GIN. AR of GIN is widespread in Lithuanian sheep farms, especially to IVM. Multidrug 
resistance exists and has become an issue. This study could be useful to develop control strategies 
against GINs in Lithuania sheep farms. 
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Abstract 

Transhumance is a common sheep husbandry practice in French Pyrenees. Usually, different sheep 
flocks shared the same communal summer pastures from end of May to late September. Apart from this 
period, sheep from the different flocks are raised separately in lowlands. Common pasture is seen as an 
important factor of disseminating anthelminthic resistant parasites between flocks, however detailed 
data regarding the current importance of transhumance in this phenomenon are scarce. Two communal 
mountainous sites from Central Pyrénées (site 1 and site 2), pastured by six and four sheep flocks 
respectively, were enrolled in this study. The status of anthelmintic resistance was evaluated by Fecal 
egg counts reduction tests in the two weeks both before and after the transhumance period (TP) in each 
of these ten flocks. Efficiencies of fenbendazole, ivermectin, moxidectin and closantel were assessed in 
most flocks. Gastrointestinal nematodes (GIN) species were identified by molecular tools before and 
after transhumance. Helminthic faunae were dominated by Trichostrongylus colubriformis in spring 
whatever the site and the flock whereas Haemonchus contortus was the main GIN species just after the 
TP. Benzimidazoles resistance was detected in both sites and in all sheep flocks before and after TP. 
Moxidectin remained fully efficient on GIN and closantel on H. contortus worms whatever the site, the 
flock and the period. Interestingly, ivermectin Haemonchus contortus resistant worms were detected in 
only one flock of site 1 before TP but this flock and another of the same site showed ivermectin resistant 
H. contortus worms after the TP. These results indicate that H. contortus could be the dominant species 
in mountainous pastures at least at the end of the transhumance period and that a cross-contamination 
of ivermectin resistant H. contortus worms could happen between flocks sharing the same communal 
summer pastures at high altitude.  
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Abstract 

Multiresistance of gastrointestinal nematodes (GIN) to anthelmintics is an important issue in dairy sheep 
farming and genetic selection of resistant animals is one of the sustainable solutions to overcome it. In 
France, the sheep selection programs are based on the selection of elite rams, raised indoors and 
gathered in breeding centers. Therefore, strictly identical parasitic challenges are possible for all rams in 
order to collect standardized phenotypes of resistance or susceptibility to GIN. For many years, young 
rams of two dairy breeds, Blond-Faced Manech (BFM) and Basco-Béarnaise (BB), have been exposed to 
two successive Haemonchus contortus experimental infections, lasting one month, separated by a rest 
period of two weeks. Fecal Egg Count (FEC) and Packed Cell Volume (PCV) were individually measured at 
the beginning and the end of each experimental infection. Based on 1,113 and 254 phenotyped rams in 
BFM and BB breeds respectively, heritabilities of the FEC in first infection (FEC1) were 0.16 and 0.37 in 
BFM and BB respectively whereas the heritabilities of FEC in second infection (FEC2) were 0.34 and 0.3. 
Genetic correlations between FEC1 and FEC2 were high in both breeds (0.86 in BFM and 0.6 in BB). By 
contrast, heritabilities of differences of PCV between the beginning and the end of both infections were 
lower: 0.17 and 0.18 in BFM versus 0.11 and 0.08 in BB. Genetic correlations between the difference of 
PCV in first and second infections were not significantly different from zero. According to the genetic 
variation exhibited by the traits measured, individual estimated breeding values on resistance to GIN are 
used in the breeding program. In particular, the most susceptible rams have been discarded from the 
selection scheme since 2017. The project of a phenotyping platform in southwestern France will make 
possible the extension of this protocol to other small ruminants’ breeds 
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Abstract 

The use of controlled-release anthelmintic capsules to provide worm control over the lambing period is 
widely practiced in Australian sheep systems. However, the presence of resistance has a significant 
effect on the efficacy of long acting treatments and exacerbates anthelmintic resistance. The use of 
unrelated short-acting drenches to remove resistant worms at the beginning and end of the payout of 
long-acting treatment activity (“priming” and “exit” drenches) has been advocated to reduce this risk. 
This study aimed to observe the effects on worm populations over the lambing period following 
administration of a pre-lambing treatment to ewes with an abamectin-albendazole capsule (100 days 
worm control), and to investigate the benefit of additional unrelated short-acting treatments at either 
the administration of the capsule or mid payout at lamb marking. The effect of these strategies were 
compared to sheep treated with a known effective short-acting treatment either once or again mid-way 
throughout the trial. Worm control was measured by worm egg counts (WEC) approximately 10 days 
after treatment, mid-payout and at the end of payout and by plotting WEC across time to allow 
calculation of area under the curve to estimate pasture contamination of the treatment. Regardless of 
farm resistance status, capsules demonstrated lower WEC at the end of the trial and reduced pasture 
contamination compared to both single and repeated short-acting treatments. When resistance was 
present to the capsule, adding a primer or mid-payout treatment to the capsule treatment significantly 
reduced pasture contamination but did not prevent it. As capsule efficacy increased over time, exit 
drenches were unjustified. These results show the potential value of capsules for worm control over the 
lambing period and provide guidance on resistance management strategies to prolong their use for 
worm management. 
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Abstract 

Gastrointestinal parasitic infections of ruminants represent a significant economic problem in 
agriculture and have a negative impact on the animal's health and its productivity. Haemonchosis 
control is usually performed by using broad-spectrum synthetic anthelmintics however this carries 
several risks, such as development of anthelmintic resistance and the presence of anthelmintics residues 
in food of animal origin and environment. Our research is focusing on alternative approaches of parasite 
control represented by nutraceuticals with anthelmintic potential.  

  

Twenty-one female lambs were infected orally with approximately 5000 third stage larvae of susceptible 
Haemonchus contortus strain. Lambs were divided into three equivalent groups varied by diet: 
unsupplemented animals (control), animals supplemented with dry medicinal plants (Herbmix) and 
animals supplemented with organic selenium (Selplex). Two main indicators of parasitic infection were 
monitored: faecal egg count (FEC; weekly) and live-weight gains (LWG; monthly). During 119 days (D) of 
experimental period, lambs were orally re-infected 2 times to simulate natural pasture conditions. 

  

The difference between mean body weights and LWG wasn't significant between groups however time 
significantly affected body weight and mean cumulative LWG. Mean FEC was expressed by eggs per 
gram (EPG) values that were significantly influenced by treatment and time. On D91 there was 
significant decrease (p<0.05) in egg production in Herbmix and Selplex group compared to control. After 
D105 EPG values remained low in Herbmix (p<0.01). Necropsy on D119 didn't show significant 
differences in number of HC in abomasum between treated and untreated group but numerical 
decrease for Herbmix and Selplex group was observed.   

  

These results show that enriching diet with medicinal plants and trace elements can reduce egg 
excretion of the parasitic infection, enhance ability to cope with a parasitic infection, improve health of 
animals and contribute to sustainable agriculture. 
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Abstract 

Coccidiosis due to Eimeria spp. is a complex problem in water buffaloes that negatively impairs 
their health, welfare and production. Conventional treatments are associated with increased resistance 
and the problem of drug residues in meat and milk. The sanitation of drinking water for livestock 
animals could be a useful eco-friendly, alternative strategy to control the diffusion of this protozoa in 
intensive farming. The aim of this study was to evaluate in vitro effects of ozonated water on sporulation 
of Eimeria oocysts. A total of 126,000 Eimeria oocysts were isolated from faeces collected from naturally 
infected water buffaloes, using three sieves of different size and a sucrose flotation. Oocysts were 
divided into 42 glass vials (3,000 oocysts per vial) to obtain seven groups of six replicates each. Six 
groups were treated with ozonated water at three concentrations (0.5, 1 and 2 mg/l) and two contact 
times (5 and 10 minutes). One group was exposed to non-treated water (negative control). After ozone 
treatment, each oocyst suspension was centrifuged at 1,500 rpm for 3 min and the pellet resuspended 
in 2.5% potassium dichromate for sporulation by incubation at 28 ºC for 36 hr. To evaluate sanitation 
kinetics the concentration-time concept was applied, i.e. ozone concentration (C) in mg/l was multiplied 
by contact-time (t) in minutes (C*t). In vitro evaluation of ozone treatment efficacy (%) on Eimeria was 
performed evaluating the percentage of sporulated and unsporulated or lysed oocysts. 

Negative control group showed 89.0% of sporulated oocysts. The best results were obtained by using 
ozonated water at Ct of 10 (2 mg/l*5 minutes) with 33.0% and Ct of 20 (2 mg/l*10 minutes) with 27.3% 
of unsporulated or lysed oocysts. 

Further in vitro studies are required to find an optimal Ct, but these preliminary findings suggested that 
ozone could be a promising eco-friendly tool to control Eimeria infections in livestock farms.  

 

 



 

 

481 

 

P-2042 

Genetic selection of Blond-Faced Manech dairy sheep for resistance to 
Haemonchus contortus has no effect on Cryptosporidium spp. and Eimeria spp. 
natural infections in lambs. 

Léa Bordes1, Pauline Houert1, Damien Costa2, Romy Razakandrainibe2, Corinne Vial-Novella3, Francis 

Fidelle3, Christelle Grisez1, Françoise Prévot1, Loic Favennec2, Philippe Jacquiet1 

1IHAP, UMR Pilotage de la Santé des Ruminants, Université de Toulouse, INRAE, ENVT, Toulouse, France. 
2Centre Hospitalier Universitaire, Centre National de Référence des Cryptosporidies, Rouen, France. 
3Centre départemental pour l'Elevage Ovin, Ordiarp, France 

Abstract 

Control of gastrointestinal nematodes (GIN) in sheep industry is facing multiresistance to anthelmintics. 
The genetic selection of resistance to GIN in sheep, considered as an important component of an 
integrated control program of these parasites, is now implemented in dairy sheep breeds in 
southwestern France. As mechanisms of genetic resistance may differ between parasites, the effect of 
this selection of resistance against nematode worms on the susceptibility to the Protozoa 
Cryptosporidium spp. and Eimeria spp. infections, should be investigated. Therefore, a comparison of 
Cryptosporidium spp. and Eimeria spp. natural infections between ewe lambs borne from rams showing 
different estimated breeding values (EBV) on resistance to GIN was performed in 11 Blond-Faced 
Manech dairy sheep farms. 195 ewe lambs (56 born from resistant rams, 61 from susceptible rams and 
78 from intermediate rams) were followed. Individual fecal samples were taken at 15, 30, 60 and 120 
days of age. Individual coprological examinations and real-time PCR targeting 18S were performed on 
samples at 15 days of age to detect Cryptosporidium spp. infections. Eimeria spp. oocysts were counted 
at 30, 60 and 120 days of age and Eimeria species identified according to the morphology of their 
oocysts. In this study, all Cryptosporidium spp. and Eimeria spp. infections were asymptomatic. Rams 
EBV on resistance to GIN did not affect proportions of ewe lambs excreting Cryptosporidium spp. 
oocysts or intensities and species composition of Eimeria spp. infections in their offspring. By contrast, a 
significant farm effect was recorded on these parameters. In conclusion, the present results do not 
indicate that the genetic selection of resistance to GIN has a deep impact on the susceptibility of ewe 
lambs to Cryptosporidium spp. and Eimeria spp natural infections. 
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Abstract 

Triclabendazole demonstrates high (>99%) efficacy against Fasciola hepatica from two days post-
infection (Boray et al. 1983), however, closantel and albendazole show lower efficacy, 91% six-nine 

weeks and ~80% 12-week post infection, respectively. In controlled efficacy tests, our F. hepatica 
isolate D showed 99.6% reduction in adult fluke after closantel treatment. We further characterised this 
isolate by determining a) in vivo efficacy of closantel against fluke aged 2–27 weeks and b) in vitro 
sensitivity to albendazole by egg hatch test (EHT).  

 a) Sheep were each infected with ~200 metacercariae of isolate D and closantel (10mg/kg) was 
administered at two, four- and 27-weeks post infection (wpi), or sheep were left untreated. Twenty-
eight wpi, all animals were euthanised, the mean total F. hepatica burden calculated and compared to 
untreated controls by pairwise t-test. b) Five replicates of eggs (~200/well) were subjected to EHT as 
described by Ceballos et al. 2019. % ovicidal activity was calculated as [(%eggs developed in control - 
%eggs developed after drug incubation)/ %eggs developed in control] x100 and results were compared 
by pairwise t-test.  

a) The mean number of flukes was: untreated controls, 67.6 ± 9.4; two wpi 51.7 ± 8.1, (23.6% reduction, 
p = 0.102); four wpi, 28.7 ± 16.7 (57.6% reduction, p = 0.003) and 27 wpi, 0 (100% reduction, p < 0.001). 
b) Significant reduction in % ovicidal activity was observed in EHT; 76.8%, 43.8%, 19.7% at 5, 0.5, and 
0.05 µM, respectively, (p < 0.001 at all concentrations).  

Closantel has ~57% efficacy vs fluke >four wpi; within the range reported previously and >20% efficacy 
at 2 wpi, although this was not statistically significant. An ovicidal activity at a discriminating dose of 0.5 
µM of 43.8% is equivocal (Ceballos et al. 2019) and indicates the isolate may be resistant to albendazole, 
but requires further evaluation. 
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Abstract 

Fasciola hepatica is a major parasite in livestock and humans in Andean countries. The most widely used 
control measure is the frequent dosing with anthelminthics, which in turn increases the risk for 
development of resistant parasite populations. Resistance to triclabendazole (TCBZ) has been already 
reported in dairy cattle from the Peruvian northern and central highlands. It is important to monitor the 
efficacy of TCBZ and other alternative fasciolicides against F. hepatica in dairy cattle in other areas of the 
Peruvian highlands. The aim of this study was to determine the efficacy of TCBZ, rafoxanide (RFN) and 
clorsulon (CLN) against F. hepatica in an experimental dairy herd at the Mantaro valley, Junin, Peru. 
Fifty-five naturally infected cows, were grouped into three experimental groups, and treated with TCBZ 
(n=18), RFN + albendazole (n=19) and CLN + ivermectin (n=18). Fecal egg counts (epg) were determined 
by Flukefinder® test, on the treatment day, 15 and 30 days pos-treatment. The efficacy of each drug was 
determined through the WAAVP formula in a fecal egg count reduction test (FECRT). The bootstrapping 
method was used to obtain 95% confidence intervals (CI). The results at 15- and 30-days post treatment 
showed null efficacy for TCBZ (CI= -90:27% and -45:33%, respectively). While results for the other two 
drugs were 92% (95% CI= 80:99) and 97% (95% CI= 94:99) for RFN + albendazole and, 99% (95% CI= 
97:100) and 80% (95% CI= 46:99) for CLN + ivermectin, respectively. The efficacy of CLN at 15 days post-
treatment was significantly higher than RFN, but lower at 30 days post-treatment. Our findings 
confirmed resistance to TCBZ in cattle at the Mantaro valley, but they also showed the efficacy of other 
two fasciolicides. This should be taken in account for improved control programs for F. hepatica in dairy 
herds at this region. 
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Abstract 

Remote sensing is a tool that is applied to different areas of agricultural production, namely monitoring 
animal behaviour, predicting the number of parasites and crop production. The present study 
determined the relationship between the normalized difference vegetation index (NDVI) with the 
indicators of the Five-point check (FPC) and the parasitic burden of adult Creole goats. The study was 
carried out in four villages in Malawi, Kamchezera, Chinkhowe, Mazinga and Mkwinda from March to 
August. Six adult Creole goats (39.5±3.5 kg live weight) fitted with a GPS tracker on its collar which 
browsed in a communal grazing area approximately 5 days a week. Also, goats were visited monthly to 
weight them and perform the FPC which the presence of nasal discharge, FAMACHA score, presence of 
oedema submandibular, body condition score and dag score were recorded as health indicators. A 
faecal sample was also taken to perform the faecal egg count (FEC). Landsat 8 and Sentinel 2 satellite 
images were used to calculate the NDVI of the grazing area and were matched with the GPS points of 
each goat. Spearman correlations were made with the average NDVI and the values of the FPC and FEC. 
The highest NDVI was determined in March (0.391) and the lowest in August (0.136). The NDVI was 
0.190, 0.201, 0.189, and 0.200 for Chinkhowe, Mazinga, Mkwinda and Kamchezera, respectively. No 
correlation was found between the NDVI and FPC scores, nor between the FEC and FPC values. A strong 
correlation was found between the NDVI and FEC (R2=0.51, P=0.024). In conclusion, goats that grazed in 
greener areas ingested a greater number of parasites. Although goats showed no evident signs of 
parasitism, the FPC can be used to monitor the health of goats. The NDVI could be implemented to 
design grazing strategies and improve goat health status.  
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Abstract 

Haemonchus contortus is the most pathogenic parasite infection in small ruminants. The indiscriminate 
use of benzimidazole (BZ) to control H. contortus has led to population selection for resistance. 
Resistance to BZ is associated with single nucleotide polymorphisms (SNP): F200Y, F167Y and E198A, 
found in the isotype 1 of the β-tubulin gene. The aim of this project was to identify and analyze SNPs 
associated with BZ resistance in H. contortus isolated from 545 sheep and 124 goats from 18 farms in 
the Western region of Paraná. Stool samples were collected from all animals from farms distributed in 
eight municipalities. Fecal cultures were made by property and third stage larvae (L3) were identified 
and quantified. Genomic DNA was obtained from pools of 20.000 L3 and used in qPCR assays with 
specific primers for the F200Y, F167Y and E198A mutations of H. contortus to determine the frequencies 
of sensitive and resistant alleles of each SNP. The inbred-susceptible-Edinburgh (ISE) isolate was used as 
a reference for comparative purposes. Resistant allele frequencies of up to 63.5% were detected for 
F200Y and 23.8% for F167Y mutations. Only sensitive alleles were detected for E198A. The data suggests 
that the monitoring of F200Y and F167Y mutation is relevant for tracking BZ resistance to BZ in the local 
populations of H. contortus. qPCR may be used in large monitoring programs to avoid BZ resistance, 
improving animal welfare. 
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Abstract 

Gastro-intestinal nematode (GIN) infections are costly to the livestock industry affecting the overall 
health, welfare and productivity of ruminants. The role that animal movement plays in nematode and/or 
anthelmintic resistance transmission is important in developing appropriate control strategies.  

This project has used classical parasitological techniques in conjunction with molecular technologies and 
transportation data to explore GIN prevalence and composition in traded sheep and cattle. 

Thirteen livestock markets across the UK were visited over a five month period in 2019/20.  Composite 
faecal samples were opportunistically collected from sheep (n=491) and cattle (n=377) and faecal egg 
counts were conducted on all samples. Those with positive counts were taken forward for egg extraction 
and molecular species identification. Positive strongyle counts were observed in 90% (217 eggs per gram 
(EPG)±127 [range 0-11,268 EPG]) and 64% (20±3 [0-747] EPG) of sheep and cattle populations, 
respectively. Nematodirus and Moniezia eggs and lungworm larvae were also observed in some of the 
sheep and cattle samples.  

On average, sheep travelled 61±4 km (range 0-512 km) to attend market, with 23% attending their 
nearest livestock market. Cattle travelled on average 59 ± 5 km (range 2-799 km) to attend market, with 
24% attending their nearest livestock market. This project will use transportation data in conjunction 
with species identification and state of the art modelling to assess the possible risk posed by the 
roundworms in transported animals. 

DNA extraction and amplification of the b-tubulin gene have been performed on pools of nematode 
eggs for ongoing deep amplicon- and multiplex-tandem PCR-sequencing to explore species composition 
and determination of benzimidazole resistance allele frequency.  

Outputs from this project will help raise awareness of potential spread of roundworm infections due to 
livestock transportation, help develop quarantine guidance and provide empirical data on the need for 
uptake of quarantine recommendations.  
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Abstract 

Dairy cattle productivity can be significantly affected by gastrointestinal parasites, especially in animals 
raised in extensive production systems. Fasciolosis is widely distributed and an economically important 
livestock disease on São Miguel island, Azores, Portugal. In order to gather information about the 
prevalence of Fasciola hepatica and deworming practices, a questionnaire was carried out among 149 
farmers raising 465 adult cows. An indirect ELISA technique revealed that 46.7% of the cows were 
positive and 74.5% of the farms had at least one animal positive by serology. Regarding the 
anthelmintics used for deworming, 12% of the animals were not dewormed, 3% were dewormed with 
albendazole, 1% with doramectin, 21% with eprinomectin, 58% with ivermectin and clorsulon and 1% 
each with: levamisole, nitroxynil or an association of triclabendazole and moxidectin. In 3% of the cases 
cases it was not possible to know which active principles were used. Based on the answers, it was 
possible to observe that regarding areas conducive to the presence of intermediate hosts, 17% (26/149) 
of the interviewed farmers allowed the access and 83% did not. However, during the study drinking 
fountains were found to constitute a micro-habitat for intermediate hosts. Control of bovine fasciolosis 
still relies on preventive measures such as drainage, avoiding snail habitats and anthelmintic treatment. 
The anthelmintic resistance further emphasises the importance of the diagnostic and the responsible 
use of anthelmintics as well as good practices of management. Despite the significant losses by 
fasciolosis, farmers still have little knowledge of their presence in herds. 
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Abstract 

The aim of this study was to determine the occurrence of Fasciola hepatica infection in dairy cows in this 
West Coast of the South Island using an ELISA of bulk milk samples (n=430) collected on one of two 
occasions during March (autumn) 2017 and again in October (spring).  All samples were analysed using 
the IDEXX Fasciolosis Verification kit which estimates the infection level in the herd in 4 categories; 
>50% infestation (strong); 20-50% infestation (medium); <20% infestation (low); no infection. A subset 
(n=99) were tested twice with a one week interval to determine repeatability.   A short survey was also 
posted to each supplier with 157 completed.   

Of the 430 farms tested 133 (31%) were negative, 49 (11%) had a low infestation, 62 (14%) had a 
medium infestation and 186 (43%) had a strong infestation. GIS mapping of the farm locations indicated 
geographic grouping of farms with more severe fluke infestations.  The 99 samples tested twice 
substantially agreed (Kappa = 0.7).  Farms tested in both autumn and spring (n= 369) moderately agreed 
(Kappa 0.43) with an overall decrease in the spring.      

From the survey 85% of farmers were aware of liver fluke on their farm during the last 5 years and 70% 
treated their cows with a flukicide during the dry period (winter) including 92% of the farms that tested 
negative.  

This study indicates fasciolosis is common in this region with a disturbing number with a high prevalence 
in their herds.  It also showed a decrease from autumn to following spring levels.   
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Abstract 

Anthelmintic resistance in beef cattle production is a well-known worldwide problem, contributing to 
the economic losses caused by gastrointestinal nematodes. Resistance to ivermectin (IVM) is present in 
93.5% of farms in Argentina, Cooperia spp. being the most prevalent genus (100%). Diagnosing AR under 
field conditions is currently done using the faecal egg count reduction test, which has been long used 
but lacks sensitivity to detect resistance in its early stages. In trying to improve this, in vitro techniques 
have been developed for different compounds and different parasites, and tested mainly in sheep 
parasites. As part of a large study on IVM-resistant populations of Cooperia spp. in beef farms, this assay 
was designed to evaluate two in vitro techniques, the micro-agar larval development test (MALDT) and 
the larval migration inhibition test (LMIT), on proven resistant (R) and susceptible (S) field populations. 
Both populations had been previously characterised by controlled-efficacy tests, showing that the 
efficacy of ivermectin against R and Se Cooperia was 66.3% and 99.5%, respectively. For the MALDT, 
eggs of both Cooperia isolates were exposed to twelve anthelmintic concentrations, from 4.7x10⁻¹⁰M to 
2.18x10⁻¹¹M. The obtained EC50 values were: 6.93x10-9M (95%CI: 6.37x10⁻⁹M to  7.49x10⁻⁹M) for the R 
population and 8.33x10-10M (95%CI: 7.86x10⁻¹⁰M to 8.8x10⁻¹⁰M)  for the S one, with correlation 
coefficients (R²) of 0.92 y 0.93, respectively;  the resistance factor (RF) was 8.31. For the LMIT, 
ensheathed L3 were exposed to eight concentrations, from 10⁻⁵M a 5x10⁻⁹M. The EC50 values were 
6.33x10-8M (95%CI: 5.30x10-8M to 7.49x10-8M) for the R population, and 8.03x10-8M (95%CI: 5.49x10-8M 
– 1,19x10-7M) for the S population, with R² of 0.87 y 0.52, respectively; and a RF of 0.79. Based on these 
preliminary results, the MALDT would be a useful in vitro technique to detect field populations of IVM-
resistant Cooperia nematodes. 
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Abstract 

Introduction 

Due to high levels of anthelmintic resistance, gastro-intestinal nematodes have major impacts on 
farmed goats in Australia. However, worm egg counts and resistance testing have a moderate uptake, 
due to cost and inconvenience. 

Materials and methods 

FECPAKG2 is a novel device for worm egg counting using a microscope camera and a web-based platform 
for analysis. Mini-FLOTAC is a sensitive worm egg count chamber designed for use with microscopes. 
Validation studies for FECPAKG2 have been conducted on sheep, cattle, alpacas and horses but not on 
goats. 

Results 

Worm egg counts using FECPAKG2 were compared with those using Mini-FLOTAC on individual and 
pooled counts over 5 weeks across 9 mobs (each of 5 goats) on 6 farms in New South Wales. In total, 
there were 270 samples each tested in duplicate using each method (total 1080 counts).   

Using Mini-FLOTAC, mean worm egg counts across all mobs ranged from 623 eggs per gram (epg) to 
1406 epg across the 5 weeks. Individual counts ranged from 0 epg to 9940 epg.  

Haemonchus, Teladorsagia, Trichostrongylus and Chabertia were observed in larval cultures and 
Nematodirus eggs observed in worm egg counts.  

Correlation of worm egg counts between the 2 methods was moderate to high (R2 = 0.35 to 0.89) across 
the 5-week trial. Correlation was higher (R2 = 0.81 to 0.89) in the 4th and 5th weeks of the trial, indicating 
improved accuracy after familiarisation of the investigator with the new methods. 

Pooled sample counts across the 9 mobs were very similar to the mean of the individual counts, for both 
methods. Repeatability was assessed by comparing repeat tests of the same sample. This was higher for 
FECPAKG2 than Mini-FLOTAC. 
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Discussion 

The results indicate that FECPAKG2 is an accurate method for conducting worm egg counts in goats and 
can be used for resistance testing. 
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Abstract 

Haematobia irritans is considered a major livestock pest in Brazil and causes economic loss to the 
livestock industry globally. New control strategies are based on safer compounds, such as the class of 
insect growth regulators (IGR), analogous to juvenile hormone that inhibit insect development. The oral 
efficacy of pyriproxyfen allows the development of formulations that guarantee the safety and the 
extension of the pharmacological action. The aim of the study was to develop films of poly(vinyl)alcohol 
(PVA), sodium carboxymethylcellulose (NaCMC) containing pyriproxyfen with a controlled release profile 
against immature forms of Haematobia irritans in cattle. The film was obtained with PVA reticulated 
with NaCMC, using the solvent casting method with the incorporation of pyriproxyfen and subjected to 
a physical-chemical test, weight variation test, pH, swelling test (SI), disintegration, drug content and in 
vitro release test. The films showed weight homogeneity, since the weight variation of individual 
weighted films (1cm², n = 10), was 0.0276g ± 0.01, and pH values (6.6 ± 0.09) suitable for intraruminal 
release (6.5-7.5). The SI was carried out in phosphate buffer and predicts the absorption capacity of the 
film in the interval of 5 to 240 min, the swelling index obtained was 858.8% with absorption capacity of 
0.2613g/cm². The disintegration test showed that the film remaining intact after 60 days, at 38°C and 
100 rpm. Drug content assay, the amount of pyriproxyfen in each film, was determined by high 
performance liquid chromatography with ultraviolet detection and showed values of 104,81%. The in 
vitro release study is ongoing and the results support a slow release profile, over 60 days the dissolved 
percentage of active pyriproxyfen was 32.8%. PVA / NaCMC / pyriproxyfen films have promising polymer 
properties for use in cattle, capable of remaining intact in the rumen medium and providing a sustained 
release. 
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Abstract 

Haematobia irritans is a bovine ectoparasite that causes damage to livestock by losses directly linked to 
production. Currently, the control of the parasite is based on chemical control, however, the 
indiscriminate use of these groups generates resistance. Pyriproxyfen belongs to an insect growth 
disruptors class with mechanisms of action for the control of immature forms of the insect. The aim of 
this study was to investigate the potential of pyriproxyfen administered orally in cattle, in the control of 
the horn fly. In vitro bioassays were carried out by evaluating the number of adults emerged from eggs 
(n=30) added in a substrate (fresh cattle feces) spiked with pyriproxyfen solutions in the concentration 
range of 2 to 130 ng.g-1(ppb). Probit analysis estimated values of LC50 of 7.89 ppb and LC90 of 70.08 ppb. 
Based on the LC90 values and the anatomical and physiological aspects of the bovine digestive tract, the 
doses used in the in vivo evaluation were established. Capsules containing pyriproxyfen in doses of 2.5 
mg (G2.5) and 40 mg (G40) were produced and coupled to the bolus applicator and administered orally 
for 12 days. The efficacy of pyriproxyfen in the immature forms of H. irritans was determined by 
incubating eggs in vitro in the feces collected on days 0, +3, +6, +10 and +13. Quantification of 
pyriproxyfen in feces was performed by UPLC-MS / MS finding concentrations ranging from 13.4 to 22.6 
ng.g-1 for G2.5 and between 268.5 to 509.0 ng.g-1 for G40. The dose of 40mg/day achieved 100% of 
efficacy for both pupae and adult inhibit of development. Pyriproxyfen administered orally is eliminated 
in the active form in the fecal mass and at a dose of 40 mg.day-1 generates fecal concentrations able to 
produce 100% of efficacy in the emergency inhibition of adults of H. irritans. 
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Abstract 

The liver fluke, Fasciola hepatica, has a considerable impact on livestock production worldwide. In the 
absence of a vaccine, control of disease relies heavily on anthelmintics. As overreliance on some of 
these drugs has caused resistance, future control may need to focus more on avoidance of infection.  

Farm management practices for control of fluke have traditionally included drainage, rotational grazing 
and fencing to reduce contact between grazing animals and the infective metacercariae. However, more 
recently, there has been a focus on agri-environment schemes, which seek to promote grazing of 
wetland areas for the benefit of wildlife and biodiversity. There is understandably a level of reluctance 
from some farmers due to a perceived increase in fluke risk. We have been investigating fluke risk under 
two such schemes: natterjack toad conservation on the Caerlaverock Estate, Solway Firth and newly 
established wader scrapes for wetland birds at the SRUC Hill and Mountain Research Centre, 
Crianlarich).  

The natural intermediate host of liver fluke in the UK is the mud snail, Galba truncatula. The preferred 
habitat of natterjack toads is saltmarsh, to date we have not found any G. truncatula in this 
environment. We also found that G. truncatula were slower to colonize the newly established wader 
scrapes at Crianlarich. Other predominant snail species collected on both sites, despite having the 
potential to host liver fluke, have thus far been negative for F. hepatica by PCR. Faecal egg counting of 
animals grazing both sites, over multiple grazing seasons, has also given no evidence that infection is 
being picked up on-site.  

Our case studies reinforce the message that farmers need to assess the fluke risk on individual farms to 
make informed decisions to determine best practice for sustainable fluke control within conservation 
grazing scenarios and that agri-environment schemes can promote biodiversity without necessarily 
increasing fluke risk. 
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Abstract 

Apicomplexans are auxotrophic for cholesterol. For successful replication, they scavenge cholesterol 
from host cells by either enhancing uptake of extracellular cholesterol sources or by upregulating host 
cell de novo biosynthesis. Eimeria bovis macromeront formation is a highly cholesterol-demanding 
process. Therefore, we examined the host cellular uptake of different variations of low-density 
lipoproteins (LDL), i. e. of non-modified (LDL), oxidized (oxLDL) and acetylated LDL (acLDL) in E. bovis-
infected bovine umbilical vein endothelial cells (BUVEC). Furthermore, oxidized lipoprotein receptor 1 
(OLR1) expression mediating acLDL and oxLDL internalization, was examined throughout first merogony 
in vitro and during infection in vivo. In addition, effects of inhibitors blocking exogenous sterol uptake 
(ezetimibe, poly-C, poly-I, sucrose) or intracellular transport and release from endosomes 
(progesterone, U18666A) were studied during first merogony.  

Overall, internalization of all LDL-variants tested (LDL, oxLDL, acLDL) was observed in E. bovis-infected 
BUVEC but to different extent. OxLDL and acLDL supplementation resulted in the formation of more and 
larger macromeronts. OLR1 expression was found enhanced in E. bovis-infected BUVEC in vitro, 
especially towards the end of merogony. In contrast, in vivo OLR1 serum levels decreased during the 
course of coccidiosis. Ezetimibe treatments led to a significant blockage of macromeront formation and 
merozoite I production proving the relevance of sterol uptake for parasite development. Less prominent 
effects were induced by the non-specific inhibition of LDL internalization via sucrose, poly-I and poly-C. 
Additionally, the blockage of cholesterol transport via progesterone and U18666A treatments resulted 
in significant inhibition of parasite development.  

The current data underline the relevance of exogenous sterol uptake and intracellular cholesterol 
transport for adequate E. bovis macromeront development, unfolding new perspectives for further 
inhibition studies. 
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Abstract 

In recent years, the integration of the diet with bioactive fodder containing condensed tannins (CT) as an 
alternative control method against gastrointestinal nematodes (GINs) in dairy goat breeding is becoming 
increasingly important. The in vitro and in field anthelmintic efficacy of CT contained in commercial 
products (Silvafeed®ByPro, SBP and Silvafeed®Quebracho, SQ) and in sainfoin hay (SH) was evaluated.  

CT were extracted in acetone/water and in ethanol, for the extraction of the solely CT and of other 
compounds (e.g., flavonoids), respectively. The concentration of CT was determined using the acetone-
HCl-butanol method. To evaluate the in vitro anthelmintic activity against eggs and third stage larvae 
(L3), the Eggs Hatch Essay (EHA) and the Larval Migration Inhibition Test (LMIT) were conducted, adding 
the CT inhibitor polyvinylpolypyrrolidone (PVPP) as internal control. The anthelmintic activity was then 
tested by three-weeks in vivo trials, integrating the diet of goats from three dairy farms with SBP, SQ, 
and SH supplemented with SQ, respectively. Individual fecal samples were weekly collected and 
analyzed with FLOTAC quali-quantitative copromiscroscopic technique for the fecal-egg-count-
reduction-test (FECRT). 

Concerning EHA, SBP-water-extract was effective ah higher concentration than SQ and SH. For LMIT, 
SBP- and SQ-water-extracts showed effect at lower concentration than SH. For both tests, ethanol-
extracts showed anthelmintic effect at lower concentration than the water-extracts. Data on PVPP 
indicated that only for SQ-water-extract the inhibiting effect on the migration of the L3 was entirely 
attributable to CT. Concerning the field trials, only the SQ-treated-group showed a statistically significant 
difference compared to SQ-control-group at the end of the trial (mean FECR: 77.4%). 

The integration of CT-rich fodder into the diet may be considered for the control of GIN in goats. Further 
research perspectives include the CT characterization, and longer in field tests with the administration of 
supplements in the feed. 
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Abstract 

Introduction: Most notable Kinetoplastids are of the genus Trypanosoma and Leishmania, affecting 
several millions of humans in Africa and Latin America. Current therapeutic options are limited by 
several drawbacks, hence the need to develop more efficacious inhibitors.  

Methods: An investigation to decipher the mechanism behind greater inhibitory potency of a chroman-
4-one derivative (compound 1) in Trypanosoma brucei pteridine reductase 1 (TbPTR1) and Leishmania 
major pteridine reductase 1 (LmPTR1) was performed using advanced bio-computational methods.  

Results: Estimation of ∆Gbind revealed that compound 1 had a greater binding affinity in TbPTR1 with a 
∆Gbind value of -49.0507 Kcal/mol than -29.2292 Kcal/mol in LmPTR1. A characteristic weak aromatic π 
interaction common in PTR1 was more prominent in TbPTR1 than LmPTR1. The consistent occurrence of 
high-affinity conventional hydrogen bond interactions as well as a steady interaction of crucial active 
site residues like Arg14/Arg17, Ser95/Ser111, Phe97/Phe113 in TbPTR1/LmPTR1 with chroman-4-one 
moiety equally revealed the important role the moiety played in the activity of compound 1. 

Discussion: The ∆Gbind in TbPTR1 were predominantly contributed by “strong” electrostatic energy 
compared to the “weak” van der Waals in LmPTR1. In addition to this, the NADPH cofactor contributed 
significantly to the total energy of TbPTR1. Overall, the structural and conformational analysis of the 
active site residues in TbPTR1 revealed them to be more rigid than LmPTR1. This could be the 
mechanism of interaction TbPTR1 employs in exerting a greater potency than LmPTR1. These findings 
will further give insight that will be assistive in modifying compound 1 for better potency and the design 
of novel inhibitors of PTR1 in Trypanosomes and Leishmania as well as other parasitic organisms.  
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Abstract 

Worldwide resistance of parasitic worms to available anthelmintic drugs is widely described. In frame of 
an interdisciplinary search for new drugs to face this problem, new valerolactam-benzimidazole hybrid 
compounds are under development in our group, with important in vitro activity. These molecules have 
low water solubility and, like their benzimidazole precursors, have low bioavailability. In order to 
improve these properties, the application of innovative pharmaceutical technology was explored, using 
a comparative design with fenbendazole (FBZ) as drug model. In this work, the pharmacokinetic 
behavior of nanocrystals of FBZ and poloxamer 188 (SDNC) was compared to the behavior of the simple 
mixture of its components (PM). A preliminary study of relative bioavailability, double cross-over design, 
with a single FBZ intraruminal dose (5 mg/kg) was carried out in 6 healthy sheep (two groups, n=3), with 
a washout time of 7 days, using the PM and the SDNC. Blood samples were taken at time 0 and up-to 96 
h post-treatment in heparinized tubes, processed by solid phase extraction and FBZ and its metabolites 
were analyzed by HPLC. The concentration vs time curves of FBZ and its two main metabolites found in 
plasma, FBZ sulfoxide and FBZ sulfone were studied through a noncompartmental analysis and the 
results were statistically compared (p˂0.05). The calculated Cmax and AUC were significantly higher 
(p<0.05) for FBZ and its metabolites in the SDNC compared to the PM (for FBZ: Cmax 0.346 µg/mL and 
AUC0-T 10.1 µg.h/mL for the SDNC vs 0.157 µg/mL and 5.1 µg.h/mL for PM). The results demonstrate 
the success of the applied technological strategy. Nanocrystals of low water-soluble compounds notably 
improve the relative intraruminal bioavailability of FBZ in sheep. 
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Abstract 

Until 2014 only ivermectin, fenbendazole and occasionally albendazole were available for treatment of 
Strongylids, primarily Haemonchus contortus, on St. Kitts, a 174 km2 island in the West Indies. In 2014, 
Ross University School of Veterinary Medicine obtained permission from the Chief Veterinary Office of 
the island to import moxidectin (Cydectin® Oral Drench for Sheep, 0.1% w/v) for use with the university 
flock (approximately 200 sheep, 6 to 18 months of age). Shortly after implementing use, the impact on 
Strongylid fecal egg counts (FEC) was assessed using a dose of 0.2 mL/kg bodyweight and the formula 1-
(postFEC/preFEC). With 34 sheep, the mean pre count was 2941 epg (min 500, max 11950) and post 
count was 128 epg (min 0, max 1300) with a FEC reduction of 96%. From 2014 to the present, use of 
moxidectin was based on FAMACHA© scores and FEC, in efforts to conserve use. In December 2020, due 
to an increase in annual losses to H. contortus (approx 10% of the flock), it was decided to perform a 
preliminary assessment of the impact of moxidectin on FEC. Due to management practices with the 
flock, neither an untreated control group nor a fecal on the day of treatment could be obtained. Feces 
were analyzed 7 days prior to treatment and again 14 days post treatment. The same dose and fecal 
analysis method (McMaster; Magnesium sulphate spg 1.2) was used as in 2014. Fourteen sheep were 
assessed. The mean pre and post treatment FEC were 3607 (min 350, max 10600) and 786 (min 0, max 
5700), respectively, with a FEC reduction of 78%. These results suggest an increase in anthelmintic 
resistance over the last six years and raise concerns on how the university and small ruminant farmers 
will be able to manage parasites going forward. 
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histopathology and scanning electron microscopy in Bangladesh 
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Abstract 

Fascioliasis has emerged as an important food-borne infections globally, besides its huge economic 
impact on livestock. Ruminant liver fluke is the most important parasite from which nearly 80% of the 
animals suffer in spite of treatment. In vitro effect of triclabendazole (TCBZ), Nitroxynil and 
Oxyclozanide on adult Fasciola gigantica was evaluated by incubating the parasites in RPMI 1640 
medium containing the drugs at different doses for 1, 2 ,4, 6 and 8 hours. The drug potency were 
evaluated by the relative motility value (RM), histopathology and scanning electron microscopy(SEM). 
TCBZ, Nitroxynil and Oxyclozanide treated flukes were died within 8 h for all doses. Histopathology 
showed swollen, extensive cracking, numerous vacuoles in the tegumental syncytium and splitting the 
tegument surrounding the spines, spine dislodged from its socket in treated flukes. The flukes under 
Scanning Electron Microscopy (SEM) showed the disruption of apical cone, apart from swelling of the 
tegument on the ventral surface, was partially disrupted and corrugated, areas of the ventral apical cone 
with minor disruption. The ventral sucker showed tegumental blebbing, sloughing and distorted lesion. 
The tegument of the ventral surface showed distortion and corrugation. The tegument at higher 
magnification showed ridged tegumental breaking with loss of spines and more pronounced changes 
observed in flukes treated with higher doses. Apparently, the in vitro changes indicate the potency of 
flukicidal drugs in Bangladesh. However, in field condition, the treated livestock still pass eggs and 
slaughtered animals have numerous flukes in liver and that is our concern. Although, flukicidal drug 
resistance have been increasing gradually but there is no reported case in South Asian countries 
including Bangladesh. Therefore, it is important to decipher the drug potency in vivo, exploring the 
inhibitory role of extracellular vesicles in vitro and biomarkers. 
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Abstract 

This study was aimed to compare the efficacy of widely used anthelmintics viz. albendazole, levamisole, 
ivermectin and their effects on haematological parameters and body weight against toxocariasis in 
buffalo calves of Bangladesh. The study was carried out among selected 32 buffalo calves aged below 3 
months having a standard level of Toxocara infection between October to November 2020. On the 
treatment (Day 0), total egg counts, haematological parameters and body weight were recorded. During 
the study, the faecal samples were collected on day 14 and day 28, whereas haematological and body 
weight were recorded on day 28th. The drug efficacy (%) was estimated by faecal egg count reduction 
test (FECRT) using McMaster technique. Blood samples were examined for haemoglobin content (Hb), 
packed cell volume (PCV), erythrocyte sedimentation rate (ESR), total erythrocyte count (TEC) and total 
leukocyte count (TLC). Among the tested drugs, the antitoxocariasis efficacy of ivermectin revealed 
96.83% by FECRT, followed by levamisole 94.23% and albendazole 85.84%. TEC, Hb and PCV were 
increased significantly (p<0.01), and ESR and TLC were decreased to a normal value significantly (p<0.01) 
at the end of the experiment. Body weights were also increased significantly (p<0.01) after the day 28 of 
treatment. Ivermectin is the most effective drug against toxocariasis in buffalo calves, followed by 
levamisole and albendazole under field conditions. FECRT 85.84% of albendazole treated animals 
indicate that it tends to resistant against T. vitulorum. Further studies are imperative to explore the 
benzimidazole resistance and relation of resistant genes in T. vitulorum. 
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Abstract 

  

Following several reports indicating reduced efficacy of some anthelmintics in sheep in different-parts of 
the Sudan; faecal egg count reduction test was used to evaluate therapeutic efficacy of four 
anthelmintics common in use in sheep healthcare-procedures. In the current study, 16 male sheep with 
confirmed gastrointestinal nematodes (GINs) infection were used to evaluate the efficacy of 
Albendazole 2.5% drench formulation, Ivermectin 0.8% drench formulation, Tetramisole 5%, and 
Levamisole 2.5%. Animals were divided into two groups each of eight animals; sheep in the first group 
(A) were drenched orally with Albendazole at 5mg/kg body weight as single dose, while animals in the 
second group (B) received Ivermectin oral solution at dose rate of 0.2mg/kg bwt. Faecal samples were 
collected at the following intervals: 0 (before treatment), and then at 2, 3, 4, 7, 10, 14, and 21 days (post 
treatment). Samples of the drugs were randomly selected and tested before the start of the experiment 
to ensure satisfaction of finished-product specification. Results obtained indicated that there is no 
evidence of therapeutic efficacy in the two treatment groups. One week later same animals were re-
arranged into two treatment groups each of eight sheep. Animals in the first group (C) were treated with 
Tetramisole 5% at dose rate 3mg/kg bwt and animals in the second group (D) were treated with 
Levamisole 2.5% at dose rate 7.5mg/kg bwt. Results indicated that the two anthelmintics appeared 
equally ineffective as the first two drugs. Likewise, there were no significant reductions in egg count in 
the four drugs used in the current study. These findings represent the first report in Sudan from the field 
of multiple-anthelmintics resistance developed in more than one drug after being administered to 
sheep. The study recommends further evaluation of the status of anthelmintic resistance in sheep using 
in vitro and molecular techniques. 
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Abstract 

The resistance of Haemonchus contortus to synthetic anthelmintics is of increasing concern; and 
different strategies are being evaluated to improve parasite control. The present study investigated the 
in vitro effects of combinations of albendazole and carvone enantiomers. Additionally, the chemical 
association and their impact on the ultrastructural and biophysical properties of H. contortus eggs was 
evaluated. We assessed the efficacy of combinations of albendazole and carvone enantiomers using the 
egg hatch test (EHT). The minimum effective concentrations of the carvone enantiomers (efficacy below 
8.3%) were used in combination with different concentrations of albendazole, and the IC50 and 
synergism rate (SR) were calculated. Fourier-transform infrared spectroscopy (FTIR) was used to analyze 
the chemical association. Atomic force microscopy (AFM) was used to assess the ultrastructural and 
biophysical properties of H. contortus eggs treated with the albendazole and r-carvone combination. The 
egg hatch inhibition of s-carvone and r-carvone had a IC50of 361.9 and 301.6 µg/mL, respectively. 
Albendazole showed a slight statistically significant synergism in combination with r-carvone (SR = 3.8) 
and s-carvone (SR = 3.0). The FTIR spectra of albendazole in association with r-carvone and s-carvone, 
indicated the presence of chemical interactions between the synthetic and natural molecules, 
contributing to the possible synergistic effects of these associations. Eggs treated with albendazole and 
r-carvone showed an increase in roughness and a decrease in height, suggesting that the treatment 
induced damage to the egg surface and an overflow of its internal contents. Overall, the combination of 
albendazole with r-carvone and s-carvone was efficacious against H. contortus, demonstrating a 
chemical association between the compounds; the significant changes in the egg ultrastructure justify 
this efficacy. 
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Abstract 

The New World Screwworm fly, Cochliomyia hominivorax, is widespread in South America. This species 
is a significant cause of primary myiasis in animals, including dogs. Rapid and efficient treatment is 
necessary to improve the recovery of affected animals. The present study evaluates the potential of 
Lotilaner for the treatment of myiasis caused by C. hominivorax larvae in naturally infested dogs. 
Lotilaner belongs to the class of isoxazolines and has been commercialized as CredelioTM for use against 
ticks and fleas in dogs and cats. Eleven dogs with active myiasis were enrolled in this study, based on the 
severity of lesions and the number of identified larvae. All animals received a single oral administration 
of Lotilaner at a dose of 20.5 to 41 mg/kg. After treatment, the number of expelled, live or dead larvae 
was determined at two, six, and 24 hours. After 24 hours, the remaining larvae were removed, counted, 
and identified. The efficacy as calculated by the formula [(number of dead larvae expelled + number of 
live larvae expelled + number of dead larvae removed/total number of larvae)] × 100. The larval 
expulsion rate was calculated for two and six-hour using the formula [(number of dead larvae expelled + 
number of live larvae expelled/total number of larvae)] × 100. The lesions were cleaned, and palliative 
treatment was administered when necessary, according to the health status of the animal. All larvae 
were identified as C. hominivorax. The larvae's expulsion rate was 80.5 and 93.0% two and six hours 
after treatment, respectively. Lotilaner showed an efficacy of 100% at 24 hours of treatment. Because of 
the rapid onset of action and the high efficacy against C. hominivorax, Lotilaner can be recommended 
for effective treatment of myiasis in dogs. 
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Abstract 

The efficacy of oral afoxolaner (NexGard®) against Stomoxys calcitrans stable flies exposed to treated 
dogs, was evaluated in a blinded, randomised, and negative controlled efficacy study. The efficacy 
assessments were based on stable fly challenges to dogs and comparisons of survival rates of flies after 
feeding on untreated and treated dogs.  

For a challenge, a dog was exposed to 50 unfed S. calcitrans for 30 minutes, after which time live fed 
flies were counted and incubated for 48, 72 and 96 hours for viability assessments.  

Fourteen dogs were randomly allocated to a control group and an afoxolaner group of 7 dogs each, on 
the basis of a 72-hour S. calcitrans viability assessment after a pre-treatment challenge. NexGard® was 
administered orally on Day 0 per label instructions to the afoxolaner group dogs, the control dogs 
remained untreated. All dogs were challenged on Days 1, 7, 14, 21 and 28.  

At the end of all five challenges the mean number of live and fed stable flies collected in the control and 
treated groups were not significantly different. Throughout the study, 25 to 54% S. calcitrans exposed to 
untreated control dogs had fed and were alive after 48 hours of incubation. After all five challenges and 
incubation durations, significantly fewer live fed stable flies were counted in the treated group, in 
comparison to the control group (p<0.001). The insecticidal activity of afoxolaner against fed S. 
calcitrans, based on arithmetic means, after the five weekly challenges ranged from 76.4 to 98.5%,  62 
to 95 % and 58 to 82 % after 96, 72 and 48 hours of incubation, respectively.  

A significant insecticidal activity of afoxolaner in dogs was demonstrated against S. calcitrans 48 to 96 
hours after a blood meal and for one month. 
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Efficacy of a single administration of afoxolaner and fipronil plus permethrin 
against Hyalomma marginatum ticks in Dogs 

Frederic Beugnet 

Boehringer-Ingelheim Animal Health, Lyon, France 

Abstract 

A blinded and controlled laboratory study was conducted to assess the acaricidal efficacy of afoxolaner 
(NexGard®) administered orally and fipronil/permethrin (Frontline® Tri-Act) applied topically to dogs 
against experimental infestations with Hyalomma marginatum ticks. Twenty-four Beagle dogs were 
included in this study and randomly allocated either to the control group 1, or to one of the two treated 
groups (Group 2 dogs treated with NexGard and Group 3 dogs treated with Frontline Tri-Act). All dogs 
were experimentally infested with 30 adult H. marginatum ticks on days -2, 7, 28 and 36. In-situ counts 
were performed at 48 hours post-infestations, and ticks were removed and counted at 72 hours post-
treatment on Day 3 and after each subsequent tick infestation. In both treated groups, efficacy against 
pre-existing tick infestations was 100% at 72 hours post-treatment. Preventive efficacy after the 
subsequent tick challenges was >97% for both products after 48h and 72h post-infestation evaluations 
for all time-points. There were significant differences in the number of live ticks in the treated groups 
compared to the control group at all time-points (p <0.0007). In conclusion, both afoxolaner and 
fipronil/permethrin formulations demonstrated a high efficacy against H. marginatum tick infestations 
for a month.  
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Insecticidal efficacy of afoxolaner against bed bugs, Cimex lectularius, when 
administered orally to dogs 
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Abstract 

The objective of this experimental study was to assess the insecticidal efficacy of afoxolaner (NexGard®) 
against bed bugs (Cimex lectularius) on dogs. For each challenge, 20 bed bugs were placed in two 
chambers positioned in contact to the dog’s skin for 15 minutes, after which live fed parasites were 
counted and incubated for survival evaluations. On Day 0, 7 dogs assigned to the treated group were 
administered afoxolaner orally at the registered dose. All 14 dogs were challenged on Days 1, 7, 14, 21 
and 28, and the collected live fed C. lectularius incubated for 72h (Day 1), and 72 and 96h (Days 7, 14, 21 
and 28) for survival evaluation.  

The percent feeding in the control group ranged from 95% to 98.6% and the percent of live fed bed bugs 
at 96h ranged from 99.3% to 100% in the control group, demonstrated the viability of the strain and 
their capacity to feed on dogs. Significantly less live fed bed bugs were counted in the treated group, 
compared to the control group, at all time-points. The reduction of live fed C. lectularius in 
the afoxolaner group was 41.4% at 72h after the Day 1 challenge, and 77.2%, 82.7%, 85.0% and 63.5% at 
96h after the Days 7, 14, 21 and 28 challenges, respectively. It is hypothesized that monthly treatment 
of dogs with afoxolaner could help in preventing a bed bug population to install in a household if bed 
bugs bite dogs in the presence of humans. 
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Applying DNA-encoded library (DEL) screens and machine learning (ML) to drug 
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Abstract 

In the small sample of chemical space available for traditional high-throughput screening (HTS), it is 
increasingly difficult and cost-prohibitive to identify novel compounds for animal health. To expand and 
diversify the chemical space for target screening, Animol has built a drug discovery platform, utilizing 
small molecule DNA-encoded library (DEL) screens and machine learning (ML) algorithms specific to 
animal health. Recent advances in DEL screening data processed by ML algorithms successfully utilized 
this method for identifying highly diverse, novel, and drug-like small molecules for an extensive range of 
targets. By using small molecule libraries, the selected compounds are generally inexpensive to produce, 
stable, and have flexible administration routes. 

Unlike HTS, DEL screens are able to screen hundreds of billions of compounds against a target in one 
well, greatly reducing the time and cost to generate hits. DNA tags attached to each small molecule 
create a unique identifier that acts as a barcode, allowing hits to be organized by chemical family and 
easily identified. Simultaneously, counter-screening against undesired targets builds in selectivity and 
safety from the start. 

Due to the uniquely large and clean data sets generated by DEL screens, ML algorithms can produce 
predictive binding models and generate leads for the most suitable compounds to undergo expert 
selection. Phenotypic testing results of these compounds later provide feedback to ML algorithms for 
improvement in each subsequent cycle. 

In contrast to the extensive time spent on targets in the past, Animol Discovery has established an 8-
month timeline from concept to in-vivo results, reducing overall costs and allowing for timely responses 
to emerging needs. Combining the expansive sampling of chemical space through DEL screens and the 
direction of ML algorithms, we are reaching beyond the limits set by traditional drug discovery methods 
to identify novel small molecules and meet growing needs within animal health. 
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Abstract 

Introduction: Anthelmintic resistance is an economic and animal welfare issue that is reported 
worldwide. Moreover, increase in multi-drug resistance leaves farmers without efficient treatment 
options, particularly in the EU where synergistically acting fixed combination products have not been 
authorized so far. To counteract this development, it is crucial to monitor both nematode prevalence 
and drug efficacy in livestock.  

Materials and Methods: In this project, faecal egg count reduction tests (FECRT) were conducted on 
eleven sheep farms in Brandenburg (Germany) in groups of 20 (range 10 to 40) first and second season 
grazing animals after treatment either with ivermectin, moxidectin or fenbendazole. On one farm, 
where multi-resistance to all three antiparasitic agents was detected, a treatment with monepantel was 
performed. Mini-FLOTAC (sensitivity of five eggs per gram) was used to determine egg counts. If less 
than 200 strongyle eggs per group were counted (raw counts), all samples were recounted to improve 
accuracy. FECR were calculated using Bayesian hierarchical models with the R package eggCounts with 
individual efficacies. 

Results: Reduced efficacies of fenbendazole and ivermectin were detected on six out of eight farms, 
while investigations on an additional farm resulted in a suspected ivermectin resistance. Moxidectin 
resistance was observed on two out of eleven farms. Simultaneous resistance to both fenbendazole and 
ivermectin was detected on three out of eight farms. Resistance only to either ivermectin or 
fenbendazole was observed on one out of eight farms each. Resistance against all three drugs was 
detected on two out of eight farms.  

Discussion/Outlook: An analysis of management data of participating farms will be carried out to 
identify potential risk factors for the selection of anthelmintic resistance. Larval migration inhibition 
assays will be used to test for levamisole resistance in the populations investigated. 
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Abstract 

Infestation of goats with P. silenus larvae occurs in the Middle East, Central Asia, Indian subcontinent, 
northern Africa and in southeastern Europe where it has been reported in Italy, Albania, North 
Macedonia, Bulgaria, Greece, and Cyprus. Because of its more limited geographic distribution and 
overall lower economic impact compared to bovine hypodermosis, goat warbles usually receive less 
attention.  

  

This study was conducted in Sicily, Italy to evaluate the efficacy of EPRINEX® Multi for the prevention 
and treatment of infestation with P. silenus larvae. Forty-five indigenous mixed-breed dairy goats, (≤5 
years of age) from a farm historically known to be endemic for P. silenus were included. Animals were 
randomized into three groups (15 per group). The control group (G1) remained untreated whereas the 
remaining goats were treated once with EPRINEX® Multi (1 mL per 5 kg body weight) on Day 0 (late 
October 2019; G2) or on Day 167 (early April 2020; G3) when the larvae were expected to be L1/L2 or L3 
stages, respectively. 

  

Goats were examined for warbles starting in late January 2020. G3 animals were treated on Day 167 
after warbles were detected on Day 163 in seven and eight animals of G1 and G3, 
respectively. Sufficiently mature warble larvae were collected until Day 186 (euthanasia of all goats for 
final examination), and the viability of the larvae was determined. 

  

All larvae collected were identified as P. silenus. Viable larvae were collected from six of the 15 controls 
(1 to 3 larvae per animal) while no live larvae were obtained from G2 and G3 (p<0.01 at a=0.05).   
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In conclusion, EPRINEX® Multi treatment provided 100% ‘preventive’ and ‘therapeutic’ efficacy against 
P. silenus infestation. Preventive treatment will protect goats from the losses typically associated with 
the subcutaneous parasitism of the Przhevalskiana warble larvae (e. g., devaluation of skins, trim loss). 
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Abstract 

Introduction: Thelazia callipaeda causes an ocular infection in domestic, wild animals and humans. 
Recent increase of clinical cases in pets from Europe have stimulated new studies on the control of the 
infection. 

Materials and Methods: The present study was a negative controlled clinical trial aimed at assessing the 
efficacy of a spot-on formulation containing eprinomectin (Broadline®, Boehringer-Ingelheim) against T. 
callipaeda in naturally infected cats. 

Fifteen privately-owned cats harboring at least one live adult of T. callipaeda were included in the study. 
An ocular examination was carried out at Day 0 to evaluate the presence of ocular clinical signs. The 
number of adult T. callipaeda was assessed by inspection of the conjunctival sac in both eyes. Cats were 
allocated in two groups: Group 1 (G1, 7 cats) left untreated and Group 2 (G2, 8 cats) treated with 
Broadline®.  

On Days 7 and 14(±1) ocular examinations were repeated. At Days 14(±1) T. callipaeda adults were 
flushed off the conjunctival fornix with ≈ 5 ml of saline solution. Efficacy of Broadline® against T. 
callipaeda was assessed on Days 14(±1) on the basis of the number of T. callipaeda in G2 compared with 
G1. The regression of ocular signs of thelaziosis was also evaluated.  

Results: The efficacy based on the worm counts was 100%. At the inclusion all cats showed ocular 
clinical signs compatible with eyeworm infection (i.e. 7 and 8 in G1 and G2, respectively). At Days 14(± 
1), 5 cats of G2 did not present ocular clinical signs while all cats in G1 remained symptomatic. No 
adverse events were recorded. After the study completion symptomatic cats received a rescue 
treatment.  

Discussion: The present study demonstrated that Broadline® is safe and efficacious for the treatment of 
thelaziosis in naturally infected cats. 
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Abstract 

Anthelmintic resistance is becoming an increasing concern for the future of sustainable intensive 
livestock practices. This is particularly important for grazing-based production systems, which rely on 
effective helminth control to prevent economic losses. Unlike antimicrobial usage recording, very little 
information is available on anthelmintic usage rates within or between countries, and trends over time. 
This study attempts a preliminary examination at anthelmintic usage trends nationally for Ireland. 

Anthelmintic drug sales data were obtained from a market research company covering a high proportion 
of veterinary medicinal product sales from multiple suppliers within Ireland from 2016-2019. The weight 
of active ingredient sold was calculated and compared with dosage rates per kilogram liveweight per 
product and administration route against national livestock figures. 

There are major seasonal trends in the sales data of all drug classes, as would be expected for a seasonal 
grazing system with a majority of spring-born calves. However, there are a number of limitations in the 
use of sales data that could result in either over- or underestimation that remain unquantified and these 
results should only be considered as an indicator for trends rather than absolute usage. Additionally, 
many anthelmintic products are registered for use in both sheep and cattle, limiting the granularity of 
species-specific reporting. We summarise the trends highlighting commonly used active ingredients and 
administration routes within the Irish cattle and sheep production systems.   
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Abstract 

The study was conducted to determine the efficacy of Seresto® collars (imidacloprid/flumethrin) against 
experimental infestations of Haemaphysalis longicornis ticks in dogs. Twenty-four Beagle dogs 
previously assessed for their suitability to harbor ticks were included in the study and randomly 
allocated to 3 groups of eight dogs each. 

To limit the time span when ticks were needed for infestations and still obtain efficacy data for an 8 
months treatment duration, two of the groups were treated with collars at different time points: At the 
first tick infestation dogs in group 1 had already worn collars for 92 days while dogs in group 2 had 
received collars only on the previous day thus allowing evaluation of two different treatment durations 
at the same point in time. Infestation of the treated groups was conducted at 1, 7, 28 and 56 days 
(group 2) and 92, 119, 147, 168, 196, 227 and 238 days (group 1) post collar placement. Group 3 served 
as untreated control and was infested whenever the dogs of the other two groups were infested. 
Infestations were conducted using 50 viable, adult, unfed female ticks of a US-isolate of H. 
longicornis per dog. Ticks were removed and counted 48 hrs after each infestation. Health and body 
weight of the dogs were monitored throughout the study. 

Results: Dogs in the control group were adequately infested at all tick counts. Efficacy was 88.2% on day 
3 of treatment, however well above 90% (i.e., 98.3 to 100%) at all other timepoints up to day 240. 
Statistical analysis confirmed significantly different live tick counts between the treated groups and the 
control group at all timepoints. 

The 8-months sustained acaricidal effect demonstrated by the combination of imidacloprid and 
flumethrin (Seresto®) provides a reliable strategy against H. longicornis infestations in dogs. 
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Abstract 

The speed of kill of a triple combination product containing sarolaner, moxidectin and pyrantel 
(Simparica Trio®, Zoetis) against Ixodes ricinus, the most common tick species known to infest dogs in 
Europe, was evaluated in a laboratory study. Purpose-bred Beagle dogs were randomly allocated to 
either a placebo-treated group or an investigational product-treated group (IVP; 
sarolaner/moxidectin/pyrantel) based on pre-treatment host-suitability tick counts.  Efficacy was 
measured against an existing infestation and against subsequent weekly re-infestations up to 35 days 
after treatment.  Dogs were infested with ~50 unfed adult I. ricinus ticks on Day -2, 7, 14, 21, 28 and 35. 
Tick counts were conducted at 12 (thumb counts) and 24 hours (with removal of the ticks) after 
treatment on Day 0 and after each infestation thereafter.  On Day 0, dogs were treated with either a 
placebo capsule or IVP tablet, at a nominal dose of 1.2 mg sarolaner, 24 μg moxidectin and 5 mg 
pyrantel per kg bodyweight.  Treatments were orally administered with feed offered from 20 (±10) 
minutes prior to tablet administration.  No treatment-related adverse reactions occurred during the 
study.  Dogs in the placebo-treated group maintained adequate tick infestations throughout the entire 
duration of the study. Until and including Day 14, the total live tick counts for dogs treated with IVP 
were significantly (P ≤ 0.05) reduced as compared with placebo-treated controls at 12 hours. At 24h, 
efficacy ranged from 92.0-99.4% (P < 0.0001) at all study days up to Day 36. In the present study 
Simparica Trio® at minimum label dose demonstrated a rapid speed of kill against the most prevalent 
tick species in Europe, by killing I. ricinus ticks within 24 hours of treatment and re-infestations. 
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Abstract 

The free-living Caenorhabditis elegans nematode is an animal model used for drug screening 
approaches. Re-evaluation of alternative anthelmintic drug combinations and determination of the 
effect of exposure time is necessary in veterinary medicine. Using a high throughput infrared motility 
assay, we studied the inhibition effect of worm motility activity at different exposure times of the 
veterinary drug eprinomectin (EPM) and ivermectin (IVM) in the C. elegans model. In addition, the dose-
effect of both drugs combined was examined to determine drug synergy using ratios based on the EC50 
(50% inhibitory concentration) as well as synergy scores between two reference models at different 
exposure times using zero interaction potency (ZIP) models. In vitro the combinations of the five 
standard concentrations of EPM and IVM were examined against C. elegans which revealed non-
synergistic behavior during 4 h exposure with an average similar synergy score between drugs (-0.407, -
0.474, -0.562 and -0.691 at 30, 60, 120 and 240 min, respectively). The potency (EC50) increased with 
exposure time for both EPM (0.29a±0.02, 0.23b±0.01, 0.17c±0.01 and 0.09d±0.01 µM at 30, 60, 120 and 
240 min, respectively) and IVM (0.47a±0.02, 0.35b±0.02, 0.17c±0.01 and 0.12d±0.01 µM at 30, 60, 120 
and 240 min, respectively). The potency of the four-time exposure was compared in terms of the EC50 
ratio values for each drug. The EC50 at 30 min was 1.26 and 1.31 at 30/60 min (p>0.05), 1.69 and 2.71 at 
30/120 min (p<0.05), 3.04 and 3.79 at 30/240 min (p<0.05) for EPM and IVM, respectively. Our results 
indicate that potency increases with time exposure for EPM and IVM and that there is no synergy 
between both macrocyclic lactones. These results question the importance of exposure time of each 
drug over the combined use in drugs that have the same molecular target in the parasite. 
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Abstract 

Economic losses caused by sheep gastrointestinal nematodes (GIN) are increasing nowadays due to the 
development of anthelmintic resistance, therefore requiring a search for alternatives. In doing so, field 
testing of new potential substances provides credible and realistic insight of current possibility of their 
use. The aim of this study was to evaluate the in vivo anthelmintic potential of thyme, Thymus vulgaris L. 
essential oil (EO) and synergistic combination of two compounds, linalool:estragole on days 7 and 14 
post-treatment using the faecal egg count reduction test (FECRT). The experiment was conducted on 
two separate farms located in southern Italy, whereby the total number of sheep (n=96, n=48 per farm) 
was divided into four groups on each farm (n=12). Groups received the following treatments perorally: 
G1 – 100 mg kg-1 T. vulgaris; G2 – 100 mg kg-1 linalool:estragole; G3 – standard dose of fenbendazole and 
G4 – 50 ml per animal of sunflower oil. Main compounds of thyme EO identified by gas chromatography-
mass spectrometry (GC-MS) analyses were p-cymene (41.72%), thymol (31.59%) and α-terpineol 
(11.71%), and the coproculture examination showed the presence of four genera of sheep GIN on tested 
farms: Haemonchus, Trichostrongylus, Teladorsagia and Chabertia. In total, results of the FECRT showed 
the following reductions of GIN eggs on day 7: 24.95% (T. vulgaris); 24.64% (linalool:estragole) and 
82.49% (fenbendazole). On day 14, reductions of GIN eggs were: 23.72% (T. vulgaris), 25.91% 
(linalool:estragole) and 88.82% (fenbendazole). Furthermore, no toxic effects were observed in animals 
at these doses. The present study reveals the anthelmintic potential of tested substances. However, a 
new trial with modified conditions is needed to improve their effectiveness: increased dosage, a 
different way of administration or possible use of encapsulated or nanoencapsulated forms of these 
substances, especially if bearing in the mind anatomical-physiological specifics of the ruminant 
gastrointestinal tract. 
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Abstract 

Fascioliasis is an infectious disease caused by parasitic liver flukes of the genus Fasciola.  Pathogenic to 
both humans and veterinary ruminants, fascioliasis causes detrimental impacts on global animal and 
human health, as well as economic well-being. Due to their manipulation of host immune function, 
vaccines have proven ineffective such that control relies heavily on chemotherapy. However, as with 
many key parasites, the available chemotherapies have exhibited falling efficacy in the face of liver fluke 
parasites displaying flukicide resistance.  Understanding flukicide resistance is undermined by the 
absence of understanding of their mechanisms of action. Following advances in the in vitro research 
tools available for liver fluke, it has been observed that neoblast-like stem cells drive liver fluke growth 
and development with stem cell dysregulation impacting both growth and flukicide 
response.  Rafoxanide (a salicylanilide anthelmintic) is believed to interfere with energy metabolism of 
fluke by uncoupling oxidative phosphorylation. Rafoxanide treatments of newly excysted juveniles 
(NEJs) in vitro revealed reductions of motility with an IC50 of 0.9 nM. The effects of rafoxanide were 
much less potent on the motility of juvenile (3 week old) fluke in vitro following 18-hour drug 
incubations between 0.75nM and 50nM; higher concentrations (30-50 nM) proved fatal. No growth 
phenotypes were observed following rafoxanide treatments.  The in vitro exposure of NEJs to 
triclabendazole (TCBZ) and TCBZ-metabolites exposed reduced motility and paralysis phenotypes with a 
clear potency profile of TCBZ > TCBZ.SO >TCBZ.SO2.  Furthermore, TCBZ-resistant fluke demonstrated 
increased tolerance to TCBZ.SO. We found that TCBZ and TCBZ-metabolites blunt the growth of juvenile 
F. hepatica through the inhibition of neoblast-like stem cell proliferation, with a potency profile of 
TCBZ.SO > TCBZ > TCBZ.SO2. These data expose distinct effects of flukicides, including different TCBZ 
metabolites, on liver fluke biology.   
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Abstract 

Fascioliasis caused by Fasciola hepatica is a major parasitosis affecting livestock-rearing areas of the 
Peruvian highlands with a negative impact on dairy production. The frequent use of anthelmintics is the 
predominant control strategy. This practice however results in the emergence of anthelmintic 
resistance. Over the last years, increasing cases of resistance to triclabendazole have been reported in 
the Peruvian highlands. For this reason, it is necessary to evaluate the use of other fasciolicides in other 
dairy cattle areas. The objective of this research was to evaluate the efficacy of four different drugs 
against F. hepatica in grass-fed dairy cattle in the district of Matahuasi, Mantaro Valley, Peru. F. hepatica 
naturally infected cattle, from three different dairy farms, were randomly grouped in four experimental 
groups, equally distributed, and treated with: triclabendazole (n=8), albendazole (n=5), nitroxinil (n=8) 
and closantel (n=8). Fecal samples were collected on the day of treatment (0), 15 and 28 days post-
treatment. Modified Dennis test was used to assess the eggs per gram (epg). The efficacy of each drug 
was determined using the WAAVP formula in a fecal egg count reduction test (FECRT). The method of 
bootstrapping was applied to obtain the 95% CI for each drug. The efficacy for triclabendazole was 33% 
(CI=-99:80) and 33% (CI=-80:80), at 15 and 28 days pos-treatment, respectively. Albendazole and 
closantel showed levels of efficacy higher than 90%, at 15 and 28 days, while nitroxinil showed 92.8% (IC 
82:100) and 82% (IC 53:100), at 15 and 28 days, respectively. These results confirmed the resistance of 
triclabendazole against F. hepatica in dairy herds of a major area of the Peruvian central highlands, and 
demonstrated the efficacy of two other drugs, which could be used as valid alternatives in optimized 
control programs for this parasitosis in a region where the risk for zoonotic infection is significant.  
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Abstract 

The search for novel alternatives to control gastrointestinal nematodes in ruminants is relevant 
considering the increasing of anthelmintic resistance. The use of monoterpenes may contribute to 
improving parasite control by enhancing the effectiveness of existing synthetic anthelmintic drugs. The 
work described here evaluated in vitro the effects of monoterpenes on the processes of drug 
metabolism and intestinal accumulation and additionally, the anthelmintic activity of the best 
“candidate”. In Trial 1 the intestinal accumulation of Rhodamine-123 (Rho123), a P-glycoprotein 
substrate, was studied in cattle ileum in the presence or absence of carvone (CNE), geraniol (GNL), citral 
(CTL), anethole (ANT), carvacrol (CVC) and thymol (TML). The effect of CNE, GNL and CTL on flavin-
containing monooxygenase (FMO) and cytochrome P450 (CYP) dependent metabolism was assessed in 
sheep liver microsomes measuring specific enzyme activities. Among the monoterpenes tested, only 
the presence of CNE and GNL increased the accumulation of Rho123 by 73 % and 44 % 
respectively (P<0.05). CNE, GNL and CIT reduced the CYP-dependent metabolism between 29.5 and 91 
% (P<0.05) and the FMO dependent metabolism between 46 and 84 % (P<0.05). Additionally, in a 
separate experiment (Trial 2), the anthelmintic activity of the best monoterpene “candidate” was 
evaluated in lambs. Six lambs artificially infected with 2000 Haemonchus. contortus larvae each were 
treated with CNE (the best candidate from Trial 1) at 100 mg/kg orally, four times every 24 h. The fecal 
eggs count (FEC) reduction was measured at 7, 14 and 21 days post-administration of the first dose of 
CNE. The FEC reduction after the in vivo administration of CNE to infected lambs was 85 % (7 d), 88 % 
(14 d) and 82 (21 d). Integrated in-vitro-in vivo assays are critical for the design of successful alternative 
parasite control strategies based on the use of bioactive phytochemicals. 

 



 

 

521 

 

P-3026 

Is the suckling period and application pattern relevant for Fluazuron efficacy 
against ticks in cows and their suckling calves? 

Gonzalo Suárez1, Diego Robaina1, Florencia Puigvert2, Agustina Muela2, Silvana Alvariza1, Lucia Pareja2 

1Unidad de Farmacología y Terapéutica, Departamento Hospital y Clínicas Veterinarias, Facultad de 

Veterinaria, Universidad de la República, Montevideo, Uruguay. 2Departamento de Química del Litoral, 

CENUR Litoral Norte, Facultad de Química, Universidad de la República, Paysandú, Uruguay 

Abstract 

Fluazuron is a chitin synthesis inhibitor administered as a pour-on formulation in cattle for tick control. 
This study discusses the importance of application pattern and the suckling period in Fluazuron’s blood 
levels in cows and suckling calves. Three hundred and fifty beef cows around parturition were stratified 
by calving date and treat with commercial pour-on formulation of fluazuron at a rate of 2.5 mg/kg of 
body weight. A total of 4 treatments were carried out with a dosing period set in an interval of 6 weeks. 
At the time of administration, two different patterns for the pour-on were tested and used as a grouping 
variable: long (~60 cm pour-on application surface) and short (~30 cm pour-on application surface). 
During the entire study cow–calf pairs were maintained under field conditions and both treatment 
schemes were designed to prevent the annual persistence of ticks. None of the groups presented ticks 
during the first 168 days of the study. Fluazuron levels were determined at the second and third 
application for each subgroup (n=10) and compared between them and with their calves (n=10). 
Fluazuron concentration in plasma was performed by HPLCMS/MS. After 42-day post-treatment of the 
second (30±5a mg/kg long; 28.5±12a mg/kg short; 147±43b mg/kg calves, [p<0.05]) and third 
(147±55a mg/kg long; 140±46a mg/kg short, 417±87b mg/kg, [p<0.05]) pour-on administration, plasma 
concentration of Fluazuron was lower in cows than calves under free suckling, respectively. Both groups 
of cows and the calves showed a significant increase in plasma concentration between the two sampling 
moments (p<0.05). The main conclusions of this study are: 1) Application pattern was irrelevant in 
Fluazuron plasma levels; 2) During the suckling period Fluazuron is excreted in milk; 3) Fluazuron plasma 
levels in suckling calves are higher than those on cows, possibly due to a cumulative effect and a 
continuous income. 
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Abstract 

Six laboratory studies were conducted to evaluate the efficacy of Simparica Trio®, (Zoetis) a chewable 
tablet containing sarolaner, moxidectin and pyrantel against four tick species common to dogs in 
Europe. 

Two studies each were conducted against Dermacentor reticulatus (of which one was a dose 
determination study) and Ixodes ricinus; one study each was conducted against Ixodes hexagonus and 
Rhipicephalus sanguineus (sensu lato). In each study dogs were randomly allocated to each treatment 
group (n=8/group) and infested with 50 unfed adult ticks on Days -2, 5, 12, 19, 26 and 33. On Day 0 dogs 
received a single oral treatment of placebo or Simparica Trio®. In the dose determination study dogs 
received sarolaner at 0.6, 1.2 or 2.4 mg/kg in combination with moxidectin and pyrantel, and in all other 
studies dogs received Simparica Trio® to provide minimum label dosages of 1.2 mg/kg sarolaner, 24 
µg/kg moxidectin and 5 mg/kg pyrantel. Live tick counts were used for efficacy calculations 48 hours 
after treatment and for weekly re-infestations. 

No treatment-related adverse events were observed. In the dose determination study, the lowest 
dosage of sarolaner evaluated that provided > 90% efficacy for at least 28 days was the 1.2 mg/kg dose, 
which was selected as the dosage to provide tick control for at least one month following a single oral 
treatment. In the dose confirmation studies Simparica Trio® provided ≥ 99.2% efficacy against existing 
infestations of all tick species and was ≥ 97.2% efficacious against weekly re-infestations with D. 
reticulatus for 28 days, and against all other species for 35 days. 

These studies support the selected dose of sarolaner and confirm the efficacy of a single oral dose of 
Simparica Trio® against existing infestations within 48 hours and weekly re-infestations of at least one 
month for common tick species infesting dogs in Europe. 
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Abstract 

A field study was conducted in Europe to evaluate the safety and efficacy of Simparica Trio® (Zoetis) 
containing sarolaner, moxidectin and pyrantel at label dose against natural tick infestations on dogs. 

The infested dogs were allocated randomly to treatment on Day 0 with either Simparica Trio® tablets (n 
= 189) to provide 1.2–2.4 mg/kg sarolaner, 24–48 µg/kg moxidectin and 5–10 mg/kg pyrantel (as 
pamoate salt) or with NexGard® Spectra (afoxolaner + milbemycin oxime) according to the label 
instructions (n = 91). In each household one dog was enrolled as the primary patient if it harboured ≥3 
live attached ticks at enrolment.  For tick counts, the dog’s entire coat was searched manually. Other 
dogs living in the same household were enrolled as supplementary patients and received the same 
treatment as the primary dog.  Only primary dogs were included in the efficacy analysis. All dogs were 
included in the safety assessment. Efficacy was evaluated on Days 7, 14, 21 and 30 using percent 
reduction in live tick counts relative to pre-treatment counts. 

Simparica Trio® was well tolerated.  At enrolment ≥54.7% dogs were infested with Ixodes ricinus, ≥46.9% 
with Rhipicephalus sanguineus, ≥22.2% with Dermacentor reticulatus and ≥ 2.4% with Ixodes hexagonus, 
in each group. Arithmetic mean percentage reduction in live tick counts across all species on Days 7, 14, 
21 and 30 compared to Day 0 were 96.6%, 94.8%, 98.1% and 98.6%, respectively in the Simparica Trio®-
treated group, and 94.4%, 97.6%, 97.8% and 99.4%, respectively, in the NexGard® Spectra.   

A single oral dose of Simparica Trio® was safe and highly efficacious against natural tick infestations for 1 
month in dogs.  
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Abstract 

The study was conducted to evaluate the efficacy of monopantel (MONO), albendazole (ABZ) and 
ivermectin (IVO) against gastro-intestinal nematodes in naturally infected goats raised in commercial 
farms in Moamba district, southern Mozambique. On six goat farms, goats from 3 months of age and 
over 150  eggs per gram (epg) were included. In each farm, on the day of treatment, infected animals 
were randomly allocated to 4 treatment groups dosed with 2.5 mg/kg MONO po (MONO), 5 and 10 
mg/kg ABZ po, 0.2 mg/kg IVO s.c. (IVO) and one control group. In two farms a combination of ABZ (10 
mg/kg) and IVO (0.2 mg/kg) were tested. Individual faecal egg count was obtained through the 
McMaster technique on day 0 and 14 post-treatment. In one farm it was not possible to have the group 
of 5 mg/kg ABZ. A faecal egg count reduction test (FECRT) was performed according to the WAAVP 
recommendation (Coles et al., 1992). According to Coles et al. (1992) the percentage reduction ranged 
from 95-100% for MONO; 25.1 – 85% for ABZ 5; 40.4 – 97% for ABZ 10; 43 – 97% for IVO; 72 – 90% for 
the combination of ABZ 10 and IVO. Before treatment, Haemonchus, Trichostrongylus, 
Oesophagostomum, Cooperia and Bunostomum were found in faecal culture from all studied farms. 
Anthelmintic resistance were observed to albendazol and ivermectin against all genus. Monopantel was 
effective for all the genera in 4 farms. In one flock Oesophagostomum and in another farm Cooperia was 
observed after treatment with monopantel. This is the first report on monopantel and ivermectin 
efficacy in goats in Mozambique. 
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Abstract 

 Abstract  

Over the past few decades, green synthesis of nanoparticles has gained importance for their therapeutic 
efficacy and eco-friendly nature. Helminth infections are one of the most prevalent diseases in 
developing and developed countries. The cestode parasite Raillietina echinobothrida, highly prevalent in 
the common fowl Gallus gallus domesticus causes a devastating loss at livestock production industry in 
the tropical countries like India. The common control strategy adopted against such parasites is the 
usage of broad spectrum synthetic anthelmintic drugs whose frequent and long term usage has shown 
several instances of side effects and drug resistance. The integration of green chemistry principles into 
multidisciplinary nanoscience research has made scientists from different specializations, concerned 
about the need for developing environmentally benign and sustainable methods for synthesizing gold 
and silver nanoparticles.  In the present study, Alternaria alternata, a fungus belonging to the family 
Pleosporaceae has been used for biosynthesis of gold nanoparticles to evaluate the anthelmintic 
potential. The drug has shown significant effect on the normal physiological functions of the cestode 
causing flaccid paralysis and subsequent death of the parasite. The ultrastructural and enzymatic 
alterations revealed pronounced effects, thus establishing its anthelmintic potential. The histochemical 
localization studies of the tegument associated enzymes viz. AcPase, AlkPase, ATPase and 5’-NU, 
exposed to the drug showed a  pronounced decline in activities. A considerable loss of activity nervous 
component enzymes like NSE and ChE ascertain the role of the mycogenic Au-NP as anthelmintic. 
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Abstract 

Coccidiosis in goat compromises animal welfare,reduce productivity and can cause mortality 
and delayed growth rates in goat kids around the weaning period. This field study was conducted to 
evaluate the efficacy of treatments with two doses of toltrazuril (Baycox®, 20 or 40 mg/kg BW, p.o.) at 
different timing, in kids naturally infected with Eimeria spp. A total of 98 healthy goat kids (Majorera 
milk aptitude breed),naturally infected with Eimeria spp.,were divided into five groups, depending on 
the age of treatment (1 or 6 weeks). One group remained untreated as a negative control. Faecal oocyst 
shedding, faecal consistency and body weights of kids were monitored at day 0 and at weekly intervals 
for 12 or 7 consecutive weeks, depending on the group. Goat kidstreated at 1 week of age maintained 
OPG values close to zero until week 7; oocyst counts slightly increased thereafter, but they remained 
significantly lower than in the untreated control group until the week before the experiment (week 11). 
No significant differences were observed between the two doses of toltrazuril used. By contrast, when 
treatment was carried out at six weeks of age, the dose of 40 mg/ml toltrazuril maintained reduced 
counts until the end of the study, while the effect of toltrazuril given at 20 mg/kg was lower and shorter 
in time. The results of the present study show that, for prophylactic use, a dose of 20 mg/kg toltrazuril 
given at one week of age(similar to that recommended in lambs) would be sufficient; whereas 
if it administered in 6-week-old animals as a metaphylactic or therapeutic approach coinciding with the 
peak of oocyst secretion observed commonly in goat kids, a double dose might be advisable. 
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Abstract 

  

Several essential oils or corresponding components were proved to be active against the eggs of 
arthropods, mainly lice and ticks. Information about the activity against the eggs of mites remains very 
limited. In the present study, we assessed the activity of six terpenes (carvacrol, eugenol, geraniol, citral, 
terpinen-4-ol and linalool) commonly found in essential oils against the eggs of Sarcoptes scabiei. Eggs 
were exposed to each terpene solution (5%, 2.5% and 1%) for 12 h. At 5% concentration, carvacrol and 
eugenol presented a strong ovicidal activity (eggs mortality rate of 100%), followed by geraniol (91.7%), 
citral (50.0%), terpiene-4-ol (48.3%) and linalool (36.7%). The median effective concentration to obtain 
50% egg mortality (EC50) was 0.5%, 0.9%, 2.0%, 4.8%, 5.13% and 9.83% for carvacrol, eugenol, geraniol, 
citral, terpinen-4-ol and linalool, respectively. Embryonic development following treatment with these 
terpenes was also investigated to determine the stage of developmental arrest. The microscopic images 
of eggs after treatments indicated that these essential oils-derived terpenes may act by penetrating 
through the aeropyles on the surface of Sarcoptes eggs. In conclusion, carvacrol, eugenol and geraniol 
should be considered as promising ovicidal agents for the treatment of scabies.  
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Abstract 

For the diagnosis of tick sensitivity against different acaricides we have in vitro and in vivo test. The 
main in vivo method, the stable test, is considered a defining methodology. As alternatives, in 
vitro techniques applied both on adult and larvae stages are validated by FAO and are capable of serving 
as an orientative diagnosis of the resistance profile developed in field conditions. FAO recommends 
different in vitro techniques: adult immersion test (AIT), larval package test (LPT), and larval immersion 
test (LIT). An alternative was proposed as a modification of the LIT where syringes were used seeking to 
reduce the work necessary to perform the original technique, resulting in the Syringes Immersion Test 
(SIT). The objective of this trial was to validate the Syringe Immersion Test as a diagnostic tool for the 
acaricidal sensitivity profile in populations of Mozo tick strain (Rhipicephalus microplus). Log-logistic 
dose-response model with upper asymptote of the curve fixed at 100% mortality will be assessed and 
the final model will be decided as the best fit according to the model selection AIC criteria. A total of 9 
dose-response curves of relationship between percentage of live/dead and concentration of Ivermectin 
were performed using Ivermectin concentrations from 18.4 to 0.143 ppm, each level had 3 replicates. 
The result was determined after 24 hours of incubation at 27 °C / 80% RH, counting the live and dead 
larvae. To compare the different dose-response curves, the effective dose 50 (ED50) and its 95% 
confidence interval was taken into account. For the R. microplus Mozo larvae strain against increasing 
concentrations of Ivermectin, the adjusted model determined an ED50 of 2.3 ± 0.23 ppm (IC95 2.2 - 2.4 
ppm). The validate bioassay has the advantage to LIT in terms of speed and orientation to determine 
treatment decisions. 
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Abstract 

In Uruguay, Amitraz has been extensively used to control ticks in cows. Discriminating dose 
for Rhipicephalus microplus is of 200 ppm. R. microplus Mozo strain, is used for diagnosis of tick 
sensitivity by the regulatory authorities since it presents sensitivity to all available active ingredients. 
The defining methodology is the adult immersion test (AIT). This study presented the validation of a 
modified larval syringe immersion test on the sensitivity profile of R. microplus based on amitraz. The 
validation was performed using R. microplus larvae (Mozo strain) with 14 to 21 days old. The test was 
performed using amitraz concentrations in the range of 200 to 0.00002 ppm, in triplicate (n = 50). 
Immersion was performed for 20 seconds and incubation was 48 hours at 27°C / 90% humidity. Live and 
dead larvae were counted, considering as dead those that did not show movement and calculating the 
mortality percentage. The diluent mortality percentages remained below 10%; at all amitraz 
concentrations included in the study, the mortality percentage of R. microplus larvae remained above 
83%. The technique was repeated with amitraz-resistant tick larvae. Mortality percentages remained 
above 81.3%. It is concluded that the immersion technique in syringes for amitraz presents a high 
degree of sensitivity, which makes it difficult to construct  dose-response curves around the official 
discriminating dose for Amitraz set at 200 ppm. 
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Abstract 

The control of parasites in veterinary medicine using synthetic neurotoxic insecticides has been 
progressively undermined by the development of resistance. The development of new products begins 
with the search for chemical targets. New alternatives using botanical as active pharmaceutical 
ingredients(API) have been developed as an option to control endo and ectoparasites. The aim of this 
work was to demonstrate the in vitro parasiticidal effect against Ctenocephalides felis felis, an 
ectoparasites, and Caenorhabditis elegans, an endoparasites model, of Illicium verum, Pelargonium 
graveolens and Cymbopogon flexuosus essential oils. Different essential oils concentrations were tested 
against gravid adults and egg laying inhibition of C. elegans according to Chaweeborisuit et al. (2016), 
Lee and Kang (2017). The mortality of immature and adult stages of C. felis felis was performed 
through in vitro tests as Conceição et al. (2020). The results for gravid adults C. elegans demonstrate 
LC50 range for I. verum, P. graveolens and C. flexuosus  of 33 to 38 µg.mL-1, 51 to 64 µg.mL-1 and 17 to 
235 µg.mL-1 respectively, after 48h incubation and egg laying inhibition for the three botanicals at same 
incubation length. The samples showed insecticidal activity for both immature and adult C. felis felis’s 
stages, presenting LC50 values ranges for eggs, larvae, pupae and adults of 19 to 39 μg.cm−2, 12 to 25 
μg.cm−2, 7 to 94 μg.cm−2 and 121 to 341 μg.cm−2, respectively. The significance I. verum results to 
control C. felis felis and C. elegans demonstrate its potential as an API for endectocide products in the 
future.    

Acknowledgment: C. elegans was provided by the Caenorhabditis Genetics Center. 
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Abstract 

Thymus vulgaris is a flowering plant of the family Lamiaceae commonly known as thyme, native to 
Southern Europe, and has a worldwide distribution. It has been used as a treatment of different diseases 
with antiseptic, antibiotic, and antifungal properties. Thyme volatile oil has an insecticidal action against 
several insects and mites of agricultural and health importance. The plant has been reported to have the 
ability to decrease the population of Musca domestica and to control Culex 
quinquefasciatus and Ctenocephalides felis felis. Published results reported the LC50 of 49 to 83µg.cm-
2 for adults C.felis felis, an ectoparasites, and LC50 of 338 µg.cm-2 for Haemonchus contortus L3 larvae 
motility, an endoparasites. In this study, Caenorhabditis elegans was used as a model for testing the 
anthelmintic effect of this botanical ingredient. New alternatives using botanical active pharmaceutical 
ingredients(API) are being developed to substitute synthetic API progressively undermined by the 
development of resistance. The aim of this study was to evaluate T. vulgaris essential oil against gravid 
adults of C. elegans to determine the 50% and 90% lethal concentration and egg laying inhibition. 
Different essential oil concentrations were tested according to Chaweeborisuit et al (2016), Lee and 
Kang (2017).  The results for gravid adults of C. elegans demonstrate LC50 range of 72.5 to 87.3  µg.mL-
1 and LC90 range of 217.3 to 224.6 µg.mL-1 after 48h incubation. The egg laying inhibition was 57,9% 
when compared to control at same incubation length. The results suggest a nematicidal activity for T. 
vulgaris essential oil.  

Acknowledgment: C. elegans was provided by the Caenorhabditis Genetics Center.   
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Abstract 

Brazilian Spotted Fever (BSF), the most lethal tick-borne disease in the western hemisphere, is caused by 
the bacterium Rickettsia rickettsii and transmitted by bite of Amblyomma sculptum. The capybaras are 
considered as primary hosts for this tick and R. rickettsii amplifiers hosts, generating new infected 
lineages of A. sculptum in BSF-endemic areas. Despite its severity, there is no efficacy studies in 
vivo over A. sculptum control. Fluazuron (FLU) belongs to an insect growth disruptors class and acts by 
interfering with molting and hatching processes. To provide a possible treatment for use in capybaras to 
control the tick A. sculptum, the aim of this study was to establish an effective FLU dose to control A. 
sculptum larvae in the animal model guinea pig (Cavia porcellus) artificially infested. Twenty-
four animals were divided into 4 groups (6 animals/group): Control Group (CG), untreated; and 
treated groups receiving FLU administered by gavage, in three doses: G1 - 1 mg/kg, G2 - 5 mg/kg and G3 
- 10 mg/kg once a day for fifteen days (d0 to d+14). Blood samples were collected from the animals of 
treated groups before and at d+1, +2, +4, +7, +15 and +21. FLU was analyzed in plasma samples by high-
performance liquid chromatography with ultraviolet detection. The guinea pigs were artificially infested 
at d+7 with A. sculptum larvae and the specimens were recovery at d+11 to d+14 and kept in a 
climatized chamber for 14 days. FLU plasma concentrations increases until d+4 and begins to decrease 
slowly from d+7 until the last day of evaluation (d+21). FLU has interfered in molting process and the 
efficacy obtained was 100% for all treated groups. The results bring perspectives for the development of 
a palatable feed cube containing FLU for free-living capybaras controlling A. sculptum also preventing 
BSF in areas where capybaras have been shown to play a primary role. 
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Abstract 

The tick Dermacentor nitens parasites mainly horses and is the most important tick to develop economic 
losses and significant health damage to equine production in Brazil. However, in vivo control studies of 
this tick in horses are scarce, which reduces the options of available treatments for an efficient control 
of this parasite. The aim of this assay was to evaluate the efficacy of FIP against D. nitens in artificially 
infested horses (stall test) and the plasma concentration curve of both FIP and its active metabolite, 
fipronil-sulfone (FIP-S). Twelve ponies were housed individually and infested from d-31 with 
approximately 1750 non-engorged larvae in alternate days until d-1. At d0 a group of six animals were 
treated with 1% FIP pour on (1mg/kg bw). After treatment, infestations occurred on d+7, d+14 and d+21 
to assess long-term efficacy. Blood samples were collected from the animals of treated groups before 
and 4 hours after treatment and at d+1, d+2, d+7, d+12, d+14, d+15, d+16, d+21, d+28 and d+48. The 
plasma concentrations of FIP were analyzed by high-performance liquid chromatography with ultraviolet 
detection. Therapeutic efficacy was 91.83% from d+1 to d+29 and 95.26% from d+8 to d+29, long-term 
efficacy remained high for the next three weeks, with 98.69% (d+30 to d+ 36), 99.19% (d+37 to d+43) 
and 99.32% (d+44 to d+50). FIP achieve higher plasma concentration at d+7 and D+15 and FIP-S at d+18. 
From d+16 the both FIP and FIP-S plasma concentrations got stable, however from this day, FIP-S 
remained higher than FIP. The plasma bioavailability of FIP topically applied in horses (1mg/kg bw), can 
provide efficacy against D. nitens with high larvicidal potential. Also, bring perspectives over the 
development of FIP formulations to D. nitens control in horses. 
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Abstract 

A prevalence study of anthelmintic resistance (AR) in gastrointestinal nematodes (GIN) was conducted in 
beef cattle in Uruguay using a combination of fecal egg count reduction testing, nemabiome 
metabarcoding and deep amplicon sequencing. Drug efficacy was evaluated using the in vivo Fecal Egg 
Reduction Test (FECRT) on 37 farms for the following drugs: Ivermectin (IVM, 200µg/kg bodyweight), 
Levamisole  (LEV, 7.5mg/kg bodyweight), Ricobendazole (RBZ, 4mg/kg bodyweight) and Fenbendazole 
(BZ, 5mg/kg bodyweight). At each farm on Day 0, 15 animals were assigned randomly to each of the 
treatment groups (T) and to one untreated control group (C). Individual fecal samples were collected at 
days 0 and 14 and resistance was defined by a fecal egg count reduction of <95% the using formula [1-
((0/C14)/(T14/T0))] *100. Anthelmintic resistance was detected on 100%, 29.7%, 27.0% and 17.0% of 
farms for IVM, LEV, RBZ and BZ, respectively. Deep amplicon ITS-2 rDNA nemabiome metabarcoding and 
deep amplicon sequencing of the isotype-1 b-tubulin gene was applied to L3 obtained from pooled 
coprocultures pre- and post- treatment from  12 farms to quantify the species composition  and 
determine the frequency of the known benzimidazole resistance mutations for the major GIN species 
present. Multiple GIN species were present both pre- and post-treatment   for each anthelmintic 
treatment group with Cooperia punctata predominating in many cases. Codon 167 (TAC) and 200 (TAC) 
isotype-1 β tubulin resistance mutations were common in H. contortus for all farms in which it was 
present. These mutations were generally rare for the other cattle GIN species although the codon 200 
(TAC) resistance mutations present at high frequency in Ostertagia ostertagi on two farms suggesting 
benzimidazole resistance is emerging in this pathogenic cattle parasite species in Uruguay.  



 

 

535 

 

P-3040 

Can thyme essential oil have potential for control of Cochliomyia hominivorax 
larvae? 

Monique Medeiros1,2, Diefrey Campos1,2, Jéssica Assis1,2, Ana Beatriz Fortunato3,2, Thais Ferreira4,2, 

Gabriela de Oliveira4,2, Yara Cid5,2, Fabio Scott6,2 

1Pos graduation Program of Veterinary Science, Veterinary Institute, Federal Rural University of Rio de 

Janeiro, Seropédica, Brazil. 2LQEPV, Seropédica, Brazil. 3Undergraduate in Veterinary Medicine, 

Seropédica, Brazil. 4Animal Parasitology Departament, Veterinary Institute, Federal Rural University of 

Rio de Janeiro, Seropédica, Brazil. 5Pharmaceutical Science Department, Health and Biological Science 

Institute, Federal Rural University of Rio de Janeiro, Seropédica, Brazil. 6Animal Parasitology 

Department, Veterinary Institute, Federal Rural University of Rio de Janeiro, Seropédica, Brazil 

Abstract 

The New World screwworm fly, Cochliomyia hominivorax, is responsible for causing ulcerative myiasis in 
mammals. Essential oils have shown promise for the control of diverse arthropods with veterinary 
importance. The aim of this study was to evaluate in vitro the activity of Thymus vulgaris (thyme) 
essential oil against C. hominivorax larvae. Commercial essential oil of T. vulgaris was purchased from 
Via Aroma (Porto Alegre, Brazil). Third-instar larvae of C. hominivorax were obtained from a laboratory 
colony. To determine the larvicidal activity, thyme essential oil was diluted in 20% acetone and 
impregnated in filter paper. Ten third instar larvae were exposed to concentrations ranging from 1582.5 
to 148.2 µg.cm-2. The mortality was observed after 24 and 48 hours. All tests were performed with six 
replicates and the diluent of each test was used as a negative control. Statistical evaluation was 
performed using Probit analysis, with the RStudio software, to calculate the lethal concentrations (LC50 
and LC90) with confidence interval of 95%. The average LC50 values were 407.0 µg.cm-2 (325.4 – 497.8) 
and 314.2 µg.cm-2 (168.2 – 267.7) after 24 and 48 hours, respectively. In turn, the LC90 values were 
1149.4 µg.cm-2 (886.7 – 1697.7) after 24 hours and 579.7 µg.cm-2 (503.8 – 1083.7) after 48 hours. In 
conclusion, the thyme essential oil had in vitro larvicidal activity against C. hominivorax. The literature 
has reported resistant populations of C. homnivorax against insecticides and alternatives to control for 
resistant populations of screwworm fly has become a necessity. Thus, the results of this study 
demonstrated that thyme essential oil can be used to control of C. hominivorax in the future. 
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Abstract 

Apicomplexan are obligatory intracellular protozoa parasites of humans and animals. Furthermore, 
apicomplexans, such as Toxoplasma gondii, Neospora caninum and Besnoitia besnoiti, are auxotrophic 
for cholesterol, which is necessary especially for offspring membrane biosynthesis. P-glycoprotein (P-gp) 
is a transmembrane protein involved in transport mechanisms and xenobiotic efflux of molecules. 
Nonetheless, the role of P-gp in cholesterol metabolism is not fully understood. In addition, the impact 
of functional P-gp in coccidian parasite infections remains to be elucidated. 

P-gp inhibitors (verapamil, valspodar. tariquidar) were used to block P-gp activity. Primary bovine 
umbilical vein endothelial cells were pre-treated with these compounds and then infected with 
tachyzoites of each studied species in inhibitor free medium for 4 h and then inhibitors were re-applied. 
Infection rates and meront development were estimated at 4 and 24 h post infection (p. i.), respectively, 
via phase contrast and 3D holotomographic microscopy. At 48 h p. i., tachyzoites numbers were 
estimated.. The effects of P-gp inhibitors on neutral lipid accumulation were evaluated by flow 
cytometric analysis at 24 h p. i.. 

Treatments with verapamil and valspodar significantly diminished tachyzoite production in all parasite 
species. T. gondii, N. caninum and B. besnoiti tachyzoite production was reduced by 98.9%, 92.8% and 
99.6% with valspodar, and by 84%, 84.4% and 85.6% with verapamil treatments. In contrast, tariquidar 
treatment affected only B. besnoiti proliferation (51.7% of reduction) and infectivity.3D 
holotomographic analysis revealed smaller meronts in valspodar-treated host cells. Moreover, 
treatments with verapamil led to neutral lipid accumulation in host cells thereby suggesting this 
compound to affect intracellular cholesterol trafficking. Overall, we conclude that P-gp inhibitors have a 
potential anti-coccidian effect, however the species-related specificity of the highly specific P-gp blocker 
tariquidar suggest that the anti-parasitic efficacies of verapamil and valspodar may rather rely on other 
mechanisms than the P-gp blockage. 
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Abstract 

The cat flea (Ctenocephalides felis felis) occurs worldwide and is currently the most important 
ectoparasites of cats as well as dogs. The major chemical constituent of Cinnamomum essential oil is 
cinnamaldehyde, which has demonstrated insecticidal and repellent activity against several insects. 
Thus, the aim of this study was to evaluate the in vitro activity of cinnamaldehyde against 
Ctenocephalides felis felis adults, as well as inhibition of the fleas’ biological cycle (IBC). The fleas (adults 
and eggs) were obtained from laboratory colonies and the cinnamaldehyde was purchased from Sigma-
Aldrich (San Luis, EUA). To test the insecticidal activity, cinnamaldehyde was diluted in 20% acetone and 
impregnated in filter paper. For adults, 10 fleas were exposed to the concentrations utilized (883 – 
110µg.cm-2) and to determine the IBC, 10 flea eggs were exposed to concentrations ranging from 14 to 
6µg.cm-2. The mortality was recorded after 24 hours for adult fleas. For IBC measurement, the eggs were 
kept in a climate-controlled chamber and hatched larvae were maintained with a larval diet for 30 days, 
after which the emergence of adult fleas was noted. All tests were performed in six replicates and the 
diluent of each test was used as negative control. Statistical evaluation was performed using Probit 
analysis, with the RStudio software, to estimated LC50 and LC90 with confidence interval of 95%. The LC50 
value was 128.1 (103.2 – 156.9) µg.cm-2 for adult fleas, while for IBC the mean LC50 value was 8.8 (6.7 – 
9.6) µg.cm-2. In turn, the LC90 was 564.7 (415.9 – 878.1) µg.cm-2 for adults and for the IBC it was 13.6 
(11.8 – 17.2) µg.cm-2. In conclusion, cinnamaldehyde was active against immature and adult fleas. 
Because of the increasing incidence of resistant ectoparasite populations, alternative methods for their 
control are necessary. In this respect, cinnamaldehyde is one of these alternatives. 
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Abstract 

The cat flea, Ctenocephalides felis felis, is the most prevalent ectoparasite affecting dogs and cats 
worldwide. Essential oils from plants of the Cymbopogon genus have already been shown to have 
insecticidal and repellent activity against various insects. Thus, the aim of this study was to evaluate the 
in vitro activity of essential oils of palmarosa (Cymbopogon martinii), lemongrass (C. flexosus) and 
citronella (C. winterianus) against adults of Ctenocephalides felis felis. The fleas were obtained from 
laboratory colonies and the essential oils were purchased from Via Aroma (Porto Alegre, Brazil). To test 
the insecticidal activity, essential oils were diluted in 20% acetone and impregnated in filter paper strips. 
For adults, 10 fleas were exposed to the concentrations utilized (800 to 50 µg.cm-2). The mortality was 
recorded after 24 hours. All tests were performed in six replicates and the diluent of each test was used 
as negative control. Statistical evaluation was performed using Probit analysis, with the RStudio 
software, to calculate the lethal concentrations (LC50 and LC90), with confidence interval of 95%. The 
estimated LC50 values were 103.2, 311.3 and 441.9 µg.cm-2, while the LC90 values were 313.7, 647.9, 
699.0 µg.cm-2 of the essential oils of palmarosa, lemongrass and citronella respectively. Comparison of 
the LC values obtained for the three essential oils indicated that palmarosa EO had the lowest LC50 and 
LC90, with relative potency (LC90) 2.1-fold higher than lemongrass EO and 2.2-fold higher than citronella 
EO. In conclusion, the essential oil of palmarosa showed the best insecticidal activity against the fleas in 
comparison with the other two oils tested. Therefore, considering its volatile characteristic, this OE can 
be considered promising for more ecologically friendly control of C. felis felis. 
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Abstract 

Ctenocephalides felis felis is the most common ectoparasite of pets and is associated with transmission 
of several pathogens. Some essential oils have been shown to have repellent activity against 
hematophagous insects. The aim of this study was to evaluate the repellent activity of essential oils 
(OEs) of copaiba (Copaifera reticulata) and sage (Salvia sclarea) against C. felis felis. The fleas were 
obtained from laboratory colonies and the EOs were purchased from ViaAroma (Porto Alegre, Brazil). To 
test the repellent activity, EOs were diluted in 20% acetone and impregnated in filter paper. Ten adult 
fleas were exposed to the concentrations utilized (685.7 - 85.7 µg.cm-2), with six repetitions. One filter 
paper sheet was impregnated with the EOs and another with acetone only. DEET was used for the 
positive control, with the same concentrations and repetitions. To determine repellency, the distribution 
of fleas on each half of the filter paper was recorded after 30 minutes. To assess repellency persistence, 
new evaluations were performed 3, 6, 12, 24 h after impregnation. The statistical comparison between 
the mean percentages of repellency was performed using ANOVA, with 95% confidence interval. In the 
first hour, repellency values of 100%, 90.9% and 92.9% were observed at the concentration of 
685.7µg.cm-2 in relation to the compounds DEET, copaiba EO and sage EO respectively. After 3 hours, 
DEET maintained its repellency of 100%, while copaiba and sage EOs showed 82.4% and 86.8%, 
respectively. After 24 h, DEET obtained persistence of 60% at the concentration 685.7µg.cm-2, while the 
copaiba and sage EOs both showed 50%. Although DEET had higher mean repellency percentages, no 
statistical difference (p>0.05) was observed between this compound and C. reticulata and S. sclarea, 
when compared to the different concentrations and time intervals tested. Therefore, both essential oils 
showed promise as flea repellents that can prevent the transmission of pathogens. 
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Abstract 

Cattle tick disease including that caused by Rhipicephalus australis is a major cause of disease 
worldwide. Treatment of cattle ectoparasites generally relies on chemicals, however, resistance to each 
class is widespread and increasing. In developing a completely novel, topical, sustainable, chemical-free 
method for control of R. australis, we have formulated two preparations containing communities of 
beneficial microbes sourced from a collection of soil organisms endemic to northern Australia and 
selected for their acaricidal and chitinase activity in vitro.  

Proof-of-concept field trials following WAAVP Guidelines were completed with two formulations 
consisting of a mixture of 5 to 9 Streptomyces bacterial isolates (10^9 to 10^12 cfu) in an oil or an 
aqueous vehicle. Cattle with natural tick infestation, ≥ 20 engorged female adult ticks on one side of the 
animal, were randomised into groups receiving either the preparation or placebo (20 animals per 
group). The preparation (100 mL) was administered weekly on 5 occasions. The oil formulation was 
applied to the backline and the aqueous preparation to the flanks, dewlap, belly and escutcheon. Tick 
counts and general health assessments were undertaken on treatment days, and 2 and 4 weeks 
following the last treatment. 

In the trial of the oil-based back-liner, tick burdens declined from Day 20 compared with controls and 
tick counts were significantly lower on Day 41. Cattle sprayed with the aqueous preparation had 
significantly lower tick counts on Days 13 and 27. On Day 27, 4 of the 20 cattle in the control group were 
rescue-treated with a chemical acaricide because of excessive tick burdens (>150 ticks). There were no 
adverse effects on skin or general health and no negative effects on hides in these studies. 

These topical probiotic formulations are a promising addition to the armamentarium for treating cattle 
tick and other ectoparasite infestations in cattle. 
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Abstract 

Ticks are considered important vectors of human and animal diseases second only to mosquitoes . Ticks 
identification and their associated pathogens play an important role for the control of the vector-borne 
diseases. Ticks can also transfer more than one pathogen after a single blood meal from a co-infected 
host or after multiple feeding on different infected hosts. Humans and animals are vulnerable to mixed 
infections that might enhance disease severity, alter the typical symptoms and complicate the pathogen 
detection. Diagnostic methods should fit the range of pathogens carried by ticks with the aim of 
obtaining a correct diagnosis and treatment. The aim of this study was to expands the knowledge on the 
presence of tick species diversity and tick-borne pathogen repertoires of medical and veterinary 
importance circulating in Sardinia island. Using standard PCR and sequencing techniques, the presence 
of bacterial and protozoal DNAs was evaluated in 2.349 ticks morphologically identified respectively as 
Rhipicephalus sanguineus sensu lato, R. bursa, R. annulatus, Dermacentor marginatus, Haemaphysalis 
punctata, Ha. sulcata, Hyalomma lusitanicum, H. marginatum, Ixodes festai, Ornithodoros maritimus 
and Argas reflexus. The results of this study indicate the spread of tick vectors through the island, and 
evidenced the presence of Rickettsia, Chlamydia, Anaplasma, Ehrlichia, Coxiella and Bartonella species, 
as well Babesia/Theileria species circulating in Sardinian ticks that could represent a danger for domestic 
and wild hosts, including humans. The high rate of tick co-infections suggests that ticks distribution 
should be monitored frequently for effective control of these arthropods and the infections they 
transmit. 
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Abstract 

Introduction 

Toxoplasma gondii and Sarcocystis spp. (Eucoccidiorida: Sarcocystidae) are protozoan parasites that 
infect a wide range of humans and domestic and wild animals’ species. For humans, T. gondii and 
Sarcocystis risky food products are mainly undercooked contaminated farm animals’ meat. 

Objectives 

This study was performed to identify in popular processed beef meat-based sausages (Merguez) the 
prevalence of Toxoplasma gondii and the zoonotic species of Sarcocystis 

Materials and methods 

A total of 99 samples, collected from four Tunisian regions, were used for molecular analyses. For each 
sample, DNA was extracted from 4 equal pieces and PCR reactions were performed. Phylogenetic 
analyses were performed to identify Sarcocystis species. The infection prevalences were compared using 
the Chi-square Mantel-Haenszel test, with Epi Info 6 software at 5% threshold. Risk factors were 
evaluated using stratified odds ratio. 

Results 

Prevalences of T. gondii and Sarcocystis spp. DNA in Merguez samples were 47.5% and 52.5%, 
respectively. Important differences between regions were found. The DNA of both parasites was 
detected in 14.1% of the same samples. For Sarcocystis spp. infection, the percentage of samples having 
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one positive piece was significantly higher than those having two, three or four positive pieces. 
Whereas, for T. gondii, the majority of tested samples had two positive pieces (16.2%) (p = 0.002). 
Sequencing showed the presence of Sarcocystis tenella and Sarcocystis cruzi species. 

Conclusion 

Our findings suggest a high prevalence of T. gondii and Sarcocystis spp. in Merguez sausages with a 
potential high human health risk if the latter are undercooked. This study is important at different levels 
of the animal source food value chain particularly to the animal health services at both the field and the 
food processing levels. 
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Abstract 

Introduction: Entrustable Professional Activities (EPAs) have garnered interest in veterinary 
education.  EPAs describe the routine clinical activities of a veterinarian and provide a context for 
observation and assessment of the learner’s abilities. In the typical academic veterinary medical center 
(AMC), both students and faculty strive to create an environment that fosters clinical competence while 
facing major time constraints with learners only on rotational blocks for a short period of time. 
Additionally, the clinical setting is fast-paced with a need for an efficient and effective framework for 
assessment and the delivery of feedback.  

Methods: Using the CBVE EPAs a rating form was developed using the Qualtrics survey tool which 
included brief demographics, a 5 point entrustment scale, and 2 prompts for narrative feedback. Clinical 
services within the AMC were recruited to pilot the survey with students rotating through their clinical 
service during the 2018-2019 academic year. Faculty and students were trained using a brief 
introduction followed by a handout and 5-minute video prior to taking part in study. Learner and raters 
were surveyed bi-weekly on efficiency and perception of the quality of feedback given and received. 
Following the conclusion of the pilot period, both faculty and students participated in focus groups to 
solicit feedback about feasibility, strengths, opportunities, and outcomes. 

Results: Most raters could complete the rating form in less than 2-5 minutes and overall felt that it 
improved the quality of feedback they gave learners in comparison to before using the form.   Learners 
reported that the amount of feedback they had received was more than on clinical services not using 
the process and allowed them to reflect on their personal performance to improve. 

Discussion: A short EPA-based rating form can provide a platform for immediate feedback in a way that 
is both feasible and valuable in a busy AMC. 
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Abstract 

Ergasilidae is one the most important families of fish parasitic copepods due to a large number of 
described species throughout the world (over 260 spp.) and by its parasitological importance – i.e. when 
attached on gills, ergasilids can cause severe damages to gill tissues leading to mortality of its hosts in 
some cases. An increase in the number of taxonomic studies about ergasilids is necessary, due to this 
group has a great potential for discovering new taxa and by the rise of fish meat consumption 
worldwide. In Brazil, over 60 spp. from 19 ergasilid genera have already been described (majority 
registered in the Amazon River Basin). Rhinergasilus was initially proposed based on a single species, 
Rhinergasilus piranhus found in the nostrils of Pygocentrus nattereri (red-piranha) from the Amazon 
region. Since its description, R. piranhus was found parasitizing nostrils of six fish from three different 
families: Acestrorhynchidae, Prochilodontidae, and Serrasalmidae. In this study, we found this species in 
the nostrils of four new hosts (Astyanax lacustris, Astyanax fasciatus, Cyphocharax modestus, and 
Psalidodon bockmanni) sampled in the rivers Pardo, Paranapanema, and Veados from São Paulo State, 
Brazil. It also represents the first report of this parasite on fish from families Characidae and 
Curimatidae. The specimens collected presented morphological differences when compared to the type 
species, as follows: complete separation of first and second antennule segments, first pedigerous somite 
incompletely separated from cephalosome, and armed with a pair of spine-like structures located at the 
base of antennules and antenna. Previous differences were not enough to separate present specimens 
as a new taxon; however, it indicates the need for revision of this species, which was done herein. This 
work contributes to increasing the knowledge about Ergasilidae in Brazil by reviewing R. piranhus, as 
well as by registering new hosts and localities for this copepod species. 
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Abstract 

Myxobolus nagaraensis, first reported in 2007 in freshwater gobies (Rhinogobius spp.) of Nagara River in 
Gifu Prefecture, Japan, has been reported in other locations, including the rivers in Kanagawa 
Prefecture. Parasitic spores of M. nagaraensis form cysts in the body cavity of gobies, appearing as 
distended abdomen. The physical pressure of the cyst is presumed to impair digestive activities, 
potentially causing increased mortality. Recently, DNA sequencing methods have been used for 
characterizing myxozoan species to understand their patterns of intraspecific variation and dispersal. 
However, no such information is available on M. nagaraensis. Here, we compared the SSU and LSU rDNA 
sequences of M. nagaraensis from two goby species, R. fluviatilis and R. similis (R. giurinus), from Sakai 
River in Kanagawa. DNA was extracted from the cysts of each species (n=2), and SSU (1625bp) and LSU 
(3626bp) rDNA was amplified and sequenced. Direct SSU rDNA sequences differed by 0.37% (6/1625bp) 
between the two species. For LSU rDNA, amplified products were cloned into a pCR™2.1-TOPO® vector, 
and five clones were sequenced for each sample. The difference between cloned sequences ranged 
from 0.17–0.50% and 0.06–0.44% for R. fluviatilis and R. similis, respectively. Although nucleotide 
changes between the clones were inconsistent for R. fluviatilis, nine nucleotide sites were consistent 
for R. similis (3–5 clones out of 5). Position and nucleotide changes between R. similis and R. 
fluviatilis were as follows: 508 (A/T), 530 (C/G), 539 (C/A), 648 (T/G), 649 (A/T), 695 (A/G), 1773 (C/T), 
2940 (A/G), and 2944 (C/T), suggesting that intraspecific variation exists between M. nagaraensis 
infecting two goby species regardless of differences between cloned sequences. However, since M. 
nagaraensis has been reported in other goby species and rivers in Japan, further molecular 
characterization of the parasite is necessary for understanding its dispersal. 
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Abstract 

Genus Cytauxzoon was established by Neitz and Thomas, in 1948, due to the differences in the site of 
the schizogonic development when compared to Theileria spp. The type species, C. sylvicaprae, and two 
other species described a few years later, C. strepsicerosi and C. taurotragi, were added to the genera. In 
1975, a new species of Cytauxzoon was reported in domestic cats in the USA, later named C. felis, while 
C. manul was recently described in Pallas’s cats (Otocolobus manul). The genetic diversity of European 
Cytauxzoon spp. in wild felids across Europe was recently determined by analysing one nuclear and two 
mitochondrial genes. In contrast to 18S rDNA phylogenies, which showed a low inner diversity of the 
European isolates, the phylogenetic analyses of the mitochondrial genes revealed three highly 
supported clades, resulting in three defined genotypes. Due to the similar intra- and interspecific 
variability of the mitochondrial cytochrome b and cytochrome c oxidase subunit I genes observed in the 
case of different Babesia spp., the genotypes were considered as distinct species and described as C. 
europaeus, C. otrantorum, and C. banethi. Although C. felis is well studied in North America, knowledge 
on European Cytauxzoon spp. are still incomplete. The identity of Cytauxzoon isolates from domestic 
cats remains unsolved, as well as the life cycle of all European species. European Cytauxzoon spp. 
appears to be less virulent than C. felis, as a large number of domestic cats were apparently healthy at 
the time of diagnosis. Still, several clinical cases were reported, particularly in cats with immune-
mediated disorders or secondary infections. The purpose of the present work is to provide a basis for 
better understanding the ecoepidemiology, biology, and diagnosis of this piroplasm. 
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Abstract 

Small, membrane-bound “delivery trucks” known as extracellular vesicles (EVs) are produced by cells to 
aid in the transfer of macromolecules. When it comes to protozoan Leishmania, causal agent of the 
zoonotic disease leishmaniasis, EVs have been shown to play a role in parasite communication and even 
aggravate infection. Leishmaniasis can affect the skin (CL), mucous membranes (MCL), or internal organs 
(VL), and is difficult to treat and prevent. Furthermore, given that dogs serve as a reservoir, 
Leishmania is of major veterinary importance. Through in vitro studies & proteomic analyses, our group 
has already determined that EVs from drug-resistant (DR) parasites contain unique proteins that could 
hypothetically be transferred among a parasite population. With Leishmania co-infections and drug 
resistance becoming ever more common, we set out to investigate the ability of xenogeneic EVs to 
modulate infection pathophysiology and drug sensitivity in vivo. We began by isolating EVs from 
Leishmania major and Leishmania donovani infantum, causal agents of CL and VL respectively, including 
drug-sensitive (DS) and DR strains. Mice were then infected with CL, and inoculated with EVs from either 
L. major or L. donovani infantum DS or DR strains. Pathophysiology was monitored by measuring 
footpad swelling for 10 weeks. Next, mice were euthanized in order to quantify footpad parasite burden 
using limiting dilution assays. To determine whether EVs from DR strains led to changes in the drug 
sensitivity profile of DS parasites, footpad parasites are being cultured in order to perform drug 
sensitivity testing. In future, VL evaluations will also be performed, using the liver and spleen for 
analyses. Our results could provide valuable insight into the potential role of EVs in Leishmania co-
infections and propagation of drug resistance. With these findings, we hope to inform future diagnostics 
and treatment of leishmaniasis, bettering the health of both animals & humans alike. 
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Abstract 

Coccidiosis, a major parasitic disease of broiler poultry is caused by the protozoa Eimeria and is 
characterised by enteritis. Birds affected by coccidiosis are unable to absorb feed or gain timely weight 
as the parasite damages the gastrointestinal tract resulting in extensive costly productivity losses 
worldwide for broiler meat producers. The disease is routinely controlled with prophylactic drugs (e.g. 
Salinomycin) but the emergence of drug resistance and proposed bans on the use of in-feed drugs to 
control this parasite, have placed the broiler meat industry under pressure to pursue alternative 
parasite control measures. This work sought to explore anti-infection properties of Artemisia 
vulgaris extracts on Eimeria tenella in-vitro. Artemisia vulgaris, is one of several species in the genus 
Artemisia commonly known as mugwort with reported biological effects of anti-oxidant, anti-
inflammatory and anti-microbial properties with Artemisia annua extracts demonstrating activity on 
Eimeria sporulation and immunomodulating host cell responses during infection. In this study, Artemisia 
vulgaris was locally sourced to produce crude extracts from stem, leaf, and floral parts.  The plant parts 
were separated, oven dried, ground to a fine powder, solubilised in a variety of solvents (ethanol, 
DMSO, and PBS) and filter sterilised before examining in an in-vitro cell infection model with Eimeria 
tenella infective sporozoites. Parasites for infection studies were prepared from poultry field isolates of 
Eimeria oocysts, by simulating sporulation and avian digestion in the laboratory to release cell infective 
sporozoites. Sporozites were prelabelled with CFSE for infection studies with different combinations of 
plant extracts and infection rates evaluated using flow cytometry. Artemisia vulgaris plant extracts 
exhibited efficacy at reducing Eimeria sporozoite infection in an in-vitro host cell model which will be 
presented in the context of plant extract use as a combined approach for the management of avian 
coccidiosis. 
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Abstract 

Balantioides coli, which is a ciliated protozoan parasite can infect different animals including pig, non-
human primates, and ruminants. Recent study showed that B. coli consists of two different variants 
called variant I and variant II, and variant I has zoonotic potential. The purpose of this study was to 
determine prevalence of B. coli variant I and variant II microscopically and molecularly in pigs in Korea. 
From May 2020 to November 2020, 188 pig fecal samples were collected from 36 farms in Korea. 
Presence of B. coli was screened microscopically and molecularly, and restriction fragment length 
polymorphism (RFLP) was applied to distinguish variant I from variant II. In addition, phylogenetic 
analysis was performed. Of 188 samples, 79 (42.9%) and 174 (92.6%) samples showed positivity against 
B. coli microscopically and PCR, respectively. Moreover, RFLP revealed that 62 (33.0%) and 160 (85.1%) 
samples were infected by variant I and variant II, respectively. 48 (25.5%) samples were co-infected by 
both variants. Phylogenetic analysis also supported the RFLP results. This study showed that B. coli of 
both variants is prevalent in pigs in Korea. Considering zoonotic potential of B. coli variant I, regular 
monitoring of B. coli in pigs in Korea is required. 
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Abstract 

Eimeria bovis is an intracellular apicomplexan parasite that causes considerable economic losses in the 
cattle industry. During first merogony, E. bovis forms large macromeronts with > 140,000 merozoites I in 
host endothelial cells. Since this is a high-energy demanding process, E. bovis exploits the host cellular 
metabolism to fulfil its metabolic requirements. Previous data from our group demonstrated that E. 
bovis infection triggered a senescence-like status of the host cells from 12 days post-infection (p. i.) 
onwards. In order to understand how the parasite induces host cellular senescence, we here performed 
a screening of the main metabolic pathways and metabolites related to the energetic status of the cells. 
The metabolic signatures of E. bovis-infected primary bovine umbilical vein endothelial cells revealed 
enhanced glycolytic responses from 12 days p. i. onwards. The oxygen consumption and extracellular 
acidification rates were found to increase in E. bovis-infected cells indicating a shift from quiescent to 
energetic cell status, which coincided with enhanced glucose and pyruvate consumption levels in 
addition to increased lactate production thereby indicating a pivotal role of glycolysis in infected 
cells. Likewise, the treatments of E. bovis-infected host cells with two glycolytic inhibitors (DG, 
FDG) blocked macromeront development and merozoite I production. As an interesting finding, we also 
observed that DG treatments boosted sporozoite egress thereby suggesting that sporozoites may sense 
adverse host cellular metabolic conditions. Furthermore, infection-induced oxidative stress was tested 
by measurements of intracellular/extracellular ROS production and NADPH concentration. Both 
parameters were found to increase towards the end of merogony, additionally, mitochondrial potential 
was enhanced from 12 d p. i. Moreover, structural alterations of membrane potential signals also 
indicated mitochondrial dysfunction in macromeront-carrying host cells. 
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Abstract 

Besnoitia besnoiti is the causal agent of bovine besnoitiosis characterized by massive cyst formation in 
parasitized skin and mucosa. During early phase of infection, fast proliferating tachyzoites invade and 
replicate within primary host endothelial cells in a Ca++-dependent mechanism. In non-excitable cells, 
extracellular signals activate the inositol-triphosphate/calcium (InsP3/Ca++) pathway, dependent of the 
phospholipase C (PLC) activation and increase of IP3 levels inducing Ca++  release from intracellular stores. 
Despite understanding of Ca++ signalling, less is known in coccidian infections. Aim of this study was to 
characterize possible role of InsP3/Ca++ pathway during B. besnoiti invasion and Ca++ dynamics during 
intracellular development in bovine primary endothelial cells (BUVEC). 

  

The InsP3/Ca++ signalling during invasion was evaluated by infection rate (i.r.) estimation of tachyzoites 
pre-treated with Ca++ chelators (BAPTA and EGTA) or PLC inhibitors (U73187 and D609). Moreover, Ca++ 
signals were fluorimetrically evaluated in free tachyzoites loaded with Fluo-4AM and stimulated with 
PLC activators (m-3m3FBS or ethanol) in presence of PLC inhibitors. Additionally, Ca++ dynamics during 
tachyzoite replication was determined in B. besnoiti-infected BUVEC loaded with Fluo-4AM at different 
time points post infection (p.i.).  

  

Current data show that treatments with BAPTA but not EGTA affected the invasion process reducing the 
i.r. by 85.4 ± 9.3, thus suggesting that intracellular Ca++ sources are relevant for invasion. In line, 
treatments with U73187 and D609 reduced i.r. by 79.3 ±9.4 % and 49.7 ± 8.9 %, demonstrating that PLC 
signaling is critical for host cell invasion. Additionally, we found that m-3M3FBS induced a PLC-
independent Ca++ flux, thereby limiting its usage as PLC activator. Finally, we observed an increase in 
total Ca++ signal in B. besnoiti-infected BUVEC over time, since the signal was mainly originated from 
tachyzoites within infected host cells we suggest a parasite replication-driven process. 

 



 

 

553 

 

P-4001 

A Novel Invention Of Kit, For Semi-Automated Pen-Side Faecal Egg Counts, 
Using Image Analysis 

Tara McElligott, Andrew Weatherley 

Micron Agritech, Dublin, Ireland 

Abstract 

Anthelmintic resistance has become increasingly common in parasites of cattle, sheep and goats. To 
preserve the efficacy of the small number of medicines available, EU legislation due to become law in 
2022 (EU 2019/6) will state that treatment must be focused on individual animals instead of the more 
common practice of treating on a herd/flock basis. Faecal egg counts are a valuable tool in assessing 
worm burdens in individual animals. This paper describes an innovative kit for the pen-side 
determination of faecal egg counts in cattle, sheep and goats. The Micron Kit facilitates a single handling 
process for the determination of level of infection via egg counts and anthelmintic treatment of 
individual animals as necessary. Egg counts are performed using image analysis capable of the automatic 
identification and counting of both strongyle eggs and coccidia oocysts. The entire imaging and 
reporting process is carried out using an app on a smart phone. In addition to providing a detailed 
description of the kit, data is presented from a study carried out on ten cattle farms in Ireland during the 
autumn of 2019. Duplicate faecal samples were taken from 428 animals and egg counts performed 
immediately using the novel kit. The duplicates were sent to a local veterinary laboratory and egg counts 
carried out using their standard technique. Although egg counts were generally low, the data shows no 
statistical difference in counts carried out by either method. The Micron Kit is simple to use and carrying 
out egg counts by image analysis eliminates operator error. The convenience and reduction in handling 
consequent on use of this novel invention is likely to lead to improved compliance and confidence in a 
move to making individual animal anthelmintic treatment decisions.  
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Abstract 

Nucleic acid diagnostics enable highly sensitive and specific detection of target organisms and genes of 
interest. However, extracting nucleic acids from faecal samples is currently a complex and lengthy 
process requiring the use of  laboratory equipment, multiple liquid handling steps, and costly reagents. 
Nematodes and other parasites pose a particular challenge since multiple purification steps are usually 
undertaken to remove contaminating faeces. In addition, course homogenization is often required to 
break tough exterior walls of environmentally hardy parasites including nematodes, trematodes, 
protozoans, and others. These issues present obvious challenges when attempting to 
diagnose,  parasitic infections at the pen-side. Recent advances in low-cost rapid nucleic acid purification 
protocols from plant, animal, and microbe samples using a dipstick-based method opens the door for 
pen-side faecal DNA extractions for veterinary diagnostics.  We co-opted and modified available 
cellulose-based paper purification protocols for detection of helminth parasites in ruminant faeces. 
Numerous pen-side applicable homogenization and purification steps were tested 
including:  centrifugation, boiling with proteinase-K addition; or syringe filtration with iso-propyl 
addition, to release any parasitic DNA which may be present within the faecal samples. We find that this 
approach is amenable for detection of extremely low levels of DNA using Whatman No. 1 paper, lysis 
buffer, and simple wash buffers.  DNA could readily bind to this cellulose-based paper and be retained 
throughout contaminant removing wash-steps.  
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Abstract 

Gastrointestinal nematode (GIN) infections have a negative impact to the health and welfare of small 
ruminants worldwide, impairing their social and clinical conditions. The control of GIN is based on the 
frequent use of anthelmintics, given rise to multidrug resistance populations. Therefore, the 
development of phenotypic and genotypic detection methods is essential for improving GIN control. In 
this study, we conducted a meta-analysis to explore the use of diagnose methods to detect anthelmintic 
resistance (AR), and the factors associated with it. A literature search was performed on PubMed and 
Scopus database to find articles that used/described methods for AR diagnosis. Each study was 
examined for the experimental designs, diagnostic method and data interpretation. Twenty-seven 
studies, published between 2005 and 2020, were used for the meta-analysis. The data originated from 
19 countries on four continents, with Europe being the most representative (14/27). Ivermectin was the 
most studied compound and had the most reported cases of AR. The abomasal nematode 
Haemonchus spp. was the most prevalent parasite (20/27). Phenotypic methods with emphasis on 
faecal egg count reduction test (FECRT) were the most employed. Molecular methods (PCR, genotyping, 
qPCR, ddPCR, AS-PCR) showed greater use in detecting benzimidazole resistance in Haemonchus spp., 
showing an increase since 2010. Surprisingly, goats appeared in 63% of the citations. Many factors can 
contribute to the spread of AR and there is a great need to promote, disseminate, and improve the 
methods for its detection. The present work points out a positive situation, with the availability of 
efficient detection methods, but also present us with a great challenge, that is to make these tools more 
readily available. When we close this gap, health programs and management systems for small 
ruminants will be more easily achievable. 
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Abstract 

Beekeeping is an important worldwide activity, since in addition of obtaining products coming from the 
hive, bees are important pollinators, so they have a significant role in the protection of the environment, 
biodiversity and forest regeneration. However, the attack that Apis mellifera bees are suffering 
associated to many factors, one of them the Varroa destructor mite, make social concern be increased 
and make the veterinary action necessary by control and treatment measures hives.  

The main objective of this study is to determine the morphological adaptations that Varroa 
destructor mite has undergone during the parasitisation of its host, the honeybee Apis mellifera. For this 
purpose, mites have been collected from brood combs which have been processed for the posterior 
study using scanning electron microscopy techniques, as well as optical microscopy techniques. The 
images obtained made possible the evaluation of the external morphology as well as the histological 
study of some of the internal structures in the different stages of the mites and finally to compare them. 

Based on the results obtained from the histological and scanning electron microscopy images it has been 
carried out an analysis of the most important structures of the mite that favour the parasitisation of the 
host. In addition, the results reveal that it exists a greater proportion of mites located in the outskirts of 
the square. It has been noted that samples fixed in Carnoy’s solution destined to the histological study, 
present a better conservation of the structures. The images obtained in a second similar study have 
allowed to see the development of the essential structures in different stages of the mite life and the 
presence or absence of specialized structures. 
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Abstract 

Despite a need for high-throughput diagnostics for gastrointestinal nematode (GIN) monitoring, current 
approaches remain low-throughput and labour intensive. This is due to the complexity of sample 
processing as well as a lack of development funding for low-cost automation. Many attempts to track 
the spread of parasites under climate-change and the spread of drug-resistance traits have required 
pooling of faecal samples or reducing environmental monitoring of L3 stage larvae on herbage. 
Following sample processing, diagnostic tests are similarly low-throughput and rarely link phenotype to 
genotype since almost all techniques prevent collection of GIN larvae for further assessment. This 
system is especially convoluted considering the diversity of GINs present in any given animal, many of 
which are not the cause of significant harm. To move towards automated GIN handling we developed a 
low-cost open-source microfluidics system to identify, measure, and sort L3 larvae. The primary element 
is an Arduino LEGO-motor syringe pump with optically clear microfluidic tubing for assessing L3 stage 
larvae. Pools of L3 are back-filled into the tubing and processed by the syringe pump under a 
microscope. We demonstrate minimal lateral movement of L3 in the tube and ability to image and sort 
up to 44 individual larvae per minute. Sequential imaging of L3 enabled a novel means of motility and 
activity monitoring which can be co-opted for response to drug challenge at the individual larvae level. 
Modular additions include an XY plate sorter and a 3D printed raspberry Pi microscope that enables 
automated control of the syringe pump for detection, measurement, and sorting of L3 in solution. 
Sorted L3 were also successfully screened by single-larvae PCR to pair species to morphometrics in 
mixed-species infections. Overall, this system is a first step towards improved throughput GIN 
diagnostics at the individual larvae level. 
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Abstract 

Introduction  

Ornamental birds are raised for pleasure and for commercial purposes of live birds, meat, or eggs. 
Often, those birds are owned by breeders and exhibitors of upmarket poultry breeds as well as small 
commercial operators selling live birds and eggs to niche markets for reproduction. Poultry farming of 
backyard chickens is an expanding activity for food production and there has been increasing interest in 
raising ornamental birds through this system. Backyard chicken breeding in Portugal has a very rustic 
way of being and intestinal parasites are very common in chicken flocks.  

Materials and Methods 

In this parasitological study we established a gastrointestinal parasitism profile in ornamental chickens 
raised in a backyard system in the district of Santarém, located in central Portugal. The faecal samples 
representing a total population of 360 birds from 12 flocks were examined by floatation and 
sedimentation methods.  

Results  

A total of 33 pooled faecal samples representing the total population were infected. In the coprological 
analysis, coccidians were the most prevalent, observed in 97% of the the samples, followed by the 
helminths Heterakis gallinarum (58%), Ascaridia galli (24%), Hymenolepis spp. (18%), Capillaria spp. 
(12%), and Choanotaenia spp. (3%). Concomitant infections were observed in 66.6% (22/33) of the birds. 
A single infection was observed in 33.3% (11/33), double infection in 39.3% (13/33), triple infection in 
18.18% (6/33), quadruple infection in 6.06% (2/33), and quintuple infection in 3.03% (1/33) of the 
pooled samples.  

Discussion 

These results show the first parasitological status of ornamental backyard chicken breeding in Portugal. 
These results also present a contribution for the investigation of therapeutic, prophylactic and handling 
measures which may not only improve the welfare of ornamental backyard chicken breeding but also 
raise awareness to the significant role that parasites assume in this type of activity.   
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Abstract 

Companion animals infected with Leishmania infantum (L.i.) have been increasingly reported in the UK 
mostly related to imported/travelled dogs, although two autochthonous cases were identified in 2019. 
Up-to-date epidemiologic data are essential for combating this zoonotic disease in emerging areas. This 
study aimed for the first time, to estimate the percentage and temporal variation of dog and cat 
samples which tested positive for L.i. infection at commercial diagnostic laboratories, and to describe 
the travel history of dogs and cats with leishmaniosis identified in a network of UK veterinary practices. 
L.i. serology and PCR data were collected by SAVSNET from five UK veterinary diagnostic laboratories 
between June 2010 and May 2019. Electronic health records collected from 153 veterinary practices 
across the UK were obtained through SAVSNET between March 2014 and June 2019. Text mining tools 
were used to identify compatible cases with clinical leishmaniosis in the clinical narratives which were 
subsequently manually validated. A total of 10497 diagnostic samples (10464 from dogs and 33 from 
cats) were analysed including 7664 serums tested by either ELISA (6189) or IFAT, and 2833 DNA by PCR. 
L.i. antibodies were detected in 39.5% (95% CI: 38.4%−40.6%) of dog’s samples (3019/7642) and in 4.5% 
(95% CI: 0.8%−21.8%) of cat’s samples (1/22). In dogs, the percentage of seropositivity increased from 
2013 (30.6%; 103/336) to 2019 (41.4%; 441/1065). By PCR, Leishmania DNA was only detected in dog’s 
samples (12.8%;95% CI: 11.6%−14.1%; 362/2822). A total of 208 dogs with clinical leishmaniosis were 
identified in the clinical narratives of which 68 had the travel history recorded. These 68 dogs either 
visited or were imported from Spain (n=38), Greece (n=17) and other Southern European countries 
(n=13). This study provides new insight into Leishmania infection in dogs and cats in the UK, and 
identifies countries likely associated with imported cases. 
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Abstract 

Zoonotic parasites carried by canine companion animals can adversely impact both human and animal 
health. Previous studies in Australia indicated that while parasitic infections in dogs are still common 
and there is variability in the awareness and perception of zoonotic risks among pet owners, the likely 
contribution of sociodemographic factors to the variation in awareness and perception needs to be 
further explored. Since treatment and control of parasite infection in pets entirely depends on owners’ 
compliance with treatment delivery, it is thus essential to learn about the perception of the pet owners 
about the parasites and their beliefs about the benefits of parasite control in pets. In this study, we 
surveyed a total of 281 dog owners in SE Queensland between April 2019 to March 2020 and the 
relationship between dog owners’ perception of gastrointestinal parasite infection was assessed using 
an adaptation of the Health Belief Model social cognitive framework for health protection. The model 
looked into the role of dog owners’ demography on their perceived severity and susceptibility to 
zoonotic canine parasites and their likelihood of performing actions associated with worm control of 
their pets. Our results indicate that owners perceptions about parasitic disease severity in their pets was 
26% higher in female dog owners compared to males, in respondents owning dogs over 10 years (27% 
higher than those owning a dog <3 years) and those owners that regularly deworm their pets and report 
faeces disposal. Our study indicates that the perceptions of pet owners towards zoonotic canine 
parasites varies demographically and owner education is important to prevent infection among dogs 
and control the zoonotic transmission to owners and the community. 
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Abstract 

Lack of information on ticks and tick-borne pathogens (TBPs) affecting large ruminants in Egypt triggered 
the current study, which aimed to provide insights into tick species infesting cattle and buffaloes and 
identify associated TBPs. Furthermore, we investigated the genotypes of Anaplasma marginale in 
Egypt. In total 570 ticks and 394 blood samples (309 cattle and 85 buffaloes). Ticks were identified 
morphologically and by sequence analysis of the cytochrome C oxidase subunit 1 gene. Real-time PCR 
and reverse line blot (RLB) assay were used for detection of several TBPs. A. marginale genotypes were 
identified by sequence analysis of partial msp1α gene. Results revealed that 398 ticks belonged to the 
genus Hyalomma while 172 ticks were identified as Rhipicephalus annulatus. They tested positive for 
several protozoa and bacteria with different minimum infection rates (MIRs): Babesia occultans (1.8 %) 
in Hyalomma excavatum, B. bovis (0.6 %) in R. annulatus. Theileria annulata (18.1 % and 2.3%), A. 
marginale (28.5 % and 18%), Anaplasma platys (0.25 % and 1.2%), Midichloria mitochondrii (11.6 % and 
2.9%), Ehrlichia chaffeensis-like (1.8 %) and Ehrlichia minasensis (1 % and 0.6%) in H. excavatum and R. 
annulatus, respectively. Co-detection in ticks were A. marginale and T. annulata in 13.3 %, and A. 
marginale and M. mitochondrii in 8.4 %. Triple co-detection with A. marginale, T. annulata and M. 
mitochondrii was found in 5.3 % of the ticks. A. marginale was confirmed by qPCR in 68.3% of cattle and 
29.4% of buffaloes. A. marginale was associated with several TBPs (T. annulata, B. bovis, B. bigemina, B. 
occultans and A. platys). Microsatellite analysis identified 15 different genotypes with all genotypes 
being specific for Egypt. This study provides insights regarding the tick species on cattle and buffaloes in 
Egypt. In addition, a broad range of pathogens were detected in ticks, cattle and buffaloes.  
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Abstract 

 We aimed to estimate 1) the marginal effect of liver fluke (Fasciola hepatica) infection on productivity 
of Scottish beef cattle, and 2) the associated greenhouse gas emissions intensity (GHG EI). We used 
240,065 abattoir records from NE Scotland from 2014-2017, including the presence or absence of liver 
fluke lesions at the time of slaughter. We constructed directed acyclic graphs (DAGs) of observed 
variables, including the known confounders, breed, sex, breeder, producer, season of birth and year of 
birth. We then used inverse probability weighting (IPW) to adjust for variation among exposure risk, and 
we applied a doubly robust generalized linear model (DRGLM) to estimate the marginal effect of fluke 
on the growth rate of animals and days from birth until slaughter. We compared these estimates with 
the results of linear mixed effects (LME) models with the same variables, treating breeder and producer 
as random effects. To estimate GHG EI, we applied IPCC tier-2 type GHG calculations to our estimates of 
the marginal effects. IPW with DRGLM estimated that animals with active fluke lesions (adult fluke seen 
on postmortem inspection) gained 17 (95% CI 12-22) g/d less saleable beef than animals with no lesions 
and no visible fluke. Animals with active fluke lesions were 11 (95% CI 6.5-15) d older at slaughter 
weight than animals with no lesions. The effect estimates from LME models suggested slightly lower 
effects of fluke on growth rate and days to slaughter but with overlapping 95% confidence intervals. 
Calculation of the associated GHG emissions suggest the EI of meat from a herd with no fluke is 
approximately 1.5% lower than the same herd with fluke. Sustainably controlling liver fluke would have 
additional production benefits not included in this estimate and could therefore have a much greater 
impact on GHG EI in practice than demonstrated here. 
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Abstract 

Introduction: Due to recent climatic and land use changes, Canada has experienced drastic changes in 
its tick populations, leading to an increased risk of tick bites and tick-borne pathogen exposure. Despite 
these changes in tick populations through recent years, national monitoring programs of ticks on 
companion animals no longer exist. Therefore, current information regarding tick distribution and 
infestation patterns on companion animals in Canada is needed. 

Objective: The objective of this study was to establish baseline spatial and temporal patterns of Ixodes 
spp. ticks on companion animals in Canada. 

Methods: Ticks were collected for one year (April 2019 – March 2020) from 94 veterinary clinics across 
Canada as part of the Canadian Pet Tick Survey. All ticks were identified to species using a stereoscope 
and standard keys. Data on travel history, date and location of acquisition was ascertained with each 
submission. 

Results: We received approximately 2800 submissions from companion animals across Canada, totalling 
over 4500 ticks. Of these submissions, ~1800 were Ixodes spp; the most common tick was I. 
scapularis, with large numbers of I. cookei and I. pacificus also submitted. Other species of Ixodes 
spp. ticks that were received included I. angustus, I. baergi, I. marmotae, I. marxi, and I. texanus. Ticks 
were collected from every province in every season, with clear spatial and temporal patterns evident. 

Discussion: Up-to-date regional information on tick distribution and seasonality will contribute to 
evidence-based veterinary practices for tick and tick-borne diseases of public health significance in 
Canada. 
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Abstract 

Trypanosomosis and theileriosis are significant vector-borne protozoan diseases commanding serious 
constraints on the health and efficiency of equines in tropical and subtropical regions of the globe. 
Following recovery from primary infection of these conditions, animals become constant carriers of 
infection thereby playing a crucial role in disease epidemiology. The present communication describes 
standardization and deployment of multiplex polymerase chain reaction (PCR) assays on 429 samples 
from all agroclimatic zones of Punjab for consecutive detection of Trypanosoma evansi and Theileria 
equi in equines. The amplification products of 257 and 709 bp targeting repetitive nucleotide sequence 
of variable surface glycoproteins of T. evansi and 18S rRNA gene of T. equi, respectively expressed high 
conformity of the primer pairs. The overall prevalence of T. evansi and T. equi was 5.82% and 8.85%, 
with highest prevalence (9.09%) of T. evansi from undulating plain zone and of T. equi (29.16%) from 
western plain zone. The unorganized farms had higher incidence rate of T. evansi and T. equi infection 
(7.48%; 11.22%) with odd ratio: {3.53(0.0023-5493.77); 3.2621(0.0021-5074.11)} as compared to 
organized farms with proper flooring, drainage and sanitation. The host species had striking effect on 
the prevalence of T. evansi (OR=6.68; CI=0.0043-10402.48), revealing the donkeys/mules population 
most susceptible to T. evansi infection. The developed assay is a rapid, sensitive, specific, time and cost 
effective diagnostic test for the simultaneous identification T. evansi and T. equi, will become useful for 
the development of better health care, control and prevention of these deadly diseases particularly in 
endemic areas. 
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Abstract 

Different helminths and protozoa are transmitted to humans by oral uptake of environmental parasite 
stages. Several mechanisms o transmission include hand-to-mouth, direct contact with the definitive 
host and ingestion of contaminated food/water. The correct detection of environmental infective stages 
of parasites is key for the assessment risk for human infection. We aimed 1) to develop and validate a 
method for the simultaneous detection of parasite stages from lettuce by a “one-way isolation test kit” 
followed by genetic identification. We used three sentinel zoonotic agents (eggs of Toxocara canis, 
Echinococcus multilocularis and oocysts of Toxoplasma gondii). 2) to test if cost-effective methods for 
DNA extraction from isolated taeniid eggs (NaOH+Tris-HCl and NaOH+Instagene Matrix) are sufficient to 
subsequently amplify the DNA of E. multilocularis using LAMP (developed in this study) and multiplex 
PCR (Trachsel et al. 2007). Using the “one-way isolation test kit” we recovered four Toxocara eggs and 
two E. multilocularis eggs (5/5 replicates) and 18 T. gondii oocysts (4/5) in spiking experiments. In the 
field study, we detected helminth DNA in 14/157 lettuce samples including two samples with E. 
multilocularis and 6/100 with T. gondii. On the other hand, DNA extracted with the methods 
investigated produced a suitable template for successfully amplifying E. multilocularis DNA in LAMP and 
multiplex-PCR from 1 egg of the parasite. We tested the DNA extraction methods with taeniid eggs 
isolated from 57 faecal fox samples (Switzerland) and 32 faecal dog samples (Kyrgyzstan). The “one-way 
isolation test kit” can be easily adapted to investigate the presence of different parasites in any kind of 
vegetable or fruit. The DNA extraction methods proposed here can be used in large field studies to 
assess the environmental contamination with infective stages of E. multilocularis with LAMP and PCR 
and potentially other parasites. 
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Abstract 

Parasitic gastrointestinal nematodes (GIN) are one of the most important causes of livestock disease 
worldwide and a major cause of morbidity associated with poverty in human populations in many parts 
of the world. In recent years, GIN control has been threatened by widespread anthelmintic resistance 
and there is an urgent need for better diagnostics to support evidence-based control. A recent advance 
has been the development of ITS-2 rDNA metabarcoding using the internal transcribed spacer 2 (ITS2) 
rDNA nemabiome metabarcoding as a target and the short-read Illumina sequencing platform. We are 
investigating transitioning this approach to the long-read nanopore sequencing platform (MinION). The 
transition to long-read nemabiome metabarcoding, would potentially provide us with a better flexibility 
and would be more suited for routine diagnostic than the previously developed short-read 
metabarcoding. Additional advantages of long-read nemabiome metabarcoding potentially include a 
better resolution of closely related GIN species and more information on intra-species genetic diversity. 
In order to support, long-read nemabiome metabarcoding, we are developing a nematode ITS-1-5.8S-
ITS-2 rDNA database. Workentine et al (2020) previously created a nematode ITS-2 reference database 
using makerDB which allows the construction of a reliable database for any NCBI taxonomic level. We 
will present the work we have done to modify the makerDB pipeline to construct a database comprising 
reference sequences of the entire ITS-1-5.8S-ITS-2 rDNA region from all free-living and parasitic 
nematodes available in the public databases. 
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Abstract 

The hookworm, Ancylostoma caninum, is the most important gastrointestinal nematode parasite 
infecting dogs in the USA. Benzimidazole drugs, such as fenbendazole and febantel, are commonly used 
for the treatment and control of hookworm infections, and numerous cases of resistance have been 
recently confirmed, primarily in greyhound dogs. Using deep amplicon sequencing for benzimidazole 
resistance mutations in codons 167, 198 and 200 of the isotype-1 β-tubulin gene, we have confirmed the 
presence of the F167Y (TTC>TAC) mutation at high frequencies in the majority of these benzimidazole 
resistant A. caninum greyhound cases. Here, we apply deep amplicon sequencing for large-scale 
screening of 207 hookworm positive fecal samples from pet dogs, comprised of 142 individual and 65 
pooled samples, representing a total of 499 dogs. From February to December 2020, samples were 
collected from four IDEXX diagnostic laboratories located in Memphis, TN (South), North Grafton, MA 
(North), Elmhurst, IL (Midwest), and Irvine, CA (West). The F167Y (TTC>TAC) isotype-1 β-tubulin 
polymorphism was present in 58% of the samples, with more than 25% of these samples having 
resistance polymorphism frequencies >= 75%. Resistance polymorphisms were not detected at codons 
198 and 200. Initial analysis of the Amplicon Sequence Variant (ASV) haplotypes revealed a single 
predominant resistance haplotype, in contrast to the large number of susceptible haplotypes present 
across the samples. This resistance haplotype is the same predominant haplotype that we previously 
found in 99% of hookworm samples from greyhounds across the USA suggesting that the resistant 
worms likely originated in greyhounds and were then disseminated throughout the pet dog population. 
This widespread benzimidazole resistance found in A. caninum populations in pet dogs across the USA is 
very concerning, especially considering recent findings in greyhounds demonstrating that A. caninum 
with this same haplotype are also resistant to macrocyclic lactones and pyrantel. 
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Abstract 

The gonads in Toxocara are telogonic, the development and maturation of germinative cells is 
synchronous. Gonocytes are connected by processes to the central cytoplasmic core - rachis. At the 
distal end of ovary is a single large, ca. 90x30μ, terminal cell (cap cell). The function of this cell remains 
unknown. 

The ovaries are the longest part of gonads, they reach 60cm. Mitotically active oogonia are located in 
the initial 2mm of ovary. The organ diameter here is 30-40μ, increases evenly, reaching 350μ at the 
end. Most of the ovary is occupied by the zone of oocytes growth and vitellogenesis. 

Oogonia are small, 8-10μ, rounded cells, locating in the genital tube in an indefinite order, rachis is 
poorly expressed. In the growth zone, oocytes get a wedge shape. The arrangement of cells becomes 
regular, circular in one row, with the well-developed rachis in the centre. As oocytes grow, they 
significantly increase in size, about 10 times. The size of the nuclei is also increases by 2.5-3 times. The 
walls of the ovaries in the distal part have a thickness of about 5μ, gradually thickening, in the growth 
zone their thickness reaches 10μ. The walls of the ovary are formed by extremely elongated cells, the 
length of which reaches 1000μ, i.e. about 100 times their width. The cell cytoplasm contains 3 to 6 
nuclei. Such cellular organization of the ovarian wall provides longitudinal contractions of the organ. 

At the junction between the ovary and the oviduct, the genital tube forms a specific, still not described 
structure, which we call a postovarian organ. Its walls are composed of transversely oriented cells that 
provide radial contractions of the organ. The function of this organ is to separate the formed oocytes 
from the rachis. Further along the oviducts, oocytes move as separate free cells. 
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Abstract 

Most conventional swine farms in Greece implement regular preventive anthelminthic treatments in 
feed against Ascaris suum with variable efficacy under field conditions. The present study aimed to 
evaluate the serological prevalence of anti-A. suum antibodies in such farms. A total of 25 conventional 
farrow-to-finish swine farms were investigated. Farms were separated in four groups based on their 
geographical position as in North, Central, West and South Greece. Therefore, six farms from each 
region were tested except the South where there were seven. In each farm fifteen blood samples were 
collected from fattening pigs at age > 18 weeks. Ninety samples were collected in three out of four 
regions (105 in South region), resulting in a total of 375 samples, which were centrifuged at 3,000rpm x 
10 min and sera were stored at -20oC until testing (Bioscreen Laboratory, Hanover, Germany) with 
Svanovir® A. suum ELISA (Boehringer Ingelheim Svanova, Uppsala, Sweden). SPSS 25.0 (IBM) version was 
used for statistical analysis. ELISA positive samples (176/375) were categorized as Positive 1 (P1) [optical 
density ratio (ODR) 0.4-0.6] or Positive 2 (P2) cases (ODR>0.6). P1 cases represented probable exposure 
to A. suum with expected limited impact, whilst P2 cases suggested exposure to A. suum with expected 
significant impact. All but one farms tested had at least one P1 case, whilst P2 cases were detected in 18 
out of 25 farms. In total, out of the 46.93% (176/375) positive samples, 28.53% (107/375) were P1 cases 
and 18.4% (69/375) were P2 cases. Results indicate contact of pigs with A. suum and subsequent 
immune response in all but one farm and in almost half of the tested animals. Since subclinical A. suum 
infections have an impact on farm productivity, it is advised to proceed with regular serological 
evaluation for effective control. 
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Abstract 

Seaweeds, or macroalgae, are rich in bioactive compounds and have been used as feed supplements for 
livestock and for deworming of humans for centuries. This project investigated the anti-parasitic activity 
of seaweed from Nordic waters. A previous in vitro study performed with Ascaris suum infective larvae 
(L3) found most potent extracts (hexane, dichlormethan:methanol) to originate from the brown 
seaweeds, Saccharina latissima and Laminaria digitata (>95% mortality at 1 mg DM extract/mL) after 48 
hours exposure. Currently, we examined the anti-parasitic effects in vivo. A four-week pilot study with 
3x3 pigs co-infected with Oesophagostomum dentatum (6000 L3) and A. suum (2000 embryonated eggs) 
was set up. Three animals were fed either control feed, control feed + 5% lactobacilli-fermented S. 
latissima, or control feed + 5% non-fermented S. latissima. After three weeks of infection, we observed 
a 50% decrease in mean O. dentatum fecal egg counts (FECs) in both groups fed seaweed compared to 
the control group. No differences were found in worm burdens or A. suum liver spots. Based on this, a 5-
week two-factorial study (4x8 pigs) of infected vs non-infected (6000 O. dentatum L3; 2000 A. suum 
eggs) and with or without 8% fermented S. latissima dietary supplementation was set up. No significant 
differences in FECs or worm burdens were observed between infected groups fed seaweed or control 
diet. Rate of development of O. dentatum eggs to L3 was reduced (12%; P=0.13) and fewer liver spots 
were found in infected seaweed feed animals (P= 0.15). Seaweed incision also slightly increased number 
of goblet cells in jejunum in uninfected pig, although not significantly (P=0.10). Our results indicated 
short-term dietary inclusion of S. latissima did not substantially affect (the biology of) nematode 
infections in pigs. 
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Abstract 

Larval stages and their invasion processes are essential for helminth parasites to establish and survive in 
their hosts. Despite of their importance, the molecular mechanisms governing host-parasite 
relationships at this level remain unclear in many parasitosis, and their study could be crucial to develop 
new control strategies. In the case of the nematode Ascaris suum, the causal agent of porcine ascariasis, 
its third larval stage (AsL3) carries out a complex migratory route before establishing in its definitive 
location. This migration takes place through the host bloodstream, so that AsL3 could interact with the 
components of the haemostatic system, which maintains blood fluidity within the vascular system in 
vertebrates. This system consists of two main routes, coagulation and fibrinolysis, which are responsible 
for forming and degrading blood clots, respectively. As it has been proposed for other helminth 
parasites, their interaction with the haemostatic system could facilitate their invasion and survival in the 
vertebrate host. The aim of this work was to study the interaction between the cuticle and 
excretory/secretory antigenic extracts (AsL3C and AsL3ES) from AsL3 and the host haemostatic system. 
Techniques based on ELISA, electrophoresis and chromogenic and anticoagulant assays were employed. 
The results revealed that AsL3C and AsL3ES possessed anticoagulant potential, being able to inhibit the 
activated coagulation factor X (FXa). The assays also showed that AsL3C and AsL3ES had pro-fibrinolytic 
potential since they bound plasminogen and enhanced plasmin generation (zymogen and catalytic 
enzyme responsible for degrading blood clots, respectively). Potential candidates as FXa inhibitors and 
plasminogen receptors were identified by receptor-ligand proteomics and mass spectrometry. These 
data suggest the potential of AsL3 to control the formation of blood clots in its host. This interaction 
could be used by the parasite as a mechanism to facilitate its invasion and survival in the host. 
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Abstract 

Of the three nematodes responsible for lymphatic filariasis in humans, only Brugia malayi is actively 
maintained in research settings owing to its viability in small animal hosts, principal among which is the 
domestic cat. While the microfilaremic feline host is necessary for propagation of parasites on any 
significant scale, this system is plagued by a number of challenges not as pronounced in canine filaria 
models. For this reason, we investigated the capacity in which dogs may serve as competent laboratory 
hosts for B. malayi. We infected a total of 20 dogs by subcutaneous injection of 500 B. malayi L3 in 
either a single (n = 10) or repeated infection events (125 L3 per week for four weeks; n = 10). Within 
these groups, half of individuals were injected in the inguinal region and half in the dorsum of the hind 
paw. To track the course of microfilaremia in this host, blood samples were collected and examined 
every two weeks. Additionally, to identify cellular responses with potential value as predictors of 
patency, we measured peripheral blood leukocyte counts every 2 – 4 weeks for the first year of 
infection. Ten of 20 dogs developed detectable microfilaremia. Peak microfilaria density varied but 
attained levels useful for parasite propagation (median = 1,317 ml-1; range: 33 – 4,950 ml-1). Nine of 
these dogs continue to remain patent past 26 weeks. A two-way ANOVA revealed no significant 
differences between infection groups in lifetime microfilaria production (p > 0.47), nor did we observe 
any potentially predictive relationships to leukocyte values (p > 0.33). The results of this study 
demonstrate the competence of the dog as a host for B. malayi and its potential to serve in the 
laboratory role currently occupied by the cat. These results also clarify the potential for zoonosis in 
filariasis-endemic regions. 



 

 

573 

 

P-4029 

Seasonal Variation and Burden of Fasciolosis determined by Faecal Examination 
and Excretory/Secretory Antigens based ELISA 

Hafiz Muhammad Rizwan1, Muhammad Sohail Sajid2,3, Haider Abbas1, Muhammad Nisar Khan2 

1Section of Parasitology, Department of Pathobiology, KBCMA College of Veterinary and Animal 

Sciences, Narowal, Sub Campus UVAS, Lahore, Pakistan. 2Department of Parasitology, University of 

Agriculture, Faisalabad, Pakistan. 3One health Laboratory, Centre for Advanced Studies in Agriculture 

and Food Security, University of Agriculture, Faisalabad, Pakistan 

Abstract 

The study was directed at the point of evaluating predominance and related risk factors of sheep 
fasciolosis in Faisalabad district. In the present study, coprology and excretory/secretory antigens (ES 
Ag) based ELISA was also compared to determine the variation in the prevalence of fasciolosis. A total of 
1200 faecal and blood samples were examined and 128 (10.67%) and 241 (20.08%) samples were found 
positive for Fasciola infestion, respectively. The prevalence of fasciolosis was significantly (P < 0.05) 
higher in females than males and in adults than young animals. Most of the animals showed moderate 
(55.47%) infection which was significantly higher than light (28.91%) and severe (15.63) infection. The 
Maximum prevalence of fasciolosis was determined in December (26.00% through faecal examination; 
42.00% through ELISA) with mean EPG of 842.3 while minimum in May (02.00% through faecal 
examination; 07.00% through ELISA) with mean EPG of 650. The frequency distribution of fasciolosis was 
significantly (P < 0.05) higher in winter (faecal examination 20.67%; ELISA 34.67%) followed in order by 
monsoon (faecal examination 09.00%; ELISA 18.67%), spring (faecal examination 08.33%; ELISA 17.33%) 
and summer (faecal examination 04.67%; ELISA 09.67%). The highest mean EPG of fasciolosis was 
determined in spring (894.00) followed in order by winter (851.67), summer (654.67) and monsoon 
(616.33). It is reasoned that although the faecal examination is the "best method" in the finding of sheep 
fasciolosis, however, serological tests must not be excluded especially the home-made ES Ag based 
ELISA which might be preferred and more affordable. 
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Abstract 

Gastrointestinal parasitism is caused by different genera of parasites that inhabit the digestive tract of 
pigs, causing several digestive signs, loss of appetite, poor growth rate, poor feed conversion ratio, 
organ and carcass condemnation, high cost of treatment, economic losses in the farms, and even death 
in severe cases. In Paraguay, pig farming is a technified industry that supplies the national market; 
however, backyard pig farming systems have been an alternative to generate economic income in many 
families in different regions of the country. Parasitism limits production and poses a threat to domestic 
animals. The objective of this research was to determine the frequency of gastrointestinal parasites in 
backyard pigs in the town of Mandu’arã, district of Yasy Cañy, Department of Canindeyú, Paraguay in 
2020. A total of 55 fecal samples were collected, which were extracted directly from the rectum, of 
which 48 were crossbreed pigs and 7 were Landrace breed, raised in the backyard, being 30 males and 
25 females. The collected samples were sent to a private laboratory in the capital of the country, they 
were analyzed by the flotation technique with saturated sodium chloride solution (Willis). The 
laboratory analysis revealed the presence of helminths and protozoa in 46 pigs (83.6%) and 9 pigs 
(16.3%) showed a negative result. Regarding sex, 22/25 females (88%) and 24/30 males (80%), showed a 
positive parasitological diagnosis. The most frequent parasite observed was Hyostrongylus rubidus, it 
was observed in 30/55 samples (54.5%), followed by Eimeria spp. 21/55 (38.1%), Trichuris suis 8/55 
(14.5%), Ascaris suum 8/55 (14.5%), Strongyloides ransomi 1/55 (1.8%), Metastrongylus spp. 1/55 
(1.8%); Isospora suis 1/55 (1.8%).  It was concluded that the high overall prevalence of gastrointestinal 
parasitism reported in this study could be due to poor facilities, absence of veterinarians, and lack of 
hygiene in the facilities. 
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Abstract 

Mosquitoes are the main vectors of pathogens having significant public health concern with worldwide 
distribution, even though their role in the transmission of some zoonotic filaroids is still scant. For 
example, the vector of Onchocerca lupi, a filaroid of dogs and cats, remains unknown though it is 
increasingly reported in humans, mainly in Europe and USA. To investigate the role of dipteran flies in 
the transmission of zoonotic filarial worms, such as O. lupi, Dirofilaria immitis and Dirofilaria repens, 
mosquito specimens were collected from different sites in Algarve, southern Portugal where these 
filarioids are prevalent. All samples were morphologically identified and molecularly tested by 
conventional and real-time PCR. Culex spp. (72.8%) was the predominant genus of mosquitoes identified 
followed by Ochlerotatus spp. (9.7%), Culiseta spp. (4.5%), Aedes spp. (0.9%) and Anopheles spp. (0.3%). 
In addition, Culicoides spp. (11.8%) was also collected. Among mosquitoes, 19 (2.8%) specimens scored 
positive for filaroids, with Culex pipiens quinquefasciatus (2%) positive for D. immitis (1.4%), D. repens, 
Acanthocheilonema reconditum, O. lupi, Filaroidea sp. (0.2%, each), and for Onchocercidae sp. (0.6%). 
Additionally, Culiseta longiareolata (6.5%), Ochlerotatus caspius (3%) and Culex laticinctus (0.2%) scored 
positive for Onchocercidae sp., A. reconditum and for O. lupi, respectively. To our knowledge this study 
revealed, for the first time, the occurrence of DNA of O. lupi, D. repens and A. reconditum in Culex spp. 
in Portugal, suggesting further studies are needed to investigate their potential role in the transmission 
of these filaroids and advocating for proper vector control measures. 
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Abstract 

In Mozambique, gastrointestinal nematodes are an obstacle in the production of goats, due to strategic 
treatments (TEC) with abusive use of benzimidazole anthelmintic, resulting in anthelmintic resistance. It 
is intended to evaluate the efficacy of albendazole in the treatment of gastrointestinal nematodes and 
to implement selective target treatment (TST) as a control measure to delay anthelmintic resistance in 
goats. The project will be carried out in 8 districts of Maputo Province involving 16 commercial (8) and 
family (8) goat farms, between 2021-2022, in two longitudinal studies. The first study will evaluate the 
anthelmintic efficacy, with a pre-treatment (day 1) and post-treatment (day 15) phase, with an oral dose 
of 10mg / kg.pv of albendazole, involving 30 goats from each farm. The second study will be a 
comparative analysis of the efficacy of albendazole in TST and TEC in the control of nematodes, involving 
20 goats on each farm for 1 year. The breeders will be trained in clinical evaluation of anemia -
FAMACHA and body condition and will be submitted to a questionnaire to assess the management and 
impact of treatments on goat health. In the procedures the egg count reduction test and the egg hatch 
test will evaluate the efficacy, the coproculture will provide the L3 and the molecular tests (next-
generation sequence) will identify the nematode species and the polymorphisms (F200Y, F167Y, and 
E198A) associated with benzimidazole-resistance. The data will be analyzed using the statistical package 
R version 4.0.2. We hope to transfer selective treatment technology to breeders, identify the most 
prevalent nematodes, assist livestock services in redefining deworming strategies and develop 
laboratory techniques that will allow for large-scale prevalence studies in the country to prevent the 
establishment of anthelmintic resistance and improving the health status of the animals. 
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Abstract 

The canine hookworms Ancylostoma caninum and Uncinaria stenocephala are commonly reported in 
dogs worldwide and are important zoonotic parasites. Due to their blood feeding behavior, both 
immature and adult stages of hookworms can cause mortality in young dogs, even before infection can 
be detected by routine fecal examination. Hence, treatment of both immature and adult stages of 
hookworms reduces the risk of clinical disease in the dog as well as the infection risk by preventing 
environmental contamination through reduction in egg excretion. Eight negative-controlled, masked, 
randomized laboratory studies were conducted to evaluate the efficacy of a triple combination 
containing sarolaner, moxidectin and pyrantel (Simparica Trio®; Zoetis, US), against induced larval (L4), 
immature adult (L5) and adult A. caninum, and adult U. stenocephala infections in dogs. In each study, 16 
or 18 purpose-bred dogs were included in two treatment groups. Dogs experimentally infected with the 
target parasite were randomly assigned to receive a single administration of either placebo or Simparica 
Trio® at the minimum dosages of 1.2 mg/kg sarolaner, 24 µg/kg moxidectin and 5.0 mg/kg pyrantel (as 
pamoate salt). After the induced infections animals were treated following a sufficient time period to 
allow the development of the parasites to the targeted stage. Worm counts were conducted 7 or 8 days 
post treatment. Based on geometric mean worm counts, efficacy of Simparica Trio® was ≥ 98.4% against 
L4 larval stage of A. caninum, ≥ 99.8% against immature adult (L5) A. caninum, and 100% against adult A. 
caninum and adult U. stenocephala.  These induced infection studies confirm the efficacy of a single oral 
dose of Simparica Trio® against L4 larval and immature adult (L5) A. caninum, and adult A. caninum and 
U. stenocephala infections in dogs. 
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Abstract 

Introduction: Alveolar (AE) and cystic echinococcosis (CE) are severe parasitic diseases affecting a range 
of animal intermediate and dead-end hosts like humans. The diseases are caused by the larval stages of 
Echinococcus multilocularis or E. granulosus sensu lato, respectively. Monoclonal antibodies (mAbs) 
represent valuable tools for the immunohistochemical diagnosis of Echinococcus spp. metacestodes in 
human and animal tissue, and facilitate affinity-purification of native antigens for serological tests. 

Materials and Methods: A panel of mAbs was selected against specific and shared epitopes of E. 
multilocularis and E. granulosus s.l. Native and recombinant antigens of both species were used to 
immunize mice and generate antibody-secreting hybridoma cell lines. All mAbs were evaluated for their 
cross-reactivity with a panel of 44 antigens from Echinococcus spp. and other parasites. In addition, their 
binding capacity for Echinococcus spp. excretory/secretory products (ESP) was analyzed in sandwich 
ELISAs. Immunohistochemical-stainings were performed on human AE and CE tissue samples.  

Results: Overall, two mAbs were directed against recombinant and native Em18 and 2B2 antigens. Two 
other mAbs recognized E. granulosus s.l. metacestodes only. One mAb was Echinococcus genus specific, 
and reactive with a shared epitope of Antigen B. ESPs of both E. multilocularis and E. granulosus sensu 
stricto could be detected by sandwich-ELISAs with supernatants from in vitro cultivated vesicles, which 
could be subsequently confirmed by the detection of circulating ESP in serum samples from infected 
gerbils and mice.  

Discussion: Monoclonal antibodies represent valuable tools for the diagnosis of E. multilocularis and E. 
granulosus s.l. metacestodes. Our panel of mAbs showed distinct and specific binding capacities in ELISA 
and immunohistochemical-stainings. Together with already established mAbs Em2G11 and EmG3, those 
mAbs could become inaugurating research tools for species diagnosis or activity markers by 
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immunohistochemistry, novel sero-diagnostics, therapeutics and in vivo imaging applications, besides 
providing insights into parasite-host interactions. 
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Abstract 

Although gastrointestinal nematodes (GIN) of the superfamily Trichostrongyloidea have been associated 
with economic losses in beef cattle worldwide, there is a lack of data for western Canada. This study 
investigated the impacts of GINs on body weight (BW) and average daily gain (ADG) in 17 groups of 
grazing yearling cattle during the 2019 grazing season; each group had at least 100 animals (range: 101-
400). The treated group (25/herd) received oral fenbendazole (5 mg/Kg; Safeguard®, Merck, Canada) and 
parenterally administered extended-release eprinomectin (1 mg/Kg; LongRange®, Boehringer Ingelheim). 
The control group (25/herd) and remaining cattle were left untreated to encourage pasture 
contamination. Treatment and control groups were randomly selected, tagged, and weighed at the 
beginning and end of the grazing season. Generalized estimating equations (GEE) were used to analyze 
the FECs and production data. A total of 867 head (446 controls, 421 treated) were enrolled in the study. 
Overall, there were differences between the treated and control cattle for final FECs (p < 0.001) and final 
BW (p < 0.01), but not ADG (p = 0.41). Analysis at the herd level found 5 herds with significant 
differences in ADG (p < 0.05), and these herds had higher FECs (Mean: 21.5, SD:12.9). FECs decreased by 
44 times (95%CI: 14.8-143.8; p <0.01) over the grazing season and were 1.8 times (95%CI: 1.1-3.1; p= 
0.03) in cattle pastured on black/gray versus dark brown soils. The large variance of GIN’s effects on ADG 
between herds could be due to various environmental (precipitation, temperature, soil type) and 
husbandry factors. A subset of nematode eggs was hatched, and the next step is to conduct a genomic 
study of the larvae to determine the relative abundance of the different GIN species at the herd level. 
This study will be replicated this coming grazing season. 
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Abstract 

Benzimidazole resistance is commonly associated with amino acid changes in the isotype-1 ß-tubulin 
gene in multiple species of trichostrongylid nematodes of livestock. A second ß-tubulin gene, isotype-2, 
has also been implicated as potentially playing a role in benzimidazole resistance but has been much less 
studied.  Consequently, our aim was to develop amplicon sequencing assays to enable large scale 
screening of the sheep GIN species for the isotype-2 ß-tubulin gene similar to our previous approaches 
for the isotype-1 ß-tubulin gene.  First, we generated a set of reference sequences spanning the region 
of the isotype-2 ß-tubulin gene encompassing codons 167, 198 and 200 for the major ovine GIN species 
to further populate our current ß-tubulin sequence  database.  Sets of isotype-2 ß-tubulin specific 
primers were used to generate amplicons from DNA extracted from L3 populations from single GIN 
species lab isolates which were then pCR4Blunt-TOPO cloned; H. contortus, T. circumcincta, C. curticei, T. 
axei, T. colubriformis and T. vitrinus. Between 13 and 17 isotype-2 ß-tubulin clones were Sanger 
sequenced for each species. The size of the consensus amplicon sequences varied considerably between 
species ranging from 237bp for T. vitrinus up to 743bp for H. contortus. The same primer sets  were used 
to develop a deep amplicon short-read sequencing assay which was then applied to DNA samples from 
archived L1 larvae, harvested pre- and post- benzimidazole treatment, as part of a previous large scale 
study of western Canadian and US sheep farms. The pilot screen has identified F200Y (TTC>TAC), E198L 
(GAA>TTA), and F167Y (TTC>TAC) in these north American H. contortus populations and the results and 
analysis of the large scale screen will be presented. 
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Abstract 

Ascaris lumbricoides and Ascaris suum are intestinal roundworms that infect humans and pigs 
respectively and cause the disease known as ascariasis. Ascariasis affects nearly one billion people, with 
chronic infections leading to reduced growth and cognitive ability. Ascariasis affects pigs worldwide and 
can reduce production yields via decreased growth and condemnation of livers. 

The predominant drugs used to treat ascariasis are the benzimidazoles (BZ). Despite the farming 
industry using these drugs for decades, and BZ resistance occurring in numerous livestock helminths, 
there has been little work into the development of resistance in pig ascariasis. Benzimidazoles work by 
interacting with β-tubulin and the mutations causing resistance are known in some nematodes. 

In most nematodes there are multiple β-tubulin isotypes. Only a few of these are expressed at high 
levels, with others being restricted to specialised cells or specific developmental stages. 

Seven β-tubulin isotypes were identified by analysis of Ascaris genome sequences, and the expression 
profiles of these were analysed at various developmental stages. Only three of the seven isotypes were 
highly expressed, making these the most likely to influence drug susceptibility. 

In silico docking simulations were used to model how BZs interact with wildtype and mutated β-tubulin 
proteins from Ascaris suum isotypes. The BZ albendazole sulfoxide was docked within the binding pocket 
containing the residues associated with resistance. The β-tubulin-BZ models then underwent molecular 
dynamics simulations. The results showed that interaction between BZs and residue 198 is key to drug 
binding and mutations in this residue lead to reduced binding energy. Mutations at residue 200 may also 
lead to resistance by interfering with binding at residue 198.   

These results highlight the key interactions between BZ and specific residues as well as the direct impact 
that some mutations have on drug binding. 
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Abstract 

Ascaris suum is an intestinal roundworm of pigs which cause the disease known as ascariasis which can 
have significant economic effects on pig production such as reduced production yields via decreased 
growth rates and condemnation of livers. 

Ascariasis in pigs has traditionally been controlled by the regular worming of animals and hygiene 
measures including the separation of pigs from faeces, regular decontamination of housing and 
restriction of outside environmental contact. In recent years the rise of organic and free-range farming 
has meant that many of these measures have not been implemented, leading to a rise in ascariasis in 
pigs. In Europe there is evidence that Ascaris infections are significantly higher in organic and free-range 
farms which leads to economic effects on the famers due to reduced meat yield and condemnation of 
livers. 

In this study we gathered faecal samples from both organic and conventional pig farms to identify the 
prevalence of ascariasis across Britain. McMaster’s faecal egg counts were performed to identify and 
quantify any intestinal parasite infection. Asides from A. suum, eggs and oocysts from other intestinal 
parasites were also identified. These results show that in the 51 farms sampled coccidial (38/51) 
infections were most prominent, followed by strongyle (34/51), A. suum (10/51) and Trichuris 
suis (5/51).   

Data was also obtained from the Food Standards Agency for the prevalence of milk spot in pigs’ livers at 
slaughter in England and Wales between January 2017 and December 2020. In England the average 
prevalence of milkspot was 2.90% whereas in Wales the average was 22.42%. Taken together the results 
show that ascariasis is not as prevalent in British farms as is seen in other European countries, but there 
is a higher prevalence seen in Wales than in England. 
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Abstract 

Parasitism caused by gastrointestinal nematodes is a major constraint in small ruminant’s production. 
The increased lack of efficacy of anthelmintic drugs urgently requires the search of new compounds. In 
this study, two diamine and one benzimidazole derivatives were evaluated for efficacy against 
Haemonchus contortus in a gerbil model and tested for toxicity in mice. Compounds were selected from 
in vitro previous experiments carried out on Teladorsagia circumcincta by members of our research 
group. For the acute toxicity experiment, compounds were orally administered to mice at a single dose 
of 250 mg/kg BW; mice were observed daily for any abnormal clinical signs and mortality for 14 days. 
None compound led to dead of animals, toxic effects or the presence of macroscopic lesions after the 
necropsy. In the case of the efficacy experiment, gerbils were orally infected with 1,000 third-stage H. 
contortus larvae and then randomly allocated in cages forming groups of five. Each compound was 
administered at two different doses (10 and 200 mg/kg BW). Three days after treatment the total 
number of fourth-stage larvae and pre-adults present in the stomachs were counted and the efficacy of 
each compound was determined. All groups of animals were compared to an untreated group which 
received only the vehicle. No significant effects of treatment were shown on larvae and adults at the 
dosages studied, with the exception of the benzimidazole derivative, which reduced the presence of the 
pre-adult stage in the stomach by 95,4% at the highest concentration tested.  
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Abstract 

South American camelid numbers are increasing in the United Kingdom (UK). Camelids, are kept as show 
animals and for breeding, hobby farming and trekking. Gastrointestinal helminth infections are common 
in camelids and a range of species have been reported in camelids in the UK, including nematodes 
frequently found in sheep and cattle. However, there are no anthelmintics currently licenced for 
camelids and limited guidance on appropriate treatment. The aim of this study was to assess the use of 
anthelmintics among UK camelid farmers. 

An anonymous online questionnaire about camelid gastrointestinal management practices, with a focus 
on use of anthelmintics, was generated and distributed to UK camelid owners in Spring 2019 via social 
media fora and British Alpaca Society regional links.  Fifty-nine responses were received but eight were 
excluded from analysis as respondents were outside the UK. The majority of respondents (n=50, 98.0%) 
kept alpacas on their farm. Twenty-five respondents (49.0%) were small-holdings and 16 (31.4%) were 
breeding farms. The remainder included commercial farms and establishments keeping camelids as pets 
and rescue animals.  Forty-nine of the 51 respondents treated their camelids with anthelmintics, 
although only 21 (42.0%) reported having a diagnosis of gastrointestinal helminths in camelids on their 
farm. Macrocyclic lactones were the most common anthelmintic class used (n=33, 64.7%). There was 
striking variation among camelid keepers in terms of anthelmintic treatment frequency, dosage and 
source of information used to select the anthelmintic dosing regimen. 

This work highlights the need for quality efficacy studies of anthelmintics in camelids to provide an 
appropriate evidence base for treatment, as well as the need for better education for camelid owners 
on anthelmintics and anthelmintic resistance. 
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Abstract 

Introduction: The Telenostic device is a fully automated new approach for diagnostics in clinical 
parasitology. The device has been developed to identify and quantify clinically important 
gastrointestinal parasite ova and oocysts in animals.  

Materials and Methods: The performance between the Telenostic device, McMaster and Mini-FLOTAC 
for the counting of strongyle eggs in three bovine faecal samples were compared. Samples were 
examined in triplicate and faecal egg counts (FEC) calculated. For the Telenostic device, both manual 
(laboratory technician) and automated analysis (image analysis algorithm) were performed to calculate 
FEC.  

Results: Overall, similar egg counts reported across the three devices and calculation methods. The 
Telenostic device compared very favourably with the Mini-FLOTAC and McMaster tests. Only in sample 
C was there a significant difference (P < 0.05) between the egg counts obtained by Mini-FLOTAC and by 
the other methods. A second field validation study is being conducted on 355 horse faecal samples, 
comparing the performance of the Telenostic device with the other two FEC devices. Preliminary data 
indicate that Telenostic retrieved a higher egg counts (eggs per gram) than either both or one of 
McMaster and Mini-FLOTAC for all helminth eggs.  

Discussion: From these datasets it can be concluded that the fully automated Telenostic test is 
comparable to the currently used benchmark FEC methods, while improving the workflow, 
standardisation of results, test turn-around time and not requiring the need for trained laboratory 
personnel to operate or interpret the results. Further development is ongoing in validating the 
Telenostic device for counting and identification of a variety of gastrointestinal parasites (including 
protozoan species) in other animal species. 
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Abstract 

Haemonchus contortus is one of the most prevalent and pathogenic parasites in small ruminants, usually 
controlled using anthelmintics. However, the development of drug resistance has become a major issue 
in livestock production. While the molecular detection of benzimidazole resistance in H. contortus is well 
developed, the molecular tools and protocols are far less advanced for the detection of levamisole 
resistance. hco-acr-8 encodes a critical acetylcholine susceptible subunit that confers levamisole-
sensitivity to the receptor. A 63 bp deletion in the hco-acr-8 was previously associated with levamisole 
resistance. Here, we report the development of a droplet digital PCR assay as a molecular tool to 
monitor for the levamisole resistance in the field. Sequencing of single H. contortus yielded 56 high-
quality sequences, surrounding the deletion. New primers and probes were validated with a novel 
droplet digital PCR assay for the quantification of the deletion containing (“resistant”) allele in gDNA 
samples. Adult worms from six phenotypically described isolates as well as single H. contortus from two 
Swedish sheep farms, where levamisole was effective, were tested. The homozygous “resistant” 
genotype was observed to be abundant in both the susceptible isolates as well as in some Swedish H. 
contortus samples. Furthermore, field larval culture samples, collected pre- and post- levamisole 
treatment on seven Swedish sheep farms, where levamisole was efficacious according to the Fecal Egg 
Count Reduction Test Results, were tested to evaluate the frequency of the “resistant” allele in each. 
Pre-treatment samples had the frequencies of the deletion ranging 35-80%, whereas no H. contortus 
genomic DNA was detected in the post-treatment samples. Together, this data reveals relatively high 
frequencies of the 63 bp deletion in the hco-acr-8 both on individual H. contortus and field larval culture 
scales. Thus, these findings cast some doubts regarding the utility of the deletion in the hco-acr-8 as a 
molecular marker for levamisole resistance detection. 
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Abstract 

The eye nematode Thelazia callipaeda Railliet et Henry, 1910 (Spirurida: Thelaziidae) is a vector-borne 
nematode that infects a range of domestic as well as wild carnivores, some other mammals and 
occasionally also humans. After initial introduction to Italy in late 1980s, this spirurid parasite is a 
prominent example of biological invasion that results into an emerging zoonotic disease. T. 
callipaeda was first diagnosed in the Czech Republic in a dog in 2017 (published in 2019) and few more 
finding were published a year later. We present further records of T. callipaeda in domestic dogs, 
resulting from ongoing citizen participatory science campaign targeting small animal practitioners 
together with the community of pet owners and hunters in the Czech Republic. The partial cox 1 gene 
was sequenced and all investigated worms clearly belonged to T. callipaeda haplotype 1. Apparently, 
the Czech republic represents the northernmost frontier of autochthonous canine thelaziosis in Europe. 
As its vector, Fortica variegata, is abundant in broad leaf and mixed forests in low and middle altitudes 
throughout the country, increase of cases in the dog population is expected in coming years, followed by 
a spillover to population of wild carnivores.  
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Abstract 

Parasitic nematodes of the genera Nematodirus and Nematodirella (N&N) inhabit the small intestine of 
especially juvenile domestic and wild ruminants. Infected animals may gain weight more slowly, develop 
diarrhoea and weakness, and even die. Here we summarize our observations on early stage larval 
development of these nematodes in 2018-2021 from reindeer (Rangifer tarandus), Siberian ibex (Capra 
sibirica), argali (Ovis ammon) and domestic sheep (Ovis aries) during autopsy or faecal examination in 
Russia and Finland in an attempt to identify possible weaknesses in embryonation which might be used 
as critical control points. Some helminth eggs are pigmented, yet N&N lack pigment despite the dark 
appearance of the morula and embryonating larvae in transmitted light microscopy. In reflected, or 
incident, light microscopy, on the contrary, the eggs appear pale and colourless. In contrast to other 
gastrointestinal strongylids, N&N larvae develop inside the egg up to the infective stage. They are able 
to move once reached 25 % of the third stage larva (L3) length. Based on our observation of N&N eggs, 
flotation diagnostic procedures, even prolonged exposure to highly hypertonic flotation fluids, do not 
cause shrinking of the inner layer of an egg membrane. Moreover, the egg membrane proved durable 
enough to maintain larval development in utero of a Nematodirus female preserved in 10 % formalin. 
Nevertheless, eggs appear rather sensitive to mechanical impact and cannot survive too bright 
illumination, neither drying. However, it seems like hatched N&N L3 from completely desiccated host 
faeces can become active again once rehydrated. Non-embryonated N&N eggs can survive in humid 
faeces at +4°C for at least two years. Sometimes, normally started larval development can go wrong at 
some point so that a partly vermiform larva can be seen moving and even molting with different size 
embryo cells attached. Eventually such larvae die. 
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Abstract 

 

Bovine cysticercosis is caused by the larval stage-cysticercus (Cysticercus bovis), which parasitizes the 
intermuscular connective tissue of the striated muscles. Bovine cysticercosis and human teniarynchosis 
(Taenia saginata) are still found in Russia and other countries of the world. Bovine sarcocystosis 
(sarcosporidiosis) is a zoonotic protozoism caused by sarcocysts (Sarcocystis hominis).The pathogen 
forms a tissue cyst inside the muscle fiber of the striated muscle. This disease is widespread in many 
countries of the world.  

Thus, these two diseases are zoonoses and people are always at risk of getting infected when eating 
poorly heat-treated beef. In our experiments we used methods routine expertise from meat industry. 
Despite the fact that the two diseases are caused by completely different types of parasites, specialists 
often make mistakes in the meat processing plants during the routine expertisation of carcasses and 
confuse C. bovis and S. hominis by the visual morphological characteristics of the cysts. When examining 
20 carcasses positive for tissue parasites, we were able to detect errors in 25% of cases. Almost always, 
experts were mistaken for sarcocystosis for bovine cysticercosis. With the help of a more thorough 
examination using a razor blade and methods of staining smears and microscopy, correct diagnoses 
were made. 
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Abstract 

The canine lungworm A. vasorum is a nematode parasite which can cause severe respiratory and 
cardiovascular disease in companion animals and wildlife. In recent years, A. vasorum and other 
metastrongyloid lungworms are considered to spread and emerge in non-endemic areas within Europe 
and South America. These nematodes have a heteroxenous life cycle with a broad range of terrestrial 
gastropods acting as obligate intermediate hosts, including the giant African snail (Achatina fulica). Since 
there is little known on A. vasorum infection biology in gastropods, we here addressed the migratory 
route of A. vasorum larvae within A. fulica snails. Overall, 26 A. fulica snails were infected orally with 
1000 A. vasorum first stage larvae. Gastropod dissection was performed at different time points p. i., 
thereby isolating different organs and tissues (oesophagus, stomach, digestive gland, reproductive tract, 
albumen gland, foot, kidney, lung, intestine, mantle, head, heart). Artificial digestion and microscopy 
were applied to each sample to monitor organ/tissue-related larval burden and development. In 
addition, macroscopic and histological analyses were performed. In absolute numbers, the gastropod 
foot and the pulmonary tissue were the most infested organs by A. vasorum larvae. As an interesting 
finding, larvae seemed to reach the lung tissue very fast after infection, since we already detected them 
in this location at 10 min p. i. Within the first 24 h p. i., most larvae were found in the foot. Thereafter, 
the majority of larvae infested gastropod lungs. Relatively, the lung was the most parasitized organ with 
a mean of 92 larvae/g tissue. The reproductive tract, as well as the albumen gland were the least 
infected organs. Macroscopical and histological analyses confirmed this distribution pattern. 
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Abstract 

In recent years, increasing attention has been paid to the problem of emerging of parasiticides-resistant 
helminths races. In horses, ascarids (Parascaris equorum) and cyathostomins resistant to benzimidazoles 
and macrocyclic lactones have been revealed in researches conducted around the world: in Europe 
(France, Great Britain), Asia (India, Saudi Arabia), North America (USA), Africa (Nigeria). There is no 
information on the resistance of horse nematodes to anthelmintic drugs in Russia. But evidently, the 
spread of resistant races of helminths is also characteristic for Russia, since the same anthelmintic drugs 
are used here for treatment.  

In 2020, we examined 464 fecal samples from horses aged 1.5-6 years, mostly kept in stables. Parasites 
of the gastrointestinal tract were registered in 46.3% of the examined animals. Nematodes Strongylidae 
gen.spp. were revealed in 42.5% of horses, Parascaris equorum in 12% of animals. Eimeria leuckarti was 
found in one foal. In 17.3% of samples, mixed infection with P. equorum and Strongylidae gen. spp. was 
observed.  

The study of anthelmintic resistance of horse strongylides to fenbendazole and ivermectin was carried 
out by faecal egg count reduction test (FECRT) (Coles et al., 1992, 2006). Two groups of animals, 15 
horses each, were selected for the study. Animals had not received anthelmintics for 3 months prior to 
the experiment. The first group was given fenbendazole («Febtal» granulate,  Russia), at a dosage of 4.5 
g/100 kg of body weight, once. Horses of the second group got ivermectin ("Praziver" suspension, 
Russia) at a dosage of 20 mg/100 kg of body weight, once. FECRT were carried out a day before 
treatment and 10 days after treatment using the McMaster technique (Herd, 1992).  

Based on the FECRT results, the resistance in horse strongylids was defined to benzimidazole 
(FECRT=77.1%), but not to ivermectin (FECRT=96.4%). 

The study was supported by RSF project №20-76-00035. 
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Abstract 

Introduction: With intensive use of anthelmintic drugs in recent decades, anthelmintic resistance (AR) in 
horse nematodes is becoming a growing issue in many countries. However, there is little available 
information about the parasites, treatment practices or AR in the horse population in Lithuania. The aim 
of this study was to assess the current situation of AR on horse farms in Lithuania.  

Materials and Methods: The study was conducted in 25 stables on horses with a strongyle faecal egg 
count (FEC) of ≥200 eggs per gram. A faecal egg count reduction test (FECRT) was performed on each 
farm after administration of ivermectin (IVM) or pyrantel (PYR). 

Results: The efficacy of IVM was comparatively high, with 98.8% of 250 horses having a zero egg count 
14 days after treatment. Two conditions were used to interpret the FECRT results for PYR: firstly, 
resistance was determined when FECR was <90% and the lower 95% confidence interval (LCL) was <80%, 
and secondly when in addition the upper confidence level (UCL) was <95%. Under the first condition, 
resistance against PYR was found in five stables (25% of all tested herds), while when considering the 
UCL as well, resistance was only detected in two stables (8%). The FEC showed a significant (P < 0.01) 
difference between the treatment and control groups. Only cyathostomin larvae were detected in larval 
cultures derived from strongyle-positive faecal samples collected 14 days after treatment of a test group 
with PYR.  

Discussion: This in vivo study showed that PYR resistance is prevalent on horse farms in Lithuania, while 
the efficacy of IVM still appears to be unaffected. However, further studies of ivermectin resistance are 
needed. These findings should guide the implementation of more sustainable management of strongyle 
infections in horses in Lithuania. 
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Abstract 

Introduction 

Equine strongyle control relies on the use of anthelmintics, whose efficacy is affected by the emergence 
of resistant isolates. In addition, the toxic effects on the environment require the development of other 
control strategies as the use nutraceutical like sainfoin, a tannin-rich plant. 

A first in vitro approach has demonstrated an inhibitory effect of dehydrated sainfoin pellet solutions 
(var Perly) on the development of equine strongyle free-living stages (Collas et al. 2018).  

  

Materials and methods 

To validate and expand these initial results, we exposed 20 naturally infected 2-year-old horses to a 28-
day cure of either i) sainfoin (n=10) with 70%DM of Equifolia sainfoin pellets (Multifolia) and 30%DM of 
grassland hay (2.4%DM of condensed tannins in the diet) or ii) a control diet (n=10) with 60%DM of 
alfalfa pellets and 40%DM of grassland hay. The two diets were isoenergetic and isoproteic. Faecal Egg 
Count and larval development rate were quantified on a weekly basis. At the end of trial, ivermectin was 
administered and Egg Reappearance Period quantified over 57 days to identify putative sainfoin and 
ivermectin pharmacokinetics interactions. 

  

Results 

FEC difference between the two diets was not significant (+43 eggs/g in sainfoin, P=0.76), but a transient 
impact on larval development rate was observed in samples from sainfoin-fed horses at the 7th day of 
treatment (-19.0±2,5%, P=0.009), confirming previous observations.  

At 50 days post-ivermectin treatment, more sainfoin-fed horses were FEC positive than in the control 
group (75% vs. 25%, P=0.05). This may be associated with reduced mean residence time of ivermectin. 
Plasmatic ivermectin dosage is undergoing to test this hypothesis. 
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Discussion 

Our results suggest that implementation of 7-day cure of dehydrated sainfoin might contribute to 
dampen parasite amplification during pasture season. Measure of ERP may also be dependent on horse 
diet. These hypotheses remain to be validated in field conditions. 
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Abstract 

Strongylus vulgaris is considered the most pathogenic nematode of horses. Prevalence of S. vulgaris in 
individual horses has been reported to rise from 4.8% in 1999 to 28% in 2019. The aim of this study was 
to investigate; i) how the prevalence of S. vulgaris have developed in Sweden from 2014-2018 and ii) to 
study associated risk factors. The prevalence amongst Swedish horses was analysed by accessing 
archived data from 72 732 diagnostic samples from a commercial laboratory. Prevalence of S. 
vulgaris was found to have increased from 5.4% to 13% from 2014 to 2018. This is higher than the 4.8% 
reported in 1999 but lower than the reported 28% in 2019. Logistic regression was made to investigate 
how the year of analysis, age of the horse, season, region, and nematode eggs per gram faeces (EPG) 
influenced the occurrence. The year, age, EPG and region all affected the prevalence of the parasite. The 
years of 2015 (p = 1.87*e-4), 2018 (p= 3.1*e-7), horses aged 6-10 years (p= 0,02) and 11-15 years (p= 
0,01) and horses from the northern parts of Sweden (p=0.043) showed a significantly higher prevalence. 
Samples containing S. vulgaris had a higher mean EPG than negative samples (p=3*e-8). This study does 
reaffirm a rising prevalence of S. vulgaris but to a lower degree than previously reported. Furthermore, 
our data indicate that horses that are infected in general have a higher EPG but there was no clear 
temporal trend. The influence on prevalence seems to be multifactorial, which needs to be considered 
in further studies and treatment strategies. 
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Abstract 

The productivity and welfare of horses depend on their state of health, highly related with the risk of 
suffering any disease, which requires a thoroughly managed health control program. This study has tried 
to apply new antiparasitic control methods recently recommended by European experts against the 
gastrointestinal parasites of horses, in an equine farm in the centre of Spain, as well as the economic 
impact of their application. 

For this purpose, regular monitoring has been carried out by means of quarterly faecal analysis in 
animals and monthly in the pasture where they graze. The cost of the treatment, different techniques, 
the time consuming and, in addition, some aspects that may impact on the health of the animals or the 
environment due to the use of anthelmintics have been considered. Due just to faecal monitoring data, 
the administration of drugs has been reduced by 79.5%, while 46% of the animals did not receive any 
anthelmintic treatment, once applied the selective control method. 

It is concluded that the application in this study of a selective control, based on the evidence of the 
current parasitic load, has proven to be effective, and allows to reduce both the number of anthelmintic 
treatments and the corresponding economic expense, with a 78.8% reduction in the budget for an 
annual check. In addition, the recent development of new faecal techniques with lower laboratory 
equipment requirements can encourage routine faecal analysis by field veterinarians. 
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Abstract 

Anthelmintic resistance (AR) in equine nematodes is a growing concern worldwide. Resistance to 
benzimidazoles and tetrahydropyrimidines in small strongyles of horses is widespread while a few 
studies have suspected resistance against macrocyclic lactones. This study aimed to evaluate the 
efficacy of commonly used anthelmintics against cyathostomins of Australian Thoroughbred horses. Two 
Thoroughbred breeding farms (A and B) were selected at two different locations in Victoria, Australia. 
The horses at farm A were treated with single (oxfendazole [OFZ] and abamectin [ABM]) or 
combinations (abamectin + morantel [ABM + MOR], moxidectin + praziquantel [MOX + PZQ] and 
oxfendazole + pyrantel [OFZ + PYR] of anthelmintics at recommended doses whereas at the farm B, only 
MOX was used. Faecal egg count reduction test (FECRT) was used to determine the efficacy and egg 
reappearance period (ERP) of drugs used in the study. Resistance to MOX was found at farm B with 
reduced efficacy of 86.1% (64.3% lower confidence interval [LCL]) at 14-days post-treatment. Of the five 
drugs tested at farm A, resistance to three drugs i.e. OFZ, ABM, and OFZ+PYR was detected with 
efficacies of -190.5% (-400.7 LCL), 78.2% (60.6 LCL), 68.8% (50.5 LCL) at day 14 post-treatment, 
respectively. Only MOX and combination of ABM + MOR showed 100% efficacies at 14-days post-
treatment while shortened ERPs of both drugs was detected (5 weeks). The study provides valuable data 
on MLs-resistance including single and combinations of anthelmintics which requires immediate 
attention and implementation of new strategies for horse parasite control. Nevertheless, further studies 
are required to determine the prevalence and incidence of drug-resistant cyathostomins in a larger 
population of horses in Australia.  
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Abstract 

Equine piroplasmosis (EP) is a tick-borne disease of equids caused by Babesia caballi and/or Theileria 
equi, which is endemic in many tropical and temperate areas of the world. Despite of the fact that 
Romania is characterized by a diverse tick-fauna, including tick species which are vectors for piroplasms 
infecting horses, little is known about clinical cases of EP in Romania. This study describes a clinical 
equine babesiosis outbreak in Romanian horses with parasitological and molecular diagnostic and 
therapeutic approach. Over a period of 4 weeks, four crossbred horses, aged between 10 months to 21 
years, originating from a lowland area in Southern Romania were referred to a veterinary clinic with 
depression and anorexia. All the horses showed lethargy/depression, pale mucous membranes and 
fever (39.5 to 40.9 °C). One of them had a per-acute clinical disease, while the others showed moderate 
to mild forms. The examination of the blood smears revealed large intraerythrocytic piroplasms 
compatible for B. caballi, in all four clinically affected horses. The diagnosis was further confirmed by 
conventional polymerase chain reaction (PCR), using a single-round and multiplex PCR and sequencing. 
All horses were treated with imidocarb dipropionate, at a dose rate of 2.2 mg/kg body weight (two 
injections, 48 h apart) and all horses clinically recovered within 24–48 h, post-treatment. The findings of 
the present study emphasize on the potential risks of equine piroplasmosis in Romania and on need that 
EP to be considered in clinical cases associated with anemia in tick-occurring areas. 
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Abstract 

Comparative correlation of haemato-biochemical parameters with oxidative stress parameters between 
patent and latent infection Theileria equi in horses to reveal the pathogenesis of disease is not available 
in literature. Thus the present study was conducted to evaluate the role of oxidative and antioxidant 
stress parameters in relation to haemato-biochemical observations as markers for pathogenesis in 
natural piroplasmosis in horses. In study design the hemato-biochemical indices and stress markers 
were compared in microscopically positive patent group (Group I; n = 13), PCR positive latent group 
(group II; n = 38) and infection free group (group III, n = 64) horses in natural T. equi infection. Results 
indicated significant anaemia in both group I and group II, and significant neutrophilia and 
lymphocytopenia in group I compared to group II and group III. Significant increase in creatinine, 
aspartate aminotransferase and glucose while decrease in iron was noticed in both group I and group II. 
Highest level of lipid peroxides in patent group I followed by latent group II indicated higher lipid 
peroxidation in erythrocytes and oxidative stress in decreasing order when compared with Group III. 
Superoxide dismutase, reduced glutathione and ferric reducing antioxidant power levels were lowered 
in Group I. An inverse correlation of RBC count with LPO and GSH and a direct correlation with catalase, 
SOD and FRAP was revealed. Based on results it was concluded that oxidative damage may play an 
important role in pathogenesis of anemia in horses due to T. equi and can be utilized as important 
marker for latent and patent cases in horses naturally infected with T. equi after judicious correlation 
with other haemato-biochemical parameters. 
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Abstract 

Introduction:  A 6 years old female captive zebra (Equus zebra) had a three-year history of slow 
progressive neurologic signs that recently worsened recently with hind limb ataxia, head tilt, and 
circling.  This is a case report to characterize the parasites detected. 

Materials and Methods:  Gross examination including the brain and spinal cord were unremarkable. On 
histopathology, the brain and brainstem had multiple random areas of severe lymphoplasmacytic 
meningoencephalitis associated with numerous 25-30 µm in diameter protozoal cysts with a discernible 
outer wall containing numerous 2x4 µm oval to crescent-shaped organisms. Immunohistochemistry and 
PCR were used to further characterize the parasites present and compared with known isolates of 
Toxoplasma gondii, Hammondia sp., Neospora caninum and Neospora hughesi.   

Results:  The parasites were identified as Neospora caninum based on molecular analysis. This is the first 
case of EPM associated with Neospora caninum in an equid as confirmed by DNA analysis. 

Discussion:  Equine protozoal myeloencephalitis (EPM) is generally associated with Sarcocystis neurona 
or less commonly N. hughesi.  Both these agents are of limited geographic distribution.   However, 
Neospora caninum is known to have a world-wide distribution.  Therefore, N. caninum should be 
considered when an equid presence with neurologic disease suggestive of a protozoal central nervous 
system disease.    
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Abstract 

Infestation with gastrointestinal nematodes is a problem that can affect equines health by producing 
maldigestion and/or malabsorption syndromes, anemia, reduced growth and development rates, colic 
and occasionally death. 

The objective of this work was to determine the efficacy and the period of egg reappearance of 
intestinal nematodes after a treatment with Abamectin+ Praziquantel. English thoroughbred horses 
naturally infested with intestinal nematodes and raised under semi-grazing conditions in Mexico were 
evaluated. 

Fecal samples were collected directly from the rectum seven days before treatment and only animals 
with a minimum of 400 eggs/g of feces were selected. Three groups were formed according to age: 
group A 1 to 1.5 years (n=4), group B 3 to 4 years (n=9) and group C 10 to 12 years (n=4). Half of the 
animals in each group were treated orally according to their body weight (BW) with Abamectin (4mg/kg 
BW) + Praziquantel (50 mg/kg BW), whereas the other half was used as untreated controls. 
Subsequently, stool samples were collected rectally on day 0 (treatment) and on days 15, 30, 45 and 60 
post-treatment. Samples were analyzed using the McMaster technique and treatment efficacy was 
evaluated by parasite egg count reduction test. 

Treatment efficacy against strongyles was 99.2% in group A and 100% in groups B and C, while for 
Parascaris equorum treatment efficacy corresponded to 32.6% for group A and 16.1% for group B. The 
post-treatment period of reinfestation with strongyle and ascarid eggs for groups A and B was 30 days, 
while group C was reinfested with strongyles after 45 days. 

The combination of Abamectin + Praziquantel was effective against strongyle nematodes but not against 
ascarids. Age groups showed differences in the reinfestation period. Further studies should assess the 
role of age in reinfestation and how this would affect treatment efficacy. 
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Abstract 

In Mexico, the excessive use of antiparasitic drugs in horses without previous egg count is a common 
practice. The treatment frequency causes anthelmintic resistance amongst horses. Therefore, it’s 
important to implement correct equine parasite management (EPM) comprising a target selective 
treatment (TST). We propose a deworming management based on the infestation of parasites according 
to both environmental and intrinsic effects on the animal, adjusted with a statistical model that 
considers the greatest amount of available information. At a horse ranch in Valle de Bravo, Mexico in 
2019, feces were collected monthly from a population of 260 horses throughout a year. An egg-per-
gram (EPG) count was obtained for each sample using the McMaster technique. To analyze the EPG, a 
linear mixed model (animal as random effect) was fitted with the following effects: 

 EPG = μ + month(12 months) + age(6 groups) + sex(2 groups) + horse(260 horses) + error 

Least-squares means and confidence intervals (CI, 95%) for each effect were estimated. Upper CI was 
considered as a threshold to contemplate the use of a drug. Month and age effects were significant (p < 
0.001), while sex effect was not significant (p > 0.05). For season, two EPG periods were identified: dry 
season, range of thresholds from 250 to 400 EPG, and wet season, range of thresholds from 450 to 700 
EPG. To reduce the prairie´s parasitic burden lower thresholds (250-450) can be used while if applying a 
TST upper thresholds (400-700) are recommended. From an age group approach, six different EPG 
thresholds can be observed: 700, 500, 400, 300, 200, 300. In conclusion, different thresholds can be 
used according to season or animal age, taking into account parasite refugia and avoiding anthelmintic 
resistance. A set of approaches and tools could lead to a conscious EPM practice. 
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Abstract 

Dermacentor nitens is one of the main horse ticks in the world. In addition to blood spoliation, it is 
responsible for transmission of Babesia cabali. The objective of this study was to evaluate the activity in 
vitro of fluazuron and pyriproxyfen on the reproductive efficiency of engorged females of D. nitens. The 
solutions used in the tests for both fluazuron and pyriproxyfen were diluted in Triton-X 100, N-
methylpyrrolidone and acetone, forming two stock solutions at 3 and 4%, respectively, from which nine 
serial dilutions were obtained, starting at 4,000ppm and ending at 15.62ppm for both growth regulators. 
The in vitro essay was carried out in triplicate with 10 engorged females immersed for one minute in the 
solutions at each concentration. The ticks were then dried and individualized to observe the pre-
oviposition period, egg mass, egg hatching and female weight at the end of laying. The factors described 
were used to assess the reproductive efficiency, efficacy, nutrition index and the lethal concentration 
(LC) on the hatching percentage. Fluazuron interfered only in the hatching of the eggs, reducing the 
reproductive efficiency with efficacies above 95% from the concentration of 1000 ppm, with LC50 and 
LC90 values of 155.350 (121.187-198.132) and 932.635 ppm (662.470- 1466.160), respectively. 
Pyriproxyfen also interfered significantly (p ≤0.05) from the concentrations of 500, 125 and 62.5 ppm of 
the respective factors oviposition, female weight after oviposition and reproductive efficiency. 
Effectiveness above 95% from the concentration of 500 ppm was observed, with values of LC50 and 
LC90 of 50.029 (36,263 - 65,678) and 3331.441ppm (36,263 - 65,678). Pyriproxyfen thus interfered more 
in the reproductive efficiency of D. nitens than fluazuron, opening perspectives for future studies in the 
control of this tick. 
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