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Plenary Presentations

PL1-Plenary 1

Sunday, August, 09, 2009

PL1.1

The Arctic as a Model for Anticipating, Preventing, and
Mitigating Climate Change Impacts on Host-Parasite
Interactions

Kutz, Susan'; Jenkins, Emily? Veitch, Alasdair?; Ducrocq, Julie?;
Polley, Lydden>; Elkin, B.5; Lair, Stephane’

1. Department of Ecosystem and Public Health, Faculty of Veterinary
Medicine, University of Calgary, Calgary, AB, Canada; 2. University of
Saskatchewan, Saskatoon, SK, Canada; 3. Sahtu Settlement Region,
Department of Environment & Natural Resources, Government

of the Northwest Territories, Norman Wells, NT, Canada; 4. Centre

for Coastal Health, Vancouver Island University, Nanaimo, BC,

Canada; 5. Department of Veterinary Microbiology, University of
Saskatchewan, Saskatoon, Sk, Canada; 6. Wildlife Division, Department
of Environment & Natural Resources Government of the Northwest
Territories, Yellowknife, NT, Canada; 7. Faculté de médecine vétérinaire,
University of Montreal, Montreal, QC, Canada

Climate change is influencing the structure and function

of natural ecosystems around the world, including host-
parasite interactions and disease emergence. Understand-
ing the influence of climate change on infectious disease at
temperate and tropical latitudes can be challenging because
of numerous complicating biological, social, and political
factors. Arctic and Subarctic regionsmay be particularly good
models for unraveling the impacts of climate change on
parasite ecology because they are relatively simple systems
with low biological diversity and few other complicating an-
thropogenic factors. We examine some changing dynamics
of host—parasite interactions at high latitudes and use these
to illustrate a framework for approaching understanding, pre-
venting, andmitigating climate change impacts on infectious
disease, including zoonoses, in wildlife.

Calgary, Canada, 2009

PL2 - Plenary 2

Monday, August, 10, 2009

PL2.1

Canada and Veterinary Parasitology
Slocombe, J. Owen D.

Ontario Veterinary College, University of Guelph, Guelph, ON, Canada

A World Association for the Advancement of Veterinary Para-
sitology tradition for its conference is to present some high-
lights of the country hosting the event, and with an emphasis
on the history of, and research in, veterinary parasitology.

A review of Canada’s peoples, physiography, climate, nat-
ural resources, agriculture, animal populations, pioneers in
veterinary parasitology, research accomplishments by other
veterinary parasitologists, centres for research in veterinary
parasitology, and major current research had been presented
at a World Association for the Advancement of Veterinary
Parasitology Conference in Canada in 1987, and was pub-
lished. The present paper updates the information on the
above topics for the 22 years since this conference was last
held in Canada.

PL2.2

Parasite Control in the Age of Drug Resistance and
Changing Agricultural Practices

Molento, Marcelo Beltrao

Laborato ‘rio de Doenc, as Parasita ‘rias, Departamento de Medicina
Veterina ria, Universidade Federal do Parana, Curitiba, Brazil

The benefits of using antiparasitic drugs in farm animals are
unquestionable. However, despite anthelmintic use as the
predominant control strategy, extreme parasite infection
cases are appearing in sheep and goat production; these
impact productivity and have show mortality rates reaching
pre-drug use levels. This was a predictable situation resulting
from the loss of efficacy by all available products, particularly
when some products were used as the sole intervention. The
concepts of agroecology and holistic agriculture, which ad-
vocate the use of integrated management strategies, such as
target selected treatment, herbal medicine, and the applica-
tion of other parasite control alternatives, are not completely
new, but are undergoing a resurgence because of their

more sustainable appeal. The objective of this review article
is to examine the problem of parasite control in the face of
parasite drug resistance and to outline some strategies that
may be used in parasite control programmes. Before they are
accepted and recommended by the WAAVP, agroecological
methods such as those listed above and described in detail
herein should be validated based on scientific evidence of
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their efficacy for parasite control and should be tested for
both host and environmental safety.

PL3 - Plenary 3

Tuesday, August, 11, 2009

PL3.1

Future of the Animal Health Industry at a Time of Food
Crisis

Campbell, William C."; Conder, George A.';

Marchiondo, Alan A.

1. RISE, Drew University, Madison, NJ, USA; 2. Pfizer Animal Health,
Kalamazoo, Mi, USA

It is popular in some quarters to say that there is no food
crisis; that there is food aplenty; and that the problemis one
of distribution or other over-arching technical difficulty. To
the starving, however, there is a food crisis; and it neither
speaks well nor bodes well for humanity if we dismiss their
plight so glibly. The United Nations has called for a large and
rapid increase in food production. Veterinary parasitologists
and industry leaders can contribute to the production of
healthier livestock and the expansion of aquaculture, but
enhanced production and better delivery of plant foods
may provide faster relief. Although livestock farming is not
the most energy-efficient way of producing food,meat will
remain a significant component of the global diet for the
foreseeable future. New measures for parasite control will
be needed, and we must improve our methods of inventing
them. They need not act directly against the parasite. In the
distant future lie other threats to the inhabitants of planet
Earth, and here we must acknowledge the cogency of the
no-foodcrisis argument. In the long term, the production of
animal foods and animal feeds will be revamped in ways that
depend on how (or whether) we solve the energy crisis, the
environmental crisis, the increasingly dire regional popula-
tion crises, and the current world financial crisis. Throughout
the 20th century, the animal health industry had to adapt
to industrialization and expansive agribusiness. It will have
to adapt to even greater changes in the 21st century and
beyond.

Calgary, Canada, 2009

PL3.2

Vectors in a Changing Environment

Randolph, Sarah E.

Department of Zoology, University of Oxford, Oxford, United Kingdom

The evolution of pathogens is driven by intrinsic biological
barriers, but is directed and constrained by extrinsic environ-
mental factors. Once evolved, their arrival, establishment and
spread in a geographical sense can be investigated, under-
stood and predicted by contrasting, but complementary,
analytical methods.

This will be illustrated by a variety of vector-borne disease
systems that are biologically complex and highly sensitive to
environmental conditions.

Arrival is now commonly recognized as due to human trade
and travel, resulting in much more rapid, long-distance
dispersal than can be achieved by the vectors’ or hosts’own
mobility. Viruses that cause Dengue, Chikungunya, West Nile
fever and Blue Tongue are prime examples.

Establishment depends on the introduced pathogen find-
ing environmental conditions that are both abiotically and
biotically permissive for on-going transmission equal to

or above the critical threshold level, that is defined by the
simple condition of the basic reproduction number (R)) = 1.
Predictions of the global distribution of such conditions al-
low forewarning and therefore forearming.

Spread and increased incidence (‘emergence’) may depend
as much on human factors as biological dynamics, as is well
illustrated by recent abrupt upsurges in tick-borne infections
in Europe and Eurasia over recent decades.

My research is supported by the Wellcome Trust
(070696/7/03/Z), the UK Natural Environment Research
Council (NER/K/S/1999/00142), and EU-Fr6 grant GOCE-2003-
010284 EDEN

PL4 - Plenary 4

Wednesday, August, 12, 2009

PL4.1

Selected Parasitosis in Cultured and Wild Fish
Guo, F.C."; Woob, PT.K.2

1. Novartis Animal Health Canada Inc., Aqua Heath Business, Victoria,
PE, Canada; 2. Department of Integrative Biology, University of Guelph,
Guelph, ON, Canada

While intensive aquaculture has and will continue to supply
the ever growing population with highly nutritious protein,
it also comes with problems which include more frequent
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outbreaks of diseases in fish farms and transmission of dis-
eases between farmed and wild fish. We have selected four
Phyla of economically important fish parasites for our present
discussion—a haemoflagellate (Cryptobia salmositica), a
microsporidian, (Loma salmonae), a monogenean (Gyrodac-
tylus salaries) and two copepods (Lepeophtheirus salmonis,
Caligus rogercresseyi). This review consists of two parts with
a brief description of each parasite and its biology related to
transmission, followed by discussions on epizootic outbreaks
in both wild and farmed fish, interactions between wild and
farmed fish, and disease prevention and control.

PL5 - Plenary 5

Thursday, August, 13, 2009

PL5.1

From Parasite Genomes to One Healthy World; Are We
Having Fun Yet?

Zarlenga, Dante'; Gasbarre, Louis’

1. USDA, ARS, ANRI, Animal Parasitic Diseases Laboratory, Beltsville,
MD, USA; 1. USDA, ARS, Bovine Functional Genomics Lab, Beltsville, MD,
USA

In 1990, the Human Genome Sequencing Project was
established. This laid the ground work for an explosion of
sequence data that has since followed. As a result of this ef-
fort, the first complete genome of an animal, Caenorhabditis
elegans was published in 1998. The sequence of Drosophila
melanogaster was made available in March, 2000 and in

the following year, working drafts of the human genome
were generated with the completed sequence (92%) being
released in 2003. Recent advancements and next-generation
technologies have made sequencing common place and
have infiltrated every aspect of biological research including
parasitism. To date, sequencing of 32 apicomplexa and 24
nematode genomes are either in progress or near comple-
tion, and over 600K nematode EST and 200K apicomplexa
EST submissions fill the databases. However, the winds have
shifted and efforts are now refocusing on how best to store,
mine and apply this data to problem solving. Herein we tend
not to summarize existing X-omics datasets or present new
technological advances that promise future benefits. Rather,
the information to follow condenses up-to-date-applications
of existing technologies to problem solving as it relates to
parasite research. Advancements in non-parasite systems are
also presented with the proviso that applications to parasite
research are in the making.

Calgary, Canada, 2009

PL5.2
Emerging Food-borne Parasites

Dorny, Pierre
Department of Animal Health, Institute of Tropical Medicine, Antwerp,
Belgium

Parasitic food-borne diseases are generally underrecognised,
however they are becoming more common. Globalization
of the food supply, increased international travel, increase

of the population of highly susceptible persons, change in
culinary habits, but also improved diagnostic tools and com-
munication are some factors associated with the increased
diagnosis of food-borne parasitic diseases worldwide. This
paper reviews the most important emerging food-borne
parasites, with emphasis on transmission routes. In a first
part, waterborne parasites transmitted by contaminated
food such as Cyclospora cayetanensis, Cryptosporidium and
Giardia are discussed. Also human fasciolosis, of which the
importance has only been recognised in the last decades,
with total numbers of reported cases increasing from less
than 3000 to 17 million, is looked at. Furthermore, fasciolo-
psiosis, an intestinal trematode of humans and pigs belongs
to the waterborne parasites as well. A few parasites that may
be transmitted through faecal contamination of foods and
that have received renewed attention, such as Toxoplasma
gondii, or that are (re-) emerging, such as Trypanosoma cruzi
and Echinococcus spp., are briefly reviewed. In a second part,
meat-borne parasite infections are reviewed. Humans get
infected by eating raw or undercooked meat infected with
cyst stages of these parasites. Meat inspection is the principal
method applied in the control of Taenia spp. and Trichinella
spp. However, it is often not very sensitive, frequently not
practised, and not done for T. gondii and Sarcocystis spp.
Meat of reptiles, amphibians and fish can be infected with

a variety of parasites, including trematodes (Opisthorchis
spp., Clonorchis sinensis, minute intestinal flukes), cestodes
(Diphyllobothrium spp., Spirometra), nematodes (Gnath-
ostoma, spp., anisakine parasites), and pentastomids that
can cause zoonotic infections in humans when consumed
raw or not properly cooked. Another important zoonotic
food-borne trematode is the lungfluke (Paragonimus spp.).
Traditionally, these parasitic zoonoses are most common in
Asia because of the particular food practices and the im-
portance of aquaculture. However, some of these parasites
may emerge in other continents through aquaculture and
improved transportation and distribution systems. Because
of inadequate systems for routine diagnosis and monitoring
or reporting for many of the zoonotic parasites, the incidence
of human disease and parasite occurrence in food is under-
estimated. Of particular concern in industrialised countries
are the highly resistant waterborne protozoal infections as
well as the increased travel and immigration, which increase
the exposure to exotic diseases. The increased demand

for animal proteins in developing countries will lead to an
intensification of the production systems in which the risk of
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zoonotic infections needs to be assessed. Overall, there is an
urgent need for better monitoring and control of food-borne
parasites using new technologies.

WAAVP Symposium
One World, One Health: Parasites
in a Chalanging Landscape

Sunday, August, 09, 2009

SY1.1
Parasites and People in a Changing Landscape

Weaver, Haylee J.
National Centre for Epidemiology and Population Health, The
Australian National University, Australia

The environmental and ecological impacts of climate change
are likely to affect many human parasitic diseases. Malaria,
with the highest global burden of disease for any parasite,
has emerged as the ‘pin-up’ for climate change and para-

sitic disease, with research being conducted worldwide on
modelling the potential effects, and more funding than ever
for research into vaccines and cures. Yet there are numerous
neglected tropical diseases that may be affected by climate
change. Schistosomiasis, ascariasis, hookworm and filariasis
already collectively affect approximately two billion people,
mainly in developing countries. Unfortunately, these diseases
have also been truly neglected in research and scientific
assessments in relation to health impacts of climate change.
The IPCC’s Fourth Assessment Report, while having com-
prehensive information on risk and vulnerability to climate
change of malaria for example, neglected to mention the
major helminth diseases, save for several mentions of schisto-
somiasis. To further complicate an already extremely com-
plex situation, other social and economic impacts of climate
change (e.g., poverty, education, agriculture, food and water
availability etc.) are likely to exacerbate helminth infections,
while at the same time pushing them further down the list

of priorities. The ecological disturbance caused by climate
change is also likely to similarly alter distribution and infec-
tion rates of protozoan parasites worldwide, not the least
through changes in movement of populations (of both hu-
mans and animals). It is essential that the multi-disciplinary
nature of these problems is acknowledged, to ensure that the
appropriate spread of expertise is assembled to tackle the
increasing problem of parasitic diseases and climate change.

Calgary, Canada, 2009

SY1.2
Parasites and Domestic Animals in a Changing Landscape

Morgan, EricR.
University of Bristol, Bristol, United Kingdom

Environmental change affects not only the abiotic factors
acting on parasite transmission and population dynamics,
but also the availability of intermediate and reservoir hosts,
and the management of domestic animals themselves.

Net effects on parasitic disease can therefore be complex,
especially when the nature and extent of landscape and
environmental change varies so much around the world.
Thus, expansion of farming into wilderness, and attempts to
regenerate natural habitats in intensively farmed regions, al-
though very different processes, potentially expose livestock
to wildlife parasites and to microhabitats suitable for inter-
mediate hosts. Consequences include, for example, re-emer-
gence of liver fluke in ruminants in restored wetlands. Else-
where, overgrazing and drought can alter infection pressure,
but also the condition and susceptibility of livestock hosts.
Companion animals also face altered parasite threats from
changes to the natural environment, and from the redistribu-
tion of parasites through movement of pets. In attempting
to predict and mitigate parasitic risks to domestic animal
health through landscape change, it is important to focus on
the interactions between animal management and parasite
transmission. The most realistic biological models show that
the effects of climate change on parasite development and
population growth can be minor in relation to those of even
small changes in management. This emphasises that when
addressing parasite control in a changing environment, due
attention must be paid to factors outside the traditional
realm of parasitology. This is a challenge for us all.

SY1.3

From Climate to Molecules, Who Does Matter the Most?
The Dynamics of Host-Parasite Interaction in Wildlife
Systems

Cattadori, Isabella M.

Center for Infection Disease Dynamics, The Pennsylvania State
University, University Park, PA, USA

Climate change has been suggested to have a major ef-
fect on infectious disease dynamics and yet, unequivocal
evidence of casual mechanisms is weak and often burred
by other ecological factors. So a number of questions arise:
Why is the effect of climatic variables on parasite dynamics
lost? When is this effect lost? Are there alternative and more
important factors driving infectious diseases? Does the host
matter the most?

I shall address these questions using two long term studies,
the red grouse-T. tenuis and the rabbit-T. retortaeformis/G.
strigosum systems. | shall examine the interactions between



Abstracts: World Association for the Advancement of Veterinary Parasitology

the host and its parasites and highlight how unexpected cli-
matic events, seasonality, co-infections and host characteris-
tics affect parasite dynamics. | shall explain that host immun-
ity plays a fundamental role in driving parasite transmission
and consequently long term infection dynamics. Finally, |
shall highlight that we need a better understanding of within
host mechanisms of infection to understand large scale para-
site persistence.

SY1.4

Parasites in a Changing Landscape: A Global Perspective
on History, Connectivity and Consequences

Hoberg, Eric P.
US National Parasite Collection and Animal Parasitic Diseases
Laboratory, Agricultural Research Service, USDA, Beltsville, MD, USA

Humans are integral components of a complex biosphere
where our influence and impacts have deepened and ac-
celerated over time. During much of human history, we
existed in a “large and slow world” where relatively isolated
populations occupied disparate landscapes dominated

by local effects, and as intimate players in a broader and
interconnected ecological arena. Historically, exploitation of
diverse habitats and resources, concurrent with expansion of
agriculture and animal husbandry, has driven environmental
modification and landscape fragmentation. Subsequent ex-
ploration and industrialization has engendered burgeoning
human populations, urbanization, globalization and a trans-
formation to a“small and rapid world” characterized by the
breakdown of ecological isolation. Across landscape, regional
and global scales, we have disrupted the biosphere. New
waves of extinction threaten biological diversity and eco-
logical continuity in terrestrial, aquatic and marine systems.
Landscapes in transition influence the proximity of wildlife,
domestic animals and people, and ecotone-effects at border-
lands determine transmission, emergence and resurgence

of pathogens. In the current regime of accelerating change,
‘One World- One Health’is a synergy emphasizing connectiv-
ity and consequences, recognizing that our interface with
the environment has profound implications for the health
and vitality of human and ecological communities. We have
at our disposal, and should use, powerful tools in describing
and countering these threats. These include: the means to
understand ecological and epidemiological changes and to
define underlying evolutionary processes; the capacity to
document and archive past and present environments; and
the opportunity to predict future conditions based on fore-
seeable scenarios. Heightened collaboration and communi-
cation across disciplines and borders, and a sense of urgency,
will be necessary to effectively address this global challenge.

Calgary, Canada, 2009
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Oral Presentations

CS1-Drug Resistance and Production

Monday, August, 10, 2009

Cs1.1

Control of Resistant Parasites on a Commercial Stocker
Operation

Smith, Larry L.
AVMA AAVP, Lodi, WI, USA

Necropsy data collected on a commercial stocker ranch in
both 2003 and 2004 showed that Haemonchus placei, H. con-
tortus, Cooperia punctata, and C. oncophora were resistant
to macrocyclic lactones, while H. contortus and C. punctata
also were resistant to benzimidazoles. In 2005, animals
maintained on these same pastures were dewormed with
macrocyclic lactone plus levamisole at turnout and again at
approximately days 35 and 70. A fourth and final deworming
was carried out with fenbendazole in the feed and seasonal
helminth control was obtained. In 2006 and 2007, all animals
on these pastures were dewormed at turnout and again at
approximately day 35 with a macrocyclic lactone plus levami-
sole. A third deworming was carried out with fenbendazole
in the feed. Similar to 2005, seasonal control of all helminth
species was accomplished. However, fecal egg counts were
generally higher than those recorded in previous years prior
to discovering resistance on this property. In 2008, animals
were dewormed with an injectable macrocyclic lactone plus
levamisole at turnout and were not dewormed again until
they exhibited a positive fecal egg count. Once a positive
fecal egg count was established, animals on two pastures
were dewormed once with an injectable macrocyclic lactone
and then with fenbendazole in the feed (third deworming).
At days 15 and 52 after the third deworming with fenben-
dazole, all fecal samples showed 0 EPG. Animals on a third
pasture were dewormed with an injectable macrocyclic
lactone plus levamisole two additional times (second and
third deworming). At day 19, after the third deworming, fecal
samples showed 0 EPG. Thus, using a single-active dewormer
for the second and third treatments, and only treating after
the appearance of positive fecal egg counts, provided a simi-
lar efficacy to that obtained with a combination dewormer.
These data raise questions regarding the effect of using cost-
effective single injectable dewormers on the current and
future state of redeveloping nematode resistance on these
pastures.

Calgary, Canada, 2009

Cs1.2

Prevalence of Parasitism in Treated and Non-Treated
Cattle as Determined by Fecal Egg Counts Within Specific
Age Groups and Designated Management Systems in the
Us

Kvasnicka, William G.'; Bliss, Donald H.; Newcomb, Harold3;
Moore, Robert D.*

1. University of Nevada Retired, Shawnee, KS, USA; 2. MidAmerica Ag
Research, Verona, Wi, USA; 3. Intervet Schering Plough Animal Health,
Batesville, MS, USA; 4. CABNR University of Nevada, Reno, NV, USA

Introduction: The prevalence of parasitism in thousands of
treated and non-treated cattle was determined from fecal
samples collected throughout the United States. It includes
beef and dairy cows/bulls, sucking calves, background calves,
heifers, stockers and feeders.

Methods: Fecal samples were collected and submitted to
one of four parasitology laboratories for analysis using the
Modified Wisconsin Sugar Fecal Flotation Method. A form
accompanied the samples to identify collection date, owner,
cattle age group and management system. Treatment history
was not revealed until the laboratory analysis was completed.
The results were submitted to a national database supported
by Intervet/Schering Plough Animal Health.

Results: A total of 24,239 samples from 1,219 operations
have been recorded (12,597 samples from non-treated cattle
and 11,642 from treated cattle). Of the non-treated cattle,
6,109 yearling cattle from 357 operations were shedding
eggs with an average count of 52.7 eggs/3gm. The aver-

age egg count for 5,314 yearling cattle from 282 operations
treated with macrocyclic lactone (ML) pour-ons was 27.8
eggs/3g. The average egg count for 2,475 yearling cattle from
109 operations receiving injectable ML was 30.1 eggs/3g. The
average egg count for 3,581 yearling cattle from 175 oper-
ations treated with fenbendazole medicated oral suspension,
paste or a feed-grade formulation was 0.1 eggs/3g.

Significance: Producers should be made aware of the effect
of parasitism on the immune system and profitability if they
are not treating cattle. Counts following treatment can be
used to evaluate deworming practices.

Cs1.3

Documentation and Prevalence of Parasite Resistance
in U.S. Cattle Using the Fecal Egg Count Reduction Test
According to a Scientific Panel Consensus Protocol
Presented at the 2007 AAVP Meeting

Bliss, Donald H.%; Newcomb, Harold3; Moore, Robert D.4;
Kvasnicka, William G.

1. University of Nevada Retired, Shawnee, KS, USA; 2. MidAmerica Ag
Research, Verona, WI, USA; 3. Intervet Schering Plough Animal Health,
Batesville, MS, USA; 4. CABNR University of Nevada, Reno, NV, USA
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Introduction: The prevalence of parasite resistance in

cattle throughout the United States was determined using
the 2007 AAVP consensus Fecal Egg Count Reduction Test
(FECRT) protocol. A total of 176 FECRT trials throughout 20
key livestock states were conducted in cooperation with 103
veterinary clinics or consulting veterinarians.

Methods: Target animals used for all trials were naturally
parasitized yearling cattle where sufficient animals were
available in each trial to sample a minimum of 18 animals
at the time of treatment and again 14-days post-treatment.
All samples were analyzed using the Modified Wisconsin
Sugar Fecal Flotation Method. The consulting parasitologist
remained masked to treatment until the analysis was com-
pleted. All samples were submitted to a national database
supported by Intervet/Schering Plough Animal Health and
the University of Nevada-Reno.

Results: A total of 6,896 samples were analyzed (3,467 sam-
ples collected prior to treatment and 3,429 samples collected
post-treatment). The mean efficacy of macrocyclic lactone
(ivermectin, dormectin, eprinomectin and moxidectin) pour-
ons (83 trials; 3,313 samples) was 61.3%, the mean efficacy of
the macrocyclic lactone injectables (31 trials; 1,203 samples)
was 65.3%, the benzimidazoles tested (six different fenbend-
azole formulations) in 46 trials (1,806 samples) demonstrated
an efficacy of 99.2% while a combination fenbendazole plus
a macrocyclic lactone (pour-on or injectable) in 16 trials (526
samples) demonstrated an efficacy of 99.9%. These results
were generated under field use conditions with the super-
vision of the veterinary service provided by each participat-
ing clinic.

Cs1.4

Parasite Control Practices on Sheep Farms in the UK and
Ireland

Coles, Gerald C."; Burston, Sarah'; Carder, Kathryn';
Pritchard, Lee'; Whitmarsh, Amber'; Morgan, Eric R.";
Hosking, Barry C.2

1. University of Bristol, Bristol, United Kingdom; 2. Novartis Animal
Health Australia Pty Ltd, Kemps Creek, NSW, Australia

Parasite control practices on sheep farms are coming under
increasing scrutiny as the problem of drug resistance takes
hold and seriously threatens to undermine the sustainability
of the industry. Efforts to change parasite control practices
are hindered by limited published data on current behaviour.
A telephone survey was conducted of >600 farms in the UK
and Republic of Ireland in 2008. Only 9 % of farmers per-
ceived a resistance problem in nematodes, with 23 % unsure
and 68 % reporting that drugs continued to work well. This
is at odds with the known high prevalence of anthelmintic
resistance in the study area, and suggests widespread com-
placency when resistance is present but at levels as yet too
low to cause clinical disease. The median number of annual
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treatments against nematodes was 2 in ewes and 3 in lambs.
However, the number of lamb treatments was strongly
influenced by region and farming system, with an average

of 5.6 treatments per year in south-west England compared
with 2.5 in Wales, Scotland and northern England. 46 % of
farmers considered tapeworms to be a problem, and 76 %
treated against them. The criterion for assessing anti-parasitic
treatment efficacy was almost universally lack of clinical or
production problems following treatment. The present study
suggests that efforts to warn farmers of the dangers of resist-
ance and to persuade them to monitor drug efficacy should
be strengthened. Supported by Novartis Animal Health.

CS1.5

Variation in the Effectiveness of Different Classes of
Anthelmintics on Fecal Egg Counts in Cattle Entering the
West Virginia Southern Bull and Replacement Heifer Test
Program

Gasbarre, Louis C.'; Wallbrown, Rodney?; Newcomb, Harold?

1. USDA, Bovine Functional Genomics Lab, Beltsville, MD, USA; 2. Mason
County WVU Extension Service, Point Pleasant, WV, USA; 3. Intervet/
Schering-Plough Animal Health, DeSoto, KS, USA

Each year, the West Virginia University Extension Service, the
West Virginia Department of Agriculture, and the West Vir-
ginia Cattleman’s Association conduct the Southern Bull and
Replacement Heifer Test Program. In 2006, researchers ob-
served, that in spite of a strict vaccination program on arrival,
test cattle developed more health problems than expected.
Fecal samples were found to have high egg counts in many
cases, even though the animals had been treated multiple
times with cattle wormers. In 2007, fecal samples were col-
lected from the rectum from a total of 86 heifers from 9 dif-
ferent producers and 103 bulls from 13 producers on delivery
to the test station. At this time, the bulls were treated with

an oral benzimidazole (fenbendazole) and the heifers with a
pour-on endectocide (ivermectin). Fecal samples were taken
from the animals for a second time, 14 days after treatment.
Initial egg counts did not differ between the bulls and heifers
(49.4 and 42.4 respectively). In contrast, endectocide treat-
ment reduced fecal eggs counts by only 45 %, whereas treat-
ment with an oral benzimidazole reduced the mean fecal
egg count by 95% (26.9 and 2.2 respectively). In the heifers
the effectiveness of the treatment varied based upon the
source of the animals (range of 83 to 26% reduction). These
results indicate that the resistance to endectocides can be
demonstrated in cattle operations in West Virginia, and that
the effectiveness of endectocides can vary markedly from
cattle operation to cattle operation. Producers should be
carefully monitoring the effectiveness of their anthelmintic
treatments.
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Cs1.6

Verminous gastroenteritis, Measured by EPG, Reduced
MilkYield in a Grazing System in Argentina’s Humid
Pampa. (Hormonal Control of Milk Production in
Bovines. Effect of Verminous nematodiasis During the
Cow’s Development and Reproductive Stages Part 1:
Diagnosis of Parasitism on Adult Cows and Effect on Milk
Production - ANPCYT- PICT04 21-20294)

Mejia, Miguel E.%; Perri, Adrian F.'; Licoff, Nicolas?; Lazaro,
Luciana? Fernandez-lgartua, Belisario M.%; Miglierina, Martin
M.3; Becu-Villalobos, Damasia'; Lacau-Mengido, Isabel M.

1. IBYME-CONICET, Buenos Aires, Argentina; 2. Private Practice, Lincoln,
Argentina; 3. Esc. Inchausti - UNLP, Argentina

Gastrointestinal parasitism is a major constraint in grazing
livestock production systems. Most studies on the effects

of these parasites in bovines have been performed on beef
herds. In dairy systems the importance of verminous gastro-
enteritis is well documented in growing animals, but there
are few studies on adult dairy cows, with confusing results.
As a part of a multi-disciplinary study, milk production of
each cow (n=200) was daily measured from a dairy herd in

a grazing system in the province of Buenos Aires. Parasitism
was evaluated through monthly EPG of every animal within
the system, and larval cultures were performed to determine
the genera involved. Also grass forage samples were taken
every 14 days from every paddock where each herd grazed,
in order to obtain, identify and count infective larvae.

Cows with positive EPG, whether from the pre-calving
sample (29.21 %), the first post-calving sample (33.33 %) or
both (14.60 %) showed a decrease in milk production of 2.38
I/d, 0.93 I/d and 2.41 |/d respectively, throughout lactation.
The difference was pronounced during the first five months
of lactation (2.98 I/d, 2.23 I/d and 3.88 I/d). Nematodes of the
genera Ostertagia, Cooperia, Haemonchus and Trichostrong-
ylus were identified in fecal egg cultures and grass samples,
showing regional normal prevalence curves and seasonal
variability.

These data show that gastrointestinal nematodiasis dramat-
ically affects milk production and suggests that EPG can be a
useful diagnostic tool. Further studies are being performed
with treated and untreated cows with anthelmintic drugs.
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Cs2.1

Disposition of Eprinomectin in P-gp Deficient Mice: a
Comparison with Ivermectin and Moxidectin

Kiki, Solange'; Borin, Christiane'; Comera, Christine’;
Vignault, Magalie'; Menez, Cecile?; Sutra, Jean-Francois’;
Alvinerie, Michel'; Lespine, Anne!

1. INRA, Toulouse, France; 2. INRA UR66, Toulouse, France

Antiparasitic macrocyclic lactones (MLs) are good substrate
of P-glycoprotein (P-gp), an ABC transporter involved in the
drug efflux out of host body and target parasites. We have
studied the contribution of P-gp in the in vivo behaviours of
three structurally different MLs with different P-gp affinities.
Plasma kinetics, brain concentration and intestinal excretion
of ivermectin, eprinomectin and moxidectin were compared
in control and mdr1ab-/- mice.

Animals were orally or subcutaneously administered with
each drug (0.2 mg/kg) and plasma and brain concentrations
were measured by HPLC. The MLs intestinal excretion rates
were measured at different small intestine level by using in
situ open intestinal perfusion model.

P-gp deficiency induced a significant increase of the area
under the plasma concentration-time curve (AUC) of iver-
mectin (1.5 fold) and eprinomectin (3.3 fold) while moxidec-
tin AUC was unchanged. The three drugs accumulated in
mdr1ab-/- brain but eprinomectin concentrations were lower
when compared to the two other drugs in both groups. In-
terestingly, ivermectin and to a higher extend eprinomectin
were both excreted by the duodenum, jejunum and ileon via
a P-gp dependent pathway while moxidectin excretion was
weaker and mostly independent of P-gp.

A relationship exists between plasma kinetic, brain accumu-
lation and intestinal excretion of the three drugs tested.
Eprinomectin disposition in mice is strongly affected by P-gp
deficiency more than ivermectin, while moxidectin appeared
to be poorly concerned by the absence of P-gp. We propose
a correlation between the disposition of these three drugs in
mice and their relative affinity for P-gp.
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Cs2.2

The Influence of Ketoconazole and Pluronic 85 on the
Efficacy and Pharmacokinetics of Ivermectin in Lambs
Infected with Anthelmintic Resistant Haemonchus
contortus

Bartley, Dave J.'; Dupuy, Jacques?; Alvinerie, Michel?;
Jackson, Frank’; Lespine, Anne?

1. Moredun Research Institute, Penicuik, United Kingdom;

2. INRA, Toulouse, France

Non-specific mechanisms of resistance such as the ATP bind-
ing cassette proteins play an important role in xenobiotic
clearance in ovine gastro-intestinal nematodes. The aim

of this trial was to assess the possibility of increasing drug
bioavailability in the host whilst reducing drug clearance

in anthelmintic resistant nematodes, thereby improving
treatment efficacy. Thirty-six lambs were infected with 5000
multiple resistant Haemonchus contortus L3 and separated
in to six groups (n=6); ivermectin alone (IVM; 0.2mg/kg body-
weight), ketoconazole alone (KET; 10mg/kg BW), pluronic

85 alone (P85; 4mg/kg BW), IVM+KET, IVM+P85 or untreated
control. lvermectin treatments were single oral administra-
tions on day 28 post-infection (PI) for all appropriate groups,
whereas the KET and P85 treatments were both administered
orally as five separate doses on days 26-30 Pl inclusively.

Concomitant administration of KET or P85 with IVM induced
increases in plasma and tissue concentrations of IVM in
treated animals, resulting in a two-fold increase in the area
under the time-concentration curve (AUC, p<0.05). Faecal
egg counts and worm burdens of the IVM+KET and IVM+P85
groups were lower than the untreated, KET and P85 control
animals.

The findings of increased IVM bioavailability within the
host with no increase in treatment efficacy requires further
investigation, though the possibility of the parasites having
upregulated specific or alternate non specific mechanisms
for effectively handling anthelmintic treatment exist and
merits further examination.

cs2.3

Measurement of lvermectin Concentrations in the Host
Gastrointestinal Tissues and in Haemonchus contortus
Recovered from Infected Lambs. Comparison Between

Subcutaneous and Oral Treatments

Lifschitz, Adrian Luis’; Lloberas, Mercedes?; Alvarez, Luis3;
Entrocasso, Carlos?; Ballent, Mariana'; Virkel, Guillermo’;
Borda, Bernardino?; Lanusse, Carlos'

1. Laboratorio de Farmacologia, Fac. Cs. Veterinarias, UNCPBA, Tandil,
Argentina; 2. Laboratorio de Parasitologia, EEA INTA Balcarce, Balcarce,
Argentina; 3. Laboratorio de Farmacologia, Fac. Cs. Veterinarias,
UNCPBA, Tandil, Argentina

Calgary, Canada, 2009

An improved efficacy against gastrointestinal resistant nema-
todes in sheep and goats has been documented when the
macrocyclic lactones are administered orally compared to
their subcutaneous injection. This work aimed to assess the
influence of the IVM administration route on the relationship
among concentration profiles achieved in the bloodstream,
the gastrointestinal fluid/tissues and in a target abomasal
parasite (H. contortus) in lambs naturally infected. Twenty
(20) parasitized lambs were assigned into two experimental
groups treated with IVM either intraruminally or subcuta-
neously at 0.2 mg/kg. Blood samples were collected from six
animals in each treated group between 0 and 15 days post-
treatment (plasma disposition study). Four animals from each
group were sacrificed at day 3 post-treatment. Mucosa and
content samples from abomasum and small intestine were
collected. Adult specimens of H. contortus were recovered
from the abomasum. Drug concentrations were measured by
HPLC. The IVM plasma availability was higher (P<0.05) after
the subcutaneous administration. However, IVM concentra-
tions recovered in the gastrointestinal contents were higher
in lambs treated by the intraruminal route. The ratio between
IVM concentrations measured in the abomasal contents and
mucosa were 0.07 (subcutaneous) and 2.97 (intraruminal).
The content/mucosa ratios in the small intestine were 1.39
(subcutaneous) and 1.99 (intraruminal). IVM concentra-

tions were 15-fold higher in H. contortus recovered from
intraruminally treated lambs. The higher IVM concentra-
tions achieved in the digestive tract shortly after the oral
treatment may account to the observed enhanced efficacy
compared to the parenteral administration against parasites
of reduced susceptibility.

Cs2.4

The Anthelmintic lIvermectin: a Substrate of Breast-
Cancer Resistant Protein (BCRP)

Kis, Emese % Lecoeur, Sylvaine?; Menez, Cecile’;

Dupuy, Jacques'; Kiki, Solange’; Krajcsi, Peter?;
Alvinerie, Michel'; Lespine, Anne'

1. INRA URG66, Toulouse, France; 2. Solvo Biotechnology, Hungary;
3. INRA/ENV 1233, Lyon, France

The massive usage of the parasiticide ivermectin in both
livestock and humans dictates that a better knowledge is
urgently needed on the determinants that control the drug
behaviour in the organism. The ABC transporter P-glycopro-
tein (P-gp/MDR1A, ABCB1) plays a central role in ivermectin
pharmacokinetic. The present study aimed at thoroughly
characterizing the interaction of ivermectin with breast can-
cer resistant protein BCRP (ABCG2).

We have evaluated the capacities of ivermectin (i) to modu-
late ATPase activity in BCRP membrane vesicles (ii) to inhibit
the transport activity in cells overexpressing BCRP (iii) to

be actively transported through Caco-2 cells by BCRP and
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in cells overexpressing BCRP. Furthermore, the influence of
BCRP on ivermectin availability was explored in mdr1ab-/-
mice treated with BCRP inhibitor.

Ivermectin inhibited the basal and the activated BCRP ATPase
in a concentration dependent manner (IC50 of 1-2 uM). In
cells overexpressing BCRP, ivermectin inhibited the transport
of BCRP substrates. Furthermore, the reference BCRP inhibit-
ors fumitremorginC or Ko143 both induced the accumulation
of the fluorescent conjugate bodipy-ivermectin. In Caco-2
cell monolayers, BCRP inhibitors increased ivermectin appar-
ent basolateral-apical permeability (Papp). In mdr1ab-/- mice,
the area under the ivermectin concentration-time curve
(AUC) was significantly increased and Ko134 led to further
increases in AUC and brain concentrations.

Our data demonstrate a clear interaction of ivermectin with
BCRP. BCRP participates to ivermectin efflux out of the cells
and the host organism. This study points to P-gp and BCRP
being important players in the modulation of ivermectin
pharmacokinetic parameters.

Cs2.5

Pharmacokinetics of Amino-Acetonitrile Derivatives in
Sheep with a Special Emphasis on Monepantel

Sager, Heinz'; Jung, Martin'; Karadzovska, Daniela?;
Kaminsky, Ronald'; Giraudel, Jerome!

1. Novartis Centre de Recherche, St Aubin, Switzerland; 2. Novartis
Animal Health Australasia Pty Limited, Kemps Creek, NSW, Australia

The Amino-Acetonitrile Derivatives (AADs) are a new chem-
ical class of synthetic anthelmintic compounds, demonstrat-
ing a wide spectrum of activity against parasitic gastro-intes-
tinal nematodes in ruminants, including multi-drug resistant
isolates. The AADs possess a chiral center and therefore exist
in two enantiomeric forms of which only one is biologically
active.

In many cases highly enantioselective pharmacokinetics
could be demonstrated. Furthermore, it was shown that the
sulfur-containing compounds were transformed into sulfox-
ides that were readily metabolized to sulfones. This presenta-
tion focuses on the pharmacokinetics of monepantel, which
is the active enantiomer of a potent AAD analogue, de-
veloped for oral anthelmintic treatment of sheep (ZOLVIX®).

Comparison of blood concentrations of the sulfone metab-
olite after intravenous and oral application of monepantel
revealed good oral absorption of monepantel. Within a few
hours after oral application, the sulfone metabolite already
reached about twice the concentration of the parent. This
phenomenon was attributed to a strong hepatic first pass
effect. As the metabolite has similar anthelmintic potency
compared to the parent drug, the in vivo efficacy of mo-
nepantel is attributed to the sum of the parent drug and the
sulfone metabolite. Further pharmacokinetic characteristics
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of monepantel sulfone are a high volume of distribution and
a low clearance. It can be concluded that the oral applica-
tion of monepantel is a very efficient route of administration
leading to considerable efficacy against a wide spectrum of
gastro-intestinal nematodes in sheep.

ZOLVIX and monepantel are not registered or available for
sale in Canada.

Cs2.6

The Influence of Short-Term Food Removal and Route of
Administration on the Efficacy of Monepantel Against
Gastro-Intestinal Nematodes of Sheep

Hosking, Barry C,; Stein, Philip
Novartis Animal Health Australasia Pty Limited, Kemps Creek, NSW,
Australia

Studies were conducted to measure the effect of (1) short-
term pre-treatment removal of food and (2) route of adminis-
tration on the efficacy of monepantel (an Amino-Acetonitrile
Derivative).

In study 1, lambs were randomly allocated to three groups
(n=6/group). Group 1 was not fed for 24 hours prior to
treatment, group 2 was fed 2 hours before treatment and
group 3 was managed like group 2 but without anthelmin-
tic. The sheep were infected with nematodes and treated
when infections were at the fourth larval stage. Efficacy was
determined from worm burdens. The removal of food had no
significant effects on the efficacy of monepantel.

In study 2, lambs were randomly assigned to four groups
(n=5/group). When nematode infections were at the fourth
larval stage, the animals were treated at 0.8 mg monepantel/
kg by oral, intra-ruminal or intra-abomasal routes. Efficacy
was based on worm burdens (cf. controls). There was a trend
for oral treatment to be best, then intra-ruminal and intra-
abomasal. Differences were not always statistically signifi-
cant. There appears to be a slight risk for poorer efficacy
through rumen bypass with some nematode species. How-
ever, in the field, should the rumen bypass be activated, there
should be minimal if any, effect on overall efficacy in younger
lambs. To prevent rumen bypass, farmers should be encour-
aged to adopt a drenching technique where the anthelmintic
is administered over the back of the tongue, directly into the
esophagus. A low volume anthelmintic could be beneficial.

Monepantel is not registered or available for sale in Canada.
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Cs3.1

Serological Diagnosis of Bovine Besnoitiosis:
Development of an Indirect-ELISA and a Comparative
Study with a Commercial ELISA

Alvarez-Garcia, Gema'; Fernandez-Garcia, Aurora'; Aguado-
Martinez, Adriana’; Schares, Gereon?; Basso, Walter? 3.>;
Gollnick, Nicole S.% Ortega-Mora, Luis Miguel'

1. SALUVET, Animal Health Department, Faculty of Veterinary Medicine,
Complutense University of Madrid, Madrid, Spain;

2. Friedrich-Loeffler-Institut, Federal Research Institute for Animal
Health, Institute of Epidemiology, Wusterhausen, Germany;

3. Laboratorio de Inmunopatrasitologia, Facultad de Ciencias
Veterinarias, Universidad Nacional de La Plata, La Plata, Argentina;

4. Clinic for Ruminants, Ludwig-Maximilians-Universitdt, Munich,
Germany; 5. Consejo Nacional de Investigaciones Cientificas y Técnicas
(CONICET), Buenos Aires, Argentina

Bovine besnoitiosis is an emergent parasitic disease with an
important economic impact in affected herds. The causative
agent is the cyst-forming coccidian Besnoitia besnoiti, which
is predominantly localized in subcutaneous tissue-cysts

in the skin, mucosal membranes and scleral conjunctiva.
Apparent cases of besnoitiosis are easily diagnosed by a
conjunction of clinical signs and the identification of tissue
cysts. However, many infected animals remain asymptomatic.
Thus accurate serological tools are needed to early diagnose
B. besnoiti infections with perspectives for control measures.
Additionally, well validated tests are required in order to have
comparable data among the different diagnostic laborator-
ies. According to these requirements, an indirect enzyme-
linked immunosorbent assay (ELISA) has been developed
and standardized with 46 reference positive and negative
bovine sera. As gold standards IFAT and western blot were
employed. After TG-ROC analysis, high precision and perfect
diagnostic performance (Se and Sp=100%) were obtained.
Secondly validation was extended to a target population
composed of 333 sera from 2 herds with besnoitiosis and
diagnostic performance was compared with the only com-
mercial ELISA available up to date. The commercial ELISA
test showed high Se once the cut-off had been recalculated.
Consequently, comparable results were obtained since
similar apparent and true prevalence rates were obtained
with both tests. However, the employment of the new cut-off
may involve loss of Sp of the commercial ELISA. Additionally,
discrepancies still exist, which may be problematic at the
individual level. The implications of discrepancies and cross
reactions together with recommendations on serological
diagnosis will be further discussed.
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CSs3.2

First in-vitro Isolation of Besnoitia besnoiti from
Chronically Infected Cattle in Germany

Schares, Gereon'; Basso, Walter'; Majzoub, Monir3;

Cortes, Helder C.E.%; Rostaher, Anas; Selmair, Josef*;
Hermanns, Walter3; Conraths, Franz J."; Gollnick, Nicole?
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Besnoitia besnoiti was isolated during the first recorded
outbreak of bovine besnoitiosis in Germany. Molecular
characterization of the new isolate, named Bb-GER1, re-
vealed almost 100% identity with other B. besnoiti isolates
obtained in Portugal, Spain, Israel or South Africa, when
partial sequences of the 18S ribosomal RNA gene, of the
internal transcribed spacer 1 and of the 5.85 RNA gene were
compared. Cystozoites obtained from skin tissue of one

bull were infectious for -interferon knockout (GKO) mice by
intraperitoneal (ip) inoculation. Tachyzoites were detected in
the peritoneal cavity, spleen, liver and lung of the mice 5 days
post infection. The parasite could be maintained in GKO mice
by ip inoculation for at least 5 passages. Peritoneal washings
containing tachyzoites were obtained from infected mice
and used to infect five cell lines (Vero, MARC-145, NA42/13,
BHK21, KH-R). The best growth of tachyzoites was observed
in BHK21 cells, but replication occurred to a smaller extent
also in MARC-145, NA42/13 and KH-R cells. Subsequent
comparative analyses revealed that after direct infection of
these cell lines with cystozoites derived from bovine skin, the
growth was best in NA42/13 cells. Considerable replication
was also observed in the BHK21 and KH-R cell lines. Our ob-
servations on the growth characteristics of Bb-GER1 partially
contrast those for other isolates. The preferential growth in
particular cell lines may be characteristic for particular B.
besnoiti isolates. A potential association between growth
properties and differences in virulence remains to be estab-
lished.
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Cs3.3

Novel 18S rRNA Sequence of Hepatozoon Species in
Wildlife from the Southern United States

Allen, Kelly Elise'; Yabsley, Michael J.%; Johnson, Eileen M.";
Reichard, Mason V.'; Panciera, Roger J.7; Little, Susan E.1

1. Oklahoma State University, Stillwater, OK, USA; 2. University of
Georgia, Athens, GA, USA

Hepatozoon species have been documented in a variety of
invertebrate and vertebrate hosts world wide. Although
approximately 150 18S rDNA sequences of Hepatozoon spp.
have been deposited in databases, only a limited number
are reported from North America, and all of those obtained
prior to 2007 were from domestic dogs. In this study, we
compiled published Hepatozoon 18S rRNA sequences avail-
able from North America, collected novel sequences from
previously unrecognized vertebrate hosts of Hepatozoon
spp., and examined the phylogenetic relationships between
the different Hepatozoon organisms found cycling in nature
in the United States. An approximately 500 bp fragment of
18S rDNA common to Hepatozoon spp. and some other api-
complexans was amplified and sequenced from the tissues
or blood of a variety of vertebrate hosts from the southern
United States, including domestic dogs, coyotes, bobcats,
raccoons, rabbits, several rodents (n=8 species), a gray fox, an
opossum, and a snake. Phylogenetic analysis and comparison
with sequences in the existing database revealed distinct
taxonomic groups of Hepatozoon spp., with clusters formed
by sequences obtained from canids/felids/raccoons; rodents/
opossum; and snakes. Surprisingly, Hepatozoon spp. sequen-
ces from wild rabbits clustered with those obtained from
carnivores (canid/felid/raccoon), and one sequence (gray fox)
was most closely related to H. canis, a Hepatozoon sp. only
recently recognized in North America.

Cs3.4
Modification of a Commercial Toxoplasma gondii | IgG
ELISA for Use in Multiple Animal Species

Schaefer, John Jeffrey; Schaaf, Stephanie L.; Mohammed,
Hussni Omar; Wade, Susan Elizabeth

Cornell University, Ithaca, NY, USA

Toxoplasma gondii is a coccidial organism that can cause dis-
ease in both its definitive and intermediate hosts. Toxoplas-
mosis has been described from humans and numerous spe-
cies of wild and domestic animals, including feline, canine,
ruminant, rodent and sea mammals, and birds. Though many
testing methodologies are commercially available for diagno-
sis in humans, few serological tests are appropriate and easily
adaptable for use in the broad range of animals at risk of
infection. The aim of this study was to develop a serological
test for detection of anti-T. gondii antibodies that would allow
rapid evaluation of multiple animal species. A commercially

12
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available kit for the detection of anti-T. gondii IgG in human
serum samples was modified by the replacement of kit sup-
plied conjugate with protein A or protein G horseradish per-
oxidase conjugate. Serum that had been submitted to New
York State’s Animal Health Diagnostic Center and previously
tested for T. gondii by indirect hemagglutination was retested
using these modified kits. The choice of protein A or protein
G conjugate type was guided by specific binding profiles
provided by Molecular Probes product information. Agree-
ment between the two testing methods analyzed by Kappa
value ranged from good (canine samples using protein A) to
excellent (caprine and ovine samples using protein G). This
newly described strategy will allow rapid throughput testing
of animal samples for evidence of infection with T. gondii, aid-
ing in accurate diagnosis of individual animals and allowing

a more enlightened portrayal of disease prevalence across
multiple animal species.

CSs3.5

Quantitative Detection of Sarcocystis aucheniae in
Naturally Infected Alpacas by Real Time PCR

Hung, Armando L.; Ritchie, Arabela; Martinez, Cesar; Sanchez,
Muriel Gomez; Arias, Nino

Laboratorio de Biologia Molecular, Facultad de Veterinaria, Universidad
Peruana Cayetano Heredia, Lima, Peru

Sarcocystiosis in south american camelids is produced by two
cyst-forming coccidian parasite species, Sarcocystis aucheniae
which produces macrocysts in the skeletal muscles and Sar-
cocystis lamacanis which produces microscopic cysts either in
skeletal or heart muscles. Diagnosis of these are made at the
abattoir because of their chronic and asymptomatic presen-
tation and there is no data on their vertical transmission to
offspring so far. Lately, a PCR was developed for detection in
live animals and to monitor infection kinetics.

We report the development of a real-time PCR assay for the
detection of Sarcocystis aucheniae in skeletal muscle cysts
and blood of naturally infected alpacas and aborted fetuses.
This assay used a double-strand DNA-binding dye FAM and
the oligonucleotide primers Sa-1 (1473-1992) and Sa-2 (1552-
1534) were designed to produce an 80 bp amplicon cor-
responding to a partial sequence of the 18S ribosomal RNA
gene ( GenBank accession no AY840990).

DNA was isolated from blood and bradyzoites of dissected
macroscopic cysts of alpacas and llamas, and brain, heart and
skeletal muscles of aborted fetuses. This real-time PCR suc-
cessfully detected S. aucheniae in the clinical samples from
adult alpacas and llamas but failed to detect it in tissues of
aborted fetuses suggesting that in south american camelids
vertical transmission is unlikely. Detection limit of this real-
time PCR was determined by assaying serial dilutions of
parasite DNA equivalent to 10to 10* bradyzoites. PCR ampli-
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cons were visualized on 2% agarose gels, and the expected
amplicon size of 80 bp was registered.
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Fatal Halicephalobus gingivalis (Nematoda) Brain
Infection in an Icelandic Horse

Eydal, Matthias'; Bambir, Slavko H.'; Sigurdarson, Sigurdur?;
Gunnarsson, Eggert'; Fridriksson, Stefan3

1. Institute for Experimental Pathology, University of Iceland, Reykjavik,
Iceland; 2. Agricultural Authority of Iceland, Selfoss, Iceland; 3. District
Veterinary Officer, Austur Hinathingsumdaeemi, Iceland

Introduction: Infections with the soil nematode Halicephalo-
bus gingivalis (Rhabditida) are infrequently reported but the
cases are widespread geographically. There are only about
40-50 published cases in horses worldwide, one in zebra, two
in ruminants, and three in humans, and infection is appar-
ently always fatal. The nematodes are believed to penetrate
wounds and subsequently reproduce within the host tissues.
We report a fatal case in a horse in Iceland.

Material and Methods: Following an accident in a stallion
of the Icelandic breed, the horse sustained injuries to the
mouth. After a few months, the stallion developed severe
neurological signs and had to be euthanatized. The horse
was autopsied and samples from the brain, liver, heart and
kidney were examined histologically.

Results: Histological examination of the brain (cerebel-

lum) revealed severe multifocal malacia, with numerous
intralesional nematodes and mild inflammation. Mature
nematodes, larvae and eggs were present in the perivascu-
lar space. There was a moderate, mononuclear perivascular
cuffing and infiltration of mononuclear inflammatory cells

in the meningis. The nematode was confirmed as being the
species Halicephalobus gingivalis based on its morphological
features. Adult worms were 250 - 300 m long and 15 m wide,
eggs measured 45x15 m. Nematodes were not detected in
other organs, but hemorrhages were seen in the liver and
kidneys.

Discussion: The worms had presumably penetrated the
wounds in the mouth of the horse as a result of the acci-
dent. This is first case of Halicephalobus gingivalis infection
reported from Iceland.
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Cs4.2

The Grazing Horse Gets the Worm: the Use of
Coprological and Coproantigen ELISA Analyses for
Diagnosing Anoplocephala perfoliata Infection in
Southern Alberta Horses

Skotarek, Sara L."; Colwell, Douglas D.%; Goater, Cameron P.3
1. University of Calgary, Airdrie, AB, Canada; 2. Lethbridge Research
Centre, Agriculture and Agri-Food Canada, Lethbridge, AB, Canada;
3. Department of Biological Sciences, University of Lethbridge,
Lethbridge, AB, Canada

Anoplocephala perfoliata infection in horses has been found
to cause gastrointestinal disease and it has become apparent
a more accurate diagnostic method is needed. Risk factors
contributing to transmission of this tapeworm also need to
be identified. Prevalence and distribution of this tapeworm

in western Canada is not well described. Faecal samples were
collected from privately owned horses in realistic manage-
ment settings and evaluated using standard centrifugation
flotation. A subset of samples was further evaluated using

a coproantigen ELISA. Samples collected at a local abattoir
served as the gold standard for evaluating diagnostic tech-
niques. A positive correlation was found between tapeworm
antigen and infection intensity using the coproantigen ELISA.
Spatial and temporal prevalence of A. perfoliata in faecal sam-
ples varied among seasons from 18% in the winter and 8%

in the summer based on coprological analysis. Significantly
more pastured horses were infected than non-pasture horses
during both sampling seasons. Upon further examination of
pastured horses with the coproantigen ELISA, a significantly
higher proportion of horses were found to be infected during
each sampling season. Prevalence was found to range from
25 to 62% over the sampling seasons from winter 2006 to
summer 2007.

Cs4.3

Inaccurate Diagnosis Between Anoplocephala perfoliata
and A. magna in Naturally Infected Horses

Meana, Ardnzazu; Bohorquez, Alejandro; Luzén, Monica
Dpto Animal Health, Madrid, Spain

In Spain, the prevalence of the infection by horse tapeworms
is 30% ca. (A. perfoliata, 40% and A. magna, 20%), with low to
moderate tapeworm burdens. The probability of infection by
Anoplocephala magna is higher in young than in adult ani-
mals, and some data supports the absence of A. magna infec-
tion in immune competent adult horses. Data are presented
to support the postulate that the actual debate on the role of
A. perfoliata in colic in horses must be due to the yet unreli-
able tools for in vivo differentiating accurately the presence
of each tapeworm species.

It has been stated that the possibility to detect tapeworm
infections by faecal diagnosis is much higher when animals
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harbour A. magna, either in single or mixed infections,

than when only A. perfoliata is present. Antibody levels are
routinely being use to establish the relationship between A.
perfoliata infection and clinical disease due to the relation-
ship between circulating IgG antibodies levels and high bu-
rden of tapeworms. However, data about the sensitivity and
specificity of ELISA tests to identify A. perfoliata or A, magna
infected horses resulted unreliable (Sensitivity: 75% and 43%;
specificity: 60% and 100%, respectively). ELISA test has been
extensively used to diagnose A. perfoliata as the cause of
equine colics as well as studies on prevalence to define the
extent of equine tapeworm infection, in spite of the moder-
ate sensitivity and low specificity to differentiate between A.
perfoliata and A .magna as well as other factors (individual
variability or previous anthelmintic treatments) that avoid
correct diagnosis. The nested PCR developed to detect and
amplify A. perfoliata DNA equine faecal samples artificially
contaminated with parasite material is a valid method also
from faecal samples collected in the field. This internal primer
set has been evaluated against A. magna DNA and Anoplo-
cephaloides mamillana with specific positive PCR results. A
recent comparison between techniques strongly indicates
that the nested PCR approach for the specific detection of A.
perfoliata DNA could provide a useful tool for clinical stud-
ies, diagnosis and research being an alternative to classical
methods.

Cs4.4

Parasitological and Serological Diagnosis of
Trypanosoma evansi in Experimentally Inoculated
Donkeys

Hilali, Mosaad A.

Faculty of Veterinary Medicine, Cairo University, Cairo, Egypt

Six donkeys (one year old) free from T.evansi or its antibodies
were reared conventionally during the experimental period
of 50 days. The donkeys were assigned into: 5 experimental
and one control non-inoculated donkey. The T.evansi strain
(Egypt, CH1) used for the experiment was isolated from a
naturally infected horse in Cairo city, Egypt and propagated
by sub-passaging in mice. The five experimental donkeys
(A,B,C,D and E) were inoculated each with 350.000, 500.000,
250.000, 50.000 or 100.000 T.evansi respectively. From each
experimental and control donkey, two blood samples (3ml
each) one on heparin (obtained daily) and one plain blood
(collected every 4 days) until the end of the experiment (50
days post-infection [DPI]). Blood was examined parasitologic-
ally daily. Serum was prepared from plain blood and two
fold serial dilutions (1:4 to 1: 128) were made for testing by
using Card agglutination test (CATT, T. evansi).

The prepatent period of T. evansi in the inoculated donkeys
varied from 1 - 4 DPI. Among the experimental donkeys only
donkey A could survive until the end of the experiment. The
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other 4 donkeys died after 8DPI (No. C), 28DPI (No. B) 36DPI
(No. E) and 40DPI (No.D). The patent period varied from 7 to
48 DPI with some negative days in between. The number of
T.evansi in the inoculated donkeys varied from 2-2360 per 50
high power fields (x400). The first detection of antibodies oc-
curred on the 4th DPI (No.D), 8th DPI (No.B), 12th DPI (No.A)
and 16th DPI (No.E). The end point titer in these donkeys var-
ied from 1:4 - 1:32. The control donkey was parasitologically
and serologically negative during the experimental period.

In conclusion, CATT was more easy and reliable than parasito-
logical diagnosis of T. evansi in donkeys.
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Animal Production Food Safety: Trichinella Certification
as a Model for On-Farm Programs

Gamble, H. R."; Pyburn, David G."; Hill, Dolores E.3; Boes, Jaap*
Noeckler, Karsten®

1. National Academy of Sciences, Washington, DC, USA; 2. USDA,
APHIS, Veterinary Services, Des Moines, IA, USA; 3. USDA, ARS, ANRI,
Animal Parasitic Diseases Laboratory, Beltsville, MD, USA; 4. Danish
Meat Association, Kjellerup, Denmark; 5. Federal Institute for Risk
Assessment, Berlin, Germany

It is widely accepted that an effective food safety strategy,
with respect to meat products, must incorporate participa-
tion along the entire food chain, including animal produc-
tion, transport, slaughter, processing and distribution. While
a number of research studies have demonstrated oppor-
tunities for positively effecting food safety on the farm, the
use of this information in organized programs for reducing
pathogen contamination in livestock has not been pursued.
Recently, the European Union (EU) and the United States (US)
launched programs to certify pork as free from Trichinella by
documenting adherence to production practices which re-
duce or eliminate risk of infection. Good production practices
in the Trichinella-free certification programs are monitored
by on-farm audits conducted by trained veterinarians, over-
seen by competent veterinary authorities, and, in the initial
phases, absence of infection in certified animals is verified by
post-slaughter testing. The Trichinella-free pork certification
programs provide a framework which could be adapted to
risk reduction programs for other pathogens associated with
pork (such as Toxoplasma and Salmonella) as well as zoonotic
pathogens associated with other commodity meats. Certifi-
cation of animal production systems adhering to programs
of reduced risk management for foodborne pathogens could
be used to market premium products as well as to improve
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consumer confidence in the safety of commodity meats.

In this symposium, speakers will describe and discuss the
Trichinella-free certification programs as legislated in the EU
and the US, and, using knowledge regarding transmission
of other foodborne pathogens in livestock, propose ways in
which reduced risk management systems could be incorpor-
ated into certification programs for these pathogens.
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Effects of Incremental Protein Supply on Lactational
Performance and Resistance to Nippostrongylus
Brasiliensis in Lactating Rats

Houdijk, Jos'; Normanton, Heidi'; Knox, Dave3;

Kyriazakis, llias" 4

1. Animal Health, SAC, Edinburgh, United Kingdom; 2. Disease Systemes,
Animal Health, SAC, Edinburgh, United Kingdom, 3. Parasitology
Division, Moredun Research Institute, Penicuik, United Kingdom;

4. Veterinary Faculty, University of Thessaly, Karditsa, Greece

Background: Reduced periparturient resistance to parasites
may arise from a prioritisation of scarce protein allocation

to reproductive functions over immune functions. Here, we
tested in our Nippostrongylus brasiliensis re-infection lactat-
ing rat model, whether increments of scarce protein supply
indeed increase lactational performance without improving
resistance.

Methods: Rats were infected with 1600 N. brasiliensis larvae
before mating and re-infected with the same dose on day 2
of lactation. During lactation, rats were daily fed the same
amount of non-protein energy, and one of 6 equidistant
amounts of protein (n=7), ranging from 1.75 to 6.75 g. The
first four levels of protein supply were calculated to be scarce,
and the last two to be more than adequate. This resulted in
foods with increasing protein to energy (P:E) ratios. Litter size
was standardised to 9 pups. Dams and litters were weighed
daily until day 11 of lactation when worm burdens were
taken.

Results: Unexpectedly, food refusals were observed at the
two highest P:E diets. Consequently, achieved protein intake
did not increase further after the third increment of protein
offered. Feeding treatments affected both lactational per-
formance (P<0.01) and resistance (P<0.05). The first three in-
crements of protein offered improved dam and litter weight
gain, and reduced worm burdens. Further increments did not
further improve these performance and resistance traits.
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Conclusions: Our results suggest that increments of scarce
protein supply are allocated towards both reproductive and
immune functions. However, whether such nutritional sensi-
tivity of periparturient resistance is consistent across parasite
species remains to be elucidated.

CS6.2

Nutritional Sensitivity of Periparturient Resistance to
Parasites in Sheep May Differ Between Parasite Species
Houdijk, Jos'; Jackson, Frank?; Kyriazakis, llias'-3

1. Animal Health, SAC, Edinburgh, United Kingdom; 2. Parasitology
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