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Where else 
can you use that

“Parasitic Zoonosis”
 joke of yours?

Bayer is sponsoring an informal reception 

for the 2004 Joint Meeting of the AAVP and the ASP. 

It’s an opportunity to join your colleagues for fun, 

food, drinks—and yes, the perfect venue 

to unleash your new parasitology humor.

Loews Philadelphia Hotel, 33rd Floor 

Saturday, July 24 

7:00 p.m. – 9:00 p.m. 
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FOR YFOR YFOR YFOR YFOR YOUR INFORMAOUR INFORMAOUR INFORMAOUR INFORMAOUR INFORMATIONTIONTIONTIONTION

Registration (Ormandy PreAssembly Area)Registration (Ormandy PreAssembly Area)Registration (Ormandy PreAssembly Area)Registration (Ormandy PreAssembly Area)Registration (Ormandy PreAssembly Area)

Saturday 10:00 a.m.–5:00 p.m., Sunday and Monday 7:30 a.m.–5:00 p.m.

Speaker Ready Room (Sonata 4)

Saturday 10:00 a.m.–6:00 p.m., Sunday through Tuesday 7:00 a.m.–7:00 p.m.

Coffee Breaks (Ormandy PreAssembly Area)

Sunday, Monday, and Tuesday, 10:00 a.m.–10:30 a.m. and 3:00 p.m.–3:30 p.m.

Poster Set-up (Symphony)

Wednesday, 7:30–8:30 a.m.

Room Locations

Ormandy East & West Lobby Level

Orchestra 2nd Floor

Symphony 3rd Floor

Aria 3rd Floor

Concerto 3rd Floor

Overture 3rd Floor

Sonata 4 5th Floor

Other Meetings

Sunday, July 25 Journal of Parasitology Editorial Board, Atrium (2nd Floor)

7:00–8:00 a.m.

Sunday, July 25 Informal Meeting: “Anthelmintic Resistance in Cattle,” Concerto A, B

(3rd Floor)

5:00–6:00 p.m.

You are invited to attend a meeting to discuss a proposal for identifying the

prevalence of anthelmintic resistance in cattle. The discussion will include: how

to conduct the survey; how to report results and to whom; and how to partici-

pate.

Late Breakers

Submit abstracts (200 words or less) to the Registration Desk or to Coenraad Adema no later than noon

on Monday, July 26. Bring 25 copies of your abstract for distribution at the Late Breakers Session.

Symbol Usage

†   denotes an ASP Student Competition Paper

‡   denotes an AAVP Student Competition Paper
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SATURDAY, JULY 24

Morning: AAVP Executive Committee & ASP Council Meetings

Afternoon: Merial Symposium; EPM Society Session

Saturday Evening, July 24, 7:00–10:00, Bayer Welcome Reception,

The Terrace, 33 rd Floor, Loews Hotel, 1200 Market Street

8:00–Noon AAVP Executive Committee Meeting, Aria A, B (3 rd Floor)

Presiding: C.R. Reinemeyer, East Tennessee Clinical Research, Inc., Knoxville TN

8:00–Noon ASP Council Meeting, Concerto A, B (3rd Floor)

Presiding: B. Christensen, University of Wisconsin, Madison WI

1:00–3:00 Merial Symposium, Symphony (3 rd Floor)

Presiding: S.E. Marley, Merial, Ltd, Athens GA

1:10 1 Dr. Maggot and Mr. Worm: Techniques in Forensic Entomology. M.L. Goff

3:00–3:30 Break, Ormandy PreAssembly (Lobby Level)

3:30–5:00 Equine Protozoal Myeloencephalitis Society Session, Orchestra

(2nd  Floor)

Presiding: S. Witonsky, Virginia Tech, Blacksburg VA

H.M. Elsheikha, Michigan State University, East Lansing MI

3:30 2 Equine Protozoal Myeloencephalitis: A Study Using Mouse Models. S. Witonsky*,

R. Gogal, Jr., R. Duncan and D. Lindsay

3:45 3 Sarcocystis Cysts Associated with Meningeoencephalomyelitis in a Cat (Felis domesticus).

H.M. Elsheikha*, F.A. Kennedy, A.J. Murphy and L.S. Mansfield

4:00 4 Sarcocystis neurona Major Surface Antigen Gene 1 (SAG1) Shows Evidence of Having

Evolved under Positive Selection Pressure. H.M. Elsheikha* and L.S. Mansfield

4:15 5 Cytokine Gene Expression in Response to SNSAG1 in Horses with Equine Protozoal

Myeloencephalitis. J.A. Spencer*, P. Deinnocentes, E.M. Moyana, A.J. Guarino,

S.E. Ellison, R.C. Bird and B.L. Blagburn

4:30 6 New Inhibitors of EGF-Tyrosine Kinase Effective Against Cryptosporidium parvum,

Sarcocystis neurona and Neospora caninum in Cell Cultures. G. Gargala*, A. Baishanbo,

P. Pitel, L. Favennec, J. Ballet and J. Rossignol

4:45 7 Identification of an Enolase Protein in Sarcocystis neurona by the Use of Two-dimen-

sional Gel Electrophoresis and MALDI-ToF Analysis. A. Wilson, J. Thelen and

A. Marsh*
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SATURDAY, JULY 24

Afternoon:  Student Paper Competitions I & II

3:30–5:00 Student Paper Competition I, Ormandy E (Lobby Level)

Presiding: W.J. Kozek, University of Puerto Rico, San Juan, PR

K.K. Sapp, High Point University, High Point NC

3:30  8 † Effect of Corynosoma constrictum (Acanthocephala) Infection on the Survivorship of

Hyalella azteca (Amphipoda). L.M. Duclos

3:45  9 † Identification of Biomphalaria glabrata Embryonic (Bge) Cell Proteins Involved in the

Recognition of Fucosylated Glycan Epitopes on Tegumental Surface Glycoconjugates of

Schistosoma mansoni Primary Sporocysts. M.G. Castillo*, X. Wu, A. Nyame,

R.D. Cummings and T.P. Yoshino

4:00  10 † Microsporidia Infection and Host Cell Apoptosis. L.D. Shelton*, W. Porter, R. Smith

III and K.F. Snowden

4:15  11 † Effects of Neoheterobothrium hirame on Predation of Olive Flounder, Paralichthys oliva-

ceus. S. Shirakashi*, K. Teruya and K. Ogawa

4:30  12 † Distribution of Antibodies Specific for Parelaphostrongylus tenuis among Conventional

and Heavy-chain Isotypes of IgG in Infected Llamas. L.P. Daley*, L.F. Gagliardo,

M.S. Duffy and J.A. Appleton

4:45  13 † The Target for Anti-Egressin May Be a Cell Surface Protein Complex that Contains

Alpha-1-Antitrypsin. J.A. Costales* and E.C. Rowland

3:30–5:00 Student Paper Competition II, Ormandy W (Lobby Level)

Presiding: E. Greiner, University of Florida, Gainesville FL

A.M. Zajac, Virginia Tech, Blacksburg VA

3:30  14 ‡ Effects of Feeding Sericea Lespedeza Hay on Goats Infected with Haemonchus contortus.

S. Shaik*, T.H. Terrill, J.E. Miller, B. Kouakou, G. Kannan, R. Kallu and

J.A. Mosjidis

3:45  15 ‡ Efficacy of Copper Oxide Wire Particles Against Haemonchus contortus in Goats.

R. Kallu, T.H. Terrill*, J.E. Miller, S.R. Maddineni, S. Shaik and J.M. Burke

4:00  16 ‡ Efficacy of Ponazuril Against Reactivated Toxoplasmic Encephalitis in Interferon-

Gamma Gene Knockout Mice. S.M. Mitchell*, A.M. Zajac, W.L. Davis, J.P. Dubey

and D.S. Lindsay

4:15  17 ‡ Expression Analysis of Six P-Glycoproteins Between Macrocyclic Lactones in Sensitive

and Resistant H. contortus Strains. A. Roulet* and R. Prichard

4:30  18 ‡ Comparison of the Serum Antibody Responses of Mice to Infection with Encephalito-

zoon cuniculi and E. intestinalis. C. Jordan*, K.F. Snowden, A.M. Zajac and

D.S. Lindsay

4:45  19 ‡ Serological and Molecular Findings in Beagles Chronically Infected with an American

Isolate of Leishmania infantum. A.C. Rosypal*, G.C. Troy, R.M. Gogal, Jr.,

R.B. Duncan, Jr., A.M. Zajac and D.S. Lindsay
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SATURDAY, JULY 24

Evening: Bayer Welcome Reception

Saturday Evening, July 24, 7:00–10:00, Bayer Welcome Reception,

The Terrace, 33 rd Floor, Loews Hotel, 1200 Market Street

NotesNotesNotesNotesNotes

7:00–10:00 Bayer Welcome Reception, The Terrace, 33 rd Floor, Loews Hotel,

1200 Market Street
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8:00–10:30 AAVP/ASP Presidents’

Symposium,

 Symphony (3rd Floor)

Presiding: T. Yoshino, University of Wisconsin, Madison WI

C. Reinemeyer, East Tennessee Clinical Research, Inc., Knoxville TN

Theme: Global Impact of Parasitism on Child Health and Development—A Medical and

Veterinary Concern.

 8:00 Welcome and Introduction. A. Donoghue, PR Pharmaceuticals, Ft. Collins CO

 8:05  20 Achieving a Less Wormy World: A Success Story of How Research Has Led to More

Cost-Effective Programs to Control Human Helminth Infections. D. Bundy

 8:35  21 How Animal Parasitisms Challenge Developing Communities and Health of Children in

Southern Africa. R.C. Krecek* and A.L. Willingham

 9:05  22 What You Can’t See Can Hurt You: The Socioeconomic Burden of Echinococcosis.

P. Schantz

 9:35  23 Plasmodium falciparum and the Health of Children in Africa. M. Molyneux

10:05  24 Long-term Impact of Protozoal and Other Diarrheal Diseases. R.L. Guerrant*,

R. Oria and A.A. Lima

10:35 Questions, Discussion.

10:40–11:00 Coffee Break, Ormandy PreAssembly (Lobby Level)

11:00–Noon 2004 Stoll–Stunkard Lecture, Symphony (3 rd Floor)

Presiding: D. Hill, PBEL, LPSI, ARS, USDA, Beltsville MD

11:00  25 Experimental Cutaneous Leishmaniasis: A Model

for Understanding T Helper Cell Subsets, Il-12 and

Memory T Cells in Parasitic Infections. P. Scott

Dr. Craig Reinemeyer Dr. Bruce Christensen

AAVP President ASP President

SUNDAY, JULY 25

Morning: AAVP/ASP Presidents’ Symposium

Stoll–Stunkard Lecture

Dr.

Phil

Scott
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SUNDAY, JULY 25

Afternoon: Student Paper Competition III

1:00–5:00 Student Paper Competition III, Ormandy E (Lobby Level)

Presiding: J.E. Miller, Louisiana State University, Baton Rouge LA

D.D. Bowman, Cornell University, Ithaca NY

1:00  26 † Distance Decay of Similarity in Autogenic and Allogenic Helminth Communities of

Lepomis macrochirus at Two Scales. K.J. Fellis* and G.W. Esch

1:15  27 † Ecology of West Nile Virus: A Habitat-based Approach to Quantifying Risk and

Transmission. T.K. Anderson* and M.V. Sukhdeo

1:30  28 † Effective Size of Macroparasite Populations: A Conceptual Overview. C.D. Criscione*

and M.S. Blouin

1:45  29 † Environmental Factors Influencing Trematode Prevalence in Grey Tree Frog Tadpoles in

Southern Ontario. J. Koprivnikar* and R.L. Baker

2:00  30 † From a Frog’s Perspective, Is a Dragonfly a Dragonfly? Evolutionary Avenues for and

Constraints on the Transmission of Frog Lung Flukes (Haematoloechus spp.).

M.G. Bolek

2:15  31 † PCR-based Assessment of the Distribution of Perkinsus spp. Along the Mid- and North

Atlantic Coast of the USA and Canada. W.T. Pecher*, M. Alavi, E.J. Schott,

J.A. Robledo, L. Roth, M.D. Warren, S.T. Berg, H.A. Hancock and G.R. Vasta

2:30  32 † Repeated Desiccation Survival by Infective Stages of Gastrointestinal Nematodes.

S.E. Lettini* and M.V. Sukhdeo

2:45  33 † The Seasonal Arthropod Diversity as Affected by the Possible Seasonal Occurrence of

Thelohania solenopsae (Microsporidia: Thelohaniidae) Infecting Solenopsis invicta

(Hymenoptera: Formicidae). C.R. Fennell* and T.J. Cook

3:00 Coffee Break, Ormandy PreAssembly (Lobby Level)

3:30  34 † Differential Expression of a Polo-like Kinase Homologue During Larval Development

of Schistosoma mansoni. J.J. Vermeire* and T.P. Yoshino

3:45  35 † Encapsulation of Myxobolus pendula (Myxosporidia) by Epithelioid Cells of its Cyprinid

Host, Semotilus atromaculatus. A. Koehler*, P.V. Romans, S.S. Desser and

M.J. Ringuette

4:00  36 † Inhibitors of Insulin Signaling Prevent Hookworm L
3
 Activation. A. Brand* and

J.M. Hawdon

4:15  37 † Giardia intestinalis in a Peruvian Shantytown. M.A. Stringham*, C.R. Sterling,

R. Gilman, V. Cama, C. Lilia and T. Carmen

4:30  38 † Sarcocystis neurona and Neospora caninum Regulation of Host Cell Apoptosis.

R.K. Herman*, A.P. Sinai and D.K. Howe

4:45  39 † Comparative Oocyst Ultrastructure of Eugregarines Parasitizing the Death’s Head

Cockroach, Blaberus discoidalis. A.J. Smith* and T.J. Cook
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SUNDAY, JULY 25

Afternoon: Chemotherapy of Parasitic Infections I

1:00–5:00 Chemotherapy of Parasitic Infections I, Ormandy W (Lobby Level)

Presiding: T. Kennedy, Farnam Companies, Phoenix AZ

L.C. Gasbarre, BFGL, ARS, USDA, Beltsville MD

1:00 40 Discovery Pipeline for Anthelmintics with Novel Modes of Action. M.C. Hresko*,

M.B. McClaird, J.D. Bradley, D.J. Williams, A.P. Kloek, W.N. Grant, R. Rao,

G. Weil and J.P. McCarter

1:15 41 Evaluation of Macrocyclic Lactones Target Tissue Disposition after Pour-on Treatment

in Cattle. J.M. Sallovitz, A.L. Lifschitz, F.A. Imperiale and C.E. Lanusse*

1:30 42 Failure of Avermectins to Control an Outbreak of Parasitic Gastro-enteritis in a Cow/

Calf Herd. D.H. Bliss* and W.G. Kvasnicka

1:45 43 The Development of Cattle Nematode Parasites Resistant to Multiple Classes of Anthel-

mintics in a Commercial Cattle Population in the U.S. L.L. Smith* and L.C. Gasbarre

2:00 44 The Identification of Cattle Nematode Parasites Resistant to Multiple Classes of

Anthelmintics in a Commercial Cattle Population in the U.S. L.C. Gasbarre*,

L.L. Smith, J.R. Lichtenfels and P.A. Pilitt

2:15 45 Moxidectin Resistance in Gastrointestinal Nematodes of Goats in Georgia.

R.M. Kaplan*, J. Neiss, L.H. Williamson and T.H. Terrill

2:30 46 Effectiveness of Pyrantel Pamoate for Parascaris Resistant to Macrocyclic Lactones.

O. Slocombe*, R. De Gannes and M. Lake

2:45 47 Transtegumental Diffusion and Metabolism of Triclabendazole in Fasciola hepatica:

Comparative Assessment in Susceptible and Resistant Flukes. C.E. Lanusse*,

M.D. Mottier, H. Solana, G. Virkel, L.I. Alvarez and I. Fairweather

3:00 Coffee Break, Ormandy PreAssembly (Lobby Level)

3:30 48 Effects of Thermophilic Anaerobic Digestion on the Infective Stages of Cryptosporidium

muris, Giardia muris and Ascaris suum. T. Ruhnke* and M. Easter

3:45 49 Effects of High-Pressure Processing on Infectivity of Toxoplasma gondii Oocysts for

Mice. D.S. Lindsay*, M.C. Collins, G.J. Flick and J.P. Dubey

4:00 50 Effect of Copper Oxide Wire Particle Dosage on Haemonchus contortus Infection in

Lambs. J.E. Miller*, J.M. Burke, D.D. Olcott, B.M. Olcott and T.H. Terrill

4:15 51 Regarding Sheep: The Phantom Teladorsagia circumcincta, and Showcasing Haemonchus

contortus. T.A. Yazwinski*, J. Robins, C.A. Tucker, Z. Johnson and J. Powell

4:30 52 Effectiveness of Topical Preparations of Ivermectin in the Treatment of Stocker Calf

Nematodiasis. T.A. Yazwinski*, C.A. Tucker, J. Robins, P. Jeremy and J. Zelpha

4:45 53 Simultaneous Assessment of Antiparasitic Activity Against Fasciola, Haemonchus,

Trichostrongylus and Hymenolepis in the Golden Hamster (Mesocricetus auratus).

D.A. Ostlind*, R.K. Lang, S. Cifelli, C.H. Eary and W.G. Mickle
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SUNDAY, JULY 25

Afternoon: Taxonomy, Systematics, Phylogeny

1:30–4:45 Taxonomy, Systematics, Phylogeny, Orchestra (2nd Floor)

Presiding: R.S. Seville, University of Wyoming, Casper WY

T.R. Platt, St. Mary’s College, Notre Dame IN

1:30 54 A Highly Unusual Leech from Stoneroller, Campostoma sp., in Arkansas, USA.

J.I. Williams* and E.M. Burreson

1:45 55 Asian Oyster Crassostrea ariakensis Mortality in North Carolina Reveals a Previously

Unappreciated Diversity of Haplosporidian Parasites. R.B. Carnegie*,

E.M. Burreson, N.A. Stokes and K.S. Reece

2:00 56 Identification, Discrimination and Distribution of Perkinsus Species in Marine Molluscs.

K.S. Reece*, J.A. Moss and E.M. Burreson

2:15 57 Phylogeography of the Marine Myxozoan Kudoa thyrsites. C.M. Whipps* and

M.L. Kent

2:30 58 Phylum Haplosporidia: Congruence of Molecular Phylogeny and Spore Morphology.

E.M. Burreson*, K.S. Reece and M.E. Siddall

2:45 59 Genetic Structure of a Group of Parasite Species at Two Spatial Scales: An Examination

of Gene Flow and Vicariance Biogeography. M.L. Steinauer*, G. Orti, S.V. Brant and

B.B. Nickol

3:00 Coffee Break, Ormandy PreAssembly (Lobby Level)

3:30 60 Ecological Fitting and Host Range Expansion in Haematoloechus floedae (Digenea).

V.  León-Règagnon* and D.R. Brooks

3:45 61 Evolutionary Relationships among the Blood Flukes of Tetrapods. S.D. Snyder

4:00 62 On New and Already Described Acanthocephala from Japan. O.M. Amin

4:15 63 Sequence Variation of the COX1 Mitochondrial Gene in Some Phyllobothriid Cestodes

of Sharks. T. Ruhnke*, R. Turner and B. Hill

4:30 64 The Phyllobothriid Cestodes of Hemigaleid Sharks. S. Shapero and T. Ruhnke*

NotesNotesNotesNotesNotes
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SUNDAY, JULY 25

Afternoon: Coccidiosis Conference

Evening: Student Auction Preview & Auction

NotesNotesNotesNotesNotes

1:00–5:00 Coccidiosis Conference, Symphony (3rd Floor)

Presiding: R. Fetterer, APDL, ANRI, ARS, USDA, Beltsville MD

P. Allen, APDL, ANRI, ARS, USDA, Beltsville MD

Theme: Avian Coccidiosis: The Genome and Beyond.

1:00 65 Vaccination Against Coccidiosis: The Work of Walter T. Johnson. H.D. Chapman

1:30 66 A Genome Sequence for Eimeria tenella: Progress, Findings and Potential Applications.

M.W. Shirley*, D. Blake and A.L. Smith

2:00 67 New Insights into Host Cell Invasion: Exploiting the Genome of Eimeria tenella.

F.  Tomley

2:30 68 Eimeria Functional Genomics: An Overview. K.B. Miska

3:00 Coffee Break, Ormandy PreAssembly (Lobby Level)

3:30 69 Characterisation of Apicomplexan Histone Acetyl Transferases. S.D. Tucker-Samaras*,

W.J. Sullivan, Jr., A.T. Smith and A. Fairlamb

4:00 70 Local Immune Responses of Chickens to Immunologically Distinct Strains of Eimeria

maxima: Implications for Control. J.R. Barta*, L. Whitcombe and M.A. Fernando

4:30 71 Coccidiosis Control Programs Used in Commercial Poultry Production. G.F. Mathis

6:00–7:00 Auction Preview, Symphony (3 rd Floor)

7:00–9:00 16th Annual Student Auction, Symphony (3 rd Floor)
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MONDAY, JULY 26

Morning:  Student Paper Competition IV

8:30–Noon Student Paper Competition IV, Ormandy E (Lobby Level)

Presiding: J. Camp, Purdue University, West Lafayette IN

A. Pérez de León, SCYNEXIS, Durham NC

8:30 72 ‡ Analysis of Equine Antibody Isotype Responses to Sarcocystis neurona Surface Antigens.

J.S. Hoane*, J.K. Morrow and D.K. Howe

8:45 73 ‡ Neospora hughesi Seroprevalence in Equids. J.S. Hoane*, J.K. Morrow, W.J. Saville

and D.K. Howe

9:00 74 ‡ Prevalence of Parasites Found in Fecal Samples of Urban Cats from Rio de Janeiro,

Brazil. L.M. Souza-Dantas*, O.P. Bastos, C.D. Kruger, F. Mendes De Almeida,

N. Labarthe and J. Guerrero

9:15 75 ‡ Isolation and Quantitative Expression of Carbonic Anhydrase During in vivo Exsheath-

ment of Ostertagia ostertagi L
3
. A.A. Derosa*, S.R. Chirgwin, J.C. Williams and

T.R. Klei

9:30 76 ‡ Allelic Variation and Phylogenetic Analysis of the Glutamate Gated Chloride Channel

(GLUCl) Subunit Genes in Cylicocyclus nassatus. R. Tandon* and R.M. Kaplan

9:45 77 † Extensive Cophylogeny Between Mexican Pocket Gophers and their Parasitic Chewing

Lice. J.E. Light* and M.S. Hafner

10:00 Coffee Break, Ormandy PreAssembly (Lobby Level)

10:30 78 † The Concerted Evolution of Mammals and Nematodes (Heterakoidea: Aspidoderidae)

in South America. F.A. Jimenez*, G. Orti and S.L. Gardner

10:45 79 † A Comparison of the Cestode Fauna of the Freshwater Stingray Himantura chaophraya

from Two Disjunct Regions of its Range: Northern Australia and Malaysian Borneo.

C.J. Healy*, J.N. Caira and K. Jensen

11:00 80 † Adult Endohelminth Parasites of Goodeinae (Cyprinodontiformes: Goodeidae) from

México. M.H. Hugo*, P. Gerardo and D. Omar

11:15 81 † Diversity, Host Specificity and Distribution of Freshwater Rhinebothrium Linton, 1890

(Cestoda: Tetraphyllidea) from South American Freshwater Stingrays. F.B. Reyda* and

F.P. Marques

11:30 82 † Investigation of Acanthobothrium (Cestoda: Tetraphyllidea) Diversity from Two

Species of Guitarfish (Rhinobatos) off Coastal Senegal. C.A. Fyler* and J.N. Caira

11:45 83 † On the Association Between Species of Phoreiobothrium (Cestoda: Tetraphyllidea) and

their Carcharhiniform Shark Hosts. S.M. Durkin* and J.N. Caira
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MONDAY, JULY 26

Morning:  Immunology

8:30–Noon Immunology, Ormandy W (Lobby Level)

Presiding: R.E. Kuhn, Wake Forest University, Winston–Salem NC

C. McKenzie, Michigan State University, East Lansing MI

8:30 84 Anti-Protozoal Activity of Oyster Lysozyme Against the Oyster Parasite Perkinsus

marinus. J. La Peyre*, S. Alawneh and Q. Xue

8:45 85 Circulating IgM Is Essential for Clearance of Brugia pahangi Infections in Mice.

B. Rajan* and T.V. Rajan

9:00 86 Carrageenan Blocks Priming Against Brugia pahangi Infections in Mice. M. Ramesh*

and T.V. Rajan

9:15 87 Cross-Protection Study of Four Field Strains of Eimeria maxima in Broiler Chickens.

P.C. Allen*, M.C. Jenkins, K. Miska and R. Fetterer

9:30 88 ISCOMS Delivery System for Eimeria Antigens. V.E. Breezin*, A.P. Bogoyavlenksiy,

V.P. Tolmacheva, S.S. Levandovskaya, G.B. Khudiakova, I.A. Tustikbaeva,

E.S. Omirtaeva, R. Fetterer, R. Barfield and H. Danforth

9:45 89 Progress on Developing a Native and Recombinant Vaccine Against Bovine

Neosporosis. M.C. Jenkins*, W. Tuo and J.P. Dubey

10:00 Coffee Break, Ormandy PreAssembly (Lobby Level)

10:30 90 Effects of Catecholamines on Dendritic Cells Infected with Toxoplasma gondii.

J.E. Getz* and F.P. Monroy

10:45 91 Swine IL-4 Receptor α and IL-13 Receptor α1-Chains; Sequence Analysis and Effects

of Experimental Toxoplasma gondii, Ascaris suum and Trichuris suis Infections on Tissue

MRNA Levels. D.S. Zarlenga*, H. Dawson, H. Kringel, G. Solano-Aguilar and

J.F. Urban, Jr.

11:00 92 Serological Diagnosis of Elaphostrongylus cervi (Nematoda: Protostrongylidae) in

Infected Red Deer and Elk (Cervus claphus Var). O. Ogunremi*, A. Gajadhar,

B. Scandrett, L. Forbes and S. Tessaro

11:15 93 Identification of an Aspartyl Protease from Infective Larvae as a Candidate Antigen for

Vaccination Against Parelaphostrongylus tenuis. M.S. Duffy*, D.S. Zarlenga and

J.A. Appleton

11:30 94 Protein Refeeding Restores Functional Protection Against Heligmosomoides polygyrus

(Nematoda) in Protein-deficient Mice. T. Tu, M.E. Scott*, L.J. Wykes and

K.G. Koski

11:45 95 Altered Eosinophils and Increased TNF Production in the Peyer’s Patches of Nematode-

infected Intestines. J. Stout, K. Stark, J. Muston, R. Eversole and C. MacKenzie*
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MONDAY, JULY 26

Morning: Giardia Mini-symposium

Biochemistry, Physiology

8:00–10:00 Giardia Mini-Symposium, Orchestra (2nd Floor)

Presiding: P. Schantz, CDC, Atlanta GA

S. Barr, Cornell University, Ithaca NY

8:00 96 Review of the Biology of Giardia. D.D. Bowman

8:30 97 Diagnosis of Giardiasis in Companion Animals. M.W. Dryden* and P.A. Payne

9:00 98 Performance of the SNAP® Rapid Assay for Giardia Infection in Dogs and Cats.

T.P. O’Connor*, R. Groat, M. Monn, L. Flynn and J. Curato

9:30 99 Treatment of Giardiasis: A Review and Update. B.L. Blagburn

10:00 Coffee Break, Ormandy PreAssembly (Lobby Level)

10:30–11:30 Biochemistry, Physiology, Orchestra (2nd Floor)

Presiding: R. Martin, Iowa State University, Ames IA

T.R. Klei, Louisiana State University, Baton Rouge LA

10:30 100 Expression and Localization of the Cation Transporter PmNramp in the Protistan

Parasite Perkinsus marinus. J.A.F. Robledo* and G.R. Vasta

10:45 101 Ascorbate-dependent Peroxidase Activity in the Alveolate Parasite, Perkinsus marinus.

E.J. Schott*, W.T. Pecher, J.A.F. Robledo and G.R. Vasta

11:00 102 Development of a Completely Defined Medium that Supports the Development of

Brugia malayi and B. pahangi from L
3
 to L

4
. T.V. Rajan* and C. McGuiness

11:15 103 Nicotine and Levamisole Activate Distinct Acetylcholine Receptor Subtypes in Ascaris

suum Muscle. M.M. Levandoski, A.P. Robertson and R.J. Martin*

NotesNotesNotesNotesNotes
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1:15–5:00 Life Cycles, Epidemiology, Ormandy E (Lobby Level)

Presiding: M.B. Lee, Ryerson University, Toronto, Ontario, Canada

J.M. Trout, ANRI, ARS, USDA, Beltsville MD

1:15 104 Transmission Dynamics of Plasmodium Sporozoites. D.L. Medica* and P. Sinnis

1:30 105 Development of Spirometra erinacei Procercoids in Eucyclops serrulatus by Microculture

Method. S. Shin*, S. Park and S. Lee

1:45 106 Endoparasitic Infections of Malagasy Lemurids. C.T. Faulkner*, G.C. Crawford,

A. Britt and C. Welch

2:00 107 A 10-Year Review of Submissions to the National Wildlife Health Center on Mortality

Events in Waterfowl Caused by Sphaeridiotrema spp. and Cyathocotyle bushiensis (Class:

Trematoda). M.C. Sterner III*, R.A. Cole, G.S. McLaughlin and K. Beheler

2:15 108 Prepatent Period, Duration and Periodicity of Larval Production by Elaphostrongylus

cervi (Protostrongylidae) in Experimentally Infected Red Deer (Cervus elaphus elaphus).

M.W. Lankester, S.E. Parker*, O.A. Ogunremi, L.B. Forbes and W.B. Scandrett

2:30 109 Lesions Associated with Neobenedenia melleni (Monogenea: Capsalidae) on Red Snapper

(Lutjanus campechanus) in Recirculating Aquaculture. S.A. Bullard* and

R.M. Overstreet

2:45 110 First Report of the Philometrid Nematode, Margolisianum bulbosum, a Parasite of the

Southern Flounder, Paralichthys lethostigma, in South Carolina: Population Dynamics

and Microhabitat Identification. C. Gollety, V.A. Connors, W.A. Roumillat,

A. Adams and I. De Buron*

3:00 Coffee Break, Ormandy PreAssembly (Lobby Level)

3:30 111 Habitat Suitability Estimates for Amblyomma maculatum in Mississippi.

K.L. McNally*, L.G. Rickard, W.H. Cooke III, R.B. Minnis and C.L. Huston

3:45 112 Has Nearly 20 Years of Macrolide Prophylaxis for Dirofilaria immitis in the U.S. Had

Any Effect on the Epizootiology of the Parasite? J.H. Theis* and F. Stevens

4:00 113 Cyathostomin Third Stage Larvae (L
3
) Development in vitro. E. Brianti*,

S.R. Chirgwin and T.R. Klei

4:15 114 Investigation of Prevalence of Neospora caninum in Queensland Beef Cattle.

J.K. Landmann* and L.F. Taylor

4:30 115 Epidemiology of Gastrointestinal Nematodes of Goats in Georgia. T.H. Terrill*,

J.E. Miller, R.M. Kaplan, M. Larsen, R.A. Kircher, O.M. Samples and S. Gelaye

4:45 116 Prevalences of Dirofilaria immitis, Toxocara cati, Ancylostoma tubaeforme and Other Endo-

and Ectoparasites in Random-source Cats from East-Central Alabama. C.B. Eiland,

K. Tamblyn, P. Rynders, A.R. Dillon, J.C. Newton, J.A. Spencer and

B.L. Blagburn*

MONDAY, JULY 26

Afternoon: Life Cycles, Epidemiology
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MONDAY, JULY 26

Afternoon: Chemotherapy of Parasitic Infections II

1:30–4:45 Chemotherapy of Parasitic Infections II, Ormandy W (Lobby Level)

Presiding: T.A. Yazwinski, University of Arkansas, Fayetteville AR

T. Qureshi, Schering–Plough Animal Health, Union NJ

1:30 117 A Study to Evaluate the Repellency of K9 Advantix™ Against Rhipicephalus sanguineus

(Brown Dog Tick) Ticks Applied Directly to Dogs. L.R. Cruthers*, R.L. Slone and

D. Carithers

1:45 118 Comparative Efficacy of a Combination of Fipronil/(S)-Methoprene, a Combination of

Imidacloprid/Permethrin, and Imidacloprid Against Fleas and Ticks When Administered

Topically to Dogs. J.W. McCall*, R. Alva, J. Irwin, D.S. Carithers and A. Boeckh

2:00 119 Comparative Speed of Kill of Revolution (Selamectin), Advantage (Imidacloprid) and

Frontline Plus (Fipronil/(S)-Methoprene) Against Fleas on Cats. M.W. Dryden*,

V. Smith, P.A. Payne and T.L. McTier

2:15 120 The Ability of Fipronil/(S)-Methoprene to Prevent Transmission of Borrelia burgdorferi,

the Causative Agent of Lyme Disease, to Dogs. J.W. McCall*, R. Jacobson,

J.S. Hunter III, R. Alva, J. Irwin, A.K. Eschner, P. Jeannin and A. Boeckh

2:30 121 Efficacy and Palatability of Drontal® Plus Taste Tabs® (Praziquantel/Pyrantel Pamoate/

Febantel) Broad-Spectrum, Chewable Anthelmintic for Dogs. R.G. Arther*,

D.D. Bowman, D.K. Ciszewski, W.L. Davis, T.L. Settje and R.L. Slone

2:45 122 Efficacy of Milbemax® (Milbemycin/Praziquantel) for the Treatment and Prevention of

Angiostrongylus vasorum Infection in Dogs. G. Conboy*, R. Schenker and G. Strehlau

3:00 Coffee Break, Ormandy PreAssembly (Lobby Level)

3:30 123 A Comparison of the Efficacy of Two Canine Heartworm Preventives with Anthelmintic

Activity Against Ancylostoma caninum and Uncinaria stenocephala. C.R. Reinemeyer*,

R. Alva, J. Irwin, S.R. Gross, D.L. Larsen and D.S. Carithers

3:45 124 Efficacy of a Single Administration of Milbemax® (Milemycin Oxime and Praziquantel)

Against Experimentally Induced Heartworm (Dirofilaria immitis) Infection in Cats.

C. Genchi*, R. Cody, G. Pengo, R. Schenker and D. Cavalleri

4:00 125 Ponazuril Inhibits Development of Eimeria vermiformis in Experimentally Infected

Outbred Swiss Mice. S.A. Billeter, J.A. Spencer, B. Chobotar and B.L. Blagburn*

4:15 126 Investigation of Nicotinic Acetylcholine Receptor Ion Channels in Nematodes Reveal

Receptor Diversity. A.P. Robertson*, S.M. Trailovic, C.L. Clark, H. Qian and

R.J. Martin

4:30 127 Assessment of the Development of Protective Immunity to Subsequent Challenges of

Eimeria tenella Infection Following Treatment with Anticoccidials. C.M. Brown*,

J.S. Mathew, T. Biftu and D.R. Thompson
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NotesNotesNotesNotesNotes

MONDAY, JULY 27

Afternoon: Industrial Relations Symposium

AAVP/ASP Student Symposium

1:00–3:00 Industrial Relations Symposium: Industry, Academia and

Government, Orchestra (2nd Floor)

Presiding: L.F. Mayberry, University of Texas, El Paso TX

Theme: What Can Parasitologists Do in the New Millenium, from A(pplied) to B(asic)?

1:00 128 Research Collaboration with Industry and Government: The Academic Perspective.

B. Blagburn

1:30 129 Relationships of Small Contract Research Organizations with Industrial Sponsors and

Governmental Regulatory Agencies. C.R. Reinemeyer

2:00 130 Private Sector Partnering with ARS. D. Hill

2:30 131 Industrial Collaborative Research Processes. A. Marchiondo

3:00-3:30 Coffee Break, Ormandy PreAssembly (Lobby Level)

3:30–5:15 AAVP/ASP Student Symposium, Orchestra (2 nd Floor)

Presiding: J. Vermeire, University of Wisconsin, Madison WI

Theme: Potential Career Paths in Parasitology.

3:30 132 Opportunities for Parasitologists in the United States Navy. E.F. Villasante

4:00 133 What Fun! A Lifetime of Parasites! L.J. Sullivan

4:30 134 Pathways to Parasitology: An Academic Perspective. S.D. Snyder

5:00 Closing Comments and Discussion
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TUESDAY, JULY 27

Morning: Ecology

8:00–10:00 Ecology, Ormandy E (Lobby Level)

Presiding: V. León-Règagnon, UNAM, México City, México

J. Lopez, Indiana University, Bloomington IN

8:00 135 Ethnoparasitology in West Africa. O.M. Amin.

8:15 136 Overcoming Problems in the Estimation of Interactivity in Parasite Communities.

A.D. Dove*, T.H. Cribb and R. Adlard

8:30 137 Parasite Alteration of Biomass and Ecosystem Function of Hosts. A.D. Hernandez*

and M.V. Sukhdeo

8:45 138 Symbionts and Metazoan Parasites of Pink Shrimp (Farfantepenaeus dourarum) in

Relation to Chemical Pollution in Water, Sediments and Organisms from the Campeche

Sound, México. V.M. Vidal-Martinez*, L. Aguirre-Macedo and G. Gold-Bouchot

9:00 139 Infections of Hematodinium sp. Detected in the Blue Crab, Callinectes sapidus, in the

Northern Gulf of Mexico. N.P. Zimmerman*, V. Breeland, J.M. Lotz and

R.M. Overstreet

9:15 140 Context-dependent Resistance Costs in Snail–Trematode Systems. G.J. Sandland* and

D.J. Minchella.

9:30 141 A Mathematical Population Dynamics Model of the Monogenean Cichlidogyrus sclerosus

and the Non-Specific Immune Response of its Host, the Nile Tilapia (Oreochromis

niloticus) under Experimental Conditions. L. Aguirre-Macedo*, M. Rodríguez-

Achach, V.M. Vidal-Martínez, C. Sánchez-Ramírez, R. Huerta-Quintanilla and

R. Rodríguez-Canul

9:45 142 Individual Variability in Fecundity of Paragordius varius (Nematomorpha: Gordiida).

B. Hanelt

10:00 Coffee Break, Ormandy PreAssembly (Lobby Level)

NotesNotesNotesNotesNotes

Tuesday Evening, July 27, 7:30–9:30, Novartis Animal Health Reception,

Symphony (3rd Floor)
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TUESDAY, JULY 27

Morning: Host–Parasite Interactions

8:15–Noon Host–Parasite Interactions, Ormandy W (Lobby Level)

Presiding: E.A. Dennis, Rutgers University New Brunswick NJ

P. Scholl, University of Nebraska, Lincoln NE

8:15 143 Coccidiosis in Turkeys: Incidence, Pathogenicity and Control. S.H. Fitz-Coy

8:30 144 Experimental Infection of Pregnant Cows with Neospora caninum: Histological Analysis

and Parasite Detection in Dam and Fetus. S. Almeria*, R. Araujo, W. Tuo, J. Dubey

and L.C. Gasbarre

8:45 145 Tissue Responses to Dermal Besnoitia Cysts in Donkeys. C. MacKenzie*,

H. Elsheikha, J. Martenuik and L. Mansfield

9:00 146 Characterization of Toxoplasma gondii Isolates from Lemurs (Lemur catta).

J.A. Spencer*, K.S. Joiner, C.D. Hilton, J.P. Dubey, P. Deinnocentes, R.C. Bird,

M. Toivio-Kinnucan, S. Patton, K.J. Minc and B.L. Blagburn

9:15 147 Organic Rearing Enhances Disease and Pathology Due to Interactions of Trichuris and

the Microbial Microflora in Young Swine. L.S. Mansfield*, N.R. Steenhard,

A. Roepstorff, H. Kringel, H. Meyer, J.E. Olsen, K. Jorgenson, E. Moller-

Nielsen, K.D. Murrell and S.M. Thamsborg

9:30 148 Cyathostomum Associated Pathophysiologic Changes in the Equine Large Intestine.

R. McConnico, S. Chirgwin, J. Hubert and T. Klei*

9:45 149 Mechanical Transmission of Human Enteric Parasites by Synanthropic Flies.

T.K. Graczyk*, B.H. Grimes, B.A. Szostakowska, R. Knight, W. Kruminis-

Lozowska, M. Racewicz, L. Tamang, A.J. Da Silva and P. Myjak

10:00 Coffee Break, Ormandy PreAssembly (Lobby Level)

10:30 150 Differential Expression of FREP Genes in Two Strains of Biomphalaria glabrata Follow-

ing Exposure to the Digenetic Trematodes Schistosoma mansoni and Echinostoma paraen-

sei. L.A. Hertel*, C.M. Adema and E.S. Loker

10:45 151 Dissecting Snail–Schistosome Interactions by Gene Discovery in Biomphalaria glabrata.

C.M. Adema*, S.A. Saenz, A.M. Emery, R.J. DeJong and B. Hanelt

11:00 152 Laboratory Transmission Studies Further Link Apophallus sp. (Heterophyidae) to

Skeletal Deformities in Cyprinid Fishes from the Willamette River, Oregon.

M.L. Kent* and V. Watral

11:15 153 Experimental Infection of Bonytail Chub (Gila elegans) with Asian Fish Tapeworm

(Bothriocephalus acheilognathi): Impact on Survival, Growth and Health. S.P. Hansen,

A.A. Choudhury and R.A. Cole*

11:30 154 Cvsi-1, a Serine Protease Inhibitor Purified from Plasma of Eastern Oysters, Inhibits

Proteases of the Parasite Perkinsus marinus. Q. Xue*, M. Ogawa, K. Schey, J. Losso,

and J. La Peyre

11:45 155 Trichomonas vaginalis: Secreted Phospholipase A
2 
with Toxin Activity Towards Mamma-

lian Cells. D.E. Burgess*, K. Lubick and J. Cole
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TUESDAY, JULY 27

Morning: Molecular, Developmental, Cell Biology

Genetics & Genotypes

9:00–10:00 Molecular, Developmental, Cell Biology, Orchestra (2nd Floor)

Presiding: M.C. Jenkins, APDL, USDA, ARS, Beltsville MD

J.A. Sakanari, Sonoma State University, Rohnert Park CA

9:00 156 Evaluation of Western Blot Method Using Cysteine Protease Antigen of Fasciola hepatica

in Laboratory Diagnosis of Human Fasciolosis. M. Rokni* and A. Bagher Nejad

9:15 157 A Ribeiroia (Trematoda)-specific PCR-based Diagnostic. D.M. Reinitz*, T.P. Yoshino

and R.A. Cole

9:30 158 Scavenger Receptor-like Activity Associated with the Surface Tegument of Schistosoma

mansoni Mother Sporocysts. N. Dinguirard*, L.A. Johnston, and T.P. Yoshino

9:45 159 Identification and Characterization of Genes Specifically Expressed in Ostertagia

ostertagi Fourth-stage Larvae Using Subtraction Cloning and Differential Hybridization.

D.S. Zarlenga* and L.C. Gasbarre

10:00 Coffee Break, Ormandy PreAssembly (Lobby Level)

10:30–Noon Genetics and Genotypes, Ormandy E (Lobby Level)

Presiding: O. Ogunremi, Centre for Animal Parasitology, Saskatoon, Saskatchewan, Canada

J. Urban, ANRI, BARC, USDA, Beltsville MD

10:30 160 Population Genetic Structures of Hymenolepis weldensis in Two Pocket Gopher Species.

H. Chen* and N.O. Dronen

10:45 161 Genotypes of Giardia in Post-weaned Dairy Calves in Seven Eastern States.

J.M. Trout*, M. Santin, E. Greiner and R. Fayer

11:00 162 Giardia Genotypes in Coyotes from Northeastern Pennsylvania. J.M. Trout*, M.

Santin and R. Fayer

11:15 163 Prevalence- and Age-related Variation of Cryptosporidium Species and Genotypes in

Dairy Calves. M. Santín*, J.M. Trout, L. Xiao, L. Zhou, E. Greiner and R. Fayer

11:30 164 Tissue Distribution and Genotyping of Chicken Isolates of Toxoplasma gondii from Peru.

J.P. Dubey*, M.Z. Levy, C. Sreekumar, O.C. Kwok, S.K. Shen, E. Dahl, P.

Thulliez and T. Lehmann

11:45 165 Evidence of Genetic Diversity among Isolates of Hammondia heydorni from Dogs.

C. Sreekumar*, D.E. Hill, K.B. Miska, B.M. Rosenthal, M.C. Vianna,

L. Venturini, W. Basso, S.M. Gennari, D.S. Lindsay and J.P. Dubey

Tuesday Evening, July 27, 7:30–9:30, Novartis Animal Health Reception,

Symphony (3rd Floor)
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10:30–Noon Late Breakers, Orchestra (2nd Floor)

Presiding: C. Adema, The University of New Mexico, Albuquerque NM

Submit abstracts (200 words or less) to the Registration Desk or to Coenraad Adema

no later than noon Monday.

1:00–2:00 H.B. Ward Medal Recipient, Ormandy W (Lobby Level)

Presiding: J. Caira, University of Connecticut, Storrs CT

1:00 Introduction. R. Robbins, Walter Reed Army Institute of Research, Washington DC

The recipient of the H.B. Ward Medal is LANCE A.

DURDEN, Department of Biology, Georgia

Southern University, Statesboro GA

1:15 166 Ectoparasites and Vector-borne Diseases: A Circuitous

Journey. L.A. Durden

Dr.

Lance

Durden

TUESDAY, JULY 27

Morning: Late Breakers

Afternoon: Ward Medal Lecture

NotesNotesNotesNotesNotes

Tuesday Evening, July 27, 7:30–9:30, Novartis Animal Health Reception,

Symphony (3rd Floor)
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TUESDAY, JULY 27

Afternoon: AAVP President’s Address & Awards

2:00–3:00 AAVP President’s Address and Awards, Ormandy E (Lobby Level)

AAVP President’s Address

Distinguished Veterinary Parasitologist Award

AAVP Distinguished Veterinary Parasitologist 2004:

David S. Lindsay

David S. Lindsay was born in Albany, Georgia on July 20, 1955 to James and

Lorene Lindsay. He graduated from the Department of Zoology and Entomol-

ogy, Auburn University, AL in 1984. He then served as a Postdoctoral Fellow/

Senior Research Fellow at Auburn University and at the Animal Parasitology

Institute, United States Department of Agriculture, in Beltsville, MD prior to

joining the Department of Biomedical Sciences and Pathobiology, Virginia–Mary-

land Regional College of Veterinary Medicine as an Associate Professor in 1997.

He was promoted to full professor in 2003.

David received the Henry Baldwin Ward medal in 2000 from the American

Society of Parasitologists. He also was awarded the Pfizer Award for Research

Excellence, presented to recognize an outstanding researcher in the College of

Veterinary Medicine, Auburn University (1996) and Virginia Tech (2002). He

was awarded a USDA Certificate of Merit in 1989 for isolating for the first time Neospora caninum from

naturally infected dogs, developing methods for its continuous in vitro culture, developing laboratory ani-

mal models of the disease, and testing chemotherapeutic agents in cell cultures and in mice.

David has been active in parasitology research since 1978. He has published more than 300 papers, 21

book chapters and two books. He is recognized as an international authority in human and veterinary

parasitology. He is an expert on zoonotic parasites, including Toxoplasma gondii, Cryptosporidium parvum,

Leishmania infantum and microsporidia. He is also an expert on intestinal coccidia of humans and animals.

He is recognized as an authority on the treatment of protozoal diseases. He has served as Associate Editor

for the International Journal for Parasitology (2004–present), Journal of Eukaryotic Microbiology (1998–present),

Journal of Zoo and Wildlife Medicine (2000–present), and Journal of Parasitology (2002–present), as a mem-

ber of the Editorial Boards of Veterinary Parasitology (1998–present), American Journal of Veterinary Re-

search (1999–2001) and Compendium on Continuing Education for the Practicing Veterinarian (1999–present).

He was the Guest Editor of the 1999 Special Issue on Neospora caninum and Neosporosis, International Journal

for Parasitology 29:1483-1732, and the 2001 Special Issue on Equine Protozoal Myeloencephalitis, Veterinary

Parasitology 95:87-356. He was the Section Editor for the Toxoplasma gondii section, Sixth, Seventh and

Eighth International Workshops on Opportunistic Protists. He serves on the Advisory Board of the Ameri-

can Type Culture Collection (Protistology section), Manassas, Virginia (2002–present).

David was fortunate to study under Barry P. Stuart, John V. Ernst and William L. Current in his early

scientific career. He has developed long-lasting research associations with J.P. Dubey, Byron L. Blagburn,

Steve Upton, Ron Fayer, Dwight Bowman, Anne Zajac, Rebecca Cole and Chris Sundermann. He is also

fortunate to have Catherine P. Walsh, Alexa C. Rosypal, Sheila M. Mitchell and Carly N. Wetch as graduate

students.  �

Intervet Graduate Student Award

Best Student Presentation Awards
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TUESDAY, JULY 27

Afternoon: ASP President’s Address

AAVP Business Meeting

ASP Business Meeting

2:00–3:00 ASP President’s Address, Ormandy W (Lobby Level)

Presiding: A.J. Nappi, University of Wisconsin, Madison WI

1:00 167 Classical Is Critical: Alleviating the Burden of Parasitic Diseases. B. Christensen,

University of Wisconsin, Madison WI

3:00-3:30 Coffee Break, Ormandy PreAssembly (Lobby Level)

3:30–5:00 AAVP Business Meeting, Ormandy E (Lobby Level)

Presiding: C.R. Reinemeyer, East Tennessee Clinical Research Inc., Knoxville TN

3:30–5:00 ASP Business Meeting and Awards, Ormandy W (Lobby Level)

Presiding: B. Christensen, University of Wisconsin, Madison WI

C.P. Read Mentor Award Lecture

3:30 Introduction. J.R. Barta,University of Guelph, Guelph,

Ontario, Canada, and M.E. Siddall, American Museum

of Natural History, New York, NY

The recipient of the C.P. Read Mentor Award is

SHERWIN S. DESSER, Department of Zoology,

University of Toronto,  Toronto, Ontario, Canada

3:40 168 A Privileged Life: Lessons Learned—Lessons Given.

S.S. Desser

4:00 Ashton Cuckler New Investigator Award

Presiding: J. O’Brien, University of South Alabama, Mobile AL

The recipient of the Ashton Cuckler New Investigator

Award is RANDALL J. DeJONG, Department of Bio-

logy, The University of New Mexico, Albuquerque NM.

4:15 Best Student Presentation and Marc Dresden Awards

Presiding: K.K. Sapp, High Point University, High Point, NC

Dr.

Randy

DeJong

Dr.

Sherwin

Desser
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6:00–7:00 Companion Animal Parasite Council (CAPC), Concerto A, B

(3rd Floor)

Presiding: D.G. Stansfield, Novartis Animal Health, Inc.

6:00 169 Overview of Companion Animal Parasite Council (CAPC) Guidelines. B.L. Blagburn

6:20 170 CAPC and the Practitioner—Improving Parasitology in Private Practice. G. Holingers

6:40 171 Internal Parasites . . . Not a Legal Risk to Ignore. C. Lacroix

7:30–9:30 Novartis Animal Health Reception, Symphony (3rd Floor)

TUESDAY, JULY 27

Evening: Companion Animal Parasite Council

Novartis Animal Health Reception

NotesNotesNotesNotesNotes

Tuesday Evening, July 27, 7:30–9:30, Novartis Animal Health Reception,

Symphony (3rd Floor)
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WEDNESDAY, JULY 28

Morning: Posters

BIOCHEMISTRY, PHYSIOLOGY

172 Generation and Characterization of Trypanosoma brucei Prostaglandin F
2?
 Synthase-Knockout

Parasites. Z. Kabututu*, K. Nagamune, K. Kubata, T. Kinoshita and Y. Urade

CHEMOTHERAPY OF PARASITIC INFECTIONS

173 Effect of Milbemycin Oxime on Toxocara canis Egg Shedding in Comparison to Drontal® Plus

in Naturally Infected Puppies. R. Schenker*, R. Cody, D. Alexander and G. Strehlau

174 Comparative Efficacy of the (+) and (–) Albendazole Sulphoxide Enantiomers Against Hae-

monchus contortus. M.D. Mottier, L. Ceballos, L.I. Alvarez and C.E. Lanusse*

DETECTION, DIAGNOSIS, REGULATORY

175 Seroconversion of Young Buffaloes Experimentally Inoculated with Tachyzoites of Neospora

caninum. A.R. Rodrigues, V.O. Paula, D.M. Aguiar, J.P. Dubey and S.M. Gennari*

176 Clinical Leishmaniasis Induced in Beagles Infected with an American Isolate of Leishmania

infantum. A.C. Rosypal*, G.C. Troy, R.B. Duncan Jr., R.M. Gogal Jr., A.M. Zajac and

D.S. Lindsay

177 Eimeria Parasite Species from Water Buffaloes (Bubalus bubalis). A.F. Noronha Júnior,

W.A. Starke-Buzetti* and D.W. Duszynski

178 Ocular Manifestations and Analysis of Aqueous Humor from Dogs (Canis familiaris Linnaeus,

1758) with Natural Infection of Leishmania chagasi (Cunha and Chagas, 1937). L.C. Alves*,

F.L. Brito, F. Maia and J.L. Laus

179 Diagnosis of Tritrichomonas foetus in a Cat with Chronic Recurrent Diarrhea. J.D. Hoevers*

and K.F. Snowden

ECOLOGY

180 An Experimental Approach to Choosing Between Density- and Frequency-dependent Parasite

Transmission Functions. R.M. Forest* and J.E. Lopez

181 Helminth Community Structure in Rana catesbeiana from Pawnee Lake, Lancaster, Nebraska,

U.S.A. R. Mata-López* and E.A. Martínez-Salazar

182 Eimeria spp. (Apicomplexa: Eimeriidae) in Fox Squirrels (Sciurus niger) from Central Wyoming.

H. Smith, R.S. Seville* and C. Oliver

183 Co-occurrence of the Copepod Naobranchia lizae and the Monogenean Metamicrocotyla macra-

cantha on the Striped Mullet, Mugil cephalus. T.G. Baker, E. Pante, W.A. Roumillat,

E. Lesvesque and I. De Buron*

HOST–PARASITE INTERACTIONS

184 Phagocytosis of Anaplasma marginale Infected and Non-infected Erythrocytes by Bovine

Peripheral Blood Leukocytes. R.D. Melendez

185 Wolbachia of Filariae: Proposed Life Cycle and Exit Mechanisms. W.J. Kozek
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Morning: Posters (cont.)

186 Accelerating Gene Discovery in the Snail Biomphalaria glabrata, Intermediate Host of Schisto-

soma mansoni. S.A. Saenz*, B. Hanelt and C.M. Adema

187 Ultrastructural and Structural Changes of Lungs from Cats Felis catus (Linnaeus, 1758) with

Experimental Infection of Dirofilaria immitis (Leidy, 1856). F. Maia, L.C. Alves*, W.A. Silva-

Junior, J.W. McCall, P. Supakornderj, N. Supakornderj, F.L. Brito, M.A. Gloria-Faustino

and C.A. Peixoto

188 Production of BAC Library for Biomphalaria glabrata, Intermediate Host of Schistosoma

mansoni. B. Hanelt*, E.S. Loker, M. Knight, F.A. Lewis, O. Carvalho, M.Z. Luo, D.

Kudrna, R. Wing, L.A. Hertel and C.M. Adema

189 Restoring the Virulence of the Oyster Protozoan Parasite Perkinsus marinus Cultured in vitro.

A. Reed, S. Casas and J. La Peyre*

190 Effects of Eimeria falciformis on Peripheral Blood Eosinophilia and Bone Marrow Eosinopoiesis

Induced by Nippostrongylus brasiliensis in Concurrently Infected BALB/C Mice. Z.A. Al-

Dahwi* and L.F. Mayberry

IMMUNOLOGY

191 Humoral Antibody Response of the Tilapia Oreochromis niloticus Against Cichlidogyrus spp.

R. Rodriguez-Canul, J. Sandoval-Gio and V.M. Vidal-Martínez*

192 Functional Characterization of HPLC-fractionated Neospora caninum Proteins. W. Tuo*,

R. Fetterer, M.C. Jenkins and J.P. Dubey

LIFE CYCLES, EPIDEMIOLOGY

193 First Reported Clinical Case of Ocular Myiasis in a U.S. Soldier Stationed in Iraq.

H. Laubach*, S. Schatz and A. Gregory

194 Toxoplasmosis Among Pregnant Women in Two Different Parts of Slovenia. J. Logar*, B.

Soba, I. Berce, B. Drinovec and T. Premru-Srsen

195 An Improved Method for the Cryopreservation of Third-stage Larvae of Strongyloides stercoralis

and the Usefulness of this Method for Cryopreserving Parastrongyloides trichosuri. T.J. Nolan*,

A.R. Ketschek and G.A. Schad

MOLECULAR, DEVELOPMENTAL, CELL BIOLOGY

196 Amphidial Neurons ADL and ASH Initiate SDS-avoidance Responses in the Dog Hookworm,

Anclyostoma caninum. A.R. Ketschek*, R. Joseph, R. Boston, F. Ashton and G. Schad

197 Analysis of the Transcriptome Profile of Two Geographical Strains of Schistosoma japonicum.

G.N. Gobert*, L. Moertel and D.P. McManus

198 Gene Expression and Analysis of the Encephalitozoon cuniculi Leucine Aminopeptidase.

J.J. Millership, K. Logan and K.F. Snowden*
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MORPHOLOGY, CELL STRUCTURE

199 Oral Linguiform Projections and Associated Neurons in Infective Larvae of Oesophagostomum

dentatum. F. Hoholm, X. Zhu, F.T. Ashton*, A.S. Freeman and G.A. Schad

200 Molecular Cloning and Characterization of a cDNA Encoding a Coronin Homologue in

Acanthamoeba healyi. E.T. Baldo, D. Chung and H.H. Kong

TAXONOMY, SYSTEMATICS, PHYLOGENY

201 Colección de Helmintos de Costa Rica: A Re-emerged Collection. B. Rodríguez-Ortiz,

L. García-Prieto, J. Herrera-Vásquez*, D. Osorio-Sarabia and G. Pérez-Ponce de León

202 Intraspecific Variation of Haematoloechus floedae Harwood, 1932 (Digenea: Plagiorchiidae)

from Rana spp. in North and Central America. V. León-Règagnon*, S. Guillén-Hernández

and M. Arizmendi-Espinosa

203 Preliminary Systematic Analysis of the Genus Eudusbabekia Jameson, 1971 (Acari: Prostigmata:

Myobiidae) Associated with Phyllostomoidea Bats. C. Guzmán-Cornejo*, J.B. Morales-

Malacara and B. Mendoza-Garfias

204 Species of Eimeria (Apicomplexa: Eimeriidae) in Tundra Voles (Microtus oeconomus) from

Finland. R.S. Seville*, H. Henttonen and J. Laakkonen

205 DNA Amplification Fingerprinting of Opossum (Didelphis virginiana) and Raccoon (Procyon

lotor) Capillarids. L.G. Rickard and C. Panuska*

206 Morphologic Comparisons of Eimeria sp. (Apicomplexa: Eimeriidae) in Arctic Ground Squir-

rels (Spermophilus parryi) from Alaska, U.S.A. and Siberia, Russia. M.C. Bryant*, R.S. Seville,

C.E. Oliver and A. Hick

207 Phylogeny of Pinworms (Syphacia) from Neotropical Rodents. S.L. Gardner* and A. Jimenez-

Ruiz

208 Phylogenetic Position of Paracreptotrematina limi (Trematoda) Based on Ribosomal RNA

Genes. C.S. Platta and A. Choudhury*

209 Phylogenetics and Biogeography of Bunodera spp. (Trematoda: Allocreadiidae), Parasites of

Percids and Sticklebacks. A. Choudhury and V. León-Règagnon*

210 Phylogenetic Hypothesis for the Species of Gnathostoma (Nematoda) Based on Mitochondrial

DNA Sequences. V. León-Règagnon*, K. Ando, L. García-Prieto and D. Osorio-Sarabia

211 A Rapid Technique for Differentiating Biomphalaria glabrata, B. alexandrina and Possible

Hybrids in Egypt. W.M. Lotfy, B.S. Black*, R.J. DeJong and E.S. Loker

WEDNESDAY, JULY 28

Morning: Posters (cont.)

�
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The content and wording of the abstracts are as submitted by the authors,

although some attempts were made to correct spelling and grammar where needed.

ABSTRACTSABSTRACTSABSTRACTSABSTRACTSABSTRACTS
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1 Dr. Maggot and Mr. Worm: Techniques in Forensic Entomology. M.L. Goff, Forensic Sciences

Program, Chaminade University of Honolulu, Honolulu HI

Forensic entomology is the field where the study of the biologies of insects and related arthro-

pods intersects with the judicial system. The field has been subdivided into three somewhat

distinct subdisciplines: Urban Entomology, Structural Entomology, and Medicolegal Entomol-

ogy. Urban entomology typically involves problems related to pest species, such as termites,

cockroaches or other pest species, present and disrupting the human habitat. Stored product

entomology involves damage to products, such as cereal, by insect feeding activities or contami-

nation with insect body parts or fecal material. Medicolegal entomology is the subdiscipline

involved in the solution of crimes, most frequently homicides, and is the subdiscipline most

frequently termed “forensic entomology” by the general public and, in fact, most entomologists.

In any homicide investigation, determination of the time since death or postmortem interval is

an essential first step. In cases where the postmortem interval is greater than 24 hours, analyses

of insect activity on the decomposing body frequently becomes the most reliable technique.

While estimation of the postmortem interval is the most commonly encountered application of

entomological techniques, insects also can provide valuable data concerning other aspects of the

crime. For example, insects may demonstrate that the body has been moved following death,

provide information concerning timing of wounds present on a body, allow a suspect to be tied

to a victim or crime scene, and provide alternate specimens for toxicological analyses or suspect

DNA materials. In some instances, these techniques can be applied to living individuals, as in

cases of child or elder abuse and neglect. Techniques involved in these types of analyses will be

illustrated using actual cases from Hawaii and other parts of the world.

2 Equine Protozoal Myeloencephalitis: A Study Using Mouse Models. S. Witonsky*, LACS,

R. Gogal, Jr., R. Duncan and D. Lindsay, DBSP, VMRCVM, Virginia Tech, Blacksburg VA

Equine protozoal myeloencephalitis, due to Sarcocystis neurona (SN) infection, is one of the most

common causes of neurologic disease in the United States. To date, the protective immune

response to infection in horses or mice has not been well characterized. In these studies, we

employed mouse models to further define the protective immune response to SN. Immunocom-

petent (C57BL/6), immunodeficient interferon-gamma knock-out (GKO), and B-cell deficient

(µMT) mice were infected with SN merozoites to assess the immune response to infection.

Analysis consisted of gross- and histopathology, serology, and determination of immune cell

subsets using flow cytometry. All C57BL/6 and GKO knockout infected mice seroconverted to

SN by day 14 post-infection (PI). B-cell deficient mice did not seroconvert. GKO infected mice,

which were euthanized by day 28 post-infection (PI), developed encephalitis, confirming activity

of the SN. GKO mice also developed persistent splenomegaly and lymphadenopathy. B-cell

deficient mice developed mild splenomegaly and lymphadenopathy by day 14 PI, which com-

pletely resolved by day 60 PI. All µMT infected mice survived until day 60 PI, at which time

they were euthanized. Mild histopathologic changes had resolved by day 60 PI. Immuncom-

petent C57BL/6 (B6) mice developed splenomegaly and lymphadenopathy at day 14 PI, which

also resolved by day 60 PI. Analysis of immune cell subsets by flow cytometry demonstrated that

µMT and C57BL/6 mice developed significant memory populations (CD44/CD8 and CD44/

CD4), although the CD8 response appears to be more substantial. GKO mice developed a
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delayed and diminished memory response compared to C57BL/6 mice. In summary, these data

suggest that T-cell mediated immunity, not humoral immunity, is critical to protection against

SN infection. Thus, based on the mouse EPM model, these data suggest that the equine T-cell

adaptive immune response may be critical to protection. (This work was funded by Animal

Health and Disease grant from Virginia Tech.)

3 Sarcocystis Cysts Associated with Meningeoencephalomyelitis in a Cat (Felis domesticus). H.M.

Elsheikha*, Department of Large Animal Clinical Sciences, Michigan State University, East

Lansing MI, F.A. Kennedy, A.J. Murphy, Diagnostic Center for Population and Animal Health,

Michigan State University, East Lansing MI, and L.S. Mansfield, Department of Large Animal

Clinical Sciences, Michigan State University, East Lansing MI

Sarcocystis cysts were found in muscles of a four-year-old male domestic cat (Felis domesticus) from

Michigan that died due to neurological disease and was submitted to the Pathology Section,

DCPAH, MSU. A complete post mortem exam was done and cysts were characterized histologi-

cally, ultrastructurally and genetically. Initially, the disease observed was attributed only to

Toxoplasma gondii based on clinical signs, T. gondii-specific serum IgG antibodies, and multiple

immunofluorescent assays for Apicomplexan organisms. Microscopic examination of the neural

tissues revealed a multifocal subarachnoid lymphocytic infiltrate, consistent with lymphosar-

coma. Also, histopathological changes consistent with cardiomyopathy were noted. Multiple

elliptical cysts were found in the skeletal muscles and diaphragm. Cysts were up to 390 µm long

and up to 120 µm wide. Ultrastructural characteristics of the bradyzoites and cyst wall were

largely, but not totally, consistent with those described for S. felis in bobcat and domestic cat.

The villar protrusions on the cyst wall were up to 1.3 µm long and up to 0.5 µm wide. DNA

was extracted from formalin-fixed muscles and was tested by PCR amplification and sequence

analyses of 18S ribosomal RNA gene. Phylogenetic reconstructions using neighbor-joining and

minimum evolution methods generated identical tree topologies with similar strong support

values at each node. Both methods showed that the Sarcocystis spp. in the present report is

closely related, but not identical to S. neurona, and very distantly related to S. felis. Further work

is underway to characterize and speciate this Sarcocystis. This cat had multiple disease processes.

4 Sarcocystis neurona Major Surface Antigen Gene 1 (SAG1) Shows Evidence of Having Evolved

under Positive Selection Pressure. H.M. Elsheikha* and L.S. Mansfield, Department of Large

Animal Clinical Sciences, Michigan State University, East Lansing MI

The SAG1 gene is conserved among members of Sarcocystidae and may play an important role

in parasite pathogenesis. Patterns of nucleotide polymorphism were used to test the hypothesis

that natural selection promotes diversity in different parts of the major surface antigen gene 1

(SAG1) of Sarcocystis neurona. Nucleotide and amino acid sequence analysis of the SAG1 gene

from multiple S. neurona isolates identified two alleles. Sequences were identical intra-allele and

highly divergent inter-alleles. Also, phylogenetic reconstruction showed sequences clustering into

two clades. The ratio of silent substitutions to amino acid replacements provided strong evidence

that two short segments in the central and 5¢ prime domain of SAG1 have been under positive

selection in the divergence of the two alleles, suggesting that it may be important for the evasion

of host immune responses and would be a suitable target for vaccine development.

5 Cytokine Gene Expression in Response to SNSAG1 in Horses with Equine Protozoal Myeloen-

cephalitis. J.A. Spencer*, P. Deinnocentes, E.M. Moyana, Pathobiology, Auburn University,

Auburn AL, A.J. Guarino, Foundations of Education, Auburn University, Auburn AL, S.E. Ellison,
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Pathogenes, Fairfield FL, R.C. Bird and B.L. Blagburn, Pathobiology, Auburn University, Auburn

AL

Equine protozoal myeloencephalitis (EPM) is a neurologic syndrome seen in horses from the

Americas and is mainly caused by Sarcocystis neurona. Recently, a 29 kDa surface antigen from S.

neurona merozoites was identified as being highly immunodominant on Western blot. This

antigen has been sequenced and cloned and the expressed protein has been named SnSAG1. In a

previous study, cell-mediated immune responses to SnSAG1 were shown to be statistically

significantly reduced in horses with EPM when compared with normal controls. Therefore, it

appears as though the parasite is able to induce an immunosuppression towards parasite derived

antigens as parasite-specific responses are decreased. Isolated peripheral blood lymphocytes from

23 EPM negative horses and 23 horses with clinical EPM were co-cultured with SnSAG1 for 48

and 72 hours and the effect on cytokine production was investigated by means of RT-PCR.

Cytokines assayed for include (IFN, TNFa, IL-2, IL-4, and IL-6. bactin was used as the house-

keeping gene. Follow-up McNemar tests of the initial findings indicated that there was a statisti-

cally significant decrease in (IFN production after 48 hr in culture when horses had clinical

disease. There also was a statistically significant increase in IL-4 production after 72 hours in

culture in horses with EPM. These results further support the notion that this parasite is able to

subvert the immune system in horses with clinical disease. (This work was supported by an

innovation grant from Fort Dodge Animal Health.)

6 New Inhibitors of EGF-Tyrosine Kinase Effective Against Cryptosporidium parvum, Sarcocystis

neurona and Neospora caninum in Cell Cultures. G. Gargala*, A. Baishanbo, Laboratoire de

Parasitologie and ADEN, UPRES-EA 32, P. Pitel, Laboratoire Departemental Frank Duncombe,

Caen, France, L. Favennec, Laboratoire de Parasitologie and ADEN, UPRES-EA 32, J. Ballet,

Laboratoire d’Immunologie, UPRES-EA 2128, Caen, France, and J. Rossignol, The Romark

Institute for Medical Research, Tampa FL

The functional importance of protein kinases in eukaryotic cell signaling and cycle regulation has

led to detailed studies of their genes and expression patterns, structures and substrates, and

activators and inhibitors. Genome sequencing of several protozoa such as Plasmodium falcipar-

um, Leishmania major, Trypanosoma brucei, Giardia duodenalis and Toxoplasma gondii suggests that

protein kinases could be potential targets for antiprotozoal agents. In this work, 38 isoflavone

derivatives were synthesized and tested for their inhibitory effects against EGF-tyrosine kinase.

They were subsequently tested against in vitro development of three coccidian protozoa, Crypto-

sporidium parvum, Sarcocystis neurona and Neospora caninum. Ten compounds were found effec-

tive against C. parvum with IC
50

 ranging from 2.28 to 4.56 mcg/mL, 17 were found effective

against S. neurona neurona with IC
50

 ranging from 1.92 to 4.27 mcg/mL, and 15 compounds

were found effective against N. caninum with IC
50

 ranging from 2.52 to 4.24 mcg/mL. Seven

compounds showed IC
50

 < 5 mcg/mL against the three protozoa. One of the most effective

agent tested in vivo was highly effective in eradicating oocyst shedding of C. parvum in experi-

mentally infected gerbils.

7 Identification of an Enolase Protein in Sarcocystis neurona by the Use of Two-Dimensional Gel

Electrophoresis and MALDI-ToF Analysis. A. Wilson, Department of Veterinary Pathobiology,

University of Missouri, Columbia MO, J. Thelen, Department of Biochemistry, University of

Missouri, Columbia MO, and A. Marsh*, Department of Veterinary Preventive Medicine, The

Ohio State University, Columbus OH

Equine protozoal myeloencephalitis is a neurological disease caused by Sarcocystis neurona, an

apicomplexan parasite. Sarcocystis  neurona is also associated with EPM-like diseases in marine
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and small mammals as well. Characterization of essential proteins may provide helpful evolution-

ary information and allow development of novel chemotherapeutics that target non-mammalian

biochemical pathways. In the current study, two-dimensional electrophoresis and matrix-assisted

laser desorption ionization-time of flight (MALDI-ToF) mass spectrometry were combined to

characterize and identify an enolase protein from S. neurona based on peptide homology to the

Toxoplasma gondii protein.  Enolase is thought to be a vestigial, nonphotosynthetic protein

resulting from an evolutionary endosymbiosis event of an apicomplexan ancestor with green

algae. Enolase also has been suggested to play a role in parasite stage conversion for T. gondii.

Characterization of this protein in S. neurona and comparison to other protozoans indicate

biochemical similarity of S. neurona enolase to other tissue-cyst forming coccidians that cause

encephalitis.

8 Effect of Corynosoma constrictum (Acanthocephala) Infection on the Survivorship of Hyalella

azteca (Amphipoda). L.M. Duclos, School of Biological Sciences, University of Nebraska, Lincoln

NE

Development and growth of parasites depend upon resources provided by the host and the

parasite’s ability to utilize them. For the host, the physiological cost of being parasitized often

fluctuates as a result of host physical status, parasite infection level, and parasite metabolism.

Identifying specific costs incurred by the host provides insight regarding parasite energy bud-

gets, which differ among taxa and ontogenic stages. This study investigates survivorship of

Hyalella azteca during the course of infection with Corynosoma constrictum and explores how host

death may provide additional knowledge of energy requirements of developing larval parasites.

Data from an accelerated failure-time model with intensity as a covariate indicate significantly

reduced survivorship of infected amphipods compared to uninfected controls. Male and female

amphipod survival and infection intensity do not differ, however, amphipods with high intensity

infections (>16 larvae) prematurely died compared to lightly infected amphipods (< 6 larvae).

The majority of infected amphipods died between 12 and 24 days postexposure, a period of

rapid larval development. It is hypothesized that host death may be due either to an increase in

overall larval energy demands or to parasite-mediated depletion of a specific host compound.

Preliminary zymogram results show the presence of a parasite protease, suggesting that endog-

enous amphipod proteins may provide a suitable energy source to growing larvae. These results

indicate that developing C. constrictum may satisfy its energy requirements by depriving amphi-

pod hosts of compounds normally used for their somatic growth and maintenance.

9 Identification of Biomphalaria glabrata Embryonic (Bge) Cell Proteins Involved in the Recognition

of Fucosylated Glycan Epitopes on Tegumental Surface Glycoconjugates of Schistosoma mansoni

Primary Sporocysts. M.G. Castillo*, X. Wu, University of Wisconsin, Madison WI, A. Nyame,

R.D. Cummings, University of Oklahoma Health Sciences Center, Oklahoma City OK, and T.P.

Yoshino, University of Wisconsin, Madison WI

Previous reports suggest that the cellular interactions between larval stages of S. mansoni and

their intermediate snail hosts, Biomphalaria glabrata, involve lectin-like molecules on the snail

cells. A cellular receptor, however, has yet to be identified. In earlier studies using Far Western

blot analyses, we identified a group of proteins of Bge cell origin that could interact with

tegumental extracts of S. mansoni primary sporocysts. This interaction was found to be inhibited

by fucoidan, a sulfated form of poly-L-fucose. In addition, an antibody specific to fucosylated

LacdiNAc (LDNF, Galb1,4(Fuca1,3)GlcNAc-R), a terminal glycan found on the surface of

vertebrate stages of S. mansoni, was found to bind to the tegumental surface of S. mansoni

intramolluscan larval stages in histological sections. This same monoclonal antibody was found
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to inhibit the attachment of Bge cells to S. mansoni sporocysts in an in vitro binding assay. In the

present study, protein extracts from Bge cells were subjected to affinity chromatography and gel

electrophoresis to try to isolate and identify surface proteins from B. glabrata cells with affinity

to fucoidan and the LDNF epitope. Several Bge cell proteins (approximately 6, 15, 34, 38, 46,

75 kDa) were identified as having strong binding affinity to fucoidan. Moreover, using a biotiny-

lated LDNF-BSA (bovine serum albumin) synthetic conjugate as a probe, we found that four of

the six (approximately 6, 38, 46, 75 kDa) fucoidan-reacting Bge cell bands also bound to LDNF.

These results suggest the possibility that the Bge cells proteins that bind to fucoidan are the same

ones that react to the LDNF antigen found on sporocysts. Using two-dimensional gel electro-

phoresis, the 75 kDa protein has been isolated and is currently being subjected to mass spectro-

metric and amino acid sequence analyses to characterize this fucosylated glycan binding protein

at the molecular level.

10 Microsporidia Infection and Host Cell Apoptosis. L.D. Shelton*, Veterinary Pathobiology, Texas

A&M University, College Station TX, W. Porter, Veterinary Anatomy and Public Health, Texas

A&M University, College Station TX, R. Smith III and K.F. Snowden, Veterinary Pathobiology,

Texas A&M University, College Station TX

Microsporidia are single-celled, eukaryotic obligate parasites that infect most classes of inverte-

brates and vertebrates. After penetrating a host cell, microsporidia reproduce intracellularly,

forming spores that accumulate until the host cell distends and lyses. In another rearrangement

of host cell internal organization, microsporidia of the genus Encephalitozoon recruit host cell

mitochondria to the margins of the parasitophorous vacuoles in which they reproduce. That

microsporidia-infected cells do not simply die from this interference suggests that the parasites

utilize mechanisms that facilitate host cell survival. Data from studies of other intracellular

parasite species indicate that some are capable of inhibiting host cell apoptosis. We are using an

in vitro experimental system to investigate the effects of E. cuniculi or E. intestinalis infection on

apoptotic events in Caco-2 cells, a human colorectal adenocarcinoma epithelial cell line, and RK-

13 cells, a rabbit kidney epithelial cell line. A cell infectivity assay developed for each combina-

tion of cell line and parasite species ensures repeatability and standardizes experimental condi-

tions and time points. Early apoptotic events are visualized in cells grown on cover slips by

staining with FITC-labeled annexin V and nuclear stains that discriminate between apoptotic

and necrotic cells. The expression of signal transducing molecules that impact apoptosis, such as

JNK and ERK 1/2, are being investigated using Western blots of parasite-infected cell lysates.

11 Effects of Neoheterobothrium hirame on Predation of Olive Flounder, Paralichthys olivaceus. S.

Shirakashi*, Department of Aquatic Bioscience, The University of Tokyo, Tokyo, Japan, K.

Teruya, Center for National Stock Enhancement, FRA, Oita, Japan, and K. Ogawa, Department

of Aquatic Bioscience, The University of Tokyo, Tokyo, Japan

Olive flounder, Paralichthys olivaceus, is considered to be one of the most important fish species

in Japanese fisheries. Despite extensive efforts of stock enhancement programs, a significant

decline in the annual catch has become apparent within the past decade. Although the precise

reasons for this are unknown, a monogenean parasite is suspected of playing an important role

in the decreasing flounder population. Neoheterobothrium hirame, a newly described blood-

feeding gill parasite, was first reported in Japan in the mid-90s and has since spread throughout

Japanese waters. Recently, the parasite has been identified as the causative agent of severe

anaemia observed in wild and cultured flounder. As the parasite was not observed prior to this

epidemic, N. hirame is believed to be a non-indigenous species recently introduced to Japan.

Despite severe anaemic symptoms shown in infected flounder, infection does not seem to be the
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sole cause of mortalities, at least under normal captive conditions. We speculated that N. hirame

infection facilitates predation and is responsible indirectly for the decline in flounder popula-

tions. The aim of this study is to determine the effects of N. hirame on the susceptibility of

juvenile flounder to predation pressure. Ten experimentally infected and 10 uninfected juvenile

flounder were cohabitated for 96 hours with two 1-2-year-old flounder, considered to be one of

their main predators in the wild. Significantly less numbers of infected fish survived predation in

three out of four trials, indicating the parasite makes juvenile flounder more prone to predation.

In an experiment comparing swimming performance of infected and control juvenile flounder,

consecutive swimming time before exhaustion was approximately four times less in infected fish.

These results provide strong evidence that N. hirame infection increase mortality in juvenile

flounder and the parasite is potentially responsible for the decline of wild flounder populations

in Japan. Some other behavioural differences between infected and uninfected flounder also will

be presented.

12 Distribution of Antibodies Specific for Parelaphostrongylus tenuis among Conventional and

Heavy-chain Isotypes of IgG in Infected Llamas. L.P. Daley*, L.F. Gagliardo, M.S. Duffy and J.A.

Appleton, Department of Microbiology and Immunology, Cornell University, Ithaca NY

Parelaphostrongylus tenuis is a parasitic nematode that infects the central nervous system of white-

tailed deer. Although infection is asymptomatic in white-tailed deer, this parasite induces an

incapacitating neurologic disease in other cervids, llamas, goats and sheep. P. tenuis infection is

initiated by third-stage larvae. Protease gene expression is up-regulated in this stage (Duffy,

Zarlenga and Appleton, unpublished observation). Proteases are mediators of pathogenesis in

other nematode infections, and specific antibodies are thought to convey protective immunity. P.

tenuis induces an IgG response in infected animals, including llamas. Three isotypes of IgG are

produced by llamas: IgG1, IgG2 and IgG3. IgG1, the conventional antibody, possesses ( heavy

chains that associate with light chains. The IgG2 and IgG3 isotypes are homodimers of ( heavy

chains that are devoid of light chains, and are called heavy-chain antibodies. Remarkably, the

architecture of the antigen-binding surface of heavy-chain antibodies favors direct inhibition of

enzymes, a property that is not demonstrated by conventional antibodies. We have generated

and characterized isotype-specific monoclonal antibodies in order to define the specificities of

the different IgGs induced during P. tenuis infection.

13 The Target for Anti-Egressin May Be a Cell Surface Protein Complex that Contains Alpha-1-

Antitrypsin. J.A. Costales* and E.C. Rowland, Tropical Disease Institute, Ohio University, Athens

OH

Previous work in our laboratory has shown that antibodies present in the sera of mice chroni-

cally infected with Trypanosoma cruzi inhibit parasite egress from infected tissue culture cells.

These antibodies, termed anti-egressin, have been found to bind to the surface of the infected

cells. In order to identify the target molecule for anti-egressin, we have isolated the membrane

proteins of infected BALB/c fibroblasts and analyzed their reactivity with chronic sera by

Western blot. The immunoreactive peptides were purified by immunoprecipitation, electro-

phoresed by SDS-PAGE and submitted for MALDI amino acid sequencing, to determine their

identity. The serum protease inhibitor alpha-1-antitrypsin (A1AT) was identified consistently as

a component of the major immunoreactive band detected by Western blot. The molecular

weight of the band (98KDa), however, was found to be roughly double of that expected for

A1AT (55 KDa). Furthermore, the antibodies on chronic sera do not bind commercially avail-

able A1AT. Therefore, we hypothesize that A1AT is found on the surface of the cells complexed

with an immunogenic protease with which it coimmunoprecipitates. Protease inhibitors from
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the A1AT family are known to covalently interact with serine and cysteine proteases. With this

in mind, the inhibition of T. cruzi’s major cystein protease, cruzipain, was found to likewise

reduce parasite egress. These results support the notion that a protease/inhibitor complex could

potentially be the target that anti-egressin binds in order to inhibit parasite egress.

14 Effects of Feeding Sericea Lespedeza Hay on Goats Infected with Haemonchus contortus. S.

Shaik*, T.H. Terrill, Agricultural Research Station, Fort Valley State University, Fort Valley GA, J.E.

Miller, Department of Epidemiology, Louisiana State University, Baton Rouge LA, B. Kouakou, G.

Kannan, R. Kallu, Agricultural Research Station, Fort Valley State University, Fort Valley GA, and

J.A. Mosjidis, Department of Agronomy and Soils, Auburn University, Auburn AL

Infection with gastrointestinal nematodes (GIN) is a primary constraint to economic goat

production in the southern U.S.A. Anthelmintic resistance is highly prevalent in goat nematodes

in this region, and non-chemical control methods are needed. Grazing of forages containing

condensed tannins (CT) or feeding purified CT as part of the diet has shown potential for

reducing parasite egg count in feces of sheep and goats, but little information is available on

feeding hay from CT-containing forages. The anthelmintic potential of sericea lespedeza [Lespe-

deza cuneata (Dum-Cours.) G. Don] hay was evaluated in an eight-week feeding trial with

goats. Twenty yearling Spanish-cross does were given a one-time challenge of 10,000 Haemon-

chus contortus infective (L
3
) larvae to boost their parasite load. After three weeks grazing, the

does were moved to pens (five animals per pen) and fed either ground sericea or bermudagrass

[Cynodon dacylon (L.) Pers.] hay diets (treatment n = 10) balanced for crude protein and energy

with a small amount of supplement. All 20 does were fed the bermudagrass diet for a one-week

adjustment, after which two pens of animals were switched to the sericea diet for four weeks

(experimental period). All the does were then fed the bermudagrass diet for an additional three

weeks. Throughout the trial, parasite eggs per gram (EPG) of feces was determined weekly for

each doe. Egg shedding was similar between the two groups during the three-week adjustment

period, significantly lower (P < 0.05) in sericea-fed goats during the four-week experimental

period, and not different during the three-week post-trial period. Feeding sericea lespedeza hay

to goats reduced nematode egg shedding and may have potential to reduce pasture contamina-

tion from GIN larvae.

15 Efficacy of Copper Oxide Wire Particles Against Haemonchus contortus in Goats. R. Kallu, T.H.

Terrill*, Agricultural Research Station, Fort Valley State University, Fort Valley GA, J.E. Miller,

Department of Epidemiology, Louisiana State University, Baton Rouge LA, S.R. Maddineni, S.

Shaik, Agricultural Research Station, Fort Valley State University, Fort Valley GA, and J.M. Burke,

ARS, USDA, Booneville AR

Infection with gastrointestinal nematodes (GIN), particularly Haemonchus contortus, is the

biggest constraint to profitable goat production in the southern United States. Overuse of

anthelminthics in this region has lead to widespread multiple drug resistance in goat GIN. As an

alternative to anthelmintics, an experiment was undertaken to study effect of copper oxide

particles on naturally GIN-infected goats. Twenty-two Spanish does were assigned to two groups

(n = 11 per treatment group) based upon fecal egg count (FEC) for a six-week grazing trial.

Treated animals were given a bolus containing 4 g of copper wire particles, while control animals

were given an empty bolus. During each week of the study, feces and blood samples were taken

from individual animals for determination of FEC and Packed Cell Volume (PCV), respectively.

Data were analyzed using repeated measures analysis. There was no treatment effect on PCV, but

PCV for both groups declined (P < 0.05) over time. There was a trend (P < 0.07) for lower

FEC in copper-treated goats after two weeks, and there was a significant (P < 0.05) treatment
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by time interaction for FEC over the whole trial. Egg counts in copper-treated animals were

lower than in untreated goats on three out of four sampling dates during the first five weeks

post-treatment (432 versus 879 average FEC, respectively), but there was no difference in FEC

at the six-week sampling. Feeding copper oxide particles to GIN-infected goats has potential for

reducing number of parasite eggs passed onto pasture. This strategy may be useful in a GIN

control program for goats.

16 Efficacy of Ponazuril Against Reactivated Toxoplasmic Encephalitis in Interferon-Gamma Gene

Knockout Mice. S.M. Mitchell*, A.M. Zajac, Department of Biomedical Sciences and Patho-

biology, Virginia Tech, Blacksburg VA, W.L. Davis, Bayer HealthCare Animal Health, Shawnee KS,

J.P. Dubey, APDL, ARS, USDA, Beltsville MD, and D.S. Lindsay, Department of Biomedical

Sciences and Pathobiology, Virginia Tech, Blacksburg VA

Toxoplasmic encephalitis is a life-threatening illness that occurs in many AIDS patients. We have

shown previously that ponazuril is effective in treating acute toxoplasmosis in mice. The present

study was done to determine if ponazuril could prevent the development of toxoplasmic en-

cephalitis in an interferon-gamma (INFG) mouse model. Groups of INFG mice were fed orally

10 tissue cysts (chicken isolate) of Toxoplasma gondii per mouse. Four days later they were placed

on 1 mg/ml sodium sulfadiazine (SD) in the drinking water for 77 days in order for them to

survive the initial infection and to develop tissue cysts of T. gondii in their brains. At 83 days

post infection, mice were divided into four groups. Group 1 did not receive ponazuril, but was

kept on 1 mg/ml SD for the remainder of the study. Group 2 received 20 mg/kg ponazuril orally

for 9 days, but no SD. Group 3 received no ponazuril and no SD. Group 4 was not infected

with T. gondii and was not treated with ponazuril or SD. At 93 days, all remaining mice were

killed and their brains removed for immunohistology. Brain sections were stained with tissue

cyst specific BAG1 antibodies and duplicate sections were stained with polyclonal anti-T. gondii

sera. Mice in groups 1, 2 and 4 remained clinically normal. Mice in group 3 developed clinical

signs of toxoplasmosis. Few T. gondii stages or lesions were seen in the mice in the brains of

groups 1 and 2. Severe toxoplasmic encephalitis was observed in mice in group 3. No lesions or

T. gondii were seen in mice in group 4. The results indicate that, when used at 20 mg/kg,

ponazuril prevents the development of toxoplasmic encephalitis in INFG mice. (Supported in

part by a grant from Bayer HealthCare Animal Health.)

17 Expression Analysis of Six P-Glycoproteins Between Macrocyclic Lactones in Sensitive and

Resistant H. contortus Strains. A. Roulet* and R. Prichard, Institute of Parasitology, McGill

University, Montreal, Quebec, Canada

Macrocyclic lactones (MLs), such as ivermectin and moxidectin, are the major anthelmintic drug

used in the control nematode parasitism in farm and companion animals. Ivermectin is used as

well to control parasites in humans. For a number of years, MLs resistance has developed in

nematode parasites, such as Haemonchus contortus, in farm animals around the world. Among the

different resistance mechanisms involved, drug efflux by the P-glycoprotein (Pgp) seems to be

involved in that resistance. In fact, verapamil (a Pgp inhibitor) partially reverses ML resistance in

H. contortus-resistant strains and MLs are very good substrates of mammalian Pgps. Very few

data exist on this protein family in H. contortus and just one Pgp has been describe. The com-

plete C. elegans genome, however, shows 14 Pgp genes and four are known to be expressed. Our

studies aim to identify further Pgps in H. contortus and to determine whether some Pgps are

over-expressed in ML resistant strains of this parasite and to better characterize their involve-

ment in the resistance phenomena. We have used consensus sequences in the Nucleotide Binding

Domain to amplify Pgps by PCR. We have identified several different Pgps in H. contortus. With
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these partial sequences, we have used sequence-specific PCR to amplify more sequence in the

linker zone of the novel H. contortus Pgps. The linker region represents the region with the

greatest variability in the Pgp sequence and allows gene specific primers to be designed. This will

enable us to use Real Time PCR to compare the expression of the different genes between

sensitive ML resistant strains of H. contortus and to better understand the role of different Pgps

in ML resistance.

18 Comparison of the Serum Antibody Responses of Mice to Infection with Encephalitozoon cuniculi

and E. intestinalis. C. Jordan*, Department of Biomedical Sciences and Pathobiology, Virginia

Tech, Blacksburg VA, K.F. Snowden, Department of Pathobiology, Texas A&M University, College

Station TX, and A.M. Zajac and D.S. Lindsay, Department of Biomedical Sciences and Patho-

biology, Virginia Tech, Blacksburg VA

Encephalitozoon cuniculi is a small protist parasite in the phylum Microspora. There are more than

1,200 species of Microsporidia. Human and animal infections with E. cuniculi were recognized

prior to the AIDS pandemic, but overall awareness of the Phylum as important parasites of

warm-blooded animals came about only after the advent of AIDS. Hosts are infected by inges-

tion of spores passed in the urine or feces. The polar tube penetrates a cell, and the sporoplasm,

containing the nucleus, is passed through the tube into the host cell. Inside the host cell the

parasite replicates asexually until the host cell bursts, releasing newly formed spores. Infection

with E. cuniculi is usually asymptomatic, except in immunocompromised hosts. Currently,

diagnosis of E. cuniculi and other microsporidia is difficult due to their small size of one to two

micrometers and their structural resemblance to bacteria and yeasts in fresh preparations. We

experimentally infected mice subcutaneously or orally with E. cuniculi spores and bled them at

various times after infection (AFI). Mice developed IgG antibodies to E. cuniculi in the indirect

fluorescent antibody test at four weeks AFI. The sera was positive up to a dilution of 1:50. This

sera was used to develop a new spore-based diagnostic test. Formalin-fixed spores were superior

to fresh spores in the new test. Sera from two dogs with histologically proven E. cuniculi infec-

tions were positive in the new test. Sera positive for Toxoplasma gondii, Sarcocystis neurona or

Neospora caninum did not react in the new test. Currently, sensitivity and specificity testing are

under way. Western blots were used to compare fresh versus formalin-fixed E. cuniculi spores.

Fresh spores reacted with positive mouse serum, while formalin-fixed spores did not. Western

blots also were used to differentiate between E. cuniculi and E. intestinalis, and differences were

observed between the two species. (Supported by HATCH grant VA-135679 to DSL.)

19 Serological and Molecular Findings in Beagles Chronically Infected with an American Isolate of

Leishmania infantum. A.C. Rosypal*, G.C. Troy, R.M. Gogal Jr., R.B. Duncan Jr., A.M. Zajac and

D.S. Lindsay, Department of Biomedical Sciences and Pathobiology, and Department of Small

Animal Clinical Sciences, Virginia Tech, Blacksburg VA

Leishmania infantum, the etiologic agent of human visceral leishmaniasis, has recently been

recognized to be widespread among foxhounds in the United States. We used our LIVT-1 isolate

from Virginia foxhounds to evaluate experimental canine infections. We inoculated (IV) eight

five-month-old female purpose-bred beagles with promastigotes (high dose = 2 x 108; low dose

= 1 x 107). Serum samples were collected monthly for serologic evaluation by the indirect

fluorescent IgG antibody test (IFAT) and rK39 antigen immunoassay. Selected serum samples

also were tested for reactivity to amastigotes and trypomastigotes of the Brazil strain of Trypano-

soma cruzi in the IFAT. Bone marrow and lymph node aspirates were collected every six–eight

weeks post inoculation (PI) for cytologic evaluation, parasite culture (30% v/v fetal bovine

serum, 1% penicillin/streptomycin, 2% v/v human urine, in Grace’s Insect Media at 25° C) and
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PCR. Clinical signs of leishmaniasis developed in dogs that received the high dose of promas-

tigotes approximately six months PI. All dogs infected with LIVT-1 promastigotes seroconverted

by three months PI. Dogs in the low dose group had serologic titers that persisted for approxi-

mately three months and then dropped to levels < 1:100 over 12 months. IFA titers in the high

dose group increased to > 1:100 by two months and persisted > 1:400 in two of the dogs in

this group. We observed serological cross-reactivity to Trypanosoma cruzi by IFAT. All dogs in the

high dose group were detectable with the rK39 dipstick assay by five months PI. Culture of

aspirate material was more sensitive than cytology in identifying infected dogs. These data may

help to characterize American L. infantum infection and improve diagnosis of canine leishmania-

sis in the USA. Currently, we are conducting studies to determine transmission mechanisms of

canine leishmaniasis in the United States. (Supported in part by grant DO1CA-16 from the

Morris Animal Foundation to DSL and AMZ. ACR is a Morris Animal Foundation Fellow.)

20 Achieving a Less Wormy World: A Success Story of How Research Has Led to More Cost-

Effective Programs to Control Human Helminth Infections. D. Bundy, Human Development

Network, The World Bank, Washington DC

Multifaceted research has provided the evidence that school-based deworming programs are the

most feasible and cost-effective approach to helminth control. Epidemiological research shows

that most of the prevalent human helminthiases are most intense in children of school-age,

applied research shows that the infections affect not only health, but also education, and opera-

tions research shows how teachers and education systems can deliver anthelmintic treatment

safely, regularly and sustainably. Based on this evidence, deworming has become a key compo-

nent of school health programs globally, and has been carried along with the momentum of

global efforts to achieve universal education

21 How Animal Parasitisms Challenge Developing Communities and Health of Children in Southern

Africa. R.C. Krecek*, Department of Zoology and Entomology, University of Pretoria, Pretoria,

South Africa, and A.L. Willingham, WHO/FAO Collaborating Centre for Parasitic Zoonoses, The

Royal Veterinary and Agricultural University, Frederiksberg, Denmark

More than 20% of the world’s population (1.2 billion of 6 billion) lives on less than U.S. $1 per

day. This figure has grown to 46% in Sub-Saharan Africa and is higher than elsewhere in the

world. The challenge of overcoming poverty in Africa is compounded by the recurrence of

drought and the high prevalence of HIV/AIDS. Two-thirds of the 900 million rural poor keep

livestock. A recent, exhaustive global study funded in the U.K. ranked eight parasitic organisms

(including four helminths) in the top 20 diseases and pathogens according to their impact on

livestock belonging to the poor, which challenges the welfare and well-being of developing

communities and the animals they depend upon. Constraints to developing communities in

Africa include accessibility to and affordability of remedies and veterinary care for their animals,

adequate nutrition, clean water and sanitation, land pressure and access to information to

manage the production and health of their animals. One result is the presence of zoonotic

helminths that ultimately afflict children. One parasitic disease afflicting children in Southern

Africa is neurocysticercosis caused by the zoonotic pork tapeworm, Taenia solium. It is increas-

ingly recognised as a threat to public health and pig production throughout Sub-Saharan Africa.

The larval form of the parasite can develop in the brain and spinal cord (neurocysticercosis) of

humans, which can lead to blindness, epilepsy, mental disturbance and even death. The human

population considered to be at highest risk of being infected are people living in marginalised

rural developing areas. In South Africa, incomplete evidence suggests that from 13% to 51% of

hospitalised epilepsy cases for all ages are caused by neurocysticercosis and, unlike other endemic
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countries, neurocysticercosis often has been reported in children. The Eastern Cape Province in

South Africa has been identified as an area where juvenile neurocysticercosis is common. This

paper will highlight the current situation of cysticercosis in this part of the world and the

regional and global momentum building to address the disease

22 What You Can’t See Can Hurt You: The Socioeconomic Burden of Echinococcosis. P. Schantz,

Division of Parasitic Diseases, National Center For Infectious Diseases, CDC, Atlanta GA

Cystic and alveolar echinococcosis (infection by Echinococcus granulosus and E. multilocularis,

respectively) are zoonotic infections of worldwide distribution. Where adequate diagnostic and

treatment facilities have been available, the significant medical and economic impacts of the

echinococcoses on affected populations have long been evident and, in comparatively wealthy

countries, intervention campaigns have been successful in controlling, even eradicating, E.

granulosus infection from several island countries. Throughout most of the world where the

echinococcoses are endemic, however, transmission continues unabated. In most endemic areas

of the developing world, these infections are ignored and continue to impose unacceptable

burdens on human health and productivity and economic losses in livestock production. Until

recently treatment for these infections, where available, was invasive surgery; however, percuta-

neous puncture/drainage and benzimidazole chemotherapy have been demonstrated to provide

safe and cost-effective alternatives. Considerable advances also have been made in technology for

the diagnosis and treatment of infection in canine definitive hosts. Despite these positive devel-

opments, the echinococcoses remain neglected diseases that have only been controlled effectively

in wealthy countries and continue to impose unacceptable burdens throughout most of the

world where the infections are enzootic/endemic. Part of the problem is that diagnosis and

treatment of echinococcosis in humans is the task and responsibility of medical and public health

authorities, but prevention and control requires the intervention of veterinary services. This

presentation will review the current status of infections by Echinococcus spp. with special empha-

sis on the economic burdens imposed by these infections and current activities and prospects for

control and elimination.

23 Plasmodium falciparum and the Health of Children in Africa. M. Molyneux, Malawi–Liverpool–

Wellcome Trust Clinical Research Programme, University of Malawi, Blantyre, Malawi

Malaria contributes directly and indirectly to a huge burden of disease and death in children, the

majority of sufferers being in Africa. All members of a population in an endemic area become

infected with P. falciparum, but only some develop life-threatening complications. These may

take the form of severe anaemia, encephalopathy (coma, seizures), metabolic dysfunction

(hypoglycaemia, acidosis), or any combination of these. The reasons why some episodes of

infection cause severe disease, while others do not, are understood in part, but large questions

remain. The cornerstones of control at the population level are (1) prompt treatment of fever,

(2) use of impregnated bednets, (3) presumptive treatment in pregnancy, and (4) adequate

treatment and referral of those with severe disease. Each of these presents challenges, and

progress is needed in all categories. Such progress is possible, given determination at both local

and global levels. A vaccine could revolutionise the picture, and many studies are now under

way, but existing measures are likely to remain important even if useful vaccines can be devel-

oped.
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24 Long-term Impact of Protozoal and Other Diarrheal Diseases. R.L. Guerrant*, Center for Global

Health, University of Virginia, Charlottesville VA, R. Oria and A.A.M. Lima, Center for Global

Health, Federal University of Ceara, Fortaleza, Brazil

Our group and others have reported a series of studies showing that the heavy burdens of

diarrheal diseases in the first two formative years of life in children in urban shantytowns have

profound consequences of impaired physical and cognitive development lasting into later

childhood and schooling. Most impressive has been the greatest impact on height-for-age Z

scores at two years of age, the one “surrogate” parameter most reflective of early childhood

diarrhea (and indeed even “asymptomatic” infections with organisms such as Cryptosporidium,

Giardia and enteroaggregative E. coli), and most predictive (after diarrhea) of impaired cognitive

development and school performance (Guerrant et al. 2002. Updating the DALYs for diarrhoeal

disease. Trends in Parasitology 18(5):191–193). Hence, in commentary on a recent Lancet paper

by Checkley et al., Dillingham and Guerrant noted that “childhood stunting” (especially HAZ-

2) provides both a goal and a measure of inadequate water and sanitation, as well as a measure

of child health and predictor of developmental impairment (Lancet 363: 94-5, Jan 10, 2004).

Additional measures of higher executive function (especially relevant to prefrontal cortex devel-

opment at 0–2 years of age in humans) show that the parameter most affected by early child-

hood diarrhea is semantic, but not phonetic fluency, the same function most affected by Alz-

heimer’s (vs. Parkinson’s) dementia. These findings form the basis of our interest in the

association of ApoE alleles with cognitive impairments in children with heavy diarrhea burdens,

especially because these alleles normally do not associate with healthy cognitive development.

Such an association would help elucidate potential causality and mechanisms that are so critical

to understanding and correcting these devastating long-term consequences of early childhood

diarrhea and enteric infections. In addition, recently we have launched studies of alanyl-gluta-

mine and of arginine, vitamin A and zinc, that show great promise in enhancing repair of

mucosal injury, not only in studies in vitro, but also in studies in patients as well. These studies

suggest that arginine metabolism may be a rate limiting step in intestinal epithelial repair and

that zinc may play a key role in enhancing intestinal injury repair, work that we are extending to

mechanistic and clinical studies (Lima, A.A.M. and Guerrant, R.L. 2004. Strategies to reduce

the devastating costs of early childhood diarrhea and its potential long-term impact: Imperatives

that we can no longer afford to ignore. Commentary. Clin. Infect. Dis.).

25 Experimental Cutaneous Leishmaniasis: A Model for Understanding T Helper Cell Subsets, IL-12

and Memory T Cells in Parasitic Infections. P. Scott, School of Veterinary Medicine, University of

Pennsylvania, Philadelphia PA

For more than 25 years, experimental infections of mice with Leishmania have contributed

insights on how resistance to this intracellular protozoan is mediated, and have provided the

impetus for immunologic studies on many other parasites. In 1986, Mossman and Coffman

reported on the in vitro existence of CD4+ Th1 and Th2 cells; however, the in vivo relevance of

T helper cell subsets was not revealed until two years later, when it was shown that the outcome

of experimental infection with L. major was dependent upon whether mice developed a Th1 or

Th2 response. For the next 15 years immunoparasitology laboratories focused on understanding

how Th1 and Th2 cells develop, how they mediate their function and how they are regulated in

many protozoan and helminth infections. Similarly, the critical role of IL-12 as a component

initiating Th1 cell development led to the discovery that IL-12 was an effective adjuvant for the

induction of protection to L. major, and again a large number of laboratories subsequently

focused on how regulating IL-12 could modulate T cells responses during infections with many

different parasites. These advances have helped shape our understanding of immunity to patho-
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gens, and have provided an excellent picture of what contributes to the development of a

protective immune response to Leishmania; how that immunity is sustained is less well under-

stood. Recently, using experimental infections in mice with L. major, we have begun to charac-

terize the memory T cells that mediate long-term protection to leishmaniasis in mice that have

resolved a primary infecion. Our studies indicate that there is a role for persistent antigen

(parasites) in maintaining effector T cell responses, but that a population of protective memory

T cells are maintained in the absence of persistent parasites. Understanding how memory T cells

develop and are maintained will contribute to the development of vaccines for leishmaniasis, and

hopefully will provide insight useful to our understanding of memory responses in other para-

sitic infections.

26 Distance Decay of Similarity in Autogenic and Allogenic Helminth Communities of Lepomis

macrochirus at Two Scales. K.J. Fellis* and G.W. Esch, Department of Biology, Wake Forest

University, Winston–Salem NC

Spatial patterns are implicit factors in ecology, and it has long been known that the distance

between two communities can influence their similarity. Recent studies have indicated that the

similarity of communities tends to decay as the distance between them increases. This decay,

while not unexpected, is a paramount phenomenon that could influence the structure of commu-

nities and biogeographic patterns of species assemblages. Whereas environmental characteristics

will undoubtedly affect this pattern, two biotic characteristics, i.e., niche breadth and dispersal

ability, also are likely to influence the rate of decay. The present study focuses specifically on the

effect of dispersal ability by comparing decay rates of autogenic and allogenic species. Because

the difference in life cycle pattern of autogenics and allogenics affects their potential to disperse,

it was hypothesized that autogenic and allogenic communities should differ in their rates of

decay. This hypothesis was tested by examining rates of decay among autogenic and allogenic

communities from 21 populations of Lepomis macrochirus. This study was performed at two

scales, i.e., a local analysis restricted to 10 host populations from North Carolina, and a regional

analysis using 21 populations located throughout the midwest and eastern United States. These

analyses were performed by regressing autogenic and allogenic community dissimilarity matrices

against a matrix of inter-pond distance using a Mantel test to determine significance. Slopes were

compared to test for differences in the rates of decay similarity of autogenic and allogenic

communities. At the local scale, a significant distance effect was found for allogenics, whereas

the similarity of autogenic communities was random with regards to distance. At the regional

scale, a distance effect was found for both autogenic and allogenic species; however, the rate of

decay was significantly greater for allogenics. These results suggest that autogenic–allogenic

status is an important factor influencing the distance decay of similarity.

27 Ecology of West Nile Virus: A Habitat-based Approach to Quantifying Risk and Transmission. T.K.

Anderson* and M.V. Sukhdeo, Department of Ecology, Evolution and Natural Resources, Rutgers

University, New Brunswick NJ

Habitat-based assessment of disease can provide biologically meaningful answers to questions

about infection, risk and prevention in West Nile virus (WNV). The Cook Campus of Rutgers

University, New Jersey was used as a model study location representing typical landscapes

associated with WNV transmission in Northeast America. An object-based Geographic Informa-

tion System (GIS) approach was used to identify habitat type and form; mosquito and bird

populations were determined within each patch. Data on bird habitat use was collected using

15-minute point counts, once at each of the three time periods: morning, noon, and early

evening. Mosquito populations in each patch were surveyed using CDC Miniature UV Light
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traps and gravid traps; surveys were conducted over a three-month period, each patch sampled

thrice at a randomly determined time. Geographic Information Systems were used to integrate

data on habitat, bird habitat use and mosquito population. Spatial coincidence of competent

vector and host species was used to determine risk assessment and transmission likelihood. Risk

in West Nile virus was significantly related to habitat-type.

28 Effective Size of Macroparasite Populations: A Conceptual Overview. C.D. Criscione* and M.S.

Blouin, Department of Zoology, Oregon State University, Corvallis OR

The effective population size (N
e
) has a large influence on overall levels of genetic diversity in

populations. Thus, it is one of the most fundamental parameters in evolutionary biology. Yet

there has been very little research on what controls effective size in parasite populations. In fact,

we are not aware of any demographic estimates of N
e
 for parasites. Therefore, a framework

linking ecological attributes of parasites to the standard demographic determinants of N
e
 would

be very useful. Our goal here is to facilitate studies on the N
e
 of macroparasite populations by

showing how some basic demographic factors that control N
e
 in all species could be estimated

for macroparasites. By adopting a model from salmon conservation biology, we show that the

separation of parasite breeders into infrapopulations of definitive hosts lowers the expected ratio

of effective size to census size (N
e  

/N), relative to that in a single population of breeders. We also

show how several aspects of parasite ecology, such as crowding effects on parasite fecundity and

aggregated abundance distributions, may further reduce N
e 
 /N ratios. Additionally, we assess the

feasibility of obtaining such estimates for macroparasites and identify critical areas for future

research.

29 Environmental Factors Influencing Trematode Prevalence in Grey Tree Frog Tadpoles in Southern

Ontario. J. Koprivnikar* and R.L. Baker, Department of Zoology, The University of Toronto,

Toronto, Ontario, Canada

Recent experiments have demonstrated that agricultural pesticides compromise the immune

system of tadpoles, resulting in an increased trematode prevalence in exposed larvae. The

influence of pesticides on trematode parasites of larval frogs, relative to other environmental

factors, in natural habitats is undetermined. These factors were investigated by surveying the

trematodes of Hyla versicolor tadpoles, collected from four ponds adjacent to cornfields, and four

from non-agricultural settings. A mean of 36.7% of tadpoles from non-agricultural ponds

harboured trematode infections, while a mean of 78.6% from cornfield ponds were infected.

Water samples were analyzed for two corn herbicides, pH, dissolved oxygen, phosphate, nitrate,

and nitrite. Measurements of pond area and water temperature were taken. These data, along

with GIS information on wooded cover, road distance, slope, and soil type were incorporated

into a canonical correspondence analysis (CCA) that explained 86.1% of the trematode–environ-

ment relationship with the first axis, and 13.3% with the second. Axis 1 was related positively to

low dissolved oxygen, pronounced slope within 500 m, medium wooded cover within 500 m,

and an average road distance of less than 0.5 km, which were correlated positively with one

another. Axis 2 was related to the presence of a proximate major road, herbicide presence, slope

within 100 m, and high wooded cover within 100 m. These also showed a positive correlation

amongst themselves. Overall trematode presence was not correlated with either axis. The

different genera of trematodes, however, showed correlations with the axes. Alaria species were

related to axis 2, Echinostoma species were negatively related to axis 1, and muscle-encysting

species were related to axis 1. The results of this survey indicate that overall trematode preva-

lence increased in the presence of agricultural activity; however, environmental variables other

than pesticides contributed most to the variation of the various trematode genera.
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30 From a Frog’s Perspective, Is a Dragonfly a Dragonfly? Evolutionary Avenues for and Constraints

on the Transmission of Frog Lung Flukes Haematoloechus spp.). M.G. Bolek, School of Biological

Sciences, University of Nebraska, Lincoln NE

Leopard frogs in Nebraska, Rana pipiens and R. blairi, are commonly infected with Haemato-

loechus complexus, but exhibit ecological host specificity and are rarely infected with H. varioplexus

and H. longiplexus, which primarily infect bullfrogs, R. catesbeiana. This ecological host specific-

ity has been assumed largely to be due to differences in frog ecology. Recent studies, however,

indicate that Haematoloechus species vary in their second intermediate host specificity. It was

hypothesized that these differences in Haematoloehus intermediate-host specificity may play a

significant role in lung fluke transmission to frogs. We have completed the life cycles of H.

complexus, H. varioplexus and H. longiplexus in the laboratory by raising and infecting first

intermediate snail hosts, second intermediate arthropod hosts and frog definitive hosts. These

data show that these congeners differ in their first and second intermediate-host specificity as

well as their frog definitive-host specificity. Our data indicates that second intermediate host

specificity and frog feeding behavior can affect host specificity in the frog definitive hosts.

Additionally, we have constructed a molecular phylogeny by sequencing the internal transcribed

spacer region of nuclear rDNA of 11 North American and European Haematoloechus species

from 18 different populations. Life history data of the 11 North American and European

Haematoloechus species mapped on to this phylogeny suggest evolutionary avenues for and

constraints on transmission that differ at each stage in the life cycle. Our data indicates that life

cycle evolution in trematodes is complex and differs in closely related species at different stages

in their life cycle.

31 PCR-based Assessment of the Distribution of Perkinsus spp. Along the Mid- and North Atlantic

Coast of the USA and Canada. W.T. Pecher*, M. Alavi, E.J. Schott, J.A. Robledo, L. Roth, M.D.

Warren, S.T. Berg, H.A. Hancock and G.R. Vasta, Center of Marine Biotechnology, University of

Maryland, Baltimore MD

Perkinsus spp. are facultative intracellular protistan parasites of mollusks. Three species (P.

marinus, P. chesapeaki and P. andrewsi) are sympatric in Chesapeake Bay, infecting both oysters

and clams. P. marinus is a major cause of mortality of oysters (Crassostrea virginica) along the

Gulf and Atlantic coasts of the U.S.A. The pathogenicity, however, of P. andrewsi and P. chesa-

peaki for oysters and their host types (the clams Macoma balthica and Mya arenaria, respectively)

is unknown. Based on the application of a diagnostic assay for Perkinsus spp. that lacks species-

specificity, infections attributed to P. marinus have been reported in C. virginica as far north as

Maine. Observed high infection prevalences, however, have not correlated with expected oyster

mortalities, which may be explained by the presence of other Perkinsus spp./strains with little or

no pathogenicity for C. virginica. Species-specific PCR-based diagnostic assays for P. marinus, P.

andrewsi and other Perkinsus spp. developed in our laboratory were used to examine the distribu-

tion of Perkinsus spp. along the coast from Virginia to Nova Scotia in C. virginica, Mercenaria

mercenaria, Argopecten irradians and Geukensia spp. collected monthly from June to November

2002. DNA was extracted from selected tissues and tested for the presence of Perkinsus spp.

Preliminary results revealed that P. marinus and P. andrewsi are present in C. virginica from

Virginia to Massachusetts. Furthermore, P. marinus and a yet unidentified Perkinsus sp./strain are

found in oysters as far north as Maine. P. marinus is the most prevalent Perkinsus spp. in oysters,

suggesting that either environmental conditions in the region surveyed favor P. marinus infec-

tions or that the oyster is a less suitable host for other sympatric Perkinsus spp./strains. (Sup-

ported by Grant SA7528068-H from NOAA through the MD Sea Grant College.)
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32 Repeated Desiccation Survival by Infective Stages of Gastrointestinal Nematodes. S.E. Lettini*

and M.V. Sukhdeo, Department of Ecology, Evolution and Natural Resources, Rutgers University,

New Brunswick NJ

The infective stage (L
3
) of ruminant nematodes experience harsh desiccation conditions on

pasture. We test the hypothesis that L
3
 larvae survive for long periods of time on pasture

through anhyrobiosis, a mechanism that allows organisms to survive complete dehydration and

regain viability. We examined the ability to survive repeated desiccation in larval stages of the

sheep parasites Trichostrongylus colubriformis and Haemonchus contortus, and the rodent parasites

Heligosomoides polygyrus and Nippostrongylus brasiliensis, which were used as controls. Individual

larvae were placed in wells containing 80 µl of distilled water in which they completely desic-

cated and were rehydrated in 80 µl of distilled water for up to eight cycles. Viability of the larvae

was determined by larval motility and exclusion of a vital stain (Methyl Blue). One hundred

percent of T. colubriformis survived two drying events, while only 80% of H. contortus survived

one dry event. H. polygyrus and N. brasiliensis did not survive drying events. These results suggest

that infective stages of T. colubriformis and H. contortus may survive desiccation on pasture

through anhydrobiosis.

33 The Seasonal Arthropod Diversity as Affected by the Possible Seasonal Occurrence of Thelohania

solenopsae (Microsporidia: Thelohaniidae) Infecting Solenopsis invicta (Hymenoptera: Formici-

dae). C.R. Fennell* and T.J. Cook, Department of Biology, Sam Houston State University,

Huntsville TX

Due to the rapid spread of the red imported fire ant, Solenopsis invicta, the natural diversity of

ground-dwelling arthropods and small mammals has decreased. Limited studies have shown that

when Thelohania solenopsae, a pathogen infecting S. invicta, is present, there is a higher level of

diversity of arthropods than when it is absent. We conducted a more thorough study by using

larger sample areas and greater number of sampling times. Six sites were selected at Camp Swift,

a Texas National Guard Base near Bastrop, Texas, and a pitfall array was placed at each site to

sample the arthropod diversity. Fifteen mounds at each site also were sampled to determine if T.

solenopsae was present. Worker prevalence also was determined for each infected colony by

dissecting 30 individual workers. Sampling will occur four times a year for two years in order to

determine if there is a correlation between the pathogen and arthropod diversity. Results of the

first two sampling sets will be presented.

34 Differential Expression of a Polo-like Kinase Homologue During Larval Development of Schisto-

soma mansoni. J.J. Vermeire* and T.P. Yoshino, Pathobiological Sciences, University of Wiscon-

sin, Madison WI

The transition from free-swimming miracidium to parasitic sporocyst during the development of

Schistosoma mansoni larvae involves major alterations in morphology and physiology that are

required to initiate a successful infection within its molluscan host, Biomphalaria glabrata. The

genetic basis for this transformation process is not well understood, although we know it to be

accompanied by changes in gene expression. In an effort to characterize one gene known to be

upregulated during the miracidium-to-sporocyst transformation, the cDNA of a polo-like kinase

homologue was cloned from the parasitic flatworm S. mansoni. This represents the first member

of this protein family isolated from any flatworm species, and confirms that this family is present

in diverse metazoan phlya. The 2226 bp mRNA is detectable in S. mansoni sporocyst and

miracidia total RNA, and encodes a polypeptide of 638 amino acids that bears high homology

to various other polo-like kinases, including homologues from Xenopus laevis, Caenorhabditis

elegans and Drosophila melanogaster. It bears the highest amino acid identity (54%) and similarity
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(71%) to a polo-like kinase homologue from Mus musculus (Plk1, GenBank accession number

NP_035251), suggesting that it encodes a cell cycle-associated protein kinase. We named this

sequence SmPLK, for S. mansoni polo-like kinase. SmPLK was observed to be highly up-

regulated in in vitro transformed mother sporocysts relative to free-swimming miracidia of S.

mansoni as determined by real-time quantitative PCR. Expression of SmPLK in four-day

sporocysts is enhanced when sporocysts are cultured in media that has been preconditioned by B.

glabrata embryonic (Bge) cells. Heat or proteinase treatment of Bge cell culture supernatants

significantly reduced their ability to upregulate SmPLK when compared to untreated control

media. Future studies will be carried out to further characterize the role of this protein in

development of S. mansoni larvae.

35 Encapsulation of Myxobolus pendula (Myxosporidia) by Epithelioid Cells of its Cyprinid Host,

Semotilus atromaculatus. A. Koehler*, P.V. Romans, S.S. Desser and M.J. Ringuette, Depart-

ment of Zoology, University of Toronto, Toronto, Ontario, Canada

Spores of Myxobolus pendula develop within the core of complex cysts on the gill arch of creek

chub, Semotilus atromaculatus. The outer region of these globular cysts consists of stratified host

gill epithelium underlain by a highly vascularized dermis and a fluid-filled cavity containing

numerous host inflammatory cells. Interior to the cavity is a layer of adhesive cells that sur-

rounds and is in intimate contact with the core region containing the sporogenic stages. The

outermost adhesive cells form an extensive network of interdigitating pseudopodia that are

stabilized by a weave-like network of fibrillar collagen resistant to invasion by host immune cells.

The objective of this study was to determine the origin and nature of the cells that encapsulate

the sporogenic stage of M. pendula in the gill arch of its host. In situ hybridization using para-

site- and host-derived ribosomal DNA as probes revealed that chronic infection leads to the

encapsulation of developing plasmodia by host immune cells. Histochemical analysis using a

tissue-nonspecific alkaline phosphatase assay showed that high levels of phosphatase activity are

associated with regions of cellular interdigitation, suggesting the presence of activated macroph-

ages. Desmosomal junctions adjoining interdigitating pseudopodia, characteristic of epithelioid

granulomas, were revealed by transmission electron microscopy. Immunohistochemistry on

tissue sections revealed that adhesive cells enveloping the sporogenic core express high levels of

cytokeratin, which has been demonstrated in teleost epithelioid cells. This study demonstrates

that chronic parasitic infection leads to the formation of non-necrotic epithelioid granulomas,

probably derived from macrophages, that serve to limit the spread of the parasite to surrounding

tissues without inhibiting diffusion of oxygen and nutrients to the developing spores.

36 Inhibitors of Insulin Signaling Prevent Hookworm L
3
 Activation. A. Brand* and J.M. Hawdon,

Microbiology and Tropical Medicine, George Washington University Medical Center, Washington

DC

Hookworm third-stage infective larvae (L
3
) enter an obligatory quiescent stage in order to make

the transition to parasitism. Recovery from this developmentally arrested stage is triggered by a

host-specific signal encountered during invasion. This signal induces expression of genes that

cause distinct morphological and developmental changes in hookworm larvae that culminate in

development to the adult stage. The hookworm L
3
 is analogous to the facultative dauer stage of

the free-living nematode Caenorhabditis elegans. Parallel components of the insulin-signaling

pathway, including a membrane guanylyl cylase (mGC) and a muscarinic receptor, are involved

in hookworm L
3
 activation. Phosphoinositide-3-OH kinase (PI3K) inhibitors have been shown

to prevent dauer recovery in C. elegans, and mutations in the PI3K gene age-1 and its down-

stream target akt-1 are dauer constitutive. Using feeding as a marker for activation in L
3
, the
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PI3K inhibitor LY294002 was tested for its effect on activation in the congeneric hookworm

species Ancylostoma caninum and A. ceylanicum. LY294004 inhibited serum-stimulated feeding in

a dose-dependent manner, reaching non-activated control levels at 0.5–1.0 mM. Similarly, the

selective AKT inhibitor 1L-6-hydroxymethyl-chiro-inositol 2-R-2-O-methyl-3-O-octadecylcar-

bonate completely abolished feeding in A.caninum L
3
 at 0.5 mM. LY294002 and AKT inhibitor

also inhibited feeding stimulated by 8-br-cGMP, a membrane-permeable cGMP analogue, and

the muscarinic agonist arecoline. This places both PI3K and AKT downstream of the mGC and

the muscarinic steps in the hookworm activation pathway, as in C. elegans dauer recovery. Both

LY294002 and AKT inhibitor fail to inhibit the release of the activation associated secretory

protein ASP-1 by hookworm L
3
 during activation. These data indicate that an insulin-like

signaling pathway similar to one that controls dauer recovery in C. elegans mediates hookworm

L
3
 activation during infection.

37 Giardia intestinalis in a Peruvian Shantytown. M.A. Stringham*, C.R. Sterling, Department of

Veterinary Science and Microbiology, University of Arizona, Tucson AZ, R. Gilman, Johns

Hopkins School of Public Health, Baltimore MD, V. Cama, Division of Parasitic Diseases, Centers

for Disease Control and Prevention, Atlanta GA, C. Lilia and T. Carmen, AB Prisma, Lima, Peru

The molecular epidemiology of Giardia intestinalis in humans and dogs was investigated in the

shantytown of San Juan de Miraflores, Lima, Peru during a two-month period in both 2002 and

2003. The purpose of the study was to determine the genotypes of G. intestinalis and identify

possible patterns of transmission within families. The possibility of zoonotic transmission was

assessed by collecting samples from dogs and comparing the genotype of the dog’s G. intestinalis

infection to that of family members. Fecal samples were collected on a weekly basis from humans

and dogs and microscopically screened for the presence of G. intestinalis. Samples that were

positive for G. intestinalis were purified, chromosomal DNA was isolated, and polymerase chain

reaction (PCR) was performed. For the canine samples, a nested PCR targeting the small

subunit ribosomal RNA gene was used; for the human samples, a nested PCR targeting the

triose phosphate isomerase gene was used. Sequences were compared to known G. intestinalis

DNA through the National Center for Bioinformatics Technology (NCBI) database and match-

ed to their pertaining genotypes by alignment with ClustalW. During this longitudinal study, 52

human samples were found with genotype A2, 36 with genotype B, and 27 with A2/B geno-

type. Interestingly, the A1 genotype was not found in this population. All dogs except for one

were found to have one of the two dog genotypes. The B human genotype was found in a family

member and dog of the same household in the same time frame. The families and dogs will

continue to be monitored in this ongoing, longitudinal study. The absence of A1 in this popula-

tion is intriguing, but not unprecedented. It will be necessary to determine if the B genotype

infection in the dog is spurious, or represents true amplification of the parasite.

38 Sarcocystis neurona and Neospora caninum Regulation of Host Cell Apoptosis. R.K. Herman*,

Department of Veterinary Science, University of Kentucky, Lexington KY, A.P. Sinai, Department

of Microbiology, Immunology and Molecular Genetics, University of Kentucky College of Medi-

cine, Lexington KY, and D.K. Howe, Department of Veterinary Science, University of Kentucky,

Lexington KY

Many pathogens, including the protozoan parasite Toxoplasma gondii, prevent apoptotic death of

their host cells in order to promote propagation and maintain long-term residence. Apoptosis

occurs through activation of cell caspases, which are cysteine proteases that cleave specific targets

and place the cell on an irreversible path to death. Caspases are activated by a cascade, with the

upstream initiator caspases, caspases 8 and 9, becoming activated in response to extracellular or
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intracellular signals. These pathways converge and culminate in the activation of the executioner,

caspase 3, resulting in the cell’s commitment to apoptosis. This irreversible step is a logical point

of the activation process to examine for regulation by pathogens. We have demonstrated that the

protozoan parasites Sarcocystis neurona and Neospora caninum prevent apoptosis, similar to what

has been shown for T. gondii. Western blots indicated that PARP, a substrate of caspase 3,

remains largely uncleaved in infected cells that have been triggered to undergo apoptosis. Direct

measurement of caspase 3 activity by a colorimetric assay revealed that infected cells exhibit

significantly decreased levels of caspase 3 activity compared to uninfected cells after induction of

apoptosis. Taken together, these data indicate that the parasites block activity of caspase 3,

potentially at the level of activation, thus preventing host cell apoptosis. Studies are underway to

determine if upstream initiator caspase activities are inhibited as well. In addition, we are

currently examining the incidence of morphological and biochemical consequences of a blockade

of apoptosis in infected cells. We are particularly interested in investigating possible manipula-

tion of the host anti-apoptotic pathways by the parasites, as discovered in T. gondii. Identifica-

tion of the molecular mechanisms parasites use to regulate apoptosis may provide possible

targets for therapeutics.

39 Comparative Oocyst Ultrastructure of Eugregarines Parasitizing the Death’s Head Cockroach,

Blaberus discoidalis. A.J. Smith* and T.J. Cook, Department of Biological Sciences, Sam Houston

State University, Huntsville TX

Eugregarine trophozoites have been demonstrated to exhibit a large diversity on their cell

surfaces. Eugregarine infective stages (oocysts), however, have been poorly described in the

literature. For example, the oocysts of Protomaghalensia granulosae and Gregarina cubensis, both

of which infect the cockroach Blaberus discoidalis, were described as having an overall boat-shape,

and surface details have been described for the oocysts of very few gregarine species. This study

presents a detailed SEM analysis of the surface structures of P. granulosae and G. cubensis. Oocysts

of P. granulosae and G. cubensis were attached to 18 mm round coverslips with poly-L-lysine. The

coverslips with oocysts were placed in Karnovsky’s fixative for 24 hours, post-fixed in osmium

tetroxide for one hour, dehydrated in ethanol and critical point dried and sputter coated with

100 angstroms of gold. Observations were made with a Vega TS5130SB scanning electron

microscope. The results of this study should provide additional characters for phylogenetic

analysis of relationships within the Eugregarinorida.

40 Discovery Pipeline for Anthelmintics with Novel Modes of Action. M.C. Hresko*, M.B.

McClaird, J.D. Bradley, D.J. Williams, A.P. Kloek, Divergence, Inc., St. Louis MO, W.N. Grant,

AgResearch Limited, Upper Hutt, New Zealand, R. Rao, G. Weil, Department of Molecular

Microbiology, Washington University, St. Louis MO, and J.P. McCarter, Divergence, Inc., St. Louis

MO

Divergence is developing safe and effective nematode control technologies with novel modes of

action to minimize chances for cross-resistance with existing anthelmintics. New drug classes are

needed as there is now evidence of wide-spread resistance to benzimidazoles (BZ) and macrocy-

clic lactones (ML) in parasites of sheep and goats, BZ and pyrantel resistance in parasites of

horses, and reports of resistance to both BZ and ML are becoming increasingly common in

cattle. Based upon a comparative and functional genomics pipeline, Divergence selected genes

that are both specific and essential to nematodes. A number of the protein products are ame-

nable to chemical inhibition and currently are being developed as anthelmintic targets. Diver-

gence compound DC3746, and other compounds in its class, mimic the substrates of two

essential nematode enzymes, DIV3441 and DIV3202. These enzymes work sequentially in a
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biochemical pathway not found in vertebrates. Current best compounds in the DC3746 class

inhibit larval development of Trichostrongylus colubriformis at 80 µM and kill Caenorhabiditis

elegans at 5 µM in vitro, a 1,000-fold improvement over the first identified inhibitors. Toxicity is

not seen to select fungi, arthropods, and plants. DC7651, and other molecules in its class, mimic

the substrate of a third Divergence enzyme target, DIV8338. DC7651 has been shown to be

lethal to more than a dozen nematode species to date, including parasites of livestock and

humans. The in vitro LD50 of DC7651 for Haemonchus contortus larval development is 9 µM.

DC7651 also blocks in vitro development of Teladorsagia circumcincta (30 µM), T. colubriformis

(150 µM), and Brugia malayi microfilariae (60 µM) and adults (75 µM). In vivo testing is in

progress. DC7651 is a synthetic derivative of a plant metabolite and lacks toxicity to rats, fish

and insects at high doses, suggesting the compound specifically targets nematodes. Efforts are

underway to optimize the potency and other properties of both the DC3746 and DC7651

chemistries. The identity of the DIV8338 target and DC7651 class of chemistry will be dis-

cussed.

41 Evaluation of Macrocyclic Lactones Target Tissue Disposition after Pour-on Treatment in Cattle.

J.M. Sallovitz, A.L. Lifschitz, F.A. Imperiale and C.E. Lanusse*, Departmento de Fisiopatología,

UNCPBA. Tandil, Argentina

Currently, the macrocyclic lactones (ML) doramectin (DRM) and moxidectin (MXD) are

marketed worldwide as injectable and pour-on formulations to control endo–ecto parasites in

cattle. The topical use of these compounds is widespread in different parts of the world. The

possible oral ingestion of ML after topical treatment may affect concentrations attained at the

sites of parasite location. The study’s objectives were: (a) to compare the target tissue disposi-

tion of DRM and MXD after subcutaneous (SC) and topical administrations to cattle and (b) to

evaluate the effect of the licking behavior on the DRM and MXD concentrations at the tissues of

parasite location after their topical administration. DRM and MXD were administered subcuta-

neously (200 µg/kg) and topically (500 µg/kg) to Holstein calves. Experimental animals were

slaughtered between 1 and 35 days post-treatment and tissue samples were HPLC analyzed.

Lower MXD and DRM concentrations were obtained in plasma and at the sites of location of

internal parasites after the topical compared to the SC administration. The ratios between the

availability of MXD and DRM obtained after the pour-on and SC treatment in plasma abomasal

and intestinal mucosa and lung were in the range of 0.11 and 0.29. A greater availability of ML

was obtained after pour-on administration at the preferred sites of ectoparasites. The area under

the concentration time-curve of MXD in skin and hypodermal tissues was between 1.29–1.88-

fold compared with those obtained after SC administration. Drug availability in plasma, tissues

of endoparasites location and faecal excretion are drastically affected by the animal’s licking

behaviour. The ratio between duodenal fluid and mucosa availabilities of MXD was 10.3-fold

higher for the pour-on compared to the SC treatment. A 48-hour licking prevention period

reduces DRM systemic availability in non-licker animals (60%). Further work is needed to

evaluate the relationship between the effect of licking on the target tissue disposition and efficacy

after the topical administration of these compounds.

42 Failure of Avermectins to Control an Outbreak of Parasitic Gastro-enteritis in a Cow/Calf Herd.

D.H. Bliss*, MidAmerica Ag Research, Verona WI, and W.G. Kvasnicka, Animal Biotechnology,

University of Nevada, Reno NV

A sizeable cow/calf operation in Central Georgia experienced a severe case of parasitic gastro-

enteritis throughout the herd in the spring of 2003. The animals had signs of clinical parasitism

during the winter months despite all animals having received Ivomec® Pour-On (Merial) in
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December, 2002. Forty-five cows died over a period of 60 days beginning in early March 2003.

Post-mortem examination revealed severe abomasal damage characteristic of ostertagiasis.

Therefore, Ivomec® Pour-On was administer to all animals in the herd during the first week of

March, followed by a second treatment of Ivomec® Pour-On during the first week of April. In

addition, some severely affected animals were retreated with Ivomec® Pour-On on the 23rd of

April. A week later all animals were again treated with Ivomec® Pour-On. Despite the rigorous

treatment regime, the animals remained in poor body condition, although deaths ceased to occur

in early May. In July, the entire herd was treated with Ivomec® Eprinex® (Merial). The body

condition of the cattle, however, continued to be undesirable. Consequently, all cattle were

treated with Dectomax® Injectable Solution (Pfizer) the first week of November followed by

treatment with Ivomec® 1% Injection (Merial) the first week of December. Fecal samples taken

two weeks after the last treatment demonstrated the continued presence of parasitic nematodes

with several samples showing high levels. Fecal cultures of pooled samples indicated 66%

showed Ostertagia, 26% Trichostrongylus, 5% Haemonchus and 4% Cooperia. Field data indicate

that heavily infected cattle continue to shed worm eggs following treatment with avermectin

pour-on formulation because maximum plasma levels following treatment with pour-on is

significant lower than with the injectable formulation of avermectin. The worms that remain and

the eggs they shed have been exposed to avermectin and may become resistant to further

avermectin treatment. This appears to have happened in the Georgia beef operation.

43 The Development of Cattle Nematode Parasites Resistant to Multiple Classes of Anthelmintics in

a Commercial Cattle Population in the U.S. L.L. Smith*, Larry L. Smith Research and Develop-

ment, Inc., Lodi WI, and L.C. Gasbarre, BFGL, ARS, USDA, Beltsville MD

Resistance to modern anthelmintics by ruminant nematode parasites is an increasing problem

throughout the world. To date the problem has been reported largely in parasites of small

ruminants, but there are increasing reports of such resistance in nematodes recovered from cattle.

Until now there have been no published reports of drug-resistant parasites from cattle in North

America. In 2002, a producer in the upper Midwest, who backgrounds young cattle acquired

from the southeastern U.S., experienced during the fall lower than expected weight gain as well

as what appeared to be parasitic gastroenteritis in his cattle. Fecal sample results supported the

idea that decreased productivity was the result of GI nematode parasitism. The operation used

intensive grazing management and practiced strategically timed deworming for more than 17

years. In 2003, all animals were dewormed the first week of May with Ivomec Plus, then with

Dectomax Injectable on 4 June and 17 July. On 31 July, 10 randomly taken fecal samples showed

the EPG values from 0 to 55. To assess whether the apparent decreased drug efficacy was the

result of drug resistance in the nematode population, on 18 Aug approximately 150 head,

previously strategic timed dewormed, of 9–11 month old cattle from one pasture were selected

for study. The calves were ranked and blocked based upon their EPG value using a modified

Wisconsin flotation assay and randomly assigned to one of six treatment groups. Treatment

groups were as follows: untreated (U); ivermectin injectable (I); moxidectin pour-on (M);

doramectin injectable (D); eprinomectin pour-on (E); and albendazole oral (A). All cattle were

weighed prior to treatment and the drug was administered at the labeled dosage according to

label directions. Seven days later, three calves from each treatment group were slaughtered for

worm recovery. Fecal samples taken from the remaining animals at 14 days post treatment

showed that the percent reduction of mean fecal EPG value for each group was: U 46%, I 52%,

M 72%, D 61%, E 8%, and A 68%. These results indicate that the cattle harbored substantial

populations of parasites resistant to two different classes of anthelmintics.
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44 The Identification of Cattle Nematode Parasites Resistant to Multiple Classes of Anthelmintics in a

Commercial Cattle Population in the U.S. L.C. Gasbarre*, BFGL, ARS, USDA, Beltsville MD, L.L.

Smith, Larry L. Smith Research and Development, Inc., Lodi WI, J.R. Lichtenfels and P.A. Pilitt,

APDL, ARS, USDA, Beltsville MD

As reported in an accompanying paper, a backgrounding producer noticed an apparent decrease

in the effectiveness of his strategic anthelmintic regimen. Upon testing with a fecal egg reduc-

tion test, it was noted that treatment with ivermectin injectable (I), moxidectin pour-on (M),

doramectin injectable (D), eprinomectin pour-on (E) or albendazole oral (A) did not result in

EPG reductions of at least 80%. To determine the species of parasites responsible for the eggs

found in the feces, three animals from each of the treatment groups plus three untreated controls

(U) were slaughtered seven days after the drug treatment. Calves for slaughter were chosen by

their EPG rank, i.e., one block of six calves encompassing all treatments near the median EPG

value, one block near the high, and one block near the low. Worms were recovered from washes

of the abomasum and small intestine and from an four-hour incubation in warm saline of the

abomasum. The abomasum of all groups harbored significant numbers of Haemonchus placei and

H. contortus. The results for each treatment group presented as total worms / % H. placei / % H.

contortus were: U = 1,582 / 29 / 71; I = 2,616 / 28 / 72; M = 1,950 / 33 / 67; D = 2,034 / 27

/ 73; E = 2,019 / 45 / 55; and A = 2,291 /0 / 100. The small intestines from all avermectin

treated groups contained significant numbers of Cooperia punctata, and smaller numbers of C.

oncophora and C. spatulata. The results for each treatment group presented as total worms / % C.

punctata / C. oncophora / % C. spatulata were U = 242 / 89 / 0 / 11; I = 11,875 / 90 / 8 / 2; M

= 5,308 / 96 / 0 / 4; D = 6,482 / 86 / 10 / 3; E = 3,712 / 85 / 2 / 13; and A = 17 / 100 / 0 /

0. These results imply that the pastures studied contain substantial numbers of H. contortus

resistant to both avermectins and benzimadoles, and H. placei and Cooperia sp. resistant to all the

commonly used avermectin anthelmintics. While this is the first report of anthelmintic resistance

in American cattle parasites, it is very important to ascertain the extent of the drug resistant

phenotype in American cattle operations.

45 Moxidectin Resistance in Gastrointestinal Nematodes of Goats in Georgia. R.M. Kaplan*, J.

Neiss, Department of Medical Microbiology and Parasitology, University of Georgia, Athens GA,

L.H. Williamson, Department of Large Animal Medicine, University of Georgia, Athens GA, and

T.H. Terrill, Agricultural Research Station, Fort Valley State University, Fort Valley GA

Fecal egg count reduction tests (FECRT) performed on 18 goat farms in Georgia (GA) in 2001

demonstrated an alarming prevalence of multiple-resistant gastrointestinal nematode (GIN)

parasites, and greater than 90% of all farms tested had worms resistant to ivermectin (IVM)

(mean FECR = 54%). Moxidectin (MOX) (400 µg/kg) was the only drug tested that was

highly effective on all farms (mean FECR = 99%). IVM and MOX, however, are closely related

drugs with very similar or the same mechanisms of action. Therefore, it is expected that IVM-

resistant (IVM-R) worms will develop rapidly resistance to MOX. To test this hypothesis we

recently repeated the FECRT with MOX on seven of these same farms, plus two additional

farms. Two farms served as controls: one farm had worms known to be IVM-sensitive (IVM-S),

and another farm had worms known to be IVM-R, but neither farm had ever used MOX and

were MOX-sensitive (MOX-S). All other farms (n = 7) had a history of using MOX as the

primary anthelmintic over the past two–three years. On each farm goats were stratified by

pretreatment FEC, blocked, and within each block were allocated randomly to treatment with

MOX at 100 or 400 µg/kg (Cydectin® cattle pour-on administered PO) or were left untreated as

controls. Data were analyzed using the RESO program and WAAVP guidelines. On the IVM-S

and IVM-R/MOX-S control farms, 100 µg/kg MOX reduced FEC by 100 and 98%, respectively,
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and on both farms 400 µg/kg reduced FEC by 100%. In contrast, on farms with a history of

MOX use, at the 100 µg/kg dose, 7/7 had resistant Haemonchus contortus (mean FECR = 44%)

and 6/7 had resistant Trichostrongylus colubriformis (mean FECR = 57%). At the 400 µg/kg dose,

3/7 had resistant H. contortus (mean FECR = 75%) and 3/7 had resistant T. colubriformis (mean

FECR = 82%). Within a period of two years, multiple species of GIN have developed resistance

to MOX on goat farms in GA. If MOX is to remain effective on goat farms that do not yet have

resistance, it must be used sparingly, preferably in a selective treatment program based on the

FAMACHA® method.

46 Effectiveness of Pyrantel Pamoate for Parascaris Resistant to Macrocyclic Lactones. O.

Slocombe*, Department of Pathobiology, University of Guelph, Ontario, Canada, R. De Gannes,

Equine Veterinary Services, Schomberg, Ontario, Canada, and M. Lake, Department of Patho-

biology, University of Guelph, Guelph, Ontario, Canada

Clinical Trials were conducted on each of two Thoroughbred and one Standardbred farms with

up to 37 foals in Ontario, Canada in August–September 2003. In each trial, 2–3 days prior to

treatment (PRT) and 12–18 days post-treatment (POT) a 5-g fecal sample from each foal was

used to secure a Parascaris egg count (epg) from the naturally infected foals. Foals were ranked

by PRT epg from highest to lowest and blocked for treatment. The first treatment block had

foals from the top of the rank order and the number of foals taken down the rank order was

equal to the number of treatments for the trial. Foals within that block were randomized to

treatment. Other treatment blocks were similarly constructed down the rank order. In each trial

efficacy was determined by comparing PRT and POT epgs. On one Thorougbred farm mean

efficacies for pyrantel pamoate was 99.9%, ivermectin 43.8%, moxidectin 33.3%, and mean

reduction in epg for untreated foals 26.6%. On the other Thoroughbred farm, mean efficacy for

pyrantel pamoate was 85.4% and mean reduction in epg in untreated foals 35.2%. On the

Standardbred farm, the mean efficacy for pyrantel pamoate was 98.9%, ivermectin 24.2%, and

mean reduction in epg in untreated foals 13.9%. Parascaris resistance to macrocyclic lactones was

confirmed on one Thoroughbred and one Standardbred farm. Pyrantel pamoate appeared

effective for Parascaris.

47 Transtegumental Diffusion and Metabolism of Triclabendazole in Fasciola hepatica: Comparative

Assessment in Susceptible and Resistant Flukes. C.E. Lanusse*, M.D. Mottier, H. Solana, G.

Virkel, L.I. Alvarez, Laboratorio de Farmacología, UNCPBA, Tandil, CONICET, Argentina, and I.

Fairweather, School of Biology and Biochemistry, The Queen’s University of Belfast, North

Ireland, UK

Triclabendazole (TCBZ) is a benzimidazole with excellent activity against mature and immature

stages of Fasciola hepatica. The intensive use of TCBZ in endemic areas of fascioliasis, however,

has resulted in the development of liver flukes resistant to this compound. TCBZ sulphoxide

(TCBZSO) and TCBZ sulphone (TCBZSO
2
) are the main molecules recovered in the blood-

stream of TCBZ-treated animals. Additionally, hydroxy (OH) TCBZ metabolites such as OH-

TCBZ, OH-TCBZSO and OH-TCBZSO
2
 have been identified in bile. Previous work from our

lab demonstrated that TCBZ, TCBZSO and TCBZSO
2
 (most lipophilic molecules) have a

higher ability to penetrate into F. hepatica compared to the more polar OH-metabolites. Further-

more, TCBZ can be metabolized into TCBZSO by liver flukes. Based on these observations and

to gain some insight into the mechanisms of resistance to TCBZ, the goals of the current work

were to compare (a) the ex vivo diffusion of TCBZ, TCBZSO and TCBZSO
2
 into TCBZ-

susceptible and -resistant liver flukes, and (b) the pattern of TCBZ biotransformation by TCBZ-

susceptible and resistant F. hepatica. TCBZ-susceptible (Cullompton) and -resistant (Sligo) flukes
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were incubated (15–180 min) in KRT buffer with either TCBZ, TCBZSO or TCBZSO
2
 (5

nmol/ml). The microsomal fractions obtained from TCBZ-susceptible and -resistant flukes were

incubated (60 min) with TCBZ (40 µM). Drug/metabolites concentrations were quantified by

HPLC. All the assayed TCBZ-related molecules penetrated through the tegument of both

susceptible and resistant flukes. Compared to the susceptible ones, significantly lower concentra-

tions of TCBZ, TCBZSO and TCBZSO
2
 were recovered within the resistant flukes. The rate of

TCBZ metabolism into TCBZSO was significantly higher in TCBZ-resistant flukes. The lower

drug diffusion and higher metabolic capacities identified in resistant liver flukes may account for

the development of resistance to TCBZ. The involvement of the observed pharmacological

changes on the mechanism of TCBZ resistance in F. hepatica are under further consideration.

48 Effects of Thermophilic Anaerobic Digestion on the Infective Stages of Cryptosporidium muris,

Giardia muris and Ascaris suum. T. Ruhnke* and M. Easter, Department of Biology, West Virginia

State University, Institute WV

Thermophilic Anaerobic Digestion (TAD) offers a number of advantages in the remediation of

animal wastes, including reduced retention time, odor control, and capture of biogas for heating

and electrical generation. Solid and liquid wastes are a by-product of the technology, and could

be marketed as an organic fertilizer, if such wastes are free of pathogens. We have investigated

the effects of TAD on the viability of the infective stages of Cryptosporidium muris, Giardia muris

and Ascaris suum. Samples of each species were suspended in liquefied fecal waste and fed to a

one-liter anaerobic digester maintained at a temperature of 55° C. For Days 1–10 of each

experiment, the digester was fed filtered fecal solutions containing the parasite in question. For

days 11–20, the digester was fed a filtered chicken-fecal solution. Daily samples were taken for

PCR studies, fluorescent microscopy and embryonation studies. Removal of C. muris oocysts

over a 10-day oocyst-feeding period ranged from 50% to 88%. Ninety-seven percent removal of

C. muris oocysts was achieved 10 days post-oocyst feeding. PCR failed to detect C. muris DNA

in any of the digester time series samples. Daily removal rates of G. muris cysts using anaerobic

digestion ranged from 51% (Sample day 1) to 96% (Day 18). Cyst removal of G. muris 10 days

post-oocyst feeding was 80%. Detection of G. muris DNA was recovered from a dilution of 10

cysts. DNA of G. muris was detected in samples 1–10 and in some of the post-feeding samples.

No embryonated Ascaris eggs were found in incubations of Day 11–20 samples. (Research

supported by an USDA administrative grant to West Virginia State University.)

49 Effects of High-Pressure Processing on Infectivity of Toxoplasma gondii Oocysts for Mice. D.S.

Lindsay*, Department of Biomedical Sciences and Pathobiology, Virginia Tech, Blacksburg VA,

M.C. Collins and G.J. Flick, Department Food Science and Technology, Virginia Tech, Blacksburg

VA, and J.P. Dubey, APDL, ARS, USDA, Beltsville, MD

High pressure processing (HPP) has been shown to be an effective, non-thermal means of

eliminating non-spore forming bacteria from a variety of food products. The shelf-life of the

products are extended and the sensory features of the food are not or only minimally affected by

HPP. The present study examined the effects of HPP on the viability of Toxoplasma gondii

oocysts. Oocysts were exposed from 100 M Pa to 550 M Pa for one minute in a commercial

HPP unit and then oocysts were fed orally to groups of mice. Oocysts treated with 550 M Pa or

less did not develop structural alterations when viewed with light microscopy and were infec-

tious orally for mice. Mice fed oocysts treated with no or 100 to 270 M Pa developed toxoplas-

mosis and most died. We did not observe mortalities in mice fed 340 to 550 M Pa HPP treated

oocysts indicating that some inactivation of oocysts occurred during HPP treatment.
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50 Effect of Copper Oxide Wire Particle Dosage on Haemonchus contortus Infection in Lambs. J.E.

Miller*, Department of Pathobiological Sciences, Louisiana State University, Baton Rouge LA,

J.M. Burke, Dale Bumpers Small Farms Research Center, USDA, ARS, Booneville AR, D.D.

Olcott, Department of Pathobiological Sciences, Louisiana State University, Baton Rouge LA,

B.M. Olcott, Department of Veterinary Clinical Sciences, Louisiana State University, Baton Rouge

LA, and T.H. Terrill, Agricultural Research Station, Fort Valley State University, Fort Valley, GA

The problem of anthelmintic resistance is well documented for Haemonchus contortus and

alternative control strategies are needed. The objective of this study was to determine the

optimal dose of copper oxide wire particles (COWP) to reduce infection of H. contortus in male

lambs. Fifty five–six-month-old Katahdin (n = 15), Dorper (n = 16), and Dorper crossbred (n

= 19) lambs were housed on concrete and fed a supplement with free choice access to bermuda-

grass hay, trace mineral and water. On Day 0, lambs inoculated with 10,000 L
3
 larvae (97% H.

contortus) to boost infection level. On day 28, lambs were assigned randomly to four treatment

groups: Control (n = 12), 2 g (n = 14), 4 g (n = 12) or 6 g (n = 12) COWP based on breed

type and fecal egg count (FEC). On day 28, COWP boluses were administered orally in gel

capsules. One control lamb died on Day 37, likely from haemonchosis. Feces and blood were

collected every 7 d for determination of FEC and packed cell volume (PCV) between Day 0 and

day of slaughter on Day 54 (n = 25) or 63 (n = 24). Concentrations of copper in the liver were

determined. FEC increased in response to inoculation by Days 21 and 28 in all groups. On day

35 (seven days after COWP administration), FEC declined from more than 7,000 epg to less

than 500 epg in all COWP treated groups (COWP x day, P < 0.001) and remained low for the

duration of the study. On Day 54, FEC reduction was 97.2%, 99.2% and 99.7% for 2, 4 and 6

g COWP, respectively. Similarly, abomasal H. contortus counts at slaughter were reduced by

91.7%, 96.5% and 91.3%. Between Days 0 and 28, PCV declined in all groups of lambs by

nearly eight percentage units and by Day 42, PCV of all COWP treated lambs was markedly

higher than control lambs and remained higher (COWP x day, P < 0.05). Liver copper levels for

0, 2, 4, 6 g COWP treatments were 62.2, 135.7, 161.1, and 208.4 ± 13.8 ppm (P < 0.001),

respectively. All three COWP dosages were equally effective in alleviating H. contortus infection.

Therefore, the lowest dosage (2 g) appears adequate for control purposes and liver copper

accumulation was minimized.

51 Regarding Sheep: The Phantom Teladorsagia circumcincta, and Showcasing Haemonchus contor-

tus. T.A. Yazwinski*, J. Robins, C.A. Tucker, Z. Johnson and J. Powell, Animal Science, Univer-

sity of Arkansas, Fayetteville AR

From July of 2002 to June of 2003, 800 fecal samples were obtained from sheep resident on 22

farms located in nine states. Parasite (strongyle) eggs per gram of feces (EPG) counts ranged

from 0 to 28,910. The mean EPG was 462.8. All samples with an EPG = 10 were coprocultur-

ed for the development, harvest and subsequent identification of infective larvae. From the 531

coprocultures eventually read, mean percentages of harvested L
3
 were Haemonchus (68.7),

Trichostongylus (23.8), Oesophagostomum (6.7), Cooperia (0.5) and Teladorsagia (0.07). In addi-

tion to the above, a controlled study was conducted to evaluate the efficacy of various anthel-

mintics in sheep. Naturally infected sheep were administered standardized, artificial infections on

days –24 and –13, and then treated on day 0 with Quest (® Fort Dodge Animal Health) at 0.2

mg Kg–1 BW, Ivomec (® Merck) at 0.2 mg Kg–1 BW, Tramisol (® Schering – Plough) at 8.0 mg

Kg–1 BW, Safeguard (® Intervet) at 15.0 mg Kg–1 BW or Valbazen (® Pfizer) at 15.0 mg Kg–1

BW. Significant (P < 0.05) post-treatment fecal egg count reductions were in evidence for

Tramisol-treated sheep only. Compared to controls at necropsy, all products significantly reduced
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O. venulosum, T. colubriformis and N. spathiger burdens. Against H. contortus, however, only Quest

and Tramisol displayed statistically significant efficacy.

52 Effectiveness of Topical Preparations of Ivermectin in the Treatment of Stocker Calf Nematodiasis.

T.A. Yazwinski*, C.A. Tucker, J. Robins, P. Jeremy and J. Zelpha, Department of Animal Sci-

ence, University of Arkansas, Fayetteville AR

Forty-two stocker calves, all female and averaging 158 kg BW on day –7 (9 July 2003) were

ranked by day –7 and day 49 strongyle EPG counts, blocked consecutively (6hd/block) and

randomly assigned treatments (within each block) to be given on days 0 and 56. Treatments

were: control, Cooper MEC (® Schering–Plough), Ivermectin Pour-On (® Durvet), Ivomec

pour-on (® Merck & Co.), IVERCIDE (® Phoenix) and Top Line (® AgriLabs). There were

seven animals per treatment group, all endectocides were given at the rate of 0.5 mg kg–1 BW

and all animals grazed as a single group on one, 25 hectare pasture for the duration of the study

(112 days). Average daily gains did not differ significantly by treatment group for either of the

two, 56-day segments of the study. Over the entire 112-day study, ADG’s on a treatment group

basis ranged from 0.64 to 0.55 kg for Ivomec pour-on and Cooper MEC, respectively, whereas

control calves averaged a daily gain of 0.59 kg. With data combined from both halves of the

study, significant (P < 0.05) post-treatment egg count reductions were in evidence for 14 days

(Top Line), 28 days (Cooper MEC, Ivermectin Pour-On, and IVERCIDE) or 42 days (Ivomec

pour-on). Fecal egg count reductions (FECR) as noted at 14 days post-treatment and using

geometric means were > 90% for both Ivermectin Pour-On and Ivomec pour-on during each

half of the study, and for IVERCIDE at the first day 14 only. Cooper MEC and Top Line FECR

percentages were consistently = 89.

53 Simultaneous Assessment of Antiparasitic Activity Against Fasciola, Haemonchus, Trichostrongylus

and Hymenolepis in the Golden Hamster (Mesocricetus auratus). D.A. Ostlind*, Whitehouse

Station NJ, R.K. Lang, S. Cifelli, C.H. Eary and W.G. Mickle, Merck and Co., Rahway NJ

An assay for the simultaneous assessment of anthelmintic activity against five parasitic species in

the golden hamster (Mesocricetus auratus) was developed. Hamsters infected with Fasciola

hepatica, Haemonchus contortus, Trichostrongylus colubriformis, T. sigmodontis and Hymenolepis

diminuta were treated orally with avermectins, milbemycins, tetramisole, albendazole, mebenda-

zole, rafoxanide and disophenol at experimental dosages on day 19 of the assay. At treatment,

the nematodes, tapeworm and fluke were 6, 14 and 19 days old, respectively. Necropsy was done

on day 23 with the recovery of the liver, stomach, small intestine and cecum. The avermectins,

milbemycins, tetramisole and albendazole were active against the nematodes, but not Fasciola or

Hymenolepis. Mebendazole was active against the nematodes and the tapeworm, but not Fasciola.

Rafoxanide was active against Fasciola, Haemonchus and Hymenolepis, but not the two intestinal

nematodes. Disophenol was active against Fasciola and Haemonchus, but was not tested against

the trichostrongylids or the tapeworm. The assay efficiently identified the antiparasitic profiles of

the tested anthelmintics, while economizing on the amount of sample, experimental or commer-

cial, and the manpower required. The multi-species assay also permitted testing against parasites

that cannot justify individual screening programs, i.e., fluke or tapeworm.

54 A Highly Unusual Leech from Stoneroller, Campostoma spp., in Arkansas, U.S.A. J.I. Williams*,

Fisheries Department, Virginia Institute of Marine Science, Gloucester Point VA, and E.M.

Burreson, Department of Environmental and Aquatic Animal Health, Virginia Institute of Marine

Science, Gloucester Point VA
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The family Piscicolidae is composed of proboscis-bearing leeches that are parasitic on fishes. A

leech was discovered on central stonerollers, Campostoma pullum, and largescale stonerollers,

Campostoma oligolepis, that represents a new genus and species in this understudied family. The

leech was attached to the pectoral and caudal fins of the host in the Little Red River, Arkansas.

The presence of a single pair of pulsatile vesicles per segment places it within the subfamily

Piscicolinae. The leech lacks mycetomes, which house bacteria that are believed to aid in the

digestion of host blood. Only one other genus of fish leech, Cystobranchus, lacks mycetomes.

Other unusual characteristics are seen in the reproductive systems, which are the basis for the

taxonomy of fish leeches. These specimens had an intermediate male reproductive organ. A

similar organ is seen in the genus Calliobdella, but the organ in the leech from stonerollers is less

muscular and attached in a different manner. It does not appear to be homologous with the

structure seen in Calliobdella. Conducting tissue is a character of the reproductive systems that

has shown exceedingly important taxonomic value. This leech possesses a single strand of

conducting tissue, which is a state not seen in any other fish leech. The previously known

arrangements of this tissue are a mass, two strands, or a mass with two strands. The most

remarkable characteristic seen in this leech is the number of testisacs. All 156 species, comprising

61 genera, of fish leech have either four, five or six pairs of testisacs, but specimens of this leech

have 13 pairs. This leech represents a unique set of characters that do not occur in any other

genus in the Family Piscicolidae.

55 Asian Oyster Crassostrea ariakensis Mortality in North Carolina Reveals a Previously Unappreci-

ated Diversity of Haplosporidian Parasites. R.B. Carnegie*, E.M. Burreson, N.A. Stokes and K.S.

Reece, Department of Environmental, Aquatic, and Animal Health, Virginia Institute of Marine

Science, Gloucester Point VA

Asian oysters, Crassostrea ariakensis, are being considered for either limited, triploid aquacultural

or massive, reproductive diploid introduction into U.S. mid-Atlantic waters. The sources of this

oyster’s popularity have been its fast growth to large size and, in particular, its resistance to

native oyster diseases caused by Perkinsus marinus and Haplosporidium nelsoni. Asian oysters

transplanted from Virginia to North Carolina in both July and August 2003, however, showed

very heavy (> 80%) mortality within five weeks of transfer. Histopathological analysis of a

handful of samples (n = 15) collected at the peaks of mortality revealed not P. marinus or H.

nelsoni, but high prevalence (93.3%) of infections by a species of Bonamia, a haplosporidian

genus whose members have caused catastrophic oyster mortality in Europe, Australia and New

Zealand. Fourteen infections were heavy in intensity. Two November samples of a third oyster

transplant showed persistence of the parasite, at moderate (33.3–46.7%) prevalence. Bonamia

infections were confirmed by parasite genus-specific PCR and in situ hybridization. SSU rDNA

sequencing indicated that this could be a novel Bonamia species. The native flat oyster Ostrea

equestris was a candidate for the source of Bonamia in North Carolina, and PCR and histopathol-

ogy of O. equestris collected in January 2004 revealed that it was indeed infected with Bonamia,

at 7.8% prevalence. The Bonamia species infecting O. equestris, however, possessed yet another

novel SSU rDNA sequence. Based on parsimony, maximum likelihood, and distance analyses,

the SSU rDNA sequences of northern hemisphere Bonamia spp., B. ostreae and the O. equestris

Bonamia sp., are basal to closely related sequences from B. exitiosa (New Zealand), B. roughleyi

(Australia), a Chilean Bonamia sp., and the North Carolina C. ariakensis Bonamia sp., which may

have been introduced recently into northern waters.
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56 Identification, Discrimination and Distribution of Perkinsus Species in Marine Molluscs. K.S.

Reece*, J.A. Moss and E.M. Burreson, Department of Environmental and Aquatic Animal

Health, Virginia Institute of Marine Science, Gloucester Point VA

Morphological characters are not reliable for distinguishing among the protozoan parasite

species in the genus Perkinsus. Therefore, historically, species designations have been based

largely on differences in host and geographic range. With recently developed molecular methods

for detection and identification, however, it is now evident that several Perkinsus species can

infect multiple hosts and that movement of host species can result in transport of parasites to

other geographic regions. For example, two Perkinsus species that cannot be distinguished based

on available DNA sequence data, P. olseni and P. atlanticus, were recently synonymized, although

they were described independently from Asia and Western Europe, respectively. Increasingly,

DNA sequence data is being used to support and validate descriptions of new Perkinsus species.

Adequate sequence information is needed, however, to develop good molecular diagnostics and

to discriminate confidently among species. Intra-, as well as inter-, specific sequence needs to be

examined. Genetic variation previously thought to represent sequence differences between two

Perkinsus species found in the Chesapeake Bay region of the U.S.A., P. chesapeaki and P. andrewsi,

can be found in clonal Perkinsus cultures isolated from several different hosts, suggesting that

these two species also should be synonymized. Sequences for the nuclear internal transcribed

spacer (ITS) region and the large subunit gene, as well as actin gene sequences from multiple

clonal isolates, all support synonymization. On the other hand, comprehensive examination of

ITS region sequence variation within and among Perkinsus species supports designation of a

newly described Perkinsus species found infecting European flat oysters in the Mediterranean Sea.

Perkinsus ITS region sequences found in Suminoe oysters from China and Japan suggest that at

least two different species of Perkinsus are present in these waters—P. olseni, which is known to be

widely distributed in molluscs in the western Pacific Ocean, and a new, undescribed species.

57 Phylogeography of the Marine Myxozoan Kudoa thyrsites. C.M. Whipps* and M.L. Kent, Center

for Fish Disease Research, Department of Microbiology, Oregon State University, Corvallis OR

Kudoa thyrsites (Myxozoa: Multivalvulida) is a widespread marine parasite known to infect more

than 30 fish host species. Although it is not known to cause host mortality, K. thyrsites is associ-

ated with a post mortem ‘soft flesh’ syndrome that is of concern with commercially important

hosts, especially pen-reared varieties of salmon. With such an apparent broad host specificity and

geographic range, it is unknown whether host or geographic races of K. thyrsites occur, and if so,

which are reservoirs of infection for commercially important hosts. We examined geographic

isolates of K. thyrsites, comparing spore morphology, and small subunit (SSU) and internal

transcribed spacer (ITS) ribosomal DNA sequences from British Columbia, Oregon, Chile,

South Africa, Australia and Japan. In addition, we obtained isolates of Kudoa histolytica from

Atlantic mackerel in England, which we suspected to be conspecific with K. thyrsites. There were

no clear differences in spore morphology between most regional isolates of K. thyrsites or K.

histolytica. Phylogenetic analyses of SSU and ITS sequences revealed that isolates grouped by

geographic site of collection, not by host. Therefore, it appears that within a geographical area,

host specificity is broad, and there are multiple reservoirs of K. thyrsites infections for commer-

cially important fish hosts. Although we observed some genetic differences between geographic

isolates, there were no clear phenotypic differences that distinguished genetically distinct isolates

from one another. Therefore, it would be inappropriate to assign isolates to different species at

this time. Finally, as there were no distinct genetic or morphological differences between K.

histolytica and K. thyrsites, we propose that K. histolytica is not a valid species.



62

ABSTRACTS

58 Phylum Haplosporidia: Congruence of Molecular Phylogeny and Spore Morphology. E.M.

Burreson* K.S. Reece, Virginia Institute of Marine Science, College of William and Mary, Glou-

cester Point VA, and M.E. Siddall, Department of Invertebrate Zoology, American Museum of

Natural History, New York NY

The phylum Haplosporidia is a small group of spore-forming protists historically comprised of

only three genera: Urosporidium, Haplosporidium and Minchinia. Molecular phylogenetic analyses,

however, place the enigmatic non-spore-forming genus Bonamia within the Haplosporidia,

confounding the definition of the phylum. The genera Urosporidium and Bonamia are well

defined morphologically, but the characters that distinguish Haplosporidium and Minchinia have

been controversial. Most researchers now agree that Haplosporidium includes species whose spore

ornamentation originates from the spore wall, and Minchinia includes species whose spore

ornamentation is composed of epispore cytoplasm. Molecular phylogenetic analyses using actin

and small subunit ribosomal RNA gene sequences indicate that the genera Urosporidium, Bona-

mia and Minchinia are monophyletic, supporting the current morphological criteria. The genus

Haplosporidium, however, is paraphyletic. Haplosporidium louisiana and H. nelsoni fall outside the

clade composed of the other species whose spore ornamentation originates from the spore wall,

suggesting that current morphological criteria are insufficient to encompass the diversity in

those species with spore ornamentation derived from the spore wall. The definition of the genus

Haplosporidium is further confounded because the origin of spore ornamentation in the type

species, H. scolopli, is unknown. Based on molecular phylogenetic analyses new genera need to be

established for some species presently assigned to Haplosporidium, but morphological criteria for

doing so are unclear.

59 Genetic Structure of a Group of Parasite Species at Two Spatial Scales: An Examination of Gene

Flow and Vicariance Biogeography. M.L. Steinauer*, G. Orti, School of Biological Sciences,

University of Nebraska, Lincoln NE, S.V. Brant, Department of Biology, The University of New

Mexico, Albuquerque NM, and B.B. Nickol, School of Biological Sciences, University of Ne-

braska, Lincoln NE

Genetic structure of three species of acanthocephalan parasites of freshwater fishes was examined

to estimate spatial distribution patterns and gene flow at two spatial scales: among watersheds

and across larger biogeographic regions. Strong geographic structure was predicted to occur

among watersheds due to limited dispersal capabilities of the parasites, which are primarily

restricted to movements of freshwater fishes. Four apriori hypotheses of biogeographic regions,

derived from distributions of freshwater fishes in the southeastern U.S., were tested. The

hypotheses predicted discontinuities to occur between (1) watersheds of the Atlantic vs. Gulf

Coasts, (2) watersheds of the east vs. west divided by the Aplachicola River in Florida, which

groups with the east, (3) east vs. west watersheds with the Apalachicola River grouping with the

west, and (4) several groups of rivers that have similar fish faunas. Individuals of three species of

Leptorhynchoides were collected from nine watersheds across the region, and part of the cox1 gene

was sequenced. Results of an Analysis of Molecular Variance (AMOVA) and phylogeographic

analyses indicated little gene flow has been occurring among suprapopulations; thus, dispersal is

uncommon among watersheds. Data from two watersheds, however, indicated large amounts of

gene flow. The mouths of the rivers involved are close geographically, thus migration of fish

between them might occur at high flows. At the regional scale, topology tests and the AMOVA

revealed that the first two apriori hypotheses were equally likely and explained a large amount of

variation in the dataset. If the two hypotheses are combined to incorporate both predicted

discontinuities, they explain 84% of the variation. Similar discontinuities have been found in the

distribution of several organisms, including freshwater fishes, and are explained as the result of a
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vicariant event during the Pleistocene in which fluctuating sea levels influenced the evolution of

these organisms. This vicariant event may be responsible for the divergence of these species of

Leptorhynchoides.

60 Ecological Fitting and Host Range Expansion in Haematoloechus floedae (Digenea). V. León-

Règagnon*, Departamento de Zoología, UNAM, México City, México, and D.R. Brooks, Depart-

ment of Zoology, University of Toronto, Toronto, Ontario, Canada

The frog lung fluke, Haematoloechus floedae, identified by morphology and molecular data,

occurs in the southern U.S. (Texas, Florida, Georgia, Arizona, California) in Rana catesbeiana, in

southeast Mexico in R. brownorum and R. vaillanti, and in northwest Costa Rica in R. taylori and

R. cf. forreri. Despite extensive sampling, H. floedae has not been found in central and southwest

Mexico. Mitochondrial sequence homogeneity among populations of the U.S., Mexico and

Costa Rica suggests recent spread due to introductions of the original host species (R. catesbei-

ana) for culture to the southwestern U.S., Mexico and Costa Rica. Bullfrogs no longer exist in

Costa Rica, so this is an example of an introduced parasite species switching to native hosts and

surviving despite the loss of the original host. Phylogenetic analysis of Haematoloechus spp. based

on 28S rDNA sequences indicates that the plesiomorphic hosts for H. floedae and its closest

relatives are leopard frogs and that their occurrence in bull frogs is the result of a host-switching

event in their common ancestor. That H. floedae inhabits only bullfrogs where that species

occurs, but is capable of surviving in leopard frogs and R. vaillanti if there are no bullfrogs

suggests that the host-switching event of the ancestor of H. floedae was ecologically—rather than

physiologically—mediated, with H. floedae retaining the ability to inhabit hosts of close relatives.

Haematoloechus longiplexus is restricted to R. catesbeiana in the U.S., and has not been found in

other groups of frogs in Mexico or Costa Rica. The ancestors of this species were never associ-

ated with leopard frogs; its closest relatives are associated with European frogs. Haematoloechus

floedae is an excellent case of ecological fitting, in which host range may be determined by a

historically contingent combination of ecological, geographical and phylogenetic factors.

61 Evolutionary Relationships among the Blood Flukes of Tetrapods. S.D. Snyder, Department of

Biology, University of Nebraska, Omaha NE

The blood flukes of turtles (Digenea: Spirorchiidae) and the blood flukes of crocodilians, birds

and mammals (Digenea: Schistosomatidae) have long been considered as closely related, but

distinct evolutionary lineages. Recent morphological and molecular studies have considered

these families as sister taxa within the Schistosomatoidea. Representatives of both families have

similar furcocercous cercariae and similar two-host life cycles, but have different definitive hosts,

distinct reproductive patterns (monoecious spirorchiids vs. dioecious schistosomatids) and

different morphologies (monomorphic vs. dimorphic). Sequences of both large and small

subunit ribosomal DNA were generated from representatives of eight spirorchiid genera, aligned

with preexisting sequences of schistosomatids, sanguinicolids and clinostomids and analyzed for

phylogenetic signal using maximum parsimony and Bayesian inference. These analyses revealed

that both the Schistosomatidae and Spirorchiidae are paraphyletic. Schistosomatids are highly

derived within the phylogeny and are sister to a clade comprised of three genera of spirorchiids

from marine turtles. Five genera of spirorchiids from freshwater turtles occupy basal positions in

the phylogeny. Marine turtles are considered to be derived from freshwater turtles and the

current study indicates that the spirorchiid parasites of marine turtles are derived similarly from a

freshwater ancestor. The basal schistosomatid genera in this phylogeny are transmitted to their

avian definitive hosts by marine gastropods, the most likely intermediate hosts of the marine

spirorchiids sister to the Schistosomatidae. This relationship suggests that schistosomatids arose
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after a spirorchiid ancestor successfully colonized birds. Examination of the phylogenetic posi-

tion of additional spirorchiid genera will clarify both the taxonomy and evolutionary biology of

these blood fluke groups. (This work was supported by funding from the University of Nebraska

at Omaha [UCR] and N.I.H. Grant 1 P20 RR16469 [BRIN].)

62 On New and Already Described Acanthocephala from Japan. O.M. Amin, Institution of Parasitic

Diseases, Arizona State University, Tempe AZ

The seasonality and classification of six species of Acanthocephala, including two new species of

Acanthogyrus (Acanthosentis), are reported from 27 species of fish from Lake Biwa, the most

ancient lake in Japan and the third most ancient lake in the world. The other genera reported are

Acanthocephalus, Echinorhynchus, Pseudorhadinorhynchus and Southwellina. Anatomical similarities

between these species and the original descriptions are clearly evident, but differences in certain

key characteristics are noted. Breeding populations were evident in the spring. The two species

of Acanthogyrus (Acanthosentis) are uniquely different from the 40 other species of the subgenus

known from the Indian subcontinent, China and elsewhere in Asia, Africa and Central America

and represent the the first record of this taxon in Japan. Zoogeograghical notes are included. A

key to all 42 species is available, but will not be presented.

63 Sequence Variation of the COX1 Mitochondrial Gene in Some Phyllobothriid Cestodes of Sharks.

T. Ruhnke*, R. Turner and B. Hill, Department of Biology, West Virginia State University, Insti-

tute WV

Mitochondrial genes have been important in molecular evolutionary studies of animals, espe-

cially at the species level and below. Comparative evolutionary studies of cestodes using mito-

chondrial DNA, however, have been few. Using sequences from Genbank, we designed PCR

primers (three 5¢ and three 3¢) for amplification of approximately the first 40 percent of the

cytochrome c oxidase subunit I (COX1) of cestodes. Two of these primers were modified from

sequences given in Folmer et al. (1994). Thus far, 10 samples of the shark cestode genus Para-

orygmatobothrium, three samples of the houndshark cestode genus Orygmatobothrium, and one

sample of the alopiid cestode genus Pithophorus have been sequenced. Ample sequence variation

was discovered in these samples. Twenty-eight percent of sites (163/590) were variable in an

alignment of the three samples of Orygmatobothrium, and 34% of sites (157/460) were variable

in an alignment of the ten samples of Paraorygmatobothrium. This compares with 20% of sites in

an alignment of 825 bases for the cyclophyllideans Taenia saginata, T. solium and T. hydatigina.

Parsimony analysis of the data indicates that the samples of Paraorygmatobothrium from hammer-

head sharks form a clade, but support for this relationship is not strong. (Research supported by

NSF grants DEB 0103640 and DEB 0118882, a WVNASA grant, and a WVSU Research

Committee grant.)

64 The Phyllobothriid Cestodes of Hemigaleid Sharks. S. Shapero and T. Ruhnke*, Department of

Biology, West Virginia State University, Institute WV

Hemipristis elongata and Hemigaleus microstoma are species of the coastal tropical shark family

Hemigaleidae. Little is known of the parasite fauna of these sharks. Collections of these H.

elongata and H. microstoma from Australian and Malaysian Borneo waters revealed two cestode

species new to science. The two species possess uniloculate scolices with an anterior apical

sucker, and are morphologically allied to species within the tetraphyllidean family Phylloboth-

riidae. The species share morphological similarities with species of the genus Paraorygmatoboth-

rium, such as bothridial morphology and vitelline follicle distribution. These two species are

much larger than any known species of Paraorygmatobothrium, and differ from one another in
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length, maximum width, and proglottid number. Parsimony analysis of nuclear large ribosomal

subunit sequence reveals a close relationship with species of Paraorygmatobothrium. These

findings are consistent with the general theme of host/parasite co-evolution within sharks and

their cestodes. (Research supported by NSF grants DEB 0103640 and DEB 0118882, and a

WVNASA grant.)

65 Vaccination Against Coccidiosis: The Work of Walter T. Johnson. H.D. Chapman, Department of

Poultry Science, University of Arkansas, Fayetteville AR

Fifty years ago the first commercial vaccine for control of coccidiosis in poultry was introduced.

Less widely known is that about 30 years earlier, veterinarian Walter T. Johnson (1892–1937)

carried out research on which our modern understanding of immunity in Eimeria species is

based. Johnson was an early pioneer of coccidiosis research whose achievements recently have

been reviewed (Chapman, 2004). The scientific community largely has neglected his work,

probably because many of his findings were published in agricultural experiment station bulletins

and reports rather than peer-reviewed journals that are fashionable today. In addition to coccidi-

osis, Johnson was first to develop a practical method of vaccinating birds against Fowl Pox and

was responsible for running a Pullorum testing laboratory. Johnson’s immunity studies were cut

short by his untimely death, but if he were alive today, surely he would be gratified to see that

vaccination is becoming a reliable and practical means to control coccidiosis in the chicken.

Walter T. Johnson (1892–1937)—Pioneer of coccidiosis research in the fowl. Avian Pathology (in

press).

66 A Genome Sequence for Eimeria tenella: Progress, Findings and Potential Applications. M.W.

Shirley*, D. Blake and A.L. Smith, Institute for Animal Health, Compton, Newbury, Berkshire,

UK

Eimerian parasites cause coccidiosis, a major disease of poultry, cattle and sheep. Chickens are

host to seven species of Eimeria, and prevention/control of coccidiosis is an absolute requirement

throughout their rearing period. Drug efficacy is compromised constantly by drug-resistant

parasites and, within Europe, the portfolio of drugs is declining sharply through the banning of

some products. Longer term, new approaches to control coccidiosis are needed and will be

dependent upon the identification of new targets within the parasites. The most cost-effective

strategy is to determine the genome sequence the ~50,000,000 bp genomes of representative

Eimeria spp. that might be expected to contain ~5–7,000 genes. In the U.K., derivation of a

whole genome random shotgun sequence for the E. tenella Houghton (H) strain is nearing

completion. The current assembly comprises 12,416 contigs, but will fall as ‘pre-finishing’

studies are undertaken. The greater task now is to annotate the genome and identify a large

portfolio of genes, which will begin in 2004. The genome of E. tenella is proving to be highly

distinctive with respect to its types and numbers of repetitive sequences, and the ubiquity of

repeats of the trinucleotide GCA/TGC has been confirmed. Marked differences between the

types of repeats within some chromosomes also have been found. Part of the sequencing focus

on E. tenella comprises a more detailed study of the two smallest chromosomes, viz. 1 (~1

Mbp) and 2 (~1.2 Mbp) that, from genetic linkage analyses, associate with resistance to arpri-

nocid and precocious (accelerated) endogenous development, respectively. As part of this work,

HAPPY (physical) maps of these chromosomes currently are being derived and all data will be

collated to provide the first comprehensive account of the sequence and organisation of eimerian

chromosomes. Data accruing from studies of E. tenella provide the first significant specific

genomics resource for eimerian biologists and are now being used in studies to define the surface
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antigens of sporozoites and merozoites and in efforts to identify protective antigens in E.

maxima.

67 New Insights into Host Cell Invasion: Exploiting the Genome of Eimeria tenella. F. Tomley,

Institute for Animal Health, Compton, Newbury, Berkshire, UK

Although invasion of host cells has been studied intensively in the Apicomplexa, the identifica-

tion of the key parasite proteins involved in this process remains incomplete. In Eimeria tenella a

small number of microneme proteins have been identified and studied but nothing is yet known

about the content of other apical secretory organelles, such as the rhoptries, nor of GPI-linked

surface proteins. With genomic and EST sequence data for E. tenella, it is now possible to

characterise these classes of proteins using a variety of approaches, two of which are described

here. To investigate the rhoptry organelles, we have used proteomics. Purified rhoptries, pre-

pared from sonicated sporozoites by rate-zonal centrifugation, were subjected to one or two

dimensional gel electrophoresis, then proteins were digested with trypsin and analysed by a

variety of mass spectrometric techniques (MALDI-TOF, CAF-MALDI, LC/MS/MS). Peptide

mass profiles and peptide sequences were used to interrogate E. tenella genome and EST data-

bases, other apicomplexan databases and NCBInr. Many new putative rhoptry proteins were

identified, including some that have homologues in other apicomplexans. Little is known about

GPI-linked surface proteins in E. tenella. Examination of 28,550 ESTs from sporozoite and

second merozoites led us to identify two families of potential GPI-linked variant surface anti-

gens, termed EtSAGs. All predicted EtSAGs (which vary in length from 228 to 271 residues)

have an N-terminal hydrophobic signal peptide, a C-terminal hydrophobic GPI signal-anchor

peptide and an extracellular domain organised around six cysteines, the positions of which are

conserved within each family. Using specific antibodies the surface localisation and GPI-anchor-

age of members of both families was confirmed. Expression of EtSAGs is regulated differentially

between the sporozoite and second-generation merozoite stages, and examination of the genome

database shows that there are up to 250 different EtSAG genes, organised in family-specific

tandem arrays on several different chromosomes.

68 Eimeria Functional Genomics: An Overview. K.B. Miska, APDL, ARS, USDA, Beltsville MD

There are at least seven species of Apicomplexans belonging to the genus Eimeria that are

responsible for causing coccidiosis in chickens. Although the resulting infections cause substan-

tial losses to the poultry industry worldwide, very little is known concerning the functional

genomics of these genera, especially when compared to the body of knowledge that has been

gathered from apicomplexans of medical importance, such as Toxoplasma gondii or Plasmodium

falciparum. The bulk of gene expression data has been so far gathered from a single representa-

tive species: Eimeria tenella. More than 28,000 expressed sequence tags (ESTs) have been

isolated and deposited in databases from merozoites and sporozoites of this species. Additionally,

more than 700 ESTs have been identified from E. tenella oocysts. The majority of identified

transcripts encode genes that don’t appear to be homologous to those so far characterized from

other species. In silico analysis suggests that most of the transcripts obtained from oocysts do not

appear to be expressed by either sporozoites or merozoites. Several novel transcripts encoding

putative proteases have been isolated from Eimeria oocysts and their expression profiles through-

out the parasite life cycle are being investigated using real-time PCR. Only thorough analysis of

gene expression at all stages of the life cycle will lead to the identification of the E. tenella

transcriptome. This data will further the development of potentially useful drug or vaccine

targets. Although at this time the thrust of most molecular studies have focused on E. tenella, it
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is important to expand such studies to other species since in the field coccidiosis is caused by

simultaneous infections involving several Eimeria species.

69 Characterisation of Apicomplexan Histone Acetyl Transferases. S.D. Tucker-Samaras*, Depart-

ment of Infectious Disease Research, Merck Research Laboratories, Rahway NY, W.J. Sullivan Jr.,

A.T. Smith, Department of Pharmacology and Toxicology, Indiana University, Indianapolis IN,

and A. Fairlamb, Wellcome Trust Biocentre, University of Dundee, Dundee, Scotland, UK

Many medically important protozoan parasites belong to the subphylum Apicomplexa. Parasites

of the genus Plasmodium cause 500 million cases of malaria per year, resulting in 1–2 million

deaths annually. Toxoplasma gondii, the most widely disseminated parasite in this subphylum, can

infect virtually all warm-blooded vertebrates, and have emerged as a serious danger to immuno-

compromised patients. Several apicomplexan parasites, including Eimeria spp., are important

veterinary pathogens and cause serious diseases in production animals, resulting in significant

economic losses. Long-standing models have suggested that histone modification may alter

chromatin structure by influencing histone–DNA and histone–histone contacts. Biochemical

analysis reveals that hyperacetylated regions of chromatin are associated generally with transcrip-

tional activation and hypoacetylated regions with transcriptional silencing. The enzymes trans-

ducing these histone tail modifications are highly specific for particular amino acid positions,

thereby providing variability that can be visualized as a theoretical “code.” Fundamental in the

elucidation of this code is the understanding of the enzymes that provide the “signal” (i.e.,

acetylation, deacetylation, methylation, and phosphorylation). Histone deacetylases (HDACs)

have been shown to be successful protozoal drug targets as inhibitors of these enzymes (Apici-

din) have anti-parasitic activity. Therefore, it is reasonable to presume that histone acetyltrans-

ferases (HATs) are putative drug targets as well. A parasite-specific HAT inhibitor has been

identified and the elucidation of the targets HAT is underway. Native Purification of the inhibi-

tor sensitive HAT activity from Eimeria tenella identified the putative target. Using peptide

sequences obtained from this purification, several apicomplexan homologues were identified.

Cloning of the full-length sequence reveals homology to MOF, a MYST family HAT. The

cloning, expression and characterization of this potential target will be presented.

70 Local Immune Responses of Chickens to Immunologically Distinct Strains of Eimeria maxima:

Implications for Control. J.R. Barta*, L. Whitcombe and M.A. Fernando, Department of Patho-

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

Recognition of immunologically distinct strains of Eimeria maxima was made some years ago,

both experimentally and through apparent failures of live vaccination of commercial poultry. In

birds that have been immunized by exposure to live oocysts of one strain of E. maxima, the

sporozoite has been shown to be the target of immunological control when these birds are

challenged by the same strain of parasite. Immune birds challenged with the homologous strain

are able to block migration of sporozoites in lymphocytes through the lamina propria and these

arrested sporozoites did not go on to form first-generation meronts. In birds immunized with

one strain and challenged with the other, however, normal transport and development occurred.

We have been investigating two well-characterized strains of E. maxima that do not cross-protect

immunologically. In high resolution two-dimensional SDS-PAGE, few differences were observed

between sporozoites of the Guelph strain of E. maxima and the M6 clonally isolated strain of E.

maxima. Likewise, few differences were evident between the strains when the differential display

technique was applied to RNA isolated from excysted sporozoites. Despite the paucity of

differences, chickens immunized by oral infection with one strain of parasite challenged with the
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other strain demonstrated local cytokine responses (interferon-( and interleukin-8) that were

similar in magnitude and timing to naive chickens.

71 Coccidiosis Control Programs Used in Commercial Poultry Production. G.F. Mathis, Southern

Poultry Research, Inc., Athens GA

Coccidiosis is the only disease that occurs in every poultry house in the world and is a major

concern for bird health and economics. Coccidiosis in poultry is a problem because birds can be

infected with seven unique Eimeria species, because of anticoccidial resistance, and because of a

multitude of management factors. At this time coccidiosis can be controlled only, not eliminated.

Control comes in two forms, anticoccidials or live coccidiosis vaccines. The advantages of using

anticoccidials are consistent results, broad species spectrum of activity, and ease of use. Unfortu-

nately, variable efficacy, resistance development, and toxicity have led to the demise of several

anticoccidials and hampers effectiveness. Some degree of resistance has developed against all

anticoccidials being used today and very few new anticoccidials are under development. Anti-

coccidials are divided into chemicals (synthetic) and ionophores. Chemical anticoccidials gener-

ally are highly efficacious, have a fast potential for resistance development, and allow only

limited immunity development. Ionophores have a broad spectrum of activity, moderate efficacy,

a slow potential for resistance development, and allow immunity development. Vaccination

programs use live oocysts that are administered on the day of hatch or soon thereafter. Better

application techniques have increased uniformity of application. Vaccination does provide good,

multiple-species immunological protection. The disadvantages of using vaccines are that they are

live products that can affect performance, the vaccine may contain species not found routinely,

have a short shelf life, and must be handled carefully. By the very nature of a live coccidiosis

vaccine, damage to the intestinal mucosa occurs, enabling harmful bacteria to proliferate. New

coccidial vaccines and new application techniques are being investigated. With more emphasis

on drug-free birds and the continued issue of anticoccidial resistance, usage of vaccination

programs will surely increase in poultry production.

72 Analysis of Equine Antibody Isotype Responses to Sarcocystis neurona Surface Antigens. J.S.

Hoane*, Department of Veterinary Science, University of Kentucky, Lexington KY, J.K. Morrow,

Equine Biodiagnostics, Inc., Lexington KY, and D.K. Howe, Department of Veterinary Science,

University of Kentucky, Lexington KY

There is a distinct dichotomy between the seroprevalence to Sarcocystis neurona and the incidence

of equine protozoal myeloencephalitis (EPM) in horses. The basis for this difference is un-

known, but it may be due, in part, to the individual horse’s immune response to S. neurona

infection. A cell-mediated, Type 1 immune response is important for protection against infection

by intracellular pathogens, including S. neurona. Indeed, the development of a humoral, Type 2

response to intracellular pathogens may be inappropriate and can lead to increased susceptibility

to disease. In order to assess the humoral response in S. neurona seropositive animals, enzyme-

linked-immunosorbant assays (ELISAs) based on individual parasite antigens were used. The

sera of horses with known serological status against S. neurona, as determined by western blot,

were analyzed by ELISA for levels of total IgG, IgGa, IgGb, IgGc, IgG(T) and IgM against each

of three recombinant S. neurona surface antigens (rSnSAGs), rSnSAG1, rSnSAG3, and

rSnSAG4. IgGb was the predominant antibody isotype found to react with all three antigens,

although occasional IgGa, IgGc, and IgM responses were observed. Interestingly, the positive

control horse, which was EPM confirmed, showed an IgG(T) response to rSnSAG1. IgGa/IgGb

responses are seen typically in horses infected with intracellular pathogens, such as Rhodococcus

equi or equine influenza virus, and are typical of a Type 1 response, whereas elevated IgG(T) is
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more common in a Type 2 response. Further studies of additional samples may elucidate charac-

teristic profiles of antibody isotype responses, which could indicate altered immune responses in

clinically affected horses. This information would help both in the determination of clinical

disease status as well as in the development of a vaccination tailored to stimulate a protective

immune response to S. neurona infection.

73 Neospora hughesi Seroprevalence in Equids. J.S. Hoane*, Department of Veterinary Science,

University of Kentucky, Lexington KY, J.K. Morrow, Equine Biodiagnostics, Inc., Lexington KY,

W.J. Saville, Department of Veterinary Preventative Medicine, Ohio State University College of

Veterinary Medicine, Columbus OH, and D.K. Howe, Department of Veterinary Science,

University of Kentucky, Lexington KY

Neospora hughesi is a recently identified cause of equine protozoal myeloencephalitis; however,

the prevalence and importance of this parasite to equine health throughout the world is not well

understood. Previous surveys yielded results ranging from 0 to 23.3% seroprevalence of Neospora

spp. in horses. Unfortunately, the variety of detection methods, antigen sources, and cut-off

values used in these studies make comparisons between these serosurveys somewhat difficult. We

have screened a number of equine serum samples using an enzyme-linked immunosorbant assay

(ELISA) based on the recombinant form of the N. hughesi 29 kDa surface antigen (rNhSAG1).

Prior comparison to N. hughesi western blot results demonstrated that this ELISA is both

sensitive (94.4%) and specific (95.0%) for detecting N. hughesi specific antibodies. Five separate

sample sets were tested for this study. Set 1, which included 222 sera submitted to Equine

Biodiagnostics, Inc. (EBI) for anti-Sarcocystis neurona testing, had a seroprevalence of 4.5%. Set

2, consisting of 277 sera randomly selected from samples submitted to EBI for Streptococcus equi

testing, had a seroprevalence of 8.7%. Set 3 was 259 burro samples that had been sent to EBI

for Coggins testing, 2.7% of which were N. hughesi seropositive. Set 4 included 108 samples

from Canada originally taken to screen for S. neurona antibodies; only one of these horses was

ELISA positive, resulting in a 0.9% seroprevalence. Set 5, which had a 2.3% seroprevalence,

consisted of 1,051 samples from Ohio utilized for a S. neurona serosurvey. Collectively, the N.

hughesi seroprevalence was 3.4% for the 1,917 samples tested by the rNhSAG1 ELISA, which is

significantly less than seroprevalence rates in prior studies. Importantly, western blot analysis of

the ELISA positive sera revealed only 18 true seropositive samples, for an even lower seropre-

valence of 0.9%. These results suggest that Neospora spp. infections are relatively uncommon in

horses; however, the risk of clinical disease development in Neospora-infected horses remains

unknown.

74 Prevalence of Parasites Found in Fecal Samples of Urban Cats from Rio de Janeiro, Brazil. L.M.

Souza-Dantas*, O.P. Bastos, C.D. Kruger, F. Mendes De Almeida, N. Labarthe, Faculdade de

Medicina Veterinaria, Universidade Federal Fluminense, Niteroi, Rio de Janeiro, Brazil, and J.

Guerrero, Department of Pathobiology, University of Pennsylvania, Philadelphia PA

The most commonly reported endoparasites found in fecal exams in Brazilian cats are Cystoiso-

spora spp., Toxocara cati and Ancylostoma spp. The majority of reports are from the city of São

Paulo. In the city of Rio de Janeiro, a survey was conducted, based on necropsy (135 cats),

showing that 52.6% of the cats were infected by Dipylidium caninum; 65.9% by A. braziliense;

8.9% by A. tubaeforme; 25.5% by T. cati; 11.9% by Toxascaris leonina; 9.6% by Physaloptera

praeputialis; and 30.4% by Platynosomum illiciens. In the present study, feces from 122 cats from

the city of Rio de Janeiro were examined to determine the frequency of parasitic egg and cyst

shedding. The following fecal-examination techniques were utilized: Baermann, zinc sulfate

centrifugal flotation, ethyl acetate sedimentation and sedimentation in tap water. Information on
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age, gender and lifestyle was collected for each cat. The most frequent parasite eggs and cysts

found were Ancylostoma spp. (25.4%), followed by P. illiciens (14.7%), Cystoisospora spp.

(13.9%), T. cati (10.7%), Giardia spp. (5.7%) and T. leonina (0.8%). Larvae of Aelurostrongylus

abstrusus were found in 3.3% of the cats examined. Only five kittens (= 6 months) were sam-

pled, one of them shed Cystoisospora spp., Giardia spp. and Ancylostoma spp., three shed Cysto-

isospora spp. and one shed T. cati. Most (66.7%, 24/36) of the young cats (6 months–2 years)

shed parasitic structures as well as 35.5% (22/62) of the adults (2–7 years) and 15.8% (3/19) of

the seniors (= 7 years). Lifestyle played an important role in infection rate since 93.5% (29/31)

of the stray cats shed parasitic structures. Among the owned cats, 52.6% (10/19) of the outdoor

kept cats shed parasitic structures as well as 41.18% (7/17) of the indoor/outdoor, and 13.2%

(7/53) of indoor-excusive cats.

75 Isolation and Quantitative Expression of Carbonic Anhydrase During in vivo Exsheathment of

Ostertagia ostertagi L
3
. A.A. Derosa*, S.R. Chirgwin, J.C. Williams and T.R. Klei, Department of

Pathobiological Sciences, Louisiana State University, Baton Rouge LA

For trichostrongylid nematodes, transition from the free-living to the parasitic third larval stage

(L
3
) requires casting of the retained second larval stage (L

2
) cuticle, a process referred to as

exsheathment. Early biochemical studies using trichostrongylid nematodes of sheep suggest that

the enzymatic activity of a carbonic anhydrase (CA) plays a significant role in initation of

exsheathment. Although the biochemical evidence is convincing, a gene encoding a CA has not

been isolated and reported from a parasitic nematode. Here we present (1) the isolation of a CA

from Ostertagia ostertagi L
3
, (2) the quantitative expression of the CA gene during ex-sheath-

ment of O. ostertagi L
3
, and (3) the partial genomic architecture of the CA gene and promoter

region from O. ostertagi genomic DNA. Sequence analysis reveals a 77% identity to Caenorhab-

ditis elegans carbonic anhydrase CAH-6 and 40% identity to the rat CAIII.

76 Allelic Variation and Phylogenetic Analysis of the Glutamate Gated Chloride Channel (GLUCl)

Subunit Genes in Cylicocyclus nassatus. R. Tandon* and R.M. Kaplan, Medical Microbiology and

Parasitology, University of Georgia, Athens GA

Small strongyles or cyathostomins are the most important intestinal parasites and principle

parasitic pathogen of horses. Glutamate gated chloride channels (GluCl) are the putative recep-

tor molecules and target for Avermectin–Milbemycin (AM) class of antiparasitic drugs and are

most probably involved in mechanisms of drug resistance. Full length cDNA encoding Glucl

alpha and beta subunits in Cylicocyclus nassatus were cloned. Phylogenetic analysis using

UPGMA, Neighbor-joining and Maximum Parsimony yielded similar results with GluCl beta

subunits from different species forming one clade and GluCl alpha subunits forming another

clade. To examine genetic variability within the GluCl genes in C. nassatus, a 300 bp fragment

containing both intron and exon regions was amplified from the N-terminal region of the

channel close to the first transmembrane domain in the alpha subunit of GluCl. This fragment

was then amplified and sequenced from the genomic DNA from numerous individual C.

nassatus worms from moxidectin-selected and ivermectin/moxidectin naïve populations. Se-

quencing revealed several nucleotide differences between the two populations, and phylogenetic

analyis separated most of the individuals in two populations into separate branches of a phyloge-

netic tree. Mean interpopulational diversity between selected and unselected populations was

0.02 with a coefficient of differentiation 0.19. Further work to characterize the allelic variation

of the GluCl gene resulting from AM selection in C. nassatus is in progress.



71

ABSTRACTS

77 Extensive Cophylogeny Between Mexican Pocket Gophers and their Parasitic Chewing Lice. J.E.

Light* and M.S. Hafner, Department of Biological Sciences, Louisiana State University, Baton

Rouge LA

The Mexican pocket gopher, Cratogeomys merriami, is parasitized by two louse species complexes

in the genus Geomydoecus: the G. mexicanus complex (consisting of four louse species: G. mexi-

canus, G. perotensis, G. fulvescens and G. traubi) and the G. coronadoi complex (consisting of two

louse species: G. coronadoi and G. veracruzensis). Each of these louse species is distinct morpho-

logically and restricted to specific hosts and localities within the Trans-Mexican Volcanic Belt, yet

relationships among these louse species is currently unknown. Relationships among these six

Geomydoecus species were assessed using sequence data from the mitochondrial COI gene (1040

bp) and the nuclear EF1a gene (350 bp). Phylogenetic analyses (maximum parsimony, maxi-

mum likelihood, and Bayesian analysis) resulted in two reciprocally monophyletic clades corre-

sponding to the morphologically distinct louse species complexes (G. mexicanus and G. corona-

doi). Within each species complex, three separate monophyletic clades corresponding to three

host clades were identified. Independent cophylogenetic analyses (TreeMap and Brooks Parsi-

mony analysis) of each louse clade and the three host clades revealed statistically significant

cophylogeny, thus allowing comparisons of rates of molecular evolution between the louse clades

and between each louse clade and the host clade.

78 The Concerted Evolution of Mammals and Nematodes (Heterakoidea: Aspidoderidae) in South

America. F.A. Jimenez*, The Harold W. Manter Laboratory of Parasitology, University of Ne-

braska, Lincoln NE, G. Orti, School of Biological Sciences, University of Nebraska, Lincoln NE,

and S.L. Gardner, The Harold W. Manter Laboratory of Parasitology, University of Nebraska,

Lincoln NE

Nematodes of the family Aspidoderidae infect mammals from several orders in South, Central,

and North America. Analyses of morphology and nuclear and mitochondrial DNA sequences

indicate that monophyletic groups of these parasites do not occur within monophyletic lineages

of mammals. We suggest that the macroevolutionary patterns in Aspidoderidae initially followed

the diversification of the hosts, but later the association among these parasites and their mam-

malian hosts was shaped by host-switching. The relatively high levels of host switching in the

system may be explained by the syntopic use of habits of armadillos, opossums and rodents, and

by their convergent feeding habits that involve many soil organisms, including ingestion of

significant quantities of soil. The evolutionary dynamics of aspidoderid nematodes appears to be

localized mostly within South America. The armadillos and marsupials evolved and diversified in

the Neotropics after the splitting of Gondwana, thus the mammals and their parasites were

isolated for a period of about 60 million years. The northward expansion of some species of

armadillos that serve as hosts increased the geographic range and enhanced opportunities for

speciation in the family Aspidoderidae.

79 A Comparison of the Cestode Fauna of the Freshwater Stingray Himantura chaophraya from Two

Disjunct Regions of its Range: Northern Australia and Malaysian Borneo. C.J. Healy* and J.N.

Caira, Department of Ecology and Evolutionary Biology, University of Connecticut, Storrs CT, and

K. Jensen, Department of Ecology and Evolutionary Biology, University of Kansas, Lawrence KS

While cestodes of the freshwater stingrays of South America have received much attention,

cestodes of the two other freshwater stingray species known worldwide are entirely unknown.

Both freshwater stingray species, Himantura chaophraya and H. signifer, are reported from rivers

in southeastern Asia and Australia; at least H. chaophraya is thought to be entirely restricted to

freshwater. In this study, we examined cestode parasites from four specimens of H. chaophraya
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from a river on the Cape York Peninsula, Australia and one specimen of H. chaophraya from the

Kinabatangan River, Malaysian Borneo. Because of speculation about the conspecificity of

members of disjunct populations of H. chaophraya, individuals from both localities were photo-

graphed, and tissue samples were preserved for molecular analysis. Cestodes were examined with

light and scanning electron microscopy. Seven cestode species were recovered from the Austra-

lian specimen of H. chaophraya, and at least 19 cestode species from the Malaysian specimens of

H. chaophraya. Many, if not all, of these 26 cestode species are new to science. The orders

Tetraphyllidea, Lecanicephalidea, and Trypanorhyncha were represented in the cestode faunas

from both localities. This is the first report of members of the order Lecanicephalidea from

freshwater. Species in the genera Rhinebothrium, Acanthobothrium, Polypocephalus and

Tetragonocephalum were found in both localities. This study suggests that all tetraphyllidean

and trypanorhynchan species and most, if not all, lecanicephalidean species are unique to the

hosts in each locality. Thus, the different cestode faunas may reflect the different evolutionary

histories of these putative species. In fact, morphological features of the hosts suggest that the

members of the two “H. chaophraya” populations sampled here may not be conspecific. Whereas

the cestode fauna of potamotrygonids is somewhat depauperate compared to that of marine

stingrays, the cestode fauna of H. chaophraya from both localities is more similar in diversity to

that of their marine counterparts.

80 Adult Endohelminth Parasites of Goodeinae (Cyprinodontiformes: Goodeidae) from México.

M.H. Hugo*, P. Gerardo, Departamento de Zoología, UNAM, México City, México, and D.

Omar, Departamento de Biología Acuática, Universidad Michoacana de SNH, Michoacán,

México

Goodeinae freshwater fishes were collected between September 2001 and November 2003 from

31 localities in Mexico and examined for intestinal helminths. Nine hundred and forty seven

individuals were examined. Ten helminth species belonging to two phyla (Platyhelminthes and

Nematoda) were recovered, including four digeneans, two cestodes and four nematodes. The

nematode Rhabdochona lichtenfelsi was the most prevalent and abundant helminth in collections

from the freshwater basins of Lerma and Pánuco river systems. It is considered as the only

nematode species of goodeids endemic to both basins. Rhabdochona ahuehuellensis was found

mainly in the Balsas river basin and was found in other locations formerly related in geological

time to the Balsas. Rhabdochona canadensis is reported from headwater tributaries related to the

Balsas river and R. xiphophori was found in the Santiago and the Armería rivers. One of the

digeneans, Margotrema bravoae, was found mainly in the Lerma and sparsely in the Balsas, and

M. guillerminae was only found in the Western basins related to the Mesa Central. The cestode

Proteocephalus pusillus was found in one host and one location. Overall, 28 new host records and

61 new locality records are now reported for these helminths. This is the only and most com-

plete report of the adult helminthfauna of the endemic Goodeids that exists for the Mesa Central

of México.

81 Diversity, Host Specificity and Distribution of Freshwater Rhinebothrium Linton, 1890 (Cestoda:

Tetraphyllidea) from South American Freshwater Stingrays. F.B. Reyda*, Department of Ecology

and Evolutionary Biology, University of Connecticut, Storrs CT, and F.P. Marques, Departamento

do Zoologia, Instituto de Biociencias, Universisdade de São Paulo, São Paulo, Brazil

Rhinebothrium Linton, 1890 is a diverse and cosmopolitan cestode genus that parasitizes the

spiral intestines of batoid fishes (rays and skates). Marine species of Rhinebothrium are highly

host specific, often parasitizing a single host species. Rhinebothrium paratrygoni Rego & Dias,

1976 is the only species of the genus reported from South American freshwater stingrays
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(Potamotrygonidae). To date, it has been reported from 10 of the approximately 20 species of

potamotrygonids. A collection of specimens of Rhinebothrium from 13 species of potamotry-

gonid hosts from different areas of the Amazon river system, and from recent collections from

La Plata river system, has made possible a reassessment of the morphological diversity of this

taxon. Analyses of specimens with light microscopy and scanning electron microscopy indicate

variation in numerous continuous morphological characters (e.g., number of testes, worm size,

number of proglottids). Broad ranges of morphological variation in continuous characters (e.g.,

73 vs. 880 proglottids in two mature specimens) indicate that at least four species of Rhineboth-

rium parasitize freshwater stingrays. Data from recent collections of Rhinebothrium at two

localities in the La Plata river system (i.e., Paraná and Paraguay basins) also offer information on

host specificity and geography. The 12 Potamotrygon motoro and two Potamotrygon castexi exam-

ined on the Paraguay river (Paraguay basin) did not have Rhinebothrium. At a second locality, on

the Paraná river (Paraná basin), a species of Rhinebothrium was present in Potamotrygon falkneri

(17 examined) and another species was found in Potamotrygon c.f. falkneri (14 examined), but

none were found in P. motoro (20 examined), a host species that is parasitized by Rhinebothrium

elsewhere in the Amazon and La Plata river systems. Our preliminary data suggest that the

genus is more diverse than previously thought, that some species of Rhinebothrium may be host

specific, and that biogeographical distribution of the host plays an important role on the evolu-

tion of the genus.

82 Investigation of Acanthobothrium (Cestoda: Tetraphyllidea) Diversity from Two Species of Guitar-

fish (Rhinobatos) off Coastal Senegal. C.A. Fyler* and J.N. Caira, Department of Ecology and

Evolutionary Biology, University of Connecticut, Storrs CT

Spiral intestines were collected from a total of 32 species of elasmobranchs during three, two-

week collecting trips to Senegal in January 2002, 2003 and 2004. Study sites included six fishing

villages along the Senegalese coast from St. Louis in the north to Djifer in the south. Subsequent

spiral intestine examinations revealed more than 70 species of cestodes parasitizing the elasmo-

branchs of this region. These collections provided an opportunity to examine the Acanthoboth-

rium faunas of two Rhinobatos species, Rhinobatos c.f. cemiculus and Rhinobatos sp. Presently, little

is known of the tetraphyllidean tapeworm fauna of either species, and these results include the

first record of Acanthobothrium from Rhinobatos species in the Eastern Atlantic Ocean. Investi-

gation of the Acanthobothrium species in four individuals of each Rhinobatos species has exposed

an interesting dichotomy of cestode diversity. Rhinobatos c.f. cemiculus and Rhinobatos sp.,

although closely related and both commonly found in this locality, hosted a series of non-

overlapping species of Acanthobothrium. This was not entirely unexpected given existing data

on the host specificity of Acanthobothrium species in general. It was surprising, however, to see

that at least six different species of Acanthobothrium parasitized Rhinobatos c.f. cemiculus with at

least three congeners per individual host, while Rhinobatos sp. had a conspicuously smaller

parasite diversity with only one species of Acanthobothrium occurring in each individual host.

This phenomenon of the existence of multiple congeners of cestodes in a single host species

raises interesting questions. For example, it remains unclear whether such congeners belong to a

single clade, suggesting one host invasion with subsequent diversification within the host, or if

synhospitalic congeners represent separate lineages, suggesting multiple, independent, and

perhaps more recent host invasions.
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83 On the Association Between Species of Phoreiobothrium (Cestoda: Tetraphyllidea) and their

Carcharhiniform Shark Hosts. S.M. Durkin* and J.N. Caira, Department of Ecology and Evolu-

tionary Biology, University of Connecticut, Storrs, CT

At present the tetraphyllidean genus Phoreiobothrium is considered to include 17 species, all of

which are associated with sharks belonging to the order Carcharhiniformes. Within this order,

species of Phoreiobothrium appear to be restricted to sharks of the families Carcharhinidae and

Sphyrnidae. Intensified sampling of species belonging to these two families, as well as species

outside of these families, supports this hypothesis. For example, none of the 20 individuals of

Leptocharias smithii (family Leptochariidae), collected from coastal Senegal in Janurary 2004,

were found to host Phoreiobothrium. Yet both individuals of Triaenodon obesus (family Carcharini-

dae) collected from Heron Island, Australia hosted a new species belonging to this genus. These

data support the notion that the distribution of Phoreiobothrium is correlated with the gross

anatomy of the spiral intestine, because sphrynid and carcharhinid sharks are unique among the

Carcharhiniformes in their possession of a scroll, rather than a conicospiral, intestine. Examina-

tion of mode of attachment to the mucosal surface of the spiral intestine of selected Phoreioboth-

rium species suggests that there is a relationship between both mode and site of attachment and

the configuration of the spiral intestine mucosal surface, at least in some Phoreiobothrium species.

For example, large species, such as P. triloculatum, are restricted to attachment sites located in the

lateral margins of the scroll type spiral intestne between the secondary mucosal folds, while

smaller species, like P. lasium, attach throughout the width of the scroll intestine between the

smaller primary mucosal ridges. The primary and secondary features of the mucosal surface

differ both between and among sharks exhibiting scroll and conicospiral intestines. It is not yet

clear, however, if these differences are correlated with attachment of Phoreiobothrium species.

84 Anti-Protozoal Activity of Oyster Lysozyme Against the Oyster Parasite Perkinsus marinus. J. La

Peyre*, S. Alawneh and Q. Xue, Department of Veterinary Science, Louisiana State University

Agricultural Center, Baton Rouge LA

Lysozymes are antimicrobial proteins that cleave glycosidic bonds between N-acetylmuramic

acid and N-acetylglucosamine of peptidoglycan, a major component of bacterial cell walls. While

lysozymes are generally considered more active against gram-positive bacteria because their cell

walls are largely made of peptidoglycan, there is increasing evidence that lysozymes also are

active against gram-negative bacteria and other microorganisms, including protozoa, through

mechanisms not related to their muramidase activity. The objective of this study was to deter-

mine the anti-protozoal activity of lysozyme purified from plasma of eastern oysters (Crassostrea

virginica) against the parasite Perkinsus marinus. This parasite causes extensive eastern oyster

mortalities along the Gulf of Mexico and Atlantic coasts. The viability of P. marinus cultured in

medium adjusted to 205 mOsm/kg (7 ppt) was significantly reduced (16–88%) after incubation

with 75–600 µg/ml of lysozyme. Perkinsus marinus growth inhibition was dose-dependent in the

range of 5–75 µg/ml lysozyme. Lysozyme heated for 15 min at 100ºC had no muramidase

activity, but still inhibited P. marinus growth. The growth of P. marinus cultured one week in

medium at 725 mOsm/kg (25 ppt) was reduced significantly by lysozyme in a dose-dependent

manner in the range of 0.6–300 µg/ml, 0.6 µg/ml being the lowest concentration tested. Parasite

viability was however not affected by lysozyme. Finally, lysozyme muramidase activity was

decreased by more than 95% by increasing sea salts concentrations from 7 to 25 ppt. The

mechanisms by which oyster lysozyme kills P. marinus will be investigated in future studies.
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85 Circulating IgM Is Essential for Clearance of Brugia pahangi Infections in Mice. B. Rajan* and T.V.

Rajan, Department of Pathology, University of Connecticut Health Center, Farmington CT

Our laboratory has previously demonstrated that B6.129S2-Igh-6tm1Cgn (“µMT”) mice, which

lack mature B lymphocytes, are severely impaired in clearing intraperitoneal B. pahangi infec-

tions. Similarly CBA/N mice, which are deficient in B1 cells, also clear filarial infections more

slowly than normal CBA/J mice. These results suggest that B lymphocytes, specifically the B1

subset and/or their products, play critical role(s) in host protection in this model. In order to

better understand the function of B cells and their products, we investigated the course of B.

pahangi infection in mice that lack the secreted form of IgM (sIgM–/–). There are striking

differences between sIgM deficient and wild type mice in inflammatory responses at the site of

infection. Normally, clearance of the parasite is accompanied by a robust accumulation of cells in

the peritoneal cavity. Peritoneal cell numbers in sIgM–/– mice were ~40x106 at two weeks post

infection, while they were ~25x106 in C57BL/6 mice. Wt mice harbor approximately 5% of

initial larval burdens at two weeks post-infection. In contrast, sIgM–/– mice retain nearly 25–

30%. These results suggest that circulating IgM immunoglobulins are important for worm

elimination, but not for leukocyte recruitment.

86 Carrageenan Blocks Priming Against Brugia pahangi Infections in Mice. M. Ramesh* and T.V.

Rajan, Department of Pathology, University of Connecticut Health Center, Farmington CT

Carrageenan is a seaweed-derived carbohydrate polymer that has been used in numerous studies

to block macrophage function. It has been used to demonstrate that macrophages are involved in

host defense against filarial infections in mice. Intraperitoneal injection of carrageenan abolishes

resistance of mice to brugian infections making them permissive. In order to understand this

phenomenon better, we injected wild type B6 mice with 250 mg of type II carrageenan in 500

ml PBS i.p. one day prior to intraperitoneal infection with Brugia pahangi. We observed a

delayed clearance of larvae in mice treated with carrageenan compared to PBS injected controls,

and a decrease in the numbers of peritoneal exudate cells (hereafter PEC). Larger numbers of

worms were seen as late as seven weeks post infection. Injection of carrageenan one day prior to

infection led to a profound reduction in the recruitment of cells to the peritoneal cavity. Since T-

cells are central to the recruitment of PECs, we hypothesized that carrageenan blocked priming

of T-cells. To assess this, we administered carrageenan one day prior to priming mice with B.

pahangi and challenged these mice six weeks post infection. Preprimary carrageenan treated mice

had significantly greater worm burdens from both the primary and secondary infections as

compared to PBS treated mice. Draining lymph nodes were isolated from mice two and seven

weeks post-infection. Fourteen days post infection, large amounts of carrageenan were present

within cells in the subcapsular sinus of draining lymph nodes. Carrageenan-laden cells also were

observed in the cortical and paracortical regions of these lymph nodes. Based on this, we

hypothesize that phagocytosis of carrageenan by antigen presenting cells blocks the antigen

presentation pathway and prevents the priming of T-cells leading to defective recruitment of

PECs and elimination of filarial worms.

87 Cross-Protection Study of Four Field Strains of Eimeria maxima in Broiler Chickens. P.C. Allen*,

M.C. Jenkins, K. Miska and R. Fetterer, APDL, ANRI, ARS, USDA, Beltsville MD

The solid species-specific immunity that chickens develop from primary infections with Eimeria

sp. forms the basis for application of live vaccines in the poultry industry. This immunity is

heavily dependent upon antigens unique to each species, although in some species such as E.

maxima, antigenic variation among geographically separated strains can compromise signifi-

cantly immune protection. Other factors, however, also may be important in effecting good
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immunity by live vaccines. In a cross protection study of four field isolates of E. maxima,

designated A, B, C and D, day-old broiler chicks were divided into four strain-specific groups.

Each chick received an immunizing dose of 500 sporulated oocysts, and oocysts were allowed to

recycle. Strain A yielded the lowest oocyst count per g feces at 7 and 14 d post immunization.

Chickens were challenged at 3 wk (15,000 sporulated oocysts) with the same or other strains in

a complete block design that included unimmunized and unchallenged controls. At six days post

challenge, protective immunity was assessed by measurements of weight gain, lesion score,

plasma carotenoids, nitrite + nitrate, and antibody response to parasite antigens. Although

immunization with each parasite protected against homologous challenge, protection against

other strains varied widely. Effective cross protection was ranked D = C > B > A. A separate

challenge experiment compared oocyst production by the four strains. Oocyst yields (x 106) per

chick were D 50.3; C 53.1; B 37.7; A 3.47. These results strongly indicate that effective cross

protection is dependent to some degree upon the fecundity of the immunizing strain.

88 ISCOMS Delivery System for Eimeria Antigens. V.E. Breezin*, A.P. Bogoyavlenksiy, V.P. Tolma-

cheva, S.S. Levandovskaya, G.B. Khudiakova, I.A. Tustikbaeva, E.S. Omirtaeva, Institute of

Microbiology and Virology, Almaty, Kazakhstan, R. Fetterer, R. Barfield and H. Danforth, APDL,

ANRI, ARS, USDA, Beltsville MD

Poultry coccidiosis has been controlled primarily by anticoccidial compounds, but extensive use

of these compounds has resulted in drug resistance. Currently, the main emphasis has centered

on elicitation of protective immune response to parasite infection by development of vaccine

preparations. One of the most successful delivery systems for various kinds of antigens is an

immunostimulating complex (ISCOM)—a unique, multimolecular structure formed by encapsu-

lating antigens, lipids and triterpene saponins of plant origin. In the research presented, ISCOMs

incorporating isolated Eimeria tenella antigens and saponins of plants indigenous to Kazakhstan

were studied as a novel vaccine delivery system. Low toxicity immunostimulating saponins with

ISCOM-forming capacity were purified by HPLC from plants Glycyrrhiza glabra, Sapponaria

officinalis and Aesculus hippocastanum. Natural coccidia antigens were isolated from sporocysts,

sporozoites and their exterior walls by extraction with a novel non-ionic detergent (MESK)

synthesized in Kazakhstan. ISCOMs were prepared by solubilization-dialysis technique using

MESK. Electron microscopy analysis of ISCOMs as prepared above showed their typical cage-

like structures. Analysis of immune responses after intranasal and subcutaneous ISCOMs

immunization revealed the induction of high titers of antibody in chicken and mouse sera.

Efficacy of intranasal delivery of ISCOMs vaccine was comparable with efficacy of subcutaneous

immunization. ISCOMs immunization revealed intensive production of IgG, IgM and IgA

antibodies as well as high induction of INF-g, IL-2, IL-4, IL-10 cytokines. Immunization of

chickens using ISCOMs provided protection against a live coccidia challenge dosage of 50,000

oocysts per chicken with both a decrease in weight loss and a decrease of oocyst numbers in the

intestine. Use of ISCOMs as an immunization vehicle is attractive for development of a new

coccidia vaccine delivery system. (Research was supported by ISTC-USDA partner project K-

525p.)

89 Progress on Developing a Native and Recombinant Vaccine Against Bovine Neosporosis. M.C.

Jenkins*, W. Tuo and J.P. Dubey, APDL, ARS, USDA, Beltsville MD

Neosporosis is recognized worldwide as a major cause of reproductive failure in dairy cattle.

Vaccination against neosporosis is being pursued because cattle that have been exposed to

Neospora caninum prior to pregnancy exhibit lower abortion rates compared to naive cattle. In

our research, a mouse model of congenital neosporosis is being used to evaluate the vaccine



77

ABSTRACTS

efficacy of native and recombinant N. caninum antigens. In this model, complete protection

against experimental tachyzoite infection of the fetus was achieved by vaccination of dams prior

to pregnancy with whole N. caninum tachyzoite protein. Also, in recent studies only 40% of

pups born from dams that were immunized with plasmid DNA (pCMV) coding for NcGRA7

antigen contained detectable N. caninum in brain and lung tissue. This level of protection was

increased two-fold (20% positive) by the addition of CpG adjuvant to the pCMV-NcGRA7

preparation. Plasmid DNA injection appears to be necessary for protection because immuniza-

tion with recombinant protein failed to prevent in utero tachyzoite transfer. Studies in sheep, as a

ruminant model for dairy cattle, showed that while immunization with whole N. caninum had

only a slight effect on congenital transmission, complete protection against fetal loss was achiev-

ed. Studies underway include the testing of multiple recombinant N. caninum antigens delivered

by plasmid DNA injection with CpG adjuvant, the evaluation of this vaccination approach in

sheep, and eventually in dairy cattle.

90 Effects of Catecholamines on Dendritic Cells Infected with Toxoplasma gondii. J.E. Getz* and F.P.

Monroy, Department of Biological Sciences, Northern Arizona University, Flagstaff AZ

Antigen presenting cells (APC’s) are essential for antigen capture and presentation as well as

secretion of a variety cytokines. Immature dendritic cells are one the most potent APC’s and

once activated secrete cytokines that regulate T cell-mediated immune responses. Control of

intracellular pathogens requires the coordinated activation of both APC’s and antigen-specific T-

cells. Here we demonstrate that short-term exposure of a murine dendritic cell line, (JAWSII),

to catecholamines, norepinephrine (NE) and epinephrine (EPI), decreased the levels of tumor

necrosis factor (TNF)-a, interleukin (IL)-12, and nitric oxide (NO) during infection with the

protozoan parasite Toxoplasma gondii. Our results suggest that catecholamines will alter T-cell

responses by APC’s during infection with T. gondii through modulation of cytokine production,

which are important in the early control of infection. The decrease in TNF-a, IL-12 and NO will

have a direct effect in the type of Th response generated, Th2 rather than a typical Th1 response.

This overall decrease in Th1 responses will have a detrimental effect in the control of T. gondii

infection.

91 Swine IL-4 Receptor a and IL-13 Receptor a1-Chains; Sequence Analysis and Effects of Experi-

mental Toxoplasma gondii, Ascaris suum and Trichuris suis Infections on Tissue MRNA Levels. D.S.

Zarlenga*, BFGL, ANRI, ARS, USDA, Beltsville MD, H. Dawson, NRFL, ANRI, ARS, USDA,

Beltsville, MD, H. Kringel, Danish Centre for Experimental Parasitology, Frederiksberg, Copen-

hagen, Denmark, G. Solano-Aguilar and J.F. Urban, Jr., NRFL, ANRI, ARS, USDA, Beltsville MD

IL-4 and IL-13 are multi-functional cytokines with overlapping roles in the host defense against

infection. Equally important in the regulation of IL-4 and IL-13 are their associated receptors.

Though their functional receptor complexes and signaling pathways are intricate and in some

cases share common elements, the specificity of the responses, nonetheless, resides in the struc-

ture and binding of the a-chain components. This report presents the cloning of the swine

receptors, IL-4Ra and IL-13Ra1, and the effects of parasite infection on their transcription.

Pairwise alignment of predicted amino-acid sequences indicates that the swine IL-13Ra1 is 86%,

83% and 72% similar to canine, human and mouse sequences, respectively. Amino acid sequence

conservation is appreciably lower between the swine IL-4Ra sequence and those from equine

(72%), human (66%) and mouse (49%); however, noteworthy similarities were observed in

their overall predicted secondary structures predominantly among the swine, equine and human

homologues. Real-time PCR was used to measure relative levels of receptor mRNA in tissues

from swine experimentally infected with protozoan (Toxoplasma gondii) or nematode (Ascaris
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suum, Trichuris suis) parasites known to induce Th1 or Th2 host responses, respectively. Results

indicated that within 14 days following infection, overall mRNA levels for IL-4Ra and IL-

13Ra1 were elevated in T. gondii-infected animals and reduced in A. suum-infected animals.

Receptor mRNA levels in T. suis infected animals varied coincidentally with the course of the

infection and the location of the tissue analyzed, where both receptor mRNA levels were

significantly down-regulated at the site of infection amidst elevated mRNA levels of their

cognate cytokines.

92 Serological Diagnosis of Elaphostrongylus cervi (Nematoda: Protostrongylidae) in Infected Red

Deer and Elk (Cervus claphus Var). O. Ogunremi*, A. Gajadhar, B. Scandrett, L. Forbes, Centre

for Animal Parasitology, Canadian Food Inspection Agency, Saskatoon, Saskatoon, Canada, and S.

Tessaro, Lethbridge Laboratory, Canadian Food Inspection Agency, Lethbridge, Alberta, Canada

A reliable serological test for tissue worm, Elaphostrongylus cervi (Nematoda: Protostrongylidae),

infections in red deer and elk (Cervus elaphus var.) offers many advantages for field diagnosis.

Current ante- and post-mortem diagnostic methods that rely on the recovery and identification

of larvae in faeces by the Baermann test or on the recovery of adult worms are unreliable. An

ELISA was developed to detect serum anti-E. cervi IgG antibodies by using excretory–secretory

products of third-stage, infective larvae (L
3
). The test was applied to serum samples obtained

from eight red deer fawns and four elk calves prior to, and on multiple occasions after, inocula-

tion with 6–300 E. cervi L
3
. Baermann tests performed on faeces first detected larvae in red deer

123 days post-inoculation (dpi); neither of the two elk monitored over a relatively long period

(> 288 dpi) passed any larva. Necropsy revealed adult worms in all red deer, but adult worms

(one female and one male) were found in only one of two elk examined. Using the ELISA,

however, antibodies were detected in all inoculated red deer tested by 23 dpi (n = 6), and

positive titres persisted in all animals (n = 8) at the end of the experiment at 290–1,047 dpi. In

all inoculated elk, antibodies were detected from 24 dpi up to the end of the experiment at 71–

568 dpi. The new ELISA is more sensitive in detecting E. cervi exposure in red deer and elk than

traditional parasitological methods (i.e., larval or adult worm recovery), although a thorough

assessment of test specificity is required before field use. Results reported here indicate that elk

are susceptible to infection by E. cervi but may be a less suitable host than red deer.

93 Identification of an Aspartyl Protease from Infective Larvae as a Candidate Antigen for Vaccina-

tion Against Parelaphostrongylus tenuis. M.S. Duffy*, James A. Baker Institute for Animal Health,

Cornell University, Ithaca NY, D.S. Zarlenga, BFGL, ARS, USDA, Beltsville MD, and J.A.

Appleton, James A. Baker Institute for Animal Health, Cornell University, Ithaca NY

Parelaphostrongylus tenuis is a neurotropic parasitic nematode of white-tailed deer (Odocoileus

virginianus) that causes debilitating neurologic disease in all other North American cervids and

in some domestic livestock species. We produced a cDNA library from P. tenuis infective third-

stage larvae (L
3
) of in order to identify excretory/secretory (E/S) molecules deployed during

infection. We identified from the library a transcript with sequence similarity to aspartyl pro-

teases from parasitic helminths. The sequence showed similarity to all types of aspartyl proteases,

but was most similar with pepsinogens. Semi-quantitative RT-PCR performed on cDNA from

male and female adults, L
3
, and first-stage larvae (L

1
) of P. tenuis indicated that Pt-apr-1 was

upregulated in L
3
. The gene was cloned into an expression vector for synthesis and purification

of the recombinant protein (rPt-APR-1). Antibody generated against rPt-APR-1 detected the

native molecule in adult E/S products and somatic extracts of P. tenuis L
3
. Aspartyl protease

activity was documented using a fluorogenic peptide substrate in both somatic extracts and E/S

products from adult worms. Optimal enzymatic activity occurred at pH 5.5. Observations from
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studies of orthologous proteins suggest a role for aspartyl proteases in tissue penetration and

digestion of host blood proteins. The upregulated transcription of Pt-apr-1 in L
3
, as well as the

presence of Pt-APR-1 in both L
3
 protein extracts and adult E/S, supports use of this molecule as

a candidate antigen for vaccination against P. tenuis or as a target for drug intervention.

94 Protein Refeeding Restores Functional Protection Against Heligmosomoides polygyrus (Nematoda)

in Protein-deficient Mice. T. Tu, School of Dietetics and Human Nutrition, McGill University,

Montreal, Quebec, Canada, M.E. Scott*, Institute of Parasitology, McGill University, Montreal,

Quebec, Canada, L.J. Wykes and K.G. Koski, School of Dietetics and Human Nutrition, McGill

University, Montreal, Quebec, Canada

Previously, we have demonstrated that protein deficient mice have impaired ability to reject a

challenge infection of Heligmosomoides polygyrus. The objective of this study was to determine

whether the ability of the host to reject the parasite could be restored by refeeding with a

protein-sufficient diet, and if this was dependent on when refeeding occurred during the infec-

tion. Six groups of 10 female Balb/c mice were infected with 100 L
3
, drug-treated on days 9 and

14, then reinfected with a challenge infection of 100 L
3
 on day 21 (day 0 of challenge). Egg

production was monitored 16 and 26 days later, and worm numbers were determined on day 28

after the challenge infection. Mice were divided into two control diet groups (protein-sufficient

fed 24% protein and protein-deficient fed 3% protein diet) and four experimental refeeding

groups that were fed a protein-deficient diet and then transferred to a protein-sufficient diet

either on day 0 or day 10 following primary infection, or on day 0 or day 7 following the

challenge infection. Food intake and weight gain were recorded every other day, parasite egg

production was monitored 16 and 26 days after challenge infection, and worm numbers were

determined on day 28 after the challenge infection. Interestingly, we noted that the onset of

infection induced weight loss, but only in protein-deficient mice. As expected, protein-deficient

mice had significantly higher egg production and worm numbers than protein-sufficient mice.

Egg production and worm numbers both revealed that all refeeding groups rejected the chal-

lenge infection at the same rate as protein-sufficient mice, indicating that functional protection

against the parasite was rapidly restored after refeeding. (This research was supported by

NSERC and FQRNT.)

95 Altered Eosinophils and Increased TNF Production in the Peyer’s Patches of Nematode-infected

Intestines. J. Stout, K. Stark, J. Muston, R. Eversole, Biological Sciences, Western Michigan

University, Kalamazoo MI, and C. MacKenzie*, Pathobiology and Diagnostic Investigation,

Michigan State University, East Lansing MI

The accumulation of eosinophil leukocytes in intestinal tissue during endoparasitic infections,

including Nippostrongylus brasiliensis (Nb) in the rat, is well known. The role of this cell in gut

responses, however, remains unclear. We have described altered phenotypes of eosinophils in the

lamina propria during rejection of this nematode, and in this present report describe cell–cell

associations of eosinophils in jejunal Peyer’s patches during primary Nb infections, as well as

levels of TNFa mRNA. We harvested jejunal Peyer’s patches on days 12, 14 and 21 post-

infection with Nb, as well as patches from uninfected rats. Specimens were prepared for trans-

mission electron microscopy, histochemistry, as well as immunocytochemistry for fluorescent

confocal laser scanning microscopy. Increasing Peyer’s patch eosinophilia coincided with the

development and rejection of adult worms from the gut. Eosinophils were evident clearly in

interfollicular, subepithelial and epithelial-associated regions of Peyer’s patches taken from

infected intestines. Eosinophils were not observed in similar regions of Peyer’s patches taken

from uninfected rats. Many eosinophils were shown in close association with S-100+ dendritic
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antigen-presenting cells in the dome region of the infected Peyer’s patches. Ultrastructural

observations show eosinophils in close association with Peyer’s patch macrophages. There was

also morphological evidence for release of granule proteins by interfollicular eosinophils. Com-

petitive RT-PCR was used to quantitate the amount of TNFá mRNA present in the tissues; the

levels increased more than 2.5 times during infection. These findings support a role for eosino-

phils in developing immunity to nematode parasites. Their key localization next to antigen

presenting cells and dome epithelium further supports a potential role for these cells in antigen-

processing and presentation.

96 Review of the Biology of Giardia. D.D. Bowman, Department of Microbiology and Immunology,

College of Veterinary Medicine, Cornell University, Ithaca NY

This will be a brief discussion of the biology of Giardia with the emphasis on those aspects that

are important in transmission along with the treatment and diagnosis of infection. Giardia is a

genus of protozoa within the Diplomonadida that commonly infects various vertebrate hosts

with the exception being reptiles. Presented will be a summary of the morphology of the organ-

isms along with a presentation of the history of the taxonomy of the described species of man

and common domestic animals. The biology of the parasite within the host and the potential

effects of various nutritional characteristics of the host diet will be considered. The biology of

cell division and the effects of benzimidazoles on the morphology of the dividing trophozoite

will be covered. Also, presented will be information related to the basics of the Giardia genome

project with respect to chromosome numbers and ploidy of the trophozoite and cyst stage. This

discussion also will include information on cyst formation and the triggers for encystation and

excystation. The phylogeny of the group will be discussed in relation to work on the molecular

biology that had suggested that Giardia represented a primitive protozoan group. The molecular

assemblages that have been defined will be discussed with respect to the zoonotic potential of

these different groups that have been found to represent different assemblages within different

host groups.

97 Diagnosis of Giardiasis in Companion Animals. M.W. Dryden* and P.A. Payne, Department of

Diagnostic Medicine/Pathobiology, Kansas State University Manhattan KS

Although Giardia is a common protozoan disease of dogs and cats, many practitioners struggle

with the definitive diagnosis. Cysts are shed sporadically in the feces, often making a single

examination unrewarding. It may be necessary to check three fecal samples over several days to

confirm a diagnosis. The visualization and identification of cysts or trophozoites in a fecal exam

is difficult. Often yeasts are confused with Giardia sp. cysts. The direct smear may reveal motile

trophozoites, but they may be missed due to the small sample size. Fecal flotation is the most

useful diagnostic technique if the proper flotation solution is used. Some sugar and salt solutions

render cysts unrecognizable and will destroy trophozoites. Flotation with centrifugation in

ZnSO
4
 solutions (1.18–1.2 sp. gr.) is the most successful technique to recover cysts with normal

size and shape. A drop of Lugol’s iodine added to the slide may help identification. Fecal antigen

tests developed to diagnosis Giardiasis in human samples have been used in companion animals.

A false-negative result of up to 31.6% has been reported using these tests. The recent develop-

ment of a fecal antigen test designed specifically for use in dogs may produce better accuracy.

98 Performance of the SNAP® Rapid Assay for Giardia Infection in Dogs and Cats. T.P. O’Connor*,

R. Groat, M. Monn, L. Flynn and J. Curato, Research and Development, IDEXX Laboratories,

Inc., Westbrook ME
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The SNAP® Giardia Test Kit (IDEXX Laboratories, Inc.) is a rapid in-clinic test to detect

soluble Giardia antigen in feces from dogs and cats. A study was conducted to compare results

of the SNAP Giardia Test Kit to fecal-based tests currently used in clinical practices and in

reference laboratories. A set of 617 fecal samples from patients tested for Giardia in the normal

course of clinic practice was collected from 10 veterinary clinics for testing. Reported clinic test

results were provided for each of these samples. Clinic samples were tested for soluble Giardia

antigen using a microplate enzyme-linked immunosorbant assay (ELISA) test kit (ProSpecT®

Giardia Microplate Assay, Remel, Inc. (Alexon-Trend), Ramsey, MN) and the SNAP Giardia

assay. A subset of 218 of these samples also was tested for Giardia cysts by a direct immunofluo-

rescence microscopy assay (IFA; Cyst-A-Glo® Kit, Waterborne, Inc., New Orleans, LA). The

sensitivity of in-clinic microscopy and SNAP was 50% and 92%, respectively, compared to

microplate ELISA, and 25% and 90%, respectively, compared to IFA. In-clinic microscopy and

SNAP specificity was, respectively, 76% and 99% compared to microtiter plate test results, and

31% and 96%, respectively, compared to IFA results. Agreement of microplate ELISA and IFA

results was 98% for positive samples and 95% for negative samples. These results indicate that

SNAP Giardia has good correlation to reference laboratory tests and demonstrate the poor

performance of current in-clinic testing methods for Giardia compared to microplate ELISA and

IFA.

99 Treatment of Giardiasis: A Review and Update. B.L. Blagburn, Department of Pathobiology,

Auburn University, Auburn AL

Giardia spp. are dimorphic protozoans that inhabit the intestinal tract of vertebrate hosts.

Although species and genotypes that comprise the G. duodenalis (Syn. G. lamblia) subgroups are

morphologically similar, molecular and biological studies indicate that they vary in their host

ranges and perhaps in their pathogenicity and/or susceptibility to treatment. Treatment of

giardiasis may not be successful due to the chemotherapeutic agent used, the presence of resis-

tant strains/isolates of Giardia, and/or variations in intestinal environments in individual hosts. A

numbers of agents have been evaluated for efficacy against Giardia spp. They include the

nitroimidazoles (metronidazole, tinidazole, ornidazole, secnidazole), the acridine derivatives

(quinacrine), the nitrofurans (furazolidone), the benzimidazoles (albendazole, fenbendazole,

mebendazole), the pro-benzimadazoles (febantel), the aminoglycosides (paromomycin), and the

five nitrothiazole derivatives (nitazoxanide). Other agents such as bacitracin zinc, azithromycin,

disufiram, and proposalina have been tested with some success. Immunotherapy using passive

antibodies or breast milk (free fatty acids? enteral antibodies?) have shown limited success.

Vaccination with available vaccines may aid in the control of giardiasis.

100 Expression and Localization of the Cation Transporter PmNramp in the Protistan Parasite Perkin-

sus marinus. J.A.F. Robledo* and G.R. Vasta, Center of Marine Biotechnology, University of

Maryland, Baltimore MD

Trophozoites of the protistan parasite Perkinsus marinus reside and proliferate inside phagosome-

like structures of hemocytes from the host, the eastern oyster Crassostrea virginica. In this

microenvironment, the parasite evades or blocks the host defense mechanisms and fulfills its

nutrient needs. Previously, we characterized PmNramp gene (P. marinus TXsc, ATCC#50983),

which in other organisms has been shown to mediate the uptake of iron and manganese. An

antiserum raised against the PmNramp predicted 7–8 extracytoplasmatic loop from P. marinus

was used to identify the cellular localization the transporter and to study the possible regulation

by metal deprivation. Anti-PmNramp antibodies cross-reacted with all P. marinus strains tested.

The polyclonal antibody also was tested the antibodies for crossreactivity against other Perkinsus
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species, including P. andrewsi, which is characterized by spontaneously undergo zoosporulation

in culture, and P. atlanticus, the European species. Modulation of PmNramp expression by

cations and exogenous oxidative stress was examined in in vitro cultured P. marinus trophozoites

exposed to iron chelators (desferrioxamine and 2,2'-bipyridyl), manganese chelators (oxalate,

malonate, and gluconate), and exogenous reactive oxygen species generated by hydrogen

peroxide. A better understanding of this transporter in Perkinsus species should provide further

insight into the diversification and evolution of intracellular survival strategies in alveolate

parasites (Supported by Grant ICB-0321417 awarded by the National Science Foundation.)

101 Ascorbate-dependent Peroxidase Activity in the Alveolate Parasite, Perkinsus marinus. E.J.

Schott*, W.T. Pecher, J.A.F. Robledo and G.R. Vasta, Center of Marine Biotechnology, University

of Maryland Biotechnology Institute, Baltimore MD

Perkinsus marinus, a protistan parasite of the eastern oyster, Crassostrea virginica, has become an

attractive organism for the study of mechanisms of intracellular survival. Advantages include the

propagation of clonal lines in fully defined medium, lack of pathogenicity to man, and ongoing

genomic initiatives. The early divergence of the Perkinsozoa from the dinoflagellate/apicom-

plexan branch of the Alveolata has added to interest in this recently established phylum. Viable P.

marinus trophozoites are engulfed by oyster hemocytes, but suppress chemiluminescent re-

sponses normally associated with phagocytic activity, leading to the hypothesis that the parasite

prevents reactive oxygen species (ROS) accumulation by enzymatic means. A manifestation of

efficient ROS removal should be resistance to exogenous ROS. In vitro, cultured trophozoites

are highly resistant to superoxide and hydrogen peroxide, but susceptible to hypochlorite. P.

marinus trophozoites express at least two superoxide dismutases, but lack detectable catalase

activity. Instead, they possess an ascorbate dependent peroxidase activity (APX) that may

contribute to hydrogen peroxide removal in vitro and in vivo. Partial purification of P. marinus

APX revealed a 35 kDa protein on SDS-PAGE, which, upon sequence analysis of tryptic pep-

tides, confirmed similarity to plant APX. Degenerate oligonucleotides designed on peptide

sequences amplified two putative APX genes (PmAPX1 and PmAPX1) from P. marinus cDNA.

PmAPX1 and PmAPX2 differ greatly in their predicted N-terminal regions, and appear to be

encoded by single, unlinked genes. Rabbit antiserum raised against a synthetic peptide corre-

sponding to PmAPX1 detects a protein of approximately 35 kDa on Western blots of soluble P.

marinus extracts, and binds to recombinant PmAPX1. The molecular and serological tools

developed for PmAPX1 and PmAPX2 will be used to study the expression of PmAPX during the

host-phagocyte interaction (Supported by NOAA/Maryland Sea Grant award SA7528068-H;

PI: Vasta, http://www.umbi.umd.edu/%7Ecomb/faculty/vasta/vasta.html.)

102 Development of a Completely Defined Medium that Supports the Development of Brugia malayi

and B. pahangi from L
3
 to L

4
. T.V. Rajan* and C. McGuiness, Department of Pathology, Univer-

sity of Connecticut Health Center, Farmington CT

Parasites occupy characteristic habitats within the host, sometimes changing them during

various stages of development. It has been surmised that this is because of specific biochemical

requirements that are met only in these habitats. In order to determine the biochemical/nutri-

tional reasons underlying the homing of the filarial parasites to the lymphatics, we have been

developing chemically defined culture media that will support the growth and development of B.

malayi and B. pahangi from the L
3
 to the L

4
 stage. This developmental segment lasts approxi-

mately eight days. Over the past year, we have shown that these organisms do not require any

complex, high-information-content molecules such as proteins, complex carbohydrates or lipids
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to complete this developmental phase. The only unusual requirement is ascorbic acid, which is

required at an optimum of 75 µM for B. malayi and 50 µM for B. pahangi. We also have found

that both organisms require an exogenous source of at least one purine and one pyrimidine

nucleoside. Unexpected findings from these studies have been that ubiquitous molecules, which

are present in every tissue of the body, are sufficient. This leaves unexplained the peculiar tendecy

to reside in lymphatics. Another unusual finding is that these organisms do not require an

exogenous source of steroids. Nematodes are believed to be incapable of synthesizing steroid

molecules, and therefore this requirement is also somewhat unexpected. (This work was made

possible by grants AI 39075 and 50228 to T.V. Rajan.)

103 Nicotine and Levamisole Activate Distinct Acetylcholine Receptor Subtypes in Ascaris suum

Muscle. M.M. Levandoski, Department of Chemistry, Grinnell College, Grinnell IA, A.P. Robert-

son and R.J. Martin*, Department of Biomedical Sciences, Iowa State University, Ames IA

The nicotinic acetylcholine receptors are a large family of ligand-gated ion channels found in

neuronal and muscle tissues. In many systems, nicotinic receptors display considerable diversity

of subtypes, with distinct pharmacological and biophysical properties. Recent work from our

laboratory has demonstrated that body wall muscle from the parasitic nematode Ascaris suum

displays subtypes of nicotinic receptor that can be distinguished pharmacologically (Robertson

et al., 2002); at least two classes, levamisole- and nicotine-preferring receptors, are present.

Using single channel recording techniques, we have found that nicotine activates currents in

muscle vesicles with a considerably lower probability of opening than levamisole (e.g., 0.00029

± 0.00007 (30 µM nicotine) vs. 0.0156 ± 0.0039 (30 µM levamisole) at +50 mV). Nicotine-

evoked currents also display a shorter mean open time (e.g., 0.84 ± 0.12 ms (30 µM nicotine)

vs. 1.48 ± 0.32 ms (3 µM levamisole) at +75 mV). These facts help to explain the lower

potency of nicotine observed in muscle contraction and membrane depolarization assays.

Comparison of conductance histograms for the two agonists shows that nicotine preferentially

activates receptors of a smaller conductance (i.e., 25.7 ± 1.4 pS, n = 19 for nicotine vs. 38.2 ±

1.1 pS, n = 26 for levamisole). These observations support the hypothesis that the nAChRs are

heterogeneous in Ascaris suum muscle and that nicotine and levamisole are selective for different

receptor ion-channels. (Support contributed by: Grinnell College Harris Fellowship, NIH RO1

AI47194-02. Robertson, A.P., Clark, C.L. Burns, T.A. Thompson, D.P., Geary, T.G. Trailovic,

S.M. and Martin, R.J. 2002. Paraherquamide and 2-deoxy-paraherquamide. J. Pharmacol

Exp.Ther. 302:1–8.)

104 Transmission Dynamics of Plasmodium Sporozoites. D.L. Medica*, Biology Department, Pennsyl-

vania State University, Schuylkill Haven PA, and P. Sinnis, Department of Medical and Molecular

Parasitology, New York University School of Medicine, New York NY

Malaria infection in the vertebrate host is initiated when infective Plasmodium sporozoites are

injected into the skin while the mosquito is probing for a blood meal. Previous studies, using

either artificial feeding conditions or indirect measures of sporozoite inoculum, have determined

that mosquitoes vary in the number of sporozoites that they inject into the vertebrate host, and

that up to 25% of heavily infected mosquitoes inject no sporozoites. Epidemiological models of

malaria transmission generally assume that all infected mosquitoes are equally infectious, and do

not include variation in the number of sporozoites injected by individual mosquitoes in the

estimation of model parameters. Previously, the number of Plasmodium sporozoites injected by

an infected mosquito has not been directly quantified in vivo. Thus, the objective of this study

was to examine the transmission dynamics of sporozoites by quantifying the number of sporo-

zoites injected into skin by infected mosquitoes. Reverse transcription-real time PCR of sporo-
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zoite rRNA was used to quantify the number of sporozoites injected into mouse ears by indi-

vidual mosquitoes. There was a significant correlation (Pearson coefficient 0.49, P < 0.01)

between gland infection (24,167 ± 14,346; range 2,464–52,952) and sporozoite injection

(227.64 ± 316.19; range 0–1,297). However, among heavily infected mosquitoes alone (>

15,000 sporozoites/mosquito), there was a large degree of variation, with some individuals

injecting no sporozoites and others injecting large numbers. To test whether this variation was

due to differences among mosquitoes or was a random effect, sporozoite delivery from indi-

vidual mosquitoes was measured on three consecutive days. The numbers of sporozoites injected

by heavily infected mosquitoes varied significantly (P < 0.05) among individuals, some injected

few sporozoites on all three days, while others injected large numbers on at least two of the three

days. These data suggest that intrinsic vectorial capacity may vary among individual mosquitoes

with comparable salivary gland infections.

105 Development of Spirometra erinacei Procercoids in Eucyclops serrulatus by Microculture Method.

S. Shin*, S. Park and S. Lee, Parasitology, Chonnam National University, Gwangju, South Korea

Several species of Copepoda serve as the first intermediate host of Spirometra spp. which can

cause sparganosis in humans. Studies on the procercoid stage of Spirometra spp., however, are

hampered by the lack of an elaborate microscope-friendly culture environment of copepods in

which development of procercoids in the cyclops host can be observed in situ. In this study, a

culture method of maintaining the complete life cycle of Eucyclops serrulatus in a microculture

environment was evaluated. A single, female adult E. serrulatus was cultured on a microscope

slide glass on which a cover glass of 22 x 40 mm in size was placed at a height of 0.8 mm. The

culture medium was constituted by deionized distilled water boiled with grains of either Triticum

aestivum, Glycine max, Sesamum indicum, Hordeum vulgare, Coix lachryma-jobi or Setaria italica.

A free-living protozoa, Chilomonas paramecium, and Pseudomonas aeruginosa were provided as live

food. Growth of nauplii hatched from the egg to the adult stage took an average of 20 days in

the microculture environment. Continuous passage of copepods was successfully maintained in

the microculture environment as long as sufficient medium and foods were provided. Ten fresh

coracidia hatched from eggs of Spirometra erinacei were added to each microculture cell in which

a single, adult E. serrulatus was cultured. An average of two procercoids per copepod was

observed at two weeks after infection. The microculture method of copepods is considered to be

a useful tool for the study of sparganosis in experimental animals.

106 Endoparasitic Infections of Malagasy Lemurids. C.T. Faulkner*, Department of Comparative

Medicine, University of Tennessee, Knoxville TN, G.C. Crawford, San Francisco Zoo and Mada-

gascar Fauna Group, San Francisco CA, A. Britt and C. Welch, The Madagascar Fauna Group,

Betampona Reserve, Tamatave, Madagascar

Fecal samples (n = 67) representing seven genera of free-ranging wild and captive Malagasy

lemurids were examined for diagnostic products of endoparasitic helminths and protozoa as part

of the Madagascar Fauna Group’s health monitoring program at Project Betampona and Project

Ivoloina (http://www.savethelemur.org). Individuals in the host genus Eulemur accounted for

most of the infections and 17/23 specimens were positive for at least one endoparasite species.

Eggs of Callistoura sp. were the most ubiquitous helminth represented in 12/23 Eulemur spp.,

and in 3/15 Varecia variegata. Other parasitic helminths included: Lemuricola sp. (5/23 Eulemur

spp.) and Trichuris lemuris (4/23 Eulemur spp.). Strongylate-type eggs probably from Lemuro-

strongylus sp. (62 x 38 µm) and Parahabronema sp. (75 x 40 µm) were found in 4/15 Indri indri,

2/3 Hapalemur spp.,and 1/15 Varecia variegata. Strongyloides-like eggs (55 x 30 µm, thin-shelled

with larva) were found in 3/15 Indri indri, and 1/3 Propithecus diadema. Spiruroidea eggs (50 x
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30 µm, thick-shelled with larva) were found only in a single sample from Daubentonia madagas-

cariensis, and likely reflect the insectivorous dietary habits of the host. Ciliate protozoan parasites

were found in 2/23 Eulemur spp., 2/3 Hapalemur spp. and 2/7 Lemur catta. Amoebic protozoan

parasites similar to Entamoeba coli, Endolimax sp. and Iodamoeba sp. also were noted in isolated

samples from Eulemur spp., Varecia variegata and Lemur catta. (This research supported in part

by a grant from the San Francisco Zoological Society and the Madagascar Fauna Group.)

107 A 10-Year Review of Submissions to the National Wildlife Health Center on Mortality Events in

Waterfowl Caused by Sphaeridiotrema spp. and Cyathocotyle bushiensis (Class: Trematoda). M.C.

Sterner III*, R.A. Cole, G.S. McLaughlin, National Wildlife Health Center, USGS, Madison WI,

and K. Beheler, Wisconsin DNR, National Wildlife Health Center, USGS, Madison WI

Sphaeridiotrema spp. and Cyathocotyle bushiensis can cause large-scale waterfowl mortalities. These

parasites have been responsible for recurrent late-summer mortalities in dabbling ducks on the

St. Lawrence River in southern Quebec since the 1960s. Although S. globulus and C. bushiensis

have been reported from Europe and North America, the trematodes have been associated only

with mortality events in North America. Herein we review 10 years of case submissions to the

National Wildlife Health Center that were identified as mortalities related to Sphaeridiotrema

spp. and C. bushiensis. Die-offs of migrating waterfowl caused by Sphaeridiotrema spp. and C.

bushiensis were documented from Montana, North Dakota, Illinois, New York, Maryland,

California and Wisconsin. The primary species affected by the mortality events were American

coot (Fulica americana) and lesser scaup (Aythya affinis). Typically, verminous ulcerative enteritis

and typhylitis caused by Sphaeridiotrema spp. or C. bushiensis, respectively, were the main lesions

reported on necropsy. Large die-offs usually coincided with the peak of fall migrations ranging

from the end of September to the end of November. Spring die-offs were less numerous and

impacted fewer birds. The number of waterfowl involved in the mortality events ranged from 38

in Illinois in 1992 to well over 6,000 in Wisconsin in 2003. We continue to see recurrent

mortalities in Wisconsin into 2004. In Wisconsin there has been an increase in reporting of these

parasites and an apparent move westward of the parasites. Possible reasons for these trends are

being investigated.

108 Prepatent Period, Duration and Periodicity of Larval Production by Elaphostrongylus cervi

(Protostrongylidae) in Experimentally Infected Red Deer (Cervus elaphus elaphus). M.W. Lan-

kester, S.E. Parker*, O.A. Ogunremi, L.B. Forbes and W.B. Scandrett, Centre for Animal

Parasitology, Canadian Food Inspection Agency, Saskatoon, Saskatchewan, Canada

Protostrongylid nematodes are widespread in cervids and some Elaphostrongyline members can

cause debilitating disease. An important representative of the group, Elaphostrongylus cervi,

occurs widely in Cervus elaphus var. of Europe and Asia, and was introduced into New Zealand.

Quarantine inspection prevented further spread to Australia and also to Canada, where native

species are susceptible. Adult worms are associated with the central nervous system and skeletal

musculature. Dorsal-spined, first-stage larvae (L
1
) are passed in feces. Evidence suggests that

these nematodes are long-lived with an immune response preventing re-infection, yet larval

production may persist for several years. Knowledge of larval shedding dynamics by infected

hosts is necessary to better assess transmission risk and the diagnostic potential of fecal Baer-

mann tests. Fourteen red deer, 4 to 13 months old, were experimentally infected over a period of

eight years with doses of 6 to 500 E. cervi L
3
. Daily larval output was determined beginning

approximately 60 days post-inoculation (DPI) and intermittently for various periods following

patency for up to five years. Prepatent period ranged from 119 to 206 DPI and was correlated

inversely with infecting dose (Spearman’s correlation coefficient = –0.7, p < 0.01), but was not
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related to the host’s age at infection. The oldest worms recovered were from a red deer infected

more than five years earlier that was still shedding 44 larvae/g of feces. Thirteen animals had a

patent infection at the time of necropsy. Large fluctuations in numbers of larvae shed in feces

were observed both on a daily and monthly basis. Details of the frequency and distribution of

negative samples and of larval production patterns will be presented. The results from this study

suggest that E. cervi is long-lived, that prepatent periods are longest at low doses, and that large

fluctuations in larval output occur daily as well as over longer periods. Study design and use of

retrospective data for assessing transmission risk and application of the Baermann test will be

discussed.

109 Lesions Associated with Neobenedenia melleni (Monogenea: Capsalidae) on Red Snapper

(Lutjanus campechanus) in Recirculating Aquaculture. S.A. Bullard* and R.M. Overstreet, Gulf

Coast Research Laboratory, Department of Coastal Sciences, The University of Southern Missis-

sippi, Ocean Springs MS

Neobenedenia melleni is a serious pathogen of aquacultured and aquarium-held fishes because it

has a direct life cycle and exhibits minimal site- and host-specificity, infecting the eyes, fins, gill

cavity, nasal cavity, and skin of more than 100 teleost species. Details about the pathological

alterations to host tissue associated with debilitating infections of N. melleni are lacking, but a

recent epizootic on 200 captive red snapper represented an opportunity to document the

relationship. Grossly, the heavily infected fish had ragged fins, missing scales, clouded eyes, and

skin appearing as a steadily undulating, glistening surface. Histologically, the epidermis was

altered severely. Some scales were covered by a thinned epidermis comprised of scant goblet and

malpighian cells. In other regions, however, cell-to-cell junctions were separated, scales were

dislodged, and the epidermis was absent or separated from the dermis. The cornea was hyper-

plastic. Two strains of the bacterium Chryseobacterium indologenes were isolated from the skin,

and trophonts of the dinoflagellate Amyloodinium ocellatum were attached to the gill epithelium;

any of those could contribute to the health of fish. The epidermis of the snapper is an osmotic

barrier. When breached, osmotic imbalance may result or the volume of lymph circulating in the

dermis may be altered, negatively affecting the circulating blood as well as debilitating the

infected fish and making it vulnerable to secondary infections. (Supported by NOAA/NMFS

Marine Stock Enhancement Program Award No. NA06FL0501.)

110 First Report of the Philometrid Nematode, Margolisianum bulbosum, a Parasite of the Southern

Flounder, Paralichthys lethostigma, in South Carolina: Population Dynamics and Microhabitat

Identification. C. Gollety, Department of Biology, College of Charleston, Charleston SC, V.A.

Connors, Department of Biology, University of South Carolina, Spartanburg SC, W.A. Roumillat,

Department of Natural Resources, Charleston SC, A. Adams, Kansas City District Laboratory, US

FDA, Kansas City MO, and I. De Buron*, Department of Biology, College of Charleston, Charles-

ton SC

The philometrid nematode Margolisianum bulbosum, a parasite of the southern flounder Para-

lichthys lethostigma in the Gulf of Mexico, is reported for the first time off the eastern coast of the

United States. A yearlong survey was performed to establish the abundance of this parasite in

South Carolina estuaries. No males were found, therefore this work focuses on females. Females

were found within collagenous tissues in various microhabitats in the buccal and branchial

cavities of the flounders. Results showed that female M. bulbosum were present in all estuarine

sites sampled throughout the year. The overall prevalence of infection was 60% and the mean

intensity was six worms per infected host. Only fish larger than 175 mm showed adult female

nematodes, and prevalence was 73% in the population of flounders larger than this size thresh-
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old. Mean intensity did not vary with sex or age of the flounders analyzed, but was elevated

significantly in the spring. Larvigerous females were found throughout the year, although a

pronounced decrease in their abundance in early fall likely reflects the release of larvae into the

environment at that time and thus indicates an annual life cycle. Although no host gross pathol-

ogy was observed, the presence of females between the bones of the palatine and hyoid arches, as

well as beneath loosened host jaw teeth, raises questions about their role in compromising the

flounders’ ability to feed. (Funded by a South Carolina Sea Grant (NA16RG2250) and a SUR

grant from the College of Charleston.)

111 Habitat Suitability Estimates for Amblyomma maculatum in Mississippi. K.L. McNally*, L.G.

Rickard, College of Veterinary Medicine, Mississippi State University, Mississippi State MS, W.H.

Cooke, III, Department of Geosciences, Mississippi State University, Mississippi State MS, R.B.

Minnis, Department of Wildlife and Fisheries, Mississippi State University, Mississippi State MS,

and C.L. Huston, College of Veterinary Medicine, Mississippi State University, Mississippi State

MS

Several tick-borne diseases occur in the southeastern United States including Rocky Mountain

Spotted Fever, human and canine Ehrlichiae, canine babiesiosis and hepatozoonosis, and feline

cytauxzoonosis. In addition to these endemic diseases, native ticks also are capable of transmit-

ting many exotic diseases (e.g., heartwater) should they be introduced. Many of these diseases

could have a strong impact on the economic viability of Mississippi and neighboring states. The

native tick Amblyomma maculatum is a competent vector of Anaplasma ruminantium, the

causative agent of heartwater disease. Knowledge of the current distribution and potential

habitat of this tick would be valuable in mitigating the impact on the cattle industry should

heartwater be introduced to Mississippi. The geographic distribution of this tick has changed

from strictly coastal areas to include inland environments. It is not known why or to what extent

this has occurred. By using geospatial technologies, however, surveillance programs can be

established to monitor this and other tick-borne diseases. As a first step in developing such a

surveillance program, a preliminary model was constructed to show the potential distribution of

A. maculatum in Mississippi. Temporal GIS coverages containing normalized difference vegeta-

tion index (NDVI) data from the MODIS sensor along with temperature and relative humidity

from weather stations were combined with slope aspect and soil type. Each variable was plotted

on a normal curve and given a value from 0-1-0, with 1 being optimal. Temperature and relative

humidity were weighted as the most important variables followed by NDVI. The weighted

variables were then added together using map algebra in the ArcGIS software package. Areas

with the highest value are considered to be the most suitable habitat for A. maculatum.

112 Has Nearly 20 Years of Macrolide Prophylaxis for Dirofilaria immitis in the U.S. Had Any Effect on

the Epizootiology of the Parasite? J.H. Theis*, Medical Microbiology, University of California,

Davis CA, and F. Stevens, Vet Soft, Davis CA

The macrolide preperations for the prevention of adult D. immitis development are far superior

to diethylcarbamizine. Being effective against the fourth stage larvae of D. immitis, they have a

reach-back effect of at least two months. From 1986 through 1991, a study in California showed

that the use of prophylaxis in the two plant climate zones studied increased from 22.7% of the

dogs examined in 1986 to 61.1% of the dogs examined in 1991. Of 13,366 dogs on prophylaxis

examined for heartworm 58 (0.4%) were found infected. Some of these apparent drug failures

were due to the owners starting the dog on prophylaxis without first having it tested for infec-

tion. It also has been shown that the effectiveness of macrolide prophylaxis may reduce the risk

of infection for dogs not on prophylaxis if they live in communities where many dogs are on
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preventive medication for heartworm. This population protection effect is an extension of the

macrolide efficacy, which approaches 99.5%. Outdoor dogs have the highest exposure risk for

infection with D. immitis. Studies on 42,585 outdoor dogs in California showed 38 (0.09%) to

be infected that were receiving prophylaxis for heartworm at the time of examination, while 880

(2.0%) outdoor dogs not on prophylaxis were found infected. This is about 23 times the

infection level in dogs otherwise under the same conditions, but protected by prophylaxis. There

are no valid studies to show whether prevalence of D. immitis in the dog population has been

affected. There are no accurate data on the number of dogs per household in the U.S., no

accurate data available to indicate how many dogs are receiving prophylaxis on a state-by-state

basis, and no uniform statewide surveilance programs for monitoring the changes in incidence.

If the veterinary medical profession is really serious about instituting measures to control

heartworm at the population level, we need to correct these data gaps and develop a comprehen-

sive surveilance program.

113 Cyathostomin Third-Stage Larvae (L
3
) Development in vitro. E. Brianti*, Department of Veteri-

nary Public Health, University of Messina, Italy, S.R. Chirgwin and T.R. Klei, Department of

Pathobiological Sciences, Baton Rouge LA

Cyathostomin infective third-stage larvae (L
3
) were investigated for their ability to develop in

vitro using a cell-free medium previously described for equine strongylidae (Chapman et al.,

1994). In addition, half of the cultured larvae were kept at 4° C for seven days prior to culture to

investigate the effect of cold on the future development of the cyathostomin L
3
. Larvae were

routinely examined (days 0, 2, 7, 14 and 21) for developmental and morphological changes,

using both light microscopy and scanning electron microscopy. These changes were used to

separate L
3
 (showed no signs of development) from developing L

3
 (DL

3
) (appearance of

vacuolated areas within buccal capsule) and fourth-stage larvae (L
4
) (developed buccal capsule,

free of L
3
 cuticle). The viability of larvae remained high throughout the culture period, with 70–

80% of the larvae viable at day 21. Approximately 30% of non-refrigerated larvae were classified

as DL
3
 at this time. A common observation throughout the experiment was the appearance of

“coiled” larvae, a phenomenon reminiscent of hypobiotic larvae in vivo. These coiled larvae,

however, showed signs of development, suggesting this is not a permanent state of arrested

development in vitro. The few larvae that molted to L
4
 in vitro died soon after completing the

molt, suggesting a lack of requirements necessary for adult development. Initially, both refriger-

ated and non-refrigerated larvae developed at similar rates. By day 14, a greater proportion of

the non-refrigerated larvae (26%) showed morphological changes, compared with the refriger-

ated larvae (9%), suggesting prior exposure to cold may affect L
3
 development. Currently,

molecular studies are underway to identify the different developmental stages of cyathostomin

larvae to species. These data may provide useful information pertaining to differences in the

developmental biology of individual cyathostomin species both in vitro and in vivo.

114 Investigation of Prevalence of Neospora caninum in Queensland Beef Cattle. J.K. Landmann*,

Queensland Department of Primary Industries, Wacol, Queensland, Australia, and L.F. Taylor,

Queensland Department of Primary Industries, Biloela, Queensland, Australia

A study of the seroprevalence of Neospora caninum in beef cattle herds in Queensland, Australia

was conducted. Neospora-specific antibodies were detected in 14.8% of the 5,785 samples tested

by the indirect fluorescence antibody test. This is high compared to other published reports. The

results were mapped and regional variations in the parasite’s distribution were evident. Possible

explanations for the regional variations include wild dog prevalence and also rainfall. Seropre-

valence was highest in coastal areas of the state receiving more than 5–600 mm average annual
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rainfall and lowest in the area in southern Queensland protected by the dingo barrier fence. Age

related seroprevalence also was not uniform in a subset of central Queensland cattle. Young

heifers had a seroprevalence significantly greater than zero, starting at around 10% in yearling

heifers. This level subsequently increased at a steady rate with increasing cow age to around 20%

in cows aged eight years and older. These data suggest that both vertical transmission from dam

to calf and horizontal transmission from dogs could be occurring. (This study was supported by

Meat and Livestock Australia.)

115 Epidemiology of Gastrointestinal Nematodes of Goats in Georgia. T.H. Terrill*, Agricultural

Research Station, Fort Valley State University, Fort Valley GA, J.E. Miller, Department of Epidemi-

ology, Louisiana State University, Baton Rouge LA, R.M. Kaplan, College of Veterinary Medicine,

The University of Georgia, Athens GA, M. Larsen, Danish Centre for Experimental Parasitology,

The Royal Veterinary and Agricultural University, Copenhagen, Denmark, R.A. Kircher, O.M.

Samples and S. Gelaye, Agricultural Research Station, Fort Valley State University, Fort Valley GA

Infection with gastrointestinal nematodes, particularly Haemonchus contortus, is a major con-

straint to profitable goat production in the southern U.S.A. Information on epidemiology of

GIN in this region is needed. A three-year study was completed in Central Georgia in which

GIN fecal egg count (FEC) and blood packed cell volume (PCV) of 24 mature Spanish does

grazing perennial grass pasture were monitored year-round. The does were sampled every two

weeks, with individual fecal cultures made at the time of sampling to allow speciation of the

GIN. Salvage deworming treatment was given to individual animals with PCV of 15 or lower

(initial 18 months of the study) or 20 or lower (final 18 months). Nematode FEC were higher

in the first year than in years 2 and 3 of the study, with seasonal fluctuation within each year.

The FEC generally increased from January to July and decreased from August to December,

with a spike in September. In year 1, PCV values were higher from January to July and lower

from August to December. This pattern was reversed in year 2, while PCV values fluctuated

monthly in year 3. Number of goats requiring anthelmintic treatment was higher in spring and

fall than in summer during the first two years, with similar treatment numbers in spring, sum-

mer and fall in the final year of the study. Number of required treatments was generally cyclic

within season, with peaks in March, May, July, September or October in two out of three years.

The number of required treatments increased each year of the study. Effects of parasitism on the

goats appeared to be most severe when available green pasture was short and tall pasture was

poor quality. This occurred in late spring and early fall when cool-season annual and warm-

season perennial grasses, respectively, were in a reproductive growth phase. Effects of GIN were

generally less when pastures were green and actively growing, in mid-spring and mid-summer.

This could be related to improved nutrition or less grazing close to the soil surface during these

times. The most predominant GIN in examined cultures was H. contortus.

116 Prevalences of Dirofilaria immitis, Toxocara cati, Ancylostoma tubaeforme and Other Endo- and

Ectoparasites in Random-source Cats from East-Central Alabama. C.B. Eiland, Pathobiology,

Auburn University, Auburn AL, K. Tamblyn, P. Rynders, A.R. Dillon, Clinical Sciences, Auburn

University, Auburn AL, J.C. Newton, J.A. Spencer and B.L. Blagburn*, Pathobiology, Auburn

University, Auburn AL

Prevalences of D. immitis and other internal and external parasites were determined in 120

random source cats (65 F, 55 M) greater than one year of age. Approximately one-third of the

cats were previously owned, while two-thirds of the cats were classified as strays. Serum anti-

body and antigen tests and cardiopulmonary dissection were used to assess either exposure to D.

immitis or D. immitis infection status. Gross carcass examination, ear swabs, and centrifugal fecal
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flotation using Sheather’s sucrose were used to detect either external or other internal parasites.

At necropsy, two (1.7%) of the 120 cats harbored adult heartworms. Twenty-nine (24.2%) of

the 120 cats were positive for antibodies to D. immitis. Seven (5.8%) of the 120 cats were

positive for D. immitis antigen. Toxocara cati (23.3%) and Ancylostoma tubaeforme (23.3%) were

the more common parasites. Eleven cats (9.2%) harbored both T. cati and A. tubaeforme. Forty

cats (33.3%) harbored Ctenocephalides felis, and 12 cats (10%) harbored Otodectes cynotis. Other

observed parasites were Isospora (Cytoisospora) spp. (8.3%), Aelurostrongylus abstrusus (3.3%),

Toxoplasma gondii-like oocysts (1.7%), Dipylidium caninum (4.2%) and Taenia taeniaeformis

(5.0%). (This study was supported in part by an educational grant from Pfizer Animal Health.)

117 A Study to Evaluate the Repellency of K9 Advantix™ Against Rhipicephalus sanguineus (Brown

Dog Tick) Ticks Applied Directly to Dogs. L.R. Cruthers*, R.L. Slone, Professional Laboratory and

Research Services, Inc., Corapeake NC, and D. Carithers, Merial Ltd., Duluth GA

Rhipicephalus sanguineus (brown dog ticks) were applied directly on Days 1, 7, 14, 21, and 28 to

dogs that had been treated on Day 0 with K9 ADVANTIX™ (imidacloprid + permethrin) or

had been left untreated as controls. Dogs were examined one hour after direct application of 50

unfed R. sanguineus ticks to determine the number of ticks repelled (any tick not on the dog)

following each infestation. Significantly (P = 0.01) more R. sanguineus were repelled from dogs

treated with K9 ADVANTIX than from untreated controls at each challenge day. Using this

model, the present study demonstrated that the one-hour repellency of K9 ADVANTIX against

R. sanguineus was 52.3% on Day 1, 59.6% on Day 7, 31.2% on Day 14, 28.0% on Day 21 and

10.8% for infestations applied on Day 28. Direct application of ticks to the control and treated

animals was found to be another useful model for the determination of repellency of products

having efficacy against R. sanguineus. In this study no determination was made if repelled ticks

eventually died, which would be one consideration for future studies. (K9 ADVANTIX is a

trademark of Bayer Corporation, Shawnee Mission, KS.)

118 Comparative Efficacy of a Combination of Fipronil/(S)-Methoprene, a Combination of Imidaclo-

prid/Permethrin and Imidacloprid Against Fleas and Ticks When Administered Topically to Dogs.

J.W. McCall*, University of Georgia School of Veterinary Medicine, Athens GA, R. Alva, J. Irwin,

Merial Ltd., Athens GA, D.S. Carithers and A. Boeckh, Merial Ltd., Duluth GA

The efficacy of three commercially available topical (spot-on) ectoparasiticides—fipronil/(S)-

methoprene, imidacloprid/permethrin, and imidacloprid—was evaluated against fleas and ticks

on dogs. Each product was administered topically once on Day 0 at the recommended label dose

and according to the instructions for use. Challenges occurred weekly with 100 Ctenocephalides

felis , and on weeks 3 and 4 of the study with 50 Rhipicephalus sanguineus on each dog. Dogs

treated with each of the products had significantly (P < 0.05) fewer fleas than the untreated

controls at each post-treatment count, however only fipronil/(S)-methoprene combination

maintained 100% efficacy through day 21. Dogs treated with fipronil/(S)-methoprene had

significantly (P < 0.05) fewer fleas than the dogs treated with the combination of imidacloprid/

permethrin and imidacloprid alone at each evaluation through Day 28. Dogs treated with

imidacloprid alone had significantly (P < 0.05) fewer fleas than dogs treated with the combina-

tion product imidacloprid/permethrin on Day 28. Dogs treated with fipronil/(S)-methoprene

and imidacloprid/permethrin had significantly (P < 0.05) fewer ticks than untreated controls at

both Days 21 and 28, however the fipronil/(S)-methoprene group had significantly (P < 0.05)

fewer ticks than imidacloprid/permethrin on Days 21 and 28. Overall, in this study the combi-

nation of fipronil/(S)-methoprene provided consistent and high levels of efficacy against fleas

and ticks throughout the entire month, significantly superior to that of either imidacloprid/
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permethrin or imidacloprid alone. Additionally, imidacloprid alone performed better against the

cat flea (C. felis) than the combination product of imidacloprid/permethrin.

119 Comparative Speed of Kill of Revolution (Selamectin), Advantage (Imidacloprid) and Frontline

Plus (Fipronil/(S)-Methoprene) Against Fleas on Cats. M.W. Dryden*, V. Smith, P.A. Payne,

Department of Diagnostic Medicine/Pathobiology, Kansas State University, Manhattan KS, and

T.L. McTier, Pfizer Animal Health, Kalamazoo MI

The speed of kill of selamectin, imidacloprid and fipronil/(s)-methoprene against Ctenocepahlides

felis infestations on cats for one month following a single treatment was evaluated. The study

was conducted in two batches of 40 cats each (20 male and 20 female per batch). Cats were

allocated randomly to treatment (T01, T02, T03 or T04) and to time post-treatment/post-

infestation group (6, 12, 24 or 48 hours), such that there were 20 cats per treatment and 5 cats

per group within each treatment. On Day 0, cats in T01 (control) received no treatment, cats in

T02 received a minimum dose of 6 mg/kg of selamectin, cats in T03 received a minimum dose

of 10 mg/kg of imidacloprid, and cats in T04 received minimum dose of 7.5 mg/kg of fipronil/

(s)-methoprene. On Days –2, 7, 14, 21 and 28, each cat was infested with 100 C. fells. On day 0

and after each reinfestation, five cats in each group were combed for fleas at 6, 12, 24 or 48

hours and the number of live fleas was recorded. Geometric mean flea counts for the control cats

ranged from 54.1 to 98.2. At the 6-hour time point, when compared with mean flea counts

from control cats, there were significantly fewer fleas ( P < 0.05) on selamectin-treated cats

(T02) on Day 7, imidacloprid- treated cats (T03) on Days 0 and 7, and fipronil/(S)-metho-

prene-treated cats (T04) on Days 7 and 14. At the six-hour time point on Days 21 and 28, there

were no significant differences (P > 0.05) in flea counts for any of the treatments when com-

pared with controls. There were significantly fewer fleas (P < 0.05) on all groups of treated cats

(selamectin, imidacloprid and fipronil/(S)-methoprene) than on control cats on all days (0,7, 14,

21 and 28) at the 12-, 24- and 48-hour time points, with the exception of fipronil on Day 28 at

the 12-hour time point. While efficacy for imidacloprid and fipronil/(S)-methoprene was below

90% at 24 and 48 hours on Day 28 and also for imidacloprid on Day 21 at 48 hours, efficacy

for selamectin remained above 90% on all days at the 24-hour time points and > 99.0% on all

days at the 48-hour time points.

120 The Ability of Fipronil/(S)-Methoprene to Prevent Transmission of Borrelia burgdorferi, the Caus-

ative Agent of Lyme Disease, to Dogs. J.W. McCall*, University of Georgia School of Veterinary

Medicine, Athens GA, R. Jacobson, Cornell College of Veterinary Medicine, Ithica NY, J.S.

Hunter, III, R. Alva, J. Irwin, Merial Ltd., Athens GA, A.K. Eschner, Merial Ltd., Gansevoort NY,

P. Jeannin, Merial Ltd., Lyon, France, and A. Boeckh, Merial Ltd., Duluth GA

The objective of this study was to assess the efficacy of a combination of fipronil/(S)-metho-

prene spot-on against Ixodes scapularis and the ability of preventing tick transmission of Borrelia

burgdorferi to dogs. Twenty-four beagle dogs were studied in this replicated, blinded, random-

ized, controlled trial. Dogs were allocated, eight per group, to untreated controls or to treatment

with fipronil/(S)-methoprene spot-on, applied either 7 or 28 days before challenge with B.

burgdorferi-infected ticks. Tick counts were conducted 48 and 120 hours after challenge. Assess-

ment of successful B. burgdorferi transmission was performed using serology as well as culture

and polymerase chain reaction from samples obtained from skin biopsies of tick attachment sites.

Ixodes scapularis infestation and B. burgdorferi transmission was successful in all control dogs.

Fipronil/(S)-methoprene prevented all dogs from becoming infected with B. burgdorferi and was

100% effective against tick infestation of Day 7. When the challenge was conducted 28 days



92

ABSTRACTS

after treatment, fipronil/(S)-methoprene spot was 97.6% effective against tick infestation and

prevented all but two dogs from becoming infected with B. burgdorferi.

121 Efficacy and Palatability of Drontal® Plus Taste Tabs® (Praziquantel/Pyrantel Pamoate/Febantel)

Broad-Spectrum, Chewable Anthelmintic for Dogs. R.G. Arther*, Bayer HealthCare LLC Animal

Health Division, Shawnee Mission KS, D.D. Bowman, CHK R&D, Stanwood MI, D.K. Ciszewski,

W.L. Davis, T.L. Settje, Bayer HealthCare LLC Animal Health Division, Shawnee Mission KS, and

R.L. Slone, Professional Laboratory and Research Service, Corapeake NC

Currently, Drontal® Plus (praziquantel, pyrantel pamoate, febantel) Tablets (DP) are approved

for the removal and control of tapeworms, hookworms, ascarids and whipworms in puppies and

dogs. A new tablet formulation (DP Taste Tabs) was created with the addition of flavoring

ingredients to the original formulation to encourage voluntarily patient consumption and

thereby enhance treatment compliance. Three controlled anthelmintic studies were conducted to

confirm the efficacy of the flavored formulation. Study 1 included 20 purpose-bred beagle

puppies experimentally infected with hookworms (Ancylostoma caninum and Uncinaria steno-

cephala). Studies 2 and 3 included 40 dogs naturally infected with Trichuris vulpis. Some of the

dogs in studies 2 and 3 were concurrently infected with additional intestinal helminths. In each

study, the animals were blocked by gender, ranked by body weight, and randomly assigned to

two treatment groups. On test day 0, Group 1 dogs were treated with DP Taste Tabs per label

dosage while Group 2 dogs were untreated. Remaining intestinal helminths were collected seven

days post-treatment. The percent efficacy was calculated by comparing the geometric mean

(GM) number of worms in the treated group to the GM number of worms remaining in the

control group. DP Taste Tabs provided 100, 99.4, and 91.5% efficacy against A. caninum, U.

stenocephala and T. vulpis, respectively. Tapeworms (Dipylidium caninum and Taenia spp.) were

recovered at necropsy from 10 control dogs in Studies 2 and 3. No tapeworms were recovered

from any of the dogs treated with DP Taste Tabs. The palatability of the flavored tablets was

evaluated with 74 client-owned dogs representing a variety of breeds, sizes and ages: voluntarily

and immediate consumption was observed in 86.5% of dogs offered DP Taste Tabs.

122 Efficacy of Milbemax® (Milbemycin/Praziquantel) for the Treatment and Prevention of Angio-

strongylus vasorum Infection in Dogs. G. Conboy*, Department of Pathology and Microbiology,

UPEI, Charlottetown, Prince Edward Island, Canada, R. Schenker and G. Strehlau, Novartis

Animal Health Inc., Basel, Switzerland

Angiostrongylus vasorum, French Heartworm, is a metastrongylid parasite infecting the pulmo-

nary artery and right heart of wild and domestic canids. It is endemic in wild fox populations in

parts of Europe, Africa, South America and has been reported in Newfoundland, Canada.

Infection in dogs results in potentially fatal cardiopulmonary disease. Currently there are no

anthelmintics approved for use in the treatment or prevention of A. vasorum infection in dogs.

Fenbendazole, ivermectin and milbemycin have been used to treat natural infections in dogs, but

drug efficacies are unknown. Forty purpose-bred laboratory beagles (20 males, 20 females; 9–12

months of age) were randomly assigned to four groups of 10 dogs (5 males, 5 females). All 40

dogs were fed gelatin capsules containing 150 A. vasorum infective third-stage larvae. Groups 2

and 3 received treatments of MILBEMAX® (milbemycin 0.5 mg/kg, praziquantel 5.0 mg/kg) at

day 30 post-infection (PI) and Group 3 received a second treatment at day 60 PI. Group 4 was

treated once a week for four weeks with MILBEMAX® (milbemycin 0.5 mg/kg, praziquantel 5.0

mg/kg) beginning after the infections had become patent (days 63, 70, 77, 84 PI). Group 1

served as the untreated controls; all groups received either treatment or placebo at days 30, 60,

63, 70, 77, 84 PI to maintain study blinding. No adverse reactions to treatment or post-treat-
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ment complications were observed during the study. Dogs were necropsied 98 days PI and total

worm counts were done. Group mean worm recoveries (arithmetic, geometric) were: Group 1:

74.2, 71.1; Group 2: 34.7, 30.8; Group 3: 13.0, 10.6; Group 4: 11.3, 9.6 worms. Differences

in worm recoveries between the untreated control group and all of the treated groups were

statistically significant (P < 0.01). Efficacies based on arithmetic and geometric means were:

Group 2: 53.3%, 57.0%; Group 3: 82.5%, 85.2%; Group 4: 84.8%, 86.6%.

123 A Comparison of the Efficacy of Two Caninie Heartworm Preventives with Anthelmintic Activity

Against Ancylostoma caninum and Uncinaria stenocephala. C.R. Reinemeyer*, East Tennessee

Clinical Research, Inc., Knoxville TN, R. Alva, J. Irwin, Merial Ltd., Athens GA, S.R. Gross,

Independent Consultant Biometrician, Piscataway NJ, D.L. Larsen and D.S. Carithers, Merial

Ltd., Duluth GA

Hookworms are a zoonotic threat as well as a health concern for pets. The objective of this study

was to compare the efficacy of commercially available formulations of ivermectin/pyrantel

(Heartgard® Plus, Merial Limited) and milbemycin oxime (Interceptor®, Novartis Animal

Health US, Inc.) against repeated hookworm infections in dogs when administered monthly at

the commercially recommended doses. Thirty beagles 5–7 months of age were included in this

single center, randomized, blinded and controlled study. Dogs were blocked by sex, ranked by

weight, and allocated randomly to control (no treatment), ivermectin/pyrantel or milbemycin

oxime treated groups. Treated dogs received either ivermectin/pyrantel or milbemycin oxime

administered at the recommended label doses, on Days 0, 30, 60 and 90. All dogs were inocu-

lated weekly with ~50 Ancylostoma caninum and ~50 Uncinaria stenocephala infective larvae.

Fecal samples were collected for egg counts on Day –1 and at weekly intervals through Day 98.

Dogs treated with ivermectin/pyrantel had significantly (P < 0.05) lower U. stenocephala egg

counts than untreated controls from Day 35 to Day 98, while dogs treated with milbemycin

oxime had significantly (P < 0.05) lower fecal U. stenocephala egg counts than untreated controls

on Days 14, 42 and 63 exclusively. In addition, dogs treated with ivermectin/pyrantel had

significantly (P < 0.05) lower U. stenocephala fecal egg counts than dogs treated with milbemy-

cin oxime on Days 28 through 98. Dogs treated with either ivermectin/pyrantel or milbemycin

oxime had significantly (P < 0.05) lower fecal A. caninum egg counts than untreated controls on

Day 35 through Day 98. Dogs treated with ivermectin/pyrantel had significantly (P < 0.05)

lower A. caninum fecal egg counts than dogs treated with milbemycin oxime on Days 49 and

56. The results of this study indicate that ivermectin/pyrantel controlled hookworm infections

more effectively than milbemycin oxime when administered monthly at the commercially

recommended doses.

124 Efficacy of a Single Administration of Milbemax® (Milemycin Oxime and Praziquantel) Against

Experimentally Induced Heartworm (Dirofilaria immitis) Infection in Cats. C. Genchi*, DIAPAV,

Sezione di Patologia Generale Veterinaria e Parassitologia, Milano, Italy, R. Cody, Novartis Animal

Health Inc., Basel, Switzerland, G. Pengo, Centro Veterinario Oriolo, Castelleone, Italy, R.

Schenker and D. Cavalleri, Novartis Animal Health Inc., Basel, Switzerland

The efficacy of MILBEMAX®, a combination tablet containing milbemycin oxime and prazi-

quantel, in preventing experimental heartworm (Dirofilaria immitis) infection was investigated in

a study involving 24 cats. The animals were inoculated with 50 infective larvae on day 0.

Subsequently, they were divided into two groups of 12 animals each. Allocation to the treated

and the placebo groups was based on weight. The heaviest cats on day 29 post infection (six

males, 1.6–1.9 kg and six females, 1.8–2.0 kg) were allocated to Group 1 to be treated with

MILBEMAX® tablets in order to ensure that the dose rate was as close as possible to the mini-
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mum recommended dose of 2 mg/kg b.w of milbemycin oxime. The animals were treated once

with tablets containing 4 mg milbemycin oxime and 10 mg praziquantel on day 30 p.i. Cats in

Group 2 received placebo tablets. On day 183 p.i., a blood sample was taken from each animal

before euthanasia and necropsy. The blood samples were tested for the presence of microfilariae

and the necropsied animals were examined for adult worms. Microfilariae were not found in any

of the cats. No adult heartworm was found in animals treated with medicated tablets. A total of

18 worms (13 males and five females) corresponding to a mean of 1.34 worm/animal were

found in 11 cats treated with placebo tablets. No adverse reaction due to treatment was recorded

during the study. In this study, a single treatment with MILBEMAX® tablets containing 4 mg of

milbemycin oxime completely prevented the establishment of heartworm infection in cats.

125 Ponazuril Inhibits Development of Eimeria vermiformis in Experimentally Infected Outbred Swiss

Mice. S.A. Billeter, J.A. Spencer, Department of Pathobiology, Auburn University, Auburn AL, B.

Chobotar, Department of Biology, Andrews University, Berrien Springs MI, and B.L. Blagburn*,

Department of Pathobiology, Auburn University, Auburn AL

Ponazuril (a sulfone derivative of toltrazuril) is active against Eimeria and Isospora spp. in several

hosts. We evaluated a 15% paste formulation of ponazuril in outbred Swiss mice (Harlan/

Sprague-Dawley, Indianapolis, IN) that were infected experimentally with E. vermiformis. Thirty

eight-week-old female mice (approximately 20 g) were placed in one group of 10 mice and one

group of 20 mice. Mice in both groups were gavaged with approximately 5,000 sporulated

oocysts of E. vermiformis on day 0. Mice in group 1 (n = 10) were treated orally on days 3 and 4

with ponazuril (suspended in 30% propylene glycol) at the rate of 20 mg/kg. Mice in group 2 (n

= 20) were gavaged with a similar volume of 30% propylene glycol. Rates of oocyst passage

(oocysts/gram of feces) were determined on day 10 (peak patency) for treated and non-treated

mice using a fecal aliquot oocyst counting technique. Oocysts were not observed in the feces of

treated mice using the aliquot technique. Control mice passaged oocysts at a mean rate of >

104,000 oocysts per gram of feces. These results indicate that ponazuril is effective against

E.vermiformis under conditions utilized in this study.

126 Investigation of Nicotinic Acetylcholine Receptor Ion Channels in Nematodes Reveal Receptor

Diversity. A.P. Robertson*, S.M. Trailovic, C.L. Clark, H. Qian and R.J. Martin, Department of

Biomedical Sciences, Iowa State University, Ames IA

A large number of anthelmintic compounds act on the nicotinic acetylcholine receptor on

nematode muscle including levamisole, pyrantel, bephenium, etc. In vertebrates, analogous

receptors in the nervous system display a variety of properties including differences in pharma-

cology. We used muscle contraction assays and several agonist/antagonist combinations to

examine the nicotinic receptor properties in Ascaris suum muscle cells. Additionally, we used

single-channel electrophysiological methods to investigate the properties of individual receptor

molecules. The contraction assays revealed that receptors in an A. suum muscle strip are com-

posed of at least three separable subtypes with different pharmacological properties. We refer to

these as the B-subtype, the N-subtype and the L-subtype (corresponding to the preferred agonist

for each subtype, Bephenium, Nicotine and Levamisole, respectively). Each subtype has differ-

ent properties, for example, using the antagonist paraherquamide, we calculated pKb values using

different agonists. With nicotine the pKb was 5.86, significantly less than the pKb for levamisole

of 6.61. In addition, we found that methyridine appears to act on the N-subtype of receptor. To

further test this we examined the effect of methyridine on a levamisole resistant isolate of

Oseophagostomum dentatum using a larval migration assay. Interestingly, the results demonstrated

that the resistant isolate retained an unaltered sensitivity to methyridine when compared with a
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levamisole sensitive isolate. One implication of this study is that infections resistant to L-subtype

cholinergic anthelmintics (e.g., levamisole) could still be treatable with other B- or N- subtype

selective cholinergic compounds (e.g., bephenium or methyridine). Finally, our single-channel

electrophysiology also has revealed multiple receptor subtypes based on single-channel conduc-

tance. Initial results demonstrate that these biophysical subtypes have different pharmacological

properties, allowing us to tentatively assign specific molecular properties to the pharmacological

subtypes.

127 Assessment of the Development of Protective Immunity to Subsequent Challenges of Eimeria

tenella Infection Following Treatment with Anticoccidials. C.M. Brown*, J.S. Mathew, T. Biftu

and D.R. Thompson, Merck and Co., Rahway NJ

The immune response of a host to an intracellular pathogen is thought to require replication of

that pathogen and subsequent exposure of antigens to the immune system of the host. Since

chickens naturally acquire immunity to Eimeria infection, it is assumed that the action of a

coccidiostat may interfere with the acquisition of that immune response.

128 Research Collaboration with Industry and Government: The Academic Perspective. B. Blagburn,

College of Veterinary Medicine, Auburn University, Auburn AL

Both industry and government are excellent sources of collaboration and/or programmatic

support for academic researchers. Most newly appointed faculty are required to develop nation-

ally recognized, extramurally funded programs of research in their discipline. Trends indicate,

however, that greater numbers of researchers are competing for what in many cases are decreas-

ing amounts of research support from sources such as NIH, NSF, USDA, DOD, etc. Industry

provides excellent opportunities in both basic and applied areas for academic researchers willing

to adapt to certain conditions. Advantages offered by industry collaboration include potential

capital improvements to facilities, equipment acquisition or improvement, faculty and staff salary

support, graduate student stipends, work-study support for undergraduates, potential for

transferring technology, and experience with new technology or product development. Potential

disadvantages or negatives perceived by some include often lengthy contract or intellectual

property negotiations, acceptance that some research may be “mission” oriented, recognizing

that publication may require lengthy review periods by collaborators, changing personnel in

industry, and disagreement with the concept of indirect costs. Collaboration with colleagues in

government laboratories often is less restrictive than collaborating with industry. Making your

research capabilities known by publishing in appropriate outlets, presenting at appropriate

scientific meetings or by contacting potential collaborators is a must.

129 Relationships of Small Contract Research Organizations with Industrial Sponsors and Governmen-

tal Regulatory Agencies. C.R. Reinemeyer, East Tennessee Clinical Research, Inc., Knoxville TN

Contract research organizations (CROs) are independent entities that perform essential func-

tions in the clinical and pre-clinical development of various animal health products. CROs are

responsible contractually to industrial sponsors for implementing study protocols, for maintain-

ing confidentiality, and for conducting trials in compliance with rigorous regulatory standards.

Although CROs provide independent services to industrial sponsors, governmental regulatory

agencies ultimately judge the suitability of these collaborative efforts. For instance, the Center

for Veterinary Medicine of the Food and Drug Administration bears final responsibility for

approving veterinary drugs, and has legal authority to inspect sponsors and CROs. The develop-

ment and licensing of biologics and diagnostics is overseen by the United States Department of

Agriculture, which also enforces the Animal Welfare Act that regulates research activities involv-
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ing vertebrates. The Environmental Protection Agency controls the registration of ectoparasiti-

cides and premise treatments. A fourth element, known as Quality Assurance (Q.A.), is utilized

in certain types of studies to provide independent oversight of both CROs and sponsors.

Despite the obvious checks and balances, these relationships are not essentially antagonistic.

Rather, all four components of the development process work on the same team and share a

common goal of ensuring that marketed animal health products are consistent, safe and effective.

The clinical development process is applied science, conducted within a rigid and ethical frame-

work, which verifies foregone conclusions more often than it proves or disproves hypotheses.

Although the experimental processes are regulated heavily, the results per se are relatively free of

bias or influence. The industry-wide mantra is, “Let the science stand on its own merits, at least

until Marketing gets hold of it.” Pharmaceutical development offers fulfilling career opportuni-

ties for applied scientists who enjoy logistic as well as mental challenges, and who can embrace

rules and regulations in an atmosphere of minimal bureaucracy.

130 Private Sector Partnering with ARS. D. Hill, APDL, ANRI, ARS, USDA, Beltsville MD

The Agricultural Research Service (ARS) is the chief in-house research agency of the United

States Department of Agriculture. Created in 1953, the public mission of ARS is to solve

problems associated with plant and animal agriculture through basic and applied research. ARS

is a leader in federal technology transfer, and ARS scientists are promoted based on the impact

of their research on farmers, consumers, and other stakeholders. Technology transfer in the form

of partnering arrangements with private sector entities that can move products into the market-

place are therefore of great importance to ARS scientists. These partnership options can range

from informal consultations to Memoranda of Understanding and Trust Fund Agreements,

through Patent Licenses. Scientists in the Animal Parasitic Diseases Unit have been particularly

successful in developing these types of partnering arrangements in recent years; fully 10% of all

Agency Cooperative Research and Development Agreements (CRADAS) have involved research

in animal parasitology.

131 Industrial Collaborative Research Processes. A. Marchiondo, Phoenix Scientific, Inc., St. Joseph

MO

The American Society of Parasitologists (ASP) and the American Association of Veterinary

Parasitologists (AAVP) are distinct organizations with a primary purpose to serve the needs of

their members. Twenty-seven percent of AAVP members, however, are also members of ASP.

These members are predominately from schools of veterinary medicine (37%), followed by

universities (18%), the animal health industry (16%), government (14%), contract research

organizations/consultants (3%), medical schools (3%), and independent affiliations (9%). This

camaraderie reflects the shared interests of veterinary parasitologists in contributions to the

development of parasitology as a discipline and primary research in systematics, medicine,

molecular biology, immunology, physiology, ecology and biochemistry. In contrast, the major

distinction of veterinary parasitology is the diagnosis, treatment and control of parasites that

cause disease and economic loss in food producing animals and pets. Industrial collaborations

are entrenched within AAVP and the annual meeting serves as a forum for the latest parasite

control strategies. Studies to support parasiticide research and development are highly rigid and

regulated. Confidentiality, protocol development, adherence to regulatory guidelines, quality

control and quality assurance, generation of the final report, and presentation/publication of

results are serious issues for any research, but particularly so for industry to satisfy regulatory

compliance. Knowledge of and experience with the functional aspects of these multifaceted

processes are essential elements of successful industrial collaboration.



97

ABSTRACTS

132 Opportunities for Parasitologists in the United States Navy. E.F. Villasante, Naval Medical Re-

search Center, Silver Spring MD

Parasitologists are part of the microbiology community in the Medical Service Corps of the U.S.

Navy. Currently, 48 microbiologists in the fields of microbiology, parasitology, immunology,

molecular biology, virology and epidemiology serve on active duty in the U.S. Navy in a variety

of positions in the United States and overseas. These positions include clinical microbiology in

the Navy’s large teaching hospitals, preventive medicine assignments in the Navy’s environmen-

tal and preventive medicine units, and doing cutting-edge research in the military’s medical

research laboratories. Research on infections diseases is done at the Navy’s stateside medical

research facility, the Naval Medical Research Center, in Silver Spring, Maryland, and the Navy’s

three overseas infectious diseases research laboratories located in Indonesia, Egypt and Peru. Of

particular interest to parasitologists is the Navy’s world-class malaria research and development

program, which is focused on protecting U.S. forces against malaria. Navy scientists were part of

an international effort to sequence the genome of Plasmodium falciparum and Plasmodium yoelii.

They are developing a vaccine to protect against P. falciparum infection, and play critical roles in

the conduct of clinical trials with new antimalarial drugs. If you are a parasitologist, then

consider a career in the Navy for the chance to work with clinicians, preventive medicine

professionals, and cutting-edge researchers in state-of-the-art laboratories on exciting projects

around the world.

133 What Fun! A Lifetime of Parasites! L.J. Sullivan, Department of Pathobiological Sciences, Univer-

sity of Wisconsin, Madison WI

Sometimes one’s path in life takes unexpected twists and turns. Certainly mine has, but I never

thought I’d find parasites around every bend. From work as a medical technologist to small

animal veterinary practice and to a teaching position at the University of Wisconsin’s School of

Veterinary Medicine, it has been my pleasure to meet a lot of diverse parasites in many different

settings. Come and hear just how enjoyable parasites can be!

134 Pathways to Parasitology: An Academic Perspective. S.D. Snyder, Department of Biology, Univer-

sity of Nebraska, Omaha NE

Parasitologists are presented with a variety of exciting career options, with many pursuing

careers in teaching and performing research in a college or university setting. Decisions made as

a graduate student or postdoc can influence greatly one’s competitiveness for an academic

position. My experience and the experiences of my colleagues will be used to discuss the path-

ways and pitfalls involved in the preparation for and commencement of an academic career.

135 Ethnoparasitology in West Africa. O.M. Amin, Institution of Parasitic Diseases, Arizona State

University, Tempe AZ

This is a color-slide presentation of my latest parasitology-based trip to the country of Mali in

West Africa to oversee the status of clinical parasitology in the country and to give recommenda-

tions for starting up a new parasitology testing facility at Regional Hospital in Tumbuktu. The

work included examination of existing clinical and sanitary facilities at the hospital and at the

College of Health where malaria and schistosomiasis work are housed. This slide journey also

will take us through much of the cultural and ethnic scenes and rituals in this most beautiful

Dogon country and other tribal grounds in the region.
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136 Overcoming Problems in the Estimation of Interactivity in Parasite Communities. A.D. Dove*,

Microbiology and Immunology, Cornell College of Veterinary Medicine, Ithaca NY, T.H. Cribb,

Microbiology and Parasitology, The University of Queensland, Queensland, Australia, and R.

Adlard, The Queensland Museum, South Bank, Brisbane, Queensland, Australia

Prior attempts to place objectively parasite communities along the continuum from interactive

to isolationist have been hampered by a number of problems. Dove (1998) derived an index

based on species accumulation curves, but the method is slightly cumbersome because random-

ising is necessary to overcome the effects of heterogeneity in infracommunity (IC) richness

values. Recently, Poulin and Luque (2003) have published a method based on ranked richness

and the percentage of sample required to find 50% of the component community (CC) richness,

but this method is sensitive to sample size. In this study we compared several methods for

calculating indices of interaction based on richness data for three species of reef fishes and re-

analysed Poulin and Luque’s data for 37 fish species by calculating an analog of Dove’s earlier

index. Both Dove’s and Poulin’s indices agreed on the ranks of interactivity for reef fishes,

ranking Abudefduf whitleyi above Scolopsis bilineatus above Thalassoma lunare, despite highest CC

richness in T. lunare. Interestingly, mean sample IC richness alone agreed with this ranking.

Other methods based on either sample or predicted CC richness and its relationship to mean

sample IC richness agreed that T. lunare was the least interactive, but were less able to distin-

guish A. whitleyi and S. bilineatus. Any index that relates predicted CC richness to mean IC

richness shoud be a reasonable estimator of interactivity, but methods using sample CC richness

should be avoided due to sensitivity to sample size. The earlier method of Dove appears best

because the use of predicted CC and randomised b estimate (of which IC richness is a proxy)

provides a measure of robustness against sample size and the randomising inherent in the

method protects against heterogeneity in IC richness values.

137 Parasite Alteration of Biomass and Ecosystem Function of Hosts. A.D. Hernandez* and M.V.

Sukhdeo, Department of Ecology, Evolution and Natural Resources, Rutgers University, New

Brunswick NJ

The role of parasitism on the structure and function of natural communities is not well under-

stood, but parasite effects on the function of their hosts within particular ecosystems are good

measures of the importance of their role(s). The detritivorous isopod, Caecidotea communis, is an

ecosystem engineer in litter decomposition in New Jersey Pinelands streams, and is the interme-

diate host for juvenile Acanthocephalus tahlequahensis (Phylum: Acanthocephala). We measured

the effect of this parasite on the detritus-processing behavior and size of intermediate hosts

collected from a stream within the Pinelands. Experiments indicate that isopods consume 20%

less leaf detritus when infected, and thus parasites can affect community structure by altering the

flow of energy processed by its ecosystem-engineering host. Biomass of infected individuals,

minus the weight of the parasites(s), is greater than uninfected isopods, and this suggests that

fish definitive host species can gain more energy from preying on infected isopods at the cost of

also acquiring a parasite. It has been well documented that parasite induced modifications of a

host’s behavior are important for the reproductive fitness of the parasite, and our results support

the idea that modifications to host behavior also can be important to the structure of communi-

ties, and possibly to ecosystem function.

138 Symbionts and Metazoan Parasites of Pink Shrimp (Farfantepenaeus dourarum) in Relation to

Chemical Pollution in Water, Sediments and Organisms from the Campeche Sound, México.

V.M. Vidal-Martinez*, L. Aguirre-Macedo and G. Gold-Bouchot, Sea Resources Department,

CINVESTAV-IPN Merida Unit, Merida, Yucatan, México
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The objective of this paper was to determine the suitability of symbionts and metazoan parasites

of the pink shrimp (Farfantepenaeus duorarum) as bioindicators when associating their numbers

to pollutants in sediments, water and individual hosts. A total of 82 pollutants were collected

from sediments, water and shrimps from 20 sampling points in the Gulf of Mexico in October,

2002. Shrimps were collected by hauls between sampling points. Multiple regression (backward

elimination) was used to select the pollutants with major contributions to the explained variance.

Lead and Metoxychlor in water, and HCH (Hexachlorocyclohexanes), o,p¢-DDT and Hep-

tachlor in shrimp were retained by this procedure. Redundancy analysis (RD) and Kendall’s

robust fit line were used to determine the relationship between pollutants, parasites and sym-

bionts. An unidentified intestinal cestode, Hysterothylacium sp., Opecoeloides frimbriatus, and

Prochristianella penaei were observed in histological slides of each individual shrimp. Symbionts

were pooled in one group independently of their species. The RD showed a significant positive

relationship between the number of P. penaei and pesticides in pink shrimp (45% of explained

variance; F = 9.45; P < 0.0008, n = 40). There was a significant positive relationship between

the total number of parasites in shrimps and Metoxychlor in water (Kendall’s tau = 0.51; Z =

2.67; P < 0.01), and a significant negative relationship between the total number of symbionts

and lead in water. The results suggest that, as pink shrimps grow, they acquire more parasites

and pesticides. In contrast, lead seems to affect the number of symbionts on individual shrimps,

which suggest that these organisms could be good indicators of chemical pollution.

139 Infections of Hematodinium sp. Detected in the Blue Crab, Callinectes sapidus, in the Northern

Gulf of Mexico. N.P. Zimmerman*, V. Breeland, J.M. Lotz and R.M. Overstreet, Department of

Coastal Sciences, University of Southern Mississippi, Ocean Springs MS

The blue crab Callinectes sapidus supports an important commercial and recreational fishery in

the Gulf of Mexico and along the Atlantic coast of the United States. Callinectes sapidus experi-

ences seasonal variation marked by very low numbers during summer months at some locations.

Infections by Hematodinium sp., a dinoflagellate parasite in crustacean hemolymph, can result in

death of the crab; therefore, this parasite is considered highly pathogenic. To determine if

Hematodinium sp.occurs in the northern Gulf of Mexico and the effects the dinoflagellate has on

the C. sapidus population, a survey was conducted of wild crabs at four collection sites. The

survey sites consisted of one low-salinity site (< 15ppt), two moderate-salinity sites (15–25 ppt)

and one high-salinity site (> 25 ppt). Infection was detected by both histological examination of

crab hemolymph and by PCR of an 18S rRNA gene fragment sequence of Hematodinium sp. in

crab hemolymph. Hematodinium was present in the hemolymph of wild caught C. sapidus from

all sites in the Gulf of Mexico. Prevalence of infection was higher at the moderate salinity sites

than the other two sites. Experimental infections also were established by transferring infected

hemolymph to susceptible crabs or the feeding of infected crab carcasses to susceptible crabs.

Transmission of infection was attained by both hemolymph transfer and feeding of infected

carcasses; however, the rate of transmission was higher and detection was earlier by feeding than

with hemolymph transfer. (Research was supported by a grant from NOAA Fisheries [SC035-

27565B].)

140 Context-dependent Resistance Costs in Snail–Trematode Systems. G.J. Sandland* and D.J.

Minchella, Department of Biological Sciences, Purdue University, West Lafayette IN

Host resistance to parasites and pathogens has been recognized as a costly life-history trait that

can generate trade-offs with other fitness components. Universality of resistance costs and

associated trade-offs, however, remains questionable in animal-parasite systems. This discrepancy

may be due to environmental effects that have the potential to modulate the detection of trade-
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offs associated with resistance to parasite infection. Over the last three years we have conducted

a series of mulifactorial experiments to investigate the occurrence of resistance-based trade-offs

in two snail–trematode systems under different environmental conditions. Results from this

work suggest that life-history traits such as growth, reproduction and survival are traded-off with

host resistance, and in some cases these trade-offs are detectable only under particular environ-

mental conditions such as reduced resource availability. Furthermore, resistance-based trade-offs

have been observed in both snail–trematode systems, but these trade-offs manifest themselves in

different dimensions of host life history. The ecological and evolutionary implications of these

findings will be discussed in combination with a series of suggestions that could help to better

assess the occurrence and importance of resistance costs in animal-parasite systems.

141 A Mathematical Population Dynamics Model of the Monogenean Cichlidogyrus sclerosus and the

Non-Specific Immune Response of its Host, the Nile Tilapia (Oreochromis niloticus) under

Experimental Conditions. L. Aguirre-Macedo*, Department of Marine Resources, M. Rodríguez-

Achach, Department of Applied Physics, V.M. Vidal-Martínez, C. Sánchez-Ramírez, Depart-

ment of Marine Resources, R. Huerta-Quintanilla, Department of Applied Physics, and R.

Rodríguez-Canul, Department of Marine Resources, CINVESTAV-IPN, Unidad Mérida, Mérida,

Yucatán, México

Monogeneans can produce population depletion through epizootic events under conditions of

poor water quality and high fish density. Epizootic events involving the monogenean Cichlido-

gyrus sclerosus in cultured Nile tilapia Oreochromis niloticus, in the tropical conditions of southeast

Mexico, have driven researchers to study its population dynamics. As part of this effort, a

mathematical model was developed based on difference equations that reproduces the infrapopu-

lation dynamics observed in controlled, experimental C. sclerosus infections in O. niloticus under

different temperatures. The results depend on three parameters, i.e., growth rate, non-specific

host immune response, and parasite immigration rate from direct contact. The results suggest

that when temperature rises or remains high (27–30° C), the non-specific immune response can

fight against C. sclerosus infection as soon as a threshold infection level is reached. If temperature

drops to 22 ± 2-25 ± 2° C, however, the non-specific immune response is impaired. Therefore,

low winter temperatures may affect the non-specific immune response in O. niloticus, explaining

the mortalities observed in this fish host under culture conditions, caused by C. sclerosus during

this season.

142 Individual Variability in Fecundity of Paragordius varius (Nematomorpha: Gordiida). B. Hanelt,

Department of Biology, The University of New Mexico, Albuquerque NM

Inequality in fecundity has been reported as a common feature in populations of parasites. Few

individuals producing most of the offspring for the next generation has potential consequences

for the population dynamics, genetics, and ultimately evolution of a group of organisms. The

quantification of fecundity differences in parasite populations, however, has been hampered by

the nature of their life style—they are difficult to observe and to track over a lifetime. The aim of

this study was to investigate the differences in parasite fecundity in a system with the following

advantages: (1) easy quantification of lifetime fecundity, (2) ability to determine reproductive

status, and (3) a life cycle that is maintained in the laboratory. Paragordius varius an obligate

parasite of crickets was used as a model system. In this life cycle, larval worms absorb and store

all of the resources needed for future reproduction from their hosts. The free-living adult stages

do not feed. Gordiid lifetime egg output was shown to vary significantly with the length of body

size, thus indicating that female body size is an excellent predictor of lifetime fecundity. Analyses

of the length of adult females (n = 199) retrieved from 56 hosts using a Lorenz curve and Gini
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coefficient suggest that there were no marked fecundity differences between individuals. Thus,

within populations of gordiids, the offspring for the next generation are contributed nearly

equally by each member. This result is in contrast to all other previous studies on parasites

suggesting that the gordiid system is unique. The biological factors possibly contributing to this

result will be discussed.

143 Coccidiosis in Turkeys: Incidence, Pathogenicity and Control. S.H. Fitz-Coy, Schering-Plough

Animal Health, Union NJ

Although coccidia were recognized as parasites of turkeys in the U.S. as long as 109 years ago by

Theobald Smith (Becker, 1934), these agents have not been given the recognition of their

chicken counterparts. The coccidia of turkeys are not thought to be highly infectious or even

considered a big threat to commercial turkeys. There also is a general belief by the veterinary

community that there are usually no gross lesions or poor clinical signs of coccidiosis in turkeys.

Seven species of Eimeria have been described as parasites for turkeys, but the following four are

generally considered to be important: E. adenoeides, E. gallopavonis, E. meleagrimitis and E.

dispersa. Some of the factors that might contribute to the poor regard for these agents as major

importance in the production of commercial turkeys are the poor recognition of the clinical signs

or typical gross lesions, the fairly large body size, and the length of time in the production phase

that allows for its considerable compensatory growth. Data put forth by Edgar in the 1960s

showed that the predominant species were E. adenoeides, E. gallopavonis and E. meleagrimitis; E

dispersa was the least prevalent. In a second survey (Edgar, 1983), the prevalent species were E.

meleagrimitis, E. adenoeides and E gallopavonis; E. dispersa was the least prevalent. Fitz-Coy (1990)

found the most common species were E. meleagrimitis and E. adenoeides; E. dispersa and E.

gallopavonis were the least prevalent. Fitz-Coy (2003) found E. meleagrimitis and E. adenoeides to

be very common, followed by E. dispersa and E. meleagridis, and the least prevalent was E.

gallopavonis. Recent trials were conducted using field isolates of turkey Eimeria. Data showed

that growth of naive turkeys 14 to 21 days was suppressed as much as 50% when compared to

non-inoculated hatch mates. Although these organisms were highly pathogenic to the young

poults, control was relatively good with the use of efficacious anticoccidial drugs. Young turkey

poults were successfully immunized with Coccivac-T against field isolates of turkey coccidia.

144 Experimental Infection of Pregnant Cows with Neospora caninum: Histological Analysis and

Parasite Detection in Dam and Fetus. S. Almeria*, Parasitology, UAB-CReSA, Barcelona, Spain,

R. Araujo, BFGL, ARS, USDA, Beltsville MD, W. Tuo, J. Dubey, APDL, ARS, USDA, Beltsville

MD, and L.C. Gasbarre, BFGL, ARS, USDA, Beltsville MD

The present study was performed to define the lesions and transplacental infection patterns in

heifers infected intravenously with 107 cattle-strain culture-derived Neospora caninum tachyzoites

early in the second trimester of pregnancy (110 days of gestation). Animals were euthanized

three weeks after infection (wai) (Group 1), at six wai (Group 2) and at nine wai (Group 3).

Blood samples were collected weekly until the end of the experiment and total antibodies levels

analyzed by ELISA. At the time of necropsy, sections of the placenta (cranial, medial and caudal

from caruncle and cotyledonal areas), brain, spinal chord, lung, and liver from the dams, and

brain, spinal chord, lung, heart and liver from the fetuses were collected aseptically and analyzed

for lesions and for the presence of parasites by immunohistochemistry (IHQ). Samples of

placental sections (cranial, medial and caudal from the caruncle and cotyledonal areas), brain and

spinal chord from the dams, and brain, spinal chord, lung, and liver from the fetuses were

analyzed by Nc5 PCR. At six weeks after infection, one dam had a dead fetus with initial signs

of mummification, but the fetuses from all other dams were alive when the dams were euthan-
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ized. Transplacental infection already had occurred in all the fetuses in the study, and parasite

DNA was detected by PCR from at least one of the analyzed tissues in both dams and fetuses.

All dams showed parasite DNA in their placental tissues. Spinal chord, lung and brain were the

tissues showing the highest percentage positive for parasite DNA in the fetuses. Throughout the

study, the highest levels of antibodies were observed in the dam that aborted. In this animal,

antibody levels reached the positive threshold at two weeks after infection. The placenta showed

extensive lesions and numerous tachyzoites. In the aborted fetus, specific N. caninum antibodies

were detected as well as high levels of IFN-g; conversely, neither antibodies nor IFN-g produc-

tion were observed in the other fetuses of Group 2.

145 Tissue Responses to Dermal Besnoitia Cysts in Donkeys. C. MacKenzie*, Pathobiology and

Diagnostic Investigation, Michigan State University, East Lansing MI, H. Elsheikha, J. Martenuik,

Large Animal Clinical Sciences, Michigan State University, East Lansing MI, and L. Mansfield,

Microbiology and Molecular Genetics, Michigan State University, East Lansing MI

In recent years, donkeys in Michigan have been found to be infected with the coccidial protozoa

Besnoitia bennetti. The parasitological characteristics have been described in detail and the

histopathology in general terms in previous communications. The epidemiology of this infection

remains unclear and the use of skin biopsies remains the major approach to diagnosis. In this

presentation we have studied in some detail the cellular responses in tissues containing parasite

cysts and those when there is cyst degeneration. It is generally accepted that there are minimal

cellular responses to the presence of Besnoitia cysts, although infiltrating cells are present in all

samples that have been examined from the infected donkeys in Michigan. The morphological

and immunocytochemical profiles of the cellular infiltrates and the resident tissue constituents

was examined, and showed that a background of an active T cell and B cell response occurs in

these tissues. The relationship between the clinical presentation and the histological picture is

discussed and related to the detection of this infection in the general population.

146 Characterization of Toxoplasma gondii Isolates from Lemurs (Lemur catta). J.A. Spencer*, K.S.

Joiner, Department of Pathobiology, Auburn University, Auburn AL, C.D. Hilton, Department of

Anatomy, Auburn University, Auburn AL, J.P. Dubey, APDL, ANRI, ARS, USDA, Beltsville MD, P.

Deinnocentes, R.C. Bird, M. Toivio-Kinnucan, Department of Pathobiology, Auburn University,

Auburn AL, S. Patton, Department of Comparative Medicine, University of Tennessee, Knoxville

TN, K.J. Minc and B.L. Blagburn, Department of Pathobiology, Auburn University, Auburn AL

Toxoplasma gondii is an apicomplexan parasite that can cause disease in a wide variety of mamma-

lian species. The internal transcribed spacer (ITS) region of the rDNA repeat genes of T. gondii

may contain polymorphic sites that discriminate among populations. Variations in the ITS gene

have been shown to be linked to virulence in certain species, but not in others. Ring tailed

lemurs (Lemur catta) are primates that currently are listed as vulnerable to extinction. Lemurs

have been shown to be susceptible to captivity-related diseases particularly toxoplasmosis. There

were recent deaths due to T. gondii in captive lemurs from two different facilities. Only fixed

tissues were available from lemur 2. Lemur 1 was necropsied at the time of death. Parasites were

isolated from tissues placed in culture. Electron microscopy of lung tissues revealed numerous

tachyzoites with electron lucent rhoptries. Furthermore, a positive PCR was obtained using

primers specific for a 529 bp repeat gene of T. gondii. The MAT produced a titer of 1:20. PCR

and DNA sequencing were used to directly compare the 529 bp and ITS1 Toxoplasma gondii

gene sequences obtained from the lemur tissues with those obtained from the RH strain of T.

gondii. Gene sequences from the lemurs were shown to be similar to those of the RH strain. The

parasites obtained from lemur 1 were also shown to be genotype II which are avirulent for mice,
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despite being lethal for this lemur, as opposed to the RH strain, which is highly pathogenic for

mice. This observation and the observed pathology suggests that strains designated “avirulent”

in mice may pose a significant risk to other species.

147 Organic Rearing Enhances Disease and Pathology Due to Interactions of Trichuris and the Micro-

bial Microflora in Young Swine. L.S. Mansfield*, Michigan State University, East Lansing MI, N.R.

Steenhard, A. Roepstorff, H. Kringel, H. Meyer, J.E. Olsen, K. Jorgenson, E. Moller-Nielsen,

K.D. Murrell and S.M. Thamsborg, Royal Veterinary and Agricultural University, Copenhagen,

DK

Campylobacter jejuni has been shown to interact with Trichuris suis to cause mucohemorrhagic

diarrhea in a swine model (Mansfield et al., 2003). We tested the hypothesis that T. suis enhances

disease and pathology due to naturally acquired Campylobacters when pigs are maintained

according to organic pastured guidelines. Weaned, specific pathogen free piglets were random-

ized into four groups in a chi square design: Group 1: Trichuris infected/fed antibiotics; Group

2: uninfected/fed antibiotics; Group 3: Trichuris infected/naturally acquired Campylobacters, and

Group 4: uninfected/naturally acquired Campylobacters. Pigs were infected with a single

challenge dose of 5,000 T. suis at day 0 and acquired Campylobacters over seven weeks with and

without Lincomycin/Spectinomycin-medicated feed. Clinical signs were assessed at weekly

intervals and feces sampled for quantification of Campylobacters at 0, 21 and 49 days post

infection (PI). Forty-nine days PI, pigs were humanely killed and examined. At necropsy, the

gastrointestinal (GI) tract was evaluated for pathological lesions, enteric parasites were recov-

ered, and tissues were collected for histopathology and immunohistochemistry. Group 3 pigs

given Trichuris and with naturally acquired Campylobacters had more events of adverse clinical

signs, more severe GI lesions, and lower weight gains than pigs in other groups. Worms were

recovered from both groups given Trichuris, however, those given antibiotics had a significant

decrease in numbers. Campylobacters were present in high numbers in all pigs at day 0. At days

21 and 49 after infection with Trichuris, Campylobacters were present only in groups not given

antibiotics, and the numbers were higher in the Trichuris-infected group when bacterial numbers

were adjusted for dry weight of feces. We accept our hypothesis that organic pasture rearing may

lead to increased clinical disease in pasture-reared swine. These results suggest that organic

producers will have to accommodate novel control methods for enteric pathogens of swine

especially Trichuris and Campylobacters.

148 Cyathostomum Associated Pathophysiologic Changes in the Equine Large Intestine.

R. McConnico, S. Chirgwin, Department of Veterinary Clinical Sciences, Louisiana State

University, Baton Rouge LA, J. Hubert and T. Klei*, Department of Pathobiological Sciences,

Louisiana State University, Baton Rouge LA

The effect of naturally acquired Cyathostomum infections on colonic epithelial secretory function

was measured in two experiments. Chloride secretion as reflected by short-circuit current of

colonic epithelium was measured by Ussing chamber analysis. In the first experiment, 12

yearling ponies reared under helminth-free conditions were divided into two groups of six each.

One group was exposed to cyathostomin infested pastures for the winter and spring grazing

season, and the second group of six remained in box stalls. At the time of necropsy and tissue

collection, animals removed from pasture had a mean of 4,043 EL
3
 and 3,599 DL. No differ-

ences were observed between treatment groups, with or without the addition of exogenous

secretagogues. Significant differences in the numbers of colonic mast cells or eosinophils also

were not seen between the groups. These data suggest that a higher “steady state” of infection is

necessary to induce the expected alterations of secretory function, or that an induction of
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excystation/activation of EL
3
 is necessary. In the second experiment, 12 naturally infected ponies

were placed into two groups of six each. One group was treated with a mixture of ivermectin

and praziquantel and the second group was left untreated. The ivermectin was expected to

remove the lumenal parasites while not reducing the number of encysted stages. It was hypoth-

esized that the removal of these lumenal stages would stimulate the EL
3
 to develop and would

induce a change in secretory function. At necropsy, mucosal cyathostomin numbers were not

different between the groups, although the lumenal population of the treated group was reduced

by 99%. An increased secretory activity was seen in colonic tissues of treated ponies. These

results are consistent with our working hypothesis.

149 Mechanical Transmission of Human Enteric Parasites by Synanthropic Flies. T.K. Graczyk*,

Bloomberg School of Public Health, Johns Hopkins University, Baltimore MD, B.H. Grimes, On-

Site Wastewater Section, Raleigh, NC, B.A. Szostakowska, Interfaculty Institute of Maritime and

Tropical Medicine, Gdynia, Poland, R. Knight, Johns Hopkins University, Baltimore, MD, W.

Kruminis-Lozowska, M. Racewicz, Interfaculty Institute of Maritime and Tropical Medicine,

Gdynia, Poland, L. Tamang, Johns Hopkins University, Baltimore, MD, A.J. Da Silva, Centers for

Disease Control and Prevention, Atlanta GA, and P. Myjak, Interfaculty Institute of Maritime and

Tropical Medicine, Gdynia, Poland

Refuse and promiscuous-landing synanthropic flies are transport hosts for a variety of viral and

bacterial pathogens of public health importance. Wild-caught, non-biting flies associated with

cattle operations and municipal waste processing sites were tested for transmissive stages of

human enteric parasitic protozoans, such as Cryptosporidium parvum oocysts, Giardia lamblia

cysts, and spores of human-infectious microsporidia (i.e., Encephalitozoon intestinalis, E. hellem,

E. cuniculi and Enterocytozoon bieneusi) on their exoskeletons and in their digestive tracks.

Oocysts and cysts have been identified by multiplexed Fluorescent In Situ Hybridization (FISH)

combined with FITC-conjugated mAb, and microsporidian spores by FISH and PCR. At most

of the sites, the quantities of C. parvum oocysts were correlated positively with the numbers of

G. lamblia cysts, indicating a common source of contamination. More cysts occurred on exoskel-

etons than within the digestive tracts; this relationship was opposite for oocysts. Spores of E.

bieneusi were identified for the first time from insect mechanical vectors; most of the spores were

recovered from exoskeletons. The vast majority of oocysts, cysts, and spores were viable: 80, 69

and 87%, respectively. The biology and ecology of synanthropic filth flies suggest that their

potential for mechanical transmission of human enteric parasites is high. As such, flies can

acquire transmissive stages of human enteric parasites naturally from unhygienic sources and

carry them on their surfaces and in their guts. They may be involved in the epidemiology of

cryptosporidiosis, giardiasis, and microsporidiosis. Epidemiologic involvement of non-biting

flies in the epidemiology of these diseases, however, is silent and difficult to prove, as all cases of

diarrheal diseases resulting from fly visitations are classified as foodborne. (Supported by the

NATO Collaborative Linkage Grant, CLG 979765.)

150 Differential Expression of FREP Genes in Two Strains of Biomphalaria glabrata Following Exposure

to the Digenetic Trematodes Schistosoma mansoni and Echinostoma paraensei. L.A. Hertel*,

C.M. Adema and E.S. Loker, Department of Biology, The University of New Mexico, Albuquer-

que NM

Fibrinogen-related proteins (FREPs) are hypothesized to function in non-self recognition in the

snail Biomphalaria glabrata. To investigate this notion, the expression of four members of the

FREP gene family was studied using quantitative PCR at 0.5–16 days following exposure of M
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line and BS-90 strain B. glabrata to Echinostoma paraensei and Schistosoma mansoni. Both snail

strains react to, but fail to eliminate E. paraensei. Only the BS-90 strain is immunologically

resistant to S. mansoni. Both snail strains responded to E. paraensei with significantly elevated

expression of FREP 2 and 4. Following exposure to S. mansoni, resistant BS-90 snails showed an

increase in expression of FREP 2 and 4 (57-fold and 4.5-fold increase, respectively), while

susceptible M line snails did not display an elevated FREP response. Expression of FREP 3 and 7

was not significantly elevated in any snail/parasite combination. These expression profiles

support the notion that some FREPs contribute to defense responses in B. glabrata.

151 Dissecting Snail–Schistosome Interactions by Gene Discovery in Biomphalaria glabrata. C.M.

Adema*, S.A. Saenz, Department of Biology, The University of New Mexico, Albuquerque NM,

A.M. Emery, Biomedical Parasitology Division, Natural History Museum, London, UK, R.J.

DeJong and B. Hanelt, Department of Biology, The University of New Mexico, Albuquerque NM

Schistosomiasis continues to pose a formidable threat to human health. Molecular study of

parasite-snail interactions will improve our understanding of the dynamics of transmission of

Schistosoma mansoni by the intermediate snail host Biomphalaria glabrata. More comprehensive

sequence data from B. glabrata also will aid the study of the intramolluscan biology of S. man-

soni. Some larval stages of S. mansoni can be obtained only by dissection from the snail host.

Thus, contamination of parasite material with host DNA/RNA is possible. Without reference

data from the snail, it is not unequivocally clear whether sequences determined from such

samples have originated from the parasite or from the snail host. The complete mitochondrial

genome of B. glabrata was determined, and the data obtained underscored this notion. BLAST

analysis indicated that 11 GenBank entries that were attributed to intramolluscan stages of S.

mansoni are very likely to originate from the snail host. A gene discovery approach was applied

to investigate the properties of snails that contribute to immunobiological susceptibility or

resistance to schistosomes. Sequence data were collected from B. glabrata using three comple-

mentary expressed sequence tagging (EST) methods. Comparative analysis of gene expression

profiles from B. glabrata in response to schistosome exposure will be presented. Additionally, the

benefit of molecular characterization of the snail host was further indicated by BLAST compari-

sons with newly collected ESTs that led to detection of additional sequences that originate from

B. glabrata among database entries ascribed to S. mansoni. (Supported by NIH AI52363.)

152 Laboratory Transmission Studies Further Link Apophallus sp. (Heterophyidae) to Skeletal Deformi-

ties in Cyprinid Fishes from the Willamette River, Oregon. M.L. Kent* and V. Watral, Department

of Microbiology, Oregon State University, Corvallis OR

A high prevalence of skeletal deformities has been observed in certain sections of the Willamette

River, Oregon for several years. There is a concern that these lesions are caused by toxicants,

particularly because the river is a major source of drinking water.We conducted laboratory

transmission studies following our observations of a strong correlation of metacercariae from an

Apophallus sp. associated with skeletal lesions in cyprinid fishes from this river. Parapleurolopho-

cerous cercariae were collected from the snail Flumenicola virens, which previously has been

described as the first intermediate host of Apophallus donicus in the Willamette River. Lab-reared

fathead minnows (Pimephales promelas) were exposed to cercariae at various ages ranging from

3–24 days post-hatch. Greater than 50% infection was observed in all exposure trials. The

parasite caused mortality, particularly in very young fish. Surviving infected fish exhibited

skeletal deformities consistent with those seen in field surveys (e.g., lordosis, and fusion and

thickening of vertebrae). The lesions were associated directly with encysted metacercariae.
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Metacercariae in both field and laboratory infections reside within or directly against bone, and

are associated with abnormal bone proliferation and chronic inflammation.

153 Experimental Infection of Bonytail Chub (Gila elegans) with Asian Fish Tapeworm (Bothrioceph-

alus acheilognathi): Impact on Survival, Growth and Health. S.P. Hansen, National Wildlife

Health Center, USGS, Madison WI, A.A. Choudhury, Department of Biology, St. Norberts

College, DePere WI, and R.A. Cole*, National Wildlife Health Center, USGS, Madison WI

Since its introduction to the United States in the 1970s, the Asian fish tapeworm (Bothrioceph-

alus acheilognathi) has become established in several cyprinid species, including the endangered

humpback chub (Gila cypha), a native of portions of the Colorado River Basin. The largest

known population of humpback chub is found in the Little Colorado River, the largest tributary

of the Colorado River below the Glen Canyon Dam (GCD), in Grand Canyon, Arizona.

Management issues concerning GCD operations have prompted research on possible growth,

health and lethal effects of this parasite in native chub. Herein we report on three experimental

trials of infection of bonytail chub (Gila elegans) (a surrogate species to the humpback chub)

that were designed to assess the impact of infections on growth, length, health and mortality of

fish. The first two trials previously reported demonstrated that when fish were exposed at an

early age, fish length and hematocrit values were significantly lower than non-infected controls.

The third and final experimental exposure demonstrated that when food rations were restricted

(0.5% vs 1.5% body weight), infected fish mortality was 27% greater and occurred almost three

weeks earlier than non-infected fish through the course of the trial.

154 Cvsi-1, a Serine Protease Inhibitor Purified from Plasma of Eastern Oysters, Inhibits Proteases of

the Parasite Perkinsus marinus. Q. Xue*, Department of Veterinary Science, Louisiana State

University, Baton Rouge LA, M. Ogawa, Department of Food Science, Louisiana State University,

Baton Rouge LA, K. Schey, Department of Cell and Molecular Pharmacology, Medical University

of South Carolina, Columbia, SC, J. Losso, Department of Food Science, Louisiana State Univer-

sity, Baton Rouge LA, and J. La Peyre, Department of Veterinary Science, Louisiana State Univer-

sity, Baton Rouge LA

Protease inhibitors are widespread in eukaryotes. The general function of protease inhibitors is

to regulate endogenous proteases involved in physiological processes and prevent unwanted

proteolysis. There also is increasing evidence that protease inhibitors may contribute to host

defenses by inactivating proteases produced by parasites. The protozoan Perkinsus marinus is

considered a major cause of mortality in Gulf coast and east coast populations of eastern oysters

(Crassostrea virginica). This parasite produces substilisin-like serine proteases believed to be

important virulence factors. Recently, C. virginica plasma was shown to inhibit proteases repre-

sentatives of all four mechanistic classes of proteases as well as P. marinus proteases. The plasma

factors inhibiting the proteases, however, remained to be identified. In a continuation of earlier

work, we have purified a serine protease inhibitor, designated Cvsi-1, from C. virginica plasma

using conventional chromatography and reverse-phase HPLC. SDS-PAGE of purified Cvsi-1

revealed a single band after silver staining of around 6 kDa. The molecular mass of Cvsi-1 was

determined to be 7609 Dalton by MALDI. The N-terminal sequence of Cvsi-1 was analyzed by

Edman degradation and 95% of the primary amino acid sequence of Cvsi-1 already has been

determined using tandem mass spectometry. No significant homology was found between Cvsi-

1 sequence and other sequences from available databases. Cvsi-1 was found to be a potent

inhibitor of subtilisin with a dissociation constant (Ki) of 0.06 nM. It also inhibited trypsin,

elastase and chymotrypsin with Ki values of 0.20 nM, 0.28 nM and 0.97 nM, respectively.

Interestingly, Cvsi-1 strongly inhibited the activity of P. marinus proteases, with a dissociation
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constant (Ki) of 0.28 M. Cvsi-1 is the first protease inhibitor to be purified from a bivalve

mollusk and its activity suggests it may play a role in the oyster host defense against P. marinus.

155 Trichomonas vaginalis: Secreted Phospholipase A
2 
with Toxin Acitivity Towards Mammalian Cells.

D.E. Burgess*, ATCC, Manassas VA, K. Lubick, Veterinary Molecular Biology, Montana State

University, Bozeman MT, and J. Cole, ATCC, Manassas VA

Trichomonas vaginalis, the agent of human trichomoniasis, is the most prevalent non-viral,

sexually transmitted disease is the U.S. The disease in humans characteristically varies from

asymptomatic to the presence of vulvo-vaginitis with leukocytic discharge and the inflammatory

response seems to be an important component of the more severe form of the disease. The

mechanisms of disease and host response, however, remain poorly understood. Since T. vaginalis

can destroy host cells in vitro and tissue destruction is known to elicit inflammation, we have

examined the mechanism by which this parasite causes host cell destruction. Previously we

reported the isolation of a lytic factor able to lyse nucleated cells, such as WEHI 164 fibroblasts,

and with enzyme activity suggesting it was a phospholipase A (PLA). We have further character-

ized this PLA by examining its cellular location and secretion. Treatment of T. vaginalis with

brefeldin-A inhibited release of PLA as evidenced by reduced cytotoxicity on WEHI 164 cells.

Staining of T. vaginalis with a monoclonal antibody specific for PLA revealed the presence of

cytoplasmic inclusions containing PLA localized in the periphery of the cytoplasm. These results

demonstrate that the PLA of T. vaginalis functions as a soluble toxin that is exported from the

parasite in sufficient quantities to damage host cells. The results indicate that the PLA may be an

important virulence factor of T. vaginalis contributing to the pathogenesis of human trichomo-

niasis.

156 Evaluation of Western Blot Method Using Cysteine Protease Antigen of Fasciola hepatica in

Laboratory Diagnosis of Human Fasciolosis. M. Rokni* and A. Bagher Nejad, Department of

Medical Parasitology, Tehran University of Medical Sciences, Tehran, Iran

Fasciolosis is a disease caused by liver flukes of F. hepatica and F. gigantica. It is estimated that

about 2.4–17 million people are infected with this disease globally. The disease is endemic in

Gilan province in Iran. Since the diagnosis of the disease based on coprological analysis is not of

high sensitivity, evaluation and setting up a valuable serologic test like Western Blot is indispens-

able and the present report was to challenge this issue. Serum samples obtained from 95 indi-

viduals infected with fasciolosis, sera from normal individuals (n = 30) and from others with

different parasitic infections (55 cases) were examined. To prepare immunized rabbit sera, five

young rabbits were challenged with Fasciola homogenate antigen (2 mg/ml). Cysteine proteinase

antigen was purified from Fasciola excretory/secretory products (ES) using gel filtration chroma-

tography on Sephacryl S200 HR, and detecting the proteolytic fractions by Z-Phe-Arg-AMC

substrate. In this method, at first, cysteine proteinase antigen went under SDS-PAGE electro-

phoresis and gained bands were transformed to a nitrocellulose sheet; afterwards, an ELISA test

was run on this sheet using rabbit and human sera as antibody and peroxidase-conjugated goat

anti-rabbit and anti-human IgG. Consequently, two bands with molecular weights of 27 and 29

kDa were detected by all Fasciola-infected cases. Two cases of false-positive results were identi-

fied. This survey showed that these two antigens are precious candidates to be evaluated in

diagnosis of human fasciolosis by Western Blot method.
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157 A Ribeiroia (Trematoda)-specific PCR-based Diagnostic. D.M. Reinitz*, National Wildlife Health

Center, USGS, Madison WI, T.P. Yoshino, Pathobiological Sciences, University of Wisconsin,

Madison WI, and R.A. Cole, National Wildlife Health Center, USGS, Madison WI

A PCR-based diagnostic for species of Ribeiroia (R) was developed and tested. The second

internal transcribed spacers (ITS2) within the rRNA gene loci from R. ondatrae and related

organisms were used to design PCR primers. DNA sequences of ITS2 from 11 R. spp. isolates

and 10 closely related organisms (kindly provided by Dr. Eric S. Loker and Wade Wilson) were

used to calculate two consensus sequences which, upon comparison, elucidated areas of ITS2

sequence unique to R. spp. Oligonucleotides with similar Tm produced a 231 bp fragment,

when tested in PCR with genomic DNA extracted from cercariae shed from Placobdella trivolvus.

Origin of the template from R. spp. was confirmed via DNA sequencing. Reactions were tested

in the presence of 300, 200, 100 and 50 ng of genomic DNA from P. trivolvus or Rana pipiens.

Two ng of cercarial DNA was subjected to 10-fold dilutions in host DNA prior to PCR amplifi-

cation. In the presence of excess snail DNA (300 and 200 ng), an extra band (~500 bp) was

produced along with the specific 231 bp DNA. No 500 bp band, however, was seen with 100 or

50 ng of snail DNA. Optimally, 2 pg of cercarial DNA could be detected. Dilutions of cercarial

DNA in the presence of R. pipiens DNA gave clearer results as the larger 500 bp band was not

seen and the sensitivity was equivalent. Overall excessive genomic DNA from either of these

hosts did not interfere significantly with the assay and allowed identification of conditions ideal

for real-time PCR. Field tests were conducted on nine P. trivolvus specimens collected from Duck

Lake MN as well as three snails from a pond in Merriville, MN. PCR results correlated well with

microscopic examinations. No cross-reactivity of the PCR assay was seen with the co-occurring

trematodes Clinostoma sp., Cyathocotyle bushiensis or Sphaeridiotrema globulus. Epistylis sp. (Class:

Ciliata), an epibiont from snail shells did give a positive reaction that sequencing revealed to be

due to filter feeding upon R. sp. cercariae.

158 Scavenger Receptor-like Activity Associated with the Surface Tegument of Schistosoma mansoni

Mother Sporocysts. N. Dinguirard* and L.A. Johnston, Department of Pathobiological Sciences,

University of Wisconsin, Madison WI, and T.P. Yoshino, Department of Pathological Sciences,

University of Wisconsin, Madison WI

Previous studies have documented the binding of low-density lipoproteins (LDLs) to the

tegumental surface of S. mansoni schistosomulae through an LDL-like receptor(s) (Xu and

Caulfield, 1992; Xu et al., 1993), and it is suggested that such receptors may be functioning in

the acquisition of host lipids to be used for nutritional and/or immune evasive purposes. The

following experiments were performed to determine if similar receptors also may be present on

the intramolluscan mother sporocyst stage of S. mansoni. Live mother sporocysts, derived from

cultivating miracidia in snail saline (CBSS), for four days at 26° C, were treated with DiI-labeled

LDL or acetylated LDL (acLDL) for one hour, washed and observed with epifluorescent

inverted microscope. At a reagent concentration of 20 µg/ml CBSS, sporocysts markedly differed

in their binding of acLDL vs. LDL, with acLDL-DiI exhibiting strong labeling at the tegumen-

tal surface and only weak larval binding of LDL-DiI. Because scavenger receptors (SRs) are

known to selectively bind modified LDL (acetylated or oxidized) and other polyanionic mol-

ecules, various ligands and non-ligands of scavenger-type receptors were used in acLDL-DiI

binding inhibition assays. Coincubation of labeled acLDL with the ligands fucoidan, polyi-

nosinic acid and dextran sulfate significantly inhibited acLDL binding to sporocysts by 85%,

70% and 97%, respectively, while the non-ligands polycytidylic acid and dextran exerted little

inhibitory effect. These results provide evidence that sporocysts of S. mansoni may be expressing

a scavenger-like receptor(s) at their tegumental surface capable of specifically binding modified
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LDL and other polyanions. Using primers designed from an assembled EST sequence of a S.

mansoni scavenger receptor homologue (Sm AE600716.1), we amplified and cloned the partial

SR cDNA from sporocysts. The amino acid sequence shared high identity (31%) and similarity

(50%) to a Class B human SR. It is not known, however, whether the cloned S. mansoni sporo-

cyst SR is responsible for the larval acLDL binding capabilities.

159 Identification and Characterization of Genes Specifically Expressed in Ostertagia ostertagi Fourth-

stage Larvae Using Subtraction Cloning and Differential Hybridization. D.S. Zarlenga* and L.C.

Gasbarre, BFGL, ANRI, ARS, USDA, Beltsville MD

The nematode, Ostertagia ostertagi, is the predominant cause of parasite-induced production

losses in cattle throughout temperate regions of the world. These losses result primarily from

damage caused by fourth-stage larvae (L
4
) present in the gastric glands. Although the parasite is

a potent stimulator of the immune system, within the local milieu it has the ability to control,

impede and/or evade development of the protective response. Thus, delineating genes specifi-

cally expressed in the L
4
 is tantamount to understanding the mechanism by which O. ostertagi

eludes immune intervention by the host upon reinfection. To this end, we developed new

methodology for generating a PCR-derived, L
4
-specific cDNA subtraction library using as little

as 50 ng of both tester and driver total RNAs. Upon differentially screening as few as 400 clones

with radiolabeled cDNA from L
3
, L

4
 or adult parasites, at least 10% of the randomly chosen

clones contained gene sequences that were substantially up-regulated during L
4
 development.

Among the sequences examined, a cDNA encoding a cuticle protein was identified that is

exclusively and abundantly expressed in L
4
. Additionally, 1% of the chosen sequences were found

to be down-regulated in the L
4
 relative to the other stages analyzed. Within this group, a

putative apyrase (ATP-diphosphohydrolase) sequence was discovered that is predominantly

transcribed in L
3
, and has been documented in other systems for its ability to abrogate platelet

aggregation. From preliminary data, we can conclude that the cloning procedure presented here

is an effective method for enriching in differentially expressed sequences, and has substantially

enhanced our ability to identify and characterize a subset of genes involved in the parasite

infection process and/or evasion of host immunity.

160 Population Genetic Structures of Hymenolepis weldensis in Two Pocket Gopher Species. H.

Chen* and N.O. Dronen, Department of Wildlife and Fisheries Sciences, Texas A&M University,

College Station TX

The parasitic tapeworm, Hymenolepis weldensis, was collected from two species of pocket gophers,

Geomys attwateri and G. breviceps, in eastern Texas. DNA sequences of both mitochondrial and

nuclear makers, regions of ITS-2 and CO1 to 12S, respectively, were obtained from 112 tape-

worms collected in 35 gopher hosts representing five geographic populations. While only a

single nucleotide substitution was found in the region of nuclear ITS2 gene, a substantial

amount of variation was recovered in the region from CO1 to 12S rRNA genes in mitochon-

drial genomes. Preliminary phylogenetic analyses of both nuclear and mitochondrial markers

showed the monophyletic relationships of sampled H. weldensis against other Hymenolepis

species, which justified the valid taxonomic status of this group. However, two very distinct

lineages derived from 28 unique haplotypes based on mtDNA sequences also indicated the lack

of genetic exchanges between the two major phylogenetic groups within H. weldensis analyzed.

Further analysis of the population genetic structure of mtDNA haplotypes using AMOVA

showed significant genetic variations among five geographic populations (P = 0.000***) but

not between the two host species studied (P = 0.211). Pairwise estimates of Fst between

geographic populations also suggested the significant genetic differentiation or lack of gene flow
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among populations. Nevertheless, the genetic distances between populations did not proportion-

ally reflect the geographic distances between sampled populations. Nested Clade Analysis of

mtDNA sequences was then applied to elucidate the potential geographic and population

processes in order to propose working hypotheses of host–parasite coevolution based on the

observed genetic structures of the parasites and the historical distributions of the host species.

161 Genotypes of Giardia in Post-weaned Dairy Calves in Seven Eastern States. J.M. Trout*, M.

Santin, EMSL, ANRI, ARS, USDA, Beltsville MD, E. Greiner, Department of Parasitology, Univer-

sity of Florida, Gainesville, FL, and R. Fayer, EMSL, ANRI, ARS, USDA, Beltsville MD

Fecal samples were collected from 468 dairy calves, 3–11 months of age, from two farms in each

of the following states: VT, NY, PA, MD, VA, NC and FL. For analysis by immunofluorescent

microscopy and PCR, 15-gram portions of each sample were mixed with water, passed through

a 45-micron screen, mixed with CsCl, and centrifuged. The top 4 ml of suspension from the

tubes was collected, pelleted by centrifugation, washed with distilled water, and resuspended in

100 µl of distilled water. Fifty µl was stained with a commercial Giardia-specific mAb. The

remaining 50 µl was subjected to DNA extraction using a commercial tissue DNA extraction kit.

PCR amplification was done for the 16S gene, using a nested protocol. All positive samples were

sequenced and the Giardia gene sequences obtained from animals in this study were compared

to each other and to previously sequenced Giardia isolates. Prevalence of Giardia as detected by

PCR ranged from a low of 26% in MD to a high of 79% in FL, with an average prevalence

across all farms of 52%. DNA sequence analysis revealed on average 87% of the isolates be-

longed to the hoofed-livestock genotype, Assemblage E, while 13% of the isolates were Assem-

blage A. This indicates that post-weaned calves are a source of Giardia cysts potentially infec-

tious for humans.

162 Giardia Genotypes in Coyotes from Northeastern Pennsylvania. J.M. Trout*, M. Santin and R.

Fayer, EMSL, ANRI, ARS, USDA, Beltsville MD

Coyotes in Pennsylvania were evaluated as a potential reservoir of Giardia infectious for humans

and domestic animals. Sponsors of managed hunts in Pennsylvania were contacted and agreed to

make samples available for testing. The managed hunts were conducted in northeastern Pennsyl-

vania to reduce the expanding coyote populations. All animals’ carcasses were brought to a

central location and weighed. At the processing center, fecal samples were collected into plastic

specimen cups, and gut scrapings were placed into either DNA extraction buffer for subsequent

PCR and DNA sequence analysis or fixed in MIF for microscopic examination to detect tropho-

zoites. Fecal specimens were examined by fluorescent microscopy for the presence of cysts. PCR

analysis of gut scrapings revealed Giardia in 32% of the coyotes. DNA sequence analysis showed

the presence of three genotypes of Giardia, Assemblages B, C and D. Assemblages C and D have

been reported in domestic dogs, thus it is not surprising to find these genotypes in another

canid. Assemblage B Giardia has been reported in a number a different host species including

humans. Therefore, coyotes may be a source of Giardia cysts infectious not only to domestic

dogs, but to humans as well.

163 Prevalence- and Age-related Variation of Cryptosporidium Species and Genotypes in Dairy

Calves. M. Santín*, J.M. Trout, EMSL, ARS, USDA, Beltsville MD, L. Xiao, L. Zhou, Division of

Parasitic Diseases, CDC, Atlanta GA, E. Greiner, Department of Parasitology, University of

Florida, Gainesville FL, and R. Fayer, EMSL, ARS, USDA, Beltsville MD

Fecal specimens from 503 calves aged from five days to two months (pre-weaned calves) and

468 calves aged from three to 11 months (post-weaned calves) were collected at 15 dairy farms
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in seven states on the East Coast of the United States. Each farm was visited on two consecutive

years to determine the prevalence of Cryptosporidium species in pre-weaned and post-weaned

calves, respectively. Fecal specimens were collected from calves, sieved and subjected to density

gradient centrifugation to remove debris and concentrate oocysts. Specimens then were exam-

ined by immunofluorescence microscopy and polymerase chain reaction (PCR). All PCR

positive specimens were sequenced using the 18S rRNA gene of Cryptosporidium. Cryptospori-

dium was found in calves at every farm. Of 971 calves, 345 were infected with Cryptosporidium

(35.5%). Prevalence was higher in pre-weaned calves (50.3%) than post-weaned calves (19.7%).

Sequence data for 278 PCR-positive specimens identified Cryptosporidium parvum, Cryptospori-

dium andersoni, and two unnamed Cryptosporidium genotypes-Bovine B and deer-like genotype.

The prevalence of these Cryptosporidium species and genotypes was age related. Cryptosporidium

parvum, the only zoonotic species/genotype, costituted 85% of Cryptosporidium infections in pre-

weaned calves, but only 1% of Cryptosporidium infections in post-weaned calves. These findings

clearly demonstrate that earlier reports on the presence and prevalence of C. parvum in post-

weaned cattle that were based on oocyst morphology or immunological detection methods must

be reassessed using molecular methods to validate species and genotype. Because calves less than

two months of age are the predominant population infected with C. parvum (zoonotic species),

any effort designated to control this infection must be directed primarily at this age group.

164 Tissue Distribution and Genotyping of Chicken Isolates of Toxoplasma gondii from Peru. J.P.

Dubey*, APDL, ANRI, ARS, USDA, Beltsville MD, M.Z. Levy, Division of Parasitic Diseases,

Centers for Disease Control and Prevention, Chamblee GA, C. Sreekumar, O.C. Kwok, S.K.

Shen, APDL, ANRI, ARS, USDA, Beltsville MD, E. Dahl, Division of Parasitic Diseases, Centers for

Disease Control and Prevention, Chamblee GA, P. Thulliez, Laboratoire de la Toxoplasmose,

Institut de Puericulture, Paris, France, and T. Lehmann, Division of Parasitic Diseases, Centers for

Disease Control and Prevention, Chamblee GA

The prevalence of Toxoplasma gondii in free-ranging chickens is a good indicator of the prevalence

of T. gondii oocysts in the soil because chickens feed from the ground. The prevalence of T.

gondii antibodies in sera of 50 free-range chickens (Gallus domesticus) from Peru was 26% based

on the modified agglutination test (MAT). Hearts, pectoral muscles and brains of seropositive

(MAT 1:5) chickens were bioassayed individually in mice. Tissues from the remaining 37

seronegative chickens were pooled and fed to two T. gondii-free cats. Feces of cats were examined

for oocysts; they did not shed oocysts. Toxoplasma gondii was isolated from the hearts of 10

seropositive chickens, but not from their brains and pectoral muscles. Genotyping of these

isolates using the SAG2 locus indicated that seven isolates were Type I and 3 were Type III. Six

of the seven Type I isolates were avirulent for mice, which was unusual, as Type I isolates are

considered virulent for mice. The T. gondii isolates were from chickens from different properties

that were at least 200 m apart. Thus, each isolate is likely to be different. This is the first report

of genetic characterization of isolates of T. gondii from Peru.

165 Evidence of Genetic Diversity among Isolates of Hammondia heydorni from Dogs. C. Sreekum-

ar*, D.E. Hill, K.B. Miska, B.M. Rosenthal, M.C. Vianna, APDL, ANRI, ARS, USDA, Beltsville

MD, L. Venturini and W. Basso, Catedra de Parasitologia, Universidad Nacional de La Plata, La

Plata, Argentina, S.M. Gennari, Departamento de Medicina Veterinaria Preventiva e Saude

Animal, Universidade de São Paulo (USP), Cidade Universitaria, São Paulo, Brazil, D.S. Lindsay,

Department of Biomedical Sciences and Pathobiology, Virginia Tech, Blacksburg VA, and J.P.

Dubey, APDL, ANRI, ARS, USDA, Beltsville MD
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Isolates of Hammondia heydorni from dogs form Argentina and United States were analysed for

genetic diversity. A total of 15 isolates were tested for their ability to produce amplification using

three H. heydorni-specific PCR assays, one targeting the ITS-1 region and two directed against

novel loci, HhAP7 and HhAP10. While the ITS-1 fragments could be amplified from all

isolates, only six isolates were capable of amplifying the specific target fragments from the novel

loci. The resulting PCR products were further investigated for genetic diversity using restriction

fragment length polymorphism (RFLP) and single-strand conformation polymorphism (SSCP)

techniques. RFLP polymorphism was evident only at the HhAP10 locus, differentiating two

Argentinean isolates from the rest. Mobility shifts on SSCP gels revealed that the two Argen-

tinean isolates were not only different from the other four isolates, but also were different from

each other both at HhAP7 and HhAP10 loci. The ITS-1 fragments of all isolates were identical

by RFLP; however, they exhibited different mobility patterns on SSCP. Sequence analysis of the

three PCR fragments confirmed the SSCP findings. Based on the sequence data, the two U.S.

isolates (Manhattan-1 and Virginia-1) and two Argentinean isolates (ARG-1 and ARG-50)

appeared to be identical, while the other two Argentinean isolates (ARG-45 and ARG-51) were

distinct. The present study reveals that there is a considerable degree of microheterogeneity

among isolates of H. heydorni. This diversity should be taken into consideration when comparing

the systematics, diagnostics and biology of H. heydorni to its related parasites in general and

Neospora caninum in particular.

166 Ectoparasites and Vector-borne Diseases: A Circuitous Journey. L.A. Durden, Institute of Arthro-

podology Parasitology, Georgia Southern University, Statesboro, GA

No abstract submitted.

167 Classical Is Critical: Alleviating the Burden of Parasitic Diseases. B. Christensen, School of

Veterinary Medicine, University of Wisconsin, Madison WI

No abstract submitted.

168 A Privileged Life: Lessons Learned—Lessons Given. S.S. Desser, Department of Zoology, Univer-

sity of Toronto, Toronto, Ontario, Canada

Reflections on my rich experience as a graduate student will be followed by an illustrated

account of my slow, and ocassionally painful, aquisition of knowledge on effective mentoring.

169 Overview of Companion Animal Parasite Council (CAPC) Guidelines. B.L. Blagburn, Department

of Pathobiology, Auburn University, Auburn AL

The Companion Animal Parasite Council (CAPC) is a multidisciplinary group of academic and

government veterinarians and scientists, physicians and veterinarians in practice, and experts in

veterinary law. The CAPC was conceived and its efforts implemented with the objective of

providing guidance for diagnosis, treatment and control of internal and external parasites of

companion animals in the United States. The CAPC placed considerable emphasis on prevention

of zoonotic transmission of parasitic infections from pets to people. The CAPC’s target audience

includes veterinarians, physicians, paraprofessionals, and pet owners. The CAPC recognizes that

the greatest likelihood of success in parasite control (and thus control of potential zoonoses) is to

promote preventive or treatment regimens that result in the highest level of client compliance.

Therefore, the basis of CAPC recommendations is to administer year-round broad-spectrum

heartworm anthelmintics that have expanded activity against parasites with zoonotic potential.

The CAPC also recommends regular use of preventive flea and/or tick products for the life of the
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pet. Alternatively, specific recommendations are made for those pets not on optimal year-round

heartworm preventive/intestinal parasite combination products.

170 CAPC and the Practitioner—Improving Parasitology In Private Practice. G. Holingers

No abstract submitted.

171 Internal Parasites . . . Not a Legal Risk to Ignore. C. Lacroix*, Priority Veterinary Legal Consul-

tants, Whitehouse Station NJ

“Being admitted to the profession of veterinary medicine, I solemnly swear to use my scientific

knowledge and skills for the benefit of society through the protection of animal health, the relief

of animal suffering, the conservation of livestock resources, the promotion of public health, and

the advancement of medical knowledge. . . .” Veterinarian’s Oath, 1969. The human–animal

bond has evolved from more of a commensalistic relationship, where animals worked for us, to a

true symbiosis, with animals being considered part of the family. This new inherent closeness we

have with our pets, however, has put us at greater risk of acquiring certain diseases, not the least

of which are internal parasites. Internal parasites, such as ascarids and hookworms, are common

in companion animals, and can easily be transferred to humans. Although the resultant disease is

often minimal, severe organ damage and even death is not uncommon, especially in children.

Thus, the zoonotic transmission of internal parasites poses a significant public health concern.

Consequentially, the veterinarians play an integral role in preserving human health by addressing

the problem in their patients. Because internal parasites are almost universal in young animals,

current standards dictate that veterinarians treat all puppies and kittens with anthelmintics, even

upon a negative fecal test, and regular fecal tests should be performed throughout the animal’s

life. Veterinarians also have a responsibility to educate clients and staff about the risks of disease

transmission. Failure to follow appropriate prophylaxis measures and to provide adequate

information about zoonotic risk imposes greater liability on the part of the veterinary practice,

and puts veterinarians at risk of being sued. Fortunately, there are simple routine practices that

can be implemented to protect both the client from becoming infected and the clinic from being

liable; these include adopting and following deworming protocols, obtaining consent forms

from clients, and building coalitions with local physicians, among others. It is through such

efforts that veterinarians can live up to their oath by protecting humans and their animal com-

panions.

172 Generation and Characterization of Trypanosoma brucei Prostaglandin F
2á

 Synthase-Knockout

Parasites. Z. Kabututu*, Department of Molecular Behavioral Biology, Osaka Bioscience Institute,

Osaka, Japan , K. Nagamune, Department of Immunoregulation, Osaka University, Osaka, Japan,

B.K. Kubata, U.S. Army Medical Research Unit, Nairobi, Kenya, T. Kinoshita , Department of

Immunoregulation, Osaka University, Osaka, Japan, and Y. Urade, Department of Molecular

Behavioral Biology, Osaka Bioscience Institute, Osaka, Japan

Trypanosoma brucei is the causative agent of African sleeping sickness in humans and Nagana in

cattle. Infections with this parasitic protozoan are characterized by pathophysiologic manifesta-

tions that are mainly associated with inflammation mediated by lipid compounds, such as

prostaglandins (PGs), produced in mammal hosts. We have already demonstrated, however, that

T. brucei also synthesizes PGD
2
, PGE

2
, and PGF

2a;
 from arachidonic acid. We then purified T.

brucei PGF
2a;

 synthase (TbPGFS) and characterized it as a member of the aldo-keto reductase

(AKR) superfamily. Thus, parasite-derived PGs may be involved in the pathophysiologic

processes during infection. To gain insight into the biological significance of parasite-derived
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PGs, we created double-allele TbPGFS-knockout T. brucei cells for both procyclic and blood-

stream forms. After transfection of T. brucei cells, homologous recombination ensured the

replacement of TbPGFS gene locus with blasticidin- and neomycin-resistance gene cassettes in T.

brucei genome. Neither cell morphology nor growth rate of the mutant parasites was affected by

the targeted gene disruption of the TbPGFS locus. The ability to convert PGH
2
 into PGF

2a
 was

decreased in TbPGFS null mutant cell lysates to 70% of the wild-type activity, suggesting that

other enzymes may also be involved in PGF
2a;

 synthesis in T. brucei. In contrast, the reduction of

p-nitrobenzaldehyde, a common substrate for AKR members, was decreased in null mutant

parasites to 15% of the wild-type level, indicating that TbPGFS is the main reductase for p-

nitrobenzaldehyde in T. brucei. Ongoing analyses of the differentiation process in mutant

parasites may reveal a possible role for the TbPGFS gene and/or its protein in this process.

173 Effect of Milbemycin Oxime on Toxocara canis Egg Shedding in Comparison to Drontal® Plus in

Naturally Infected Puppies. R. Schenker*, R. Cody, Novartis Animal Health Inc., Basel, Switzer-

land, D. Alexander, Novartis Animal Health UK Inc., Litlington, UK, and G. Strehlau, Novartis

Animal Health Inc., Basel, Switzerland

Monthly treatment with milbemycin oxime of natural Toxocara canis infections in puppies was

compared to the recommended use with Drontal® Plus. Thirty-five puppies from eight different

litters in two kennels were included in the study and allocated to one of two treatment groups.

Eighteen (Group 1) puppies were treated monthly with milbemycin oxime at the recommended

dose. Seventeen (Group 2) puppies were treated fortnightly with Drontal® Plus until the age of

12 weeks and three monthly thereafter at the recommended dose. The first treatment was

administered two weeks after birth in both groups. Faecal samples for worm-egg counts were

taken at 14 day-intervals up to day 168. Efficacy intensity defined as egg count reduction for

each animal reached 100% in Group 1 at day 70 and, with the exception of two counts, stayed at

100% until day 168. In Group 2, efficacy intensity was below 100% at any of the counts.

Efficacy extensity defined as cure rate with respect to post-treatment sampling also was 100%

from day 70 to day 168, with the exception of two counts, for Group 1. Group 2 was below

100% at all counts. Individual average faecal egg count values were calculated as Area under the

Curve (AUC) levels for faecal egg counts and time profiles. The efficacy of the milbemycin

oxime treatment in Group 1 was superior to efficacy of the Drontal® Plus treatment in Group 2

with significantly lower average AUC levels of faecal egg counts over time and a relative egg

count ratio of 7.25, i.e., Group 2 shows a 7.25 times higher average faecal egg count behaviour

than Group 1. There were no treatment related adverse events in any of the two groups.

174 Comparative Efficacy of the (+) and (–) Albendazole Sulphoxide Enantiomers Against Haemon-

chus contortus. M.D. Mottier, L. Ceballos, L.I. Alvarez and C.E. Lanusse*, Laboratorio de

Farmacología, Universidad Nacional del Centro de la Provincia de Buenos Aires, Tandil,

CONICET, Argentina

Albendazole (ABZ), a broad spectrum benzimidazole anthelmintic widely used in human and

veterinary medicine, is rapidly biotransformed into ABZ sulphoxide (ABZSO) and ABZ

sulphone (ABZSO
2
). ABZSO is the main anthelmintically active molecule recovered in the

bloodstream and tissues after ABZ administration to different animal species. ABZSO is a chiral

molecule existing as the (+) and (–) enantiomeric forms. The (+)ABZSO predominates in

plasma, tissues and target parasites obtained from ABZ-treated sheep. Previous work carried out

in our lab permitted the characterization of the kinetic disposition of both enantiomers in

parasite location tissues and in target parasites. The relative contribution of each enantiomeric

form, however, to the overall anthelmintic activity of ABZSO remains unknown. The work
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reported here evaluates the comparative anthelmintic activity of ABZ, racemic ABZSO (50% of

each enantiomer), (+)ABZSO and (–)ABZSO against Haemonchus contortus using a jird

(Meriones unguiculatus) model. ABZ susceptible H. contortus infective larvae (L
3
) were pre-

incubated with 20 nmol/ml of either ABZ, racemic ABZSO, (+)ABZSO and (–)ABZSO or

without drug (control) over 48 h. The purity of each incubated drug solution was confirmed by

HPLC. After the incubation, the L
3
 were exsheated and administered orally to immunosup-

pressed jirds (1000 L
3
/jird, n = 10). On day 13 postinfection, the jirds were killed, and the

remaining parasites counted to determine the percentage of clearance (PC) for each molecule

assayed (compared to the control group). The PCs were: 99.3% (ABZ), 93.8% (racemic

ABZSO), 93.8% (+ABZSO) and 72.5% (–ABZSO). These preliminary results indicate that the

(+)ABZSO isoform has a significantly higher (P < 0.05) nematodicidal activity than

(–)ABZSO, which confirms the pharmacological relevance of the higher concentrations of

(+)ABZSO previously measured in tissues and target parasites collected from ABZ-treated

animals.

175 Seroconversion of Young Buffaloes Experimentally Inoculated with Tachyzoites of Neospora

caninum. A.R. Rodrigues, Departamento de Reprodução Animal, Universidade de São Paulo,

São Paulo, SP, Brazil, V.O. Paula, D.M. Aguiar, Departamento de Medicina Veterinária Preventiva

e Saúde Animal, Universidade de São Paulo, São Paulo, SP, Brazil, J.P. Dubey, APDL,ANRI, ARS,

USDA, Beltsville, MD, USA, and S.M. Gennari*, Departamento de Medicina Veterinária Preven-

tiva e Saúde Animal, Universidade de São Paulo, São Paulo, SP, Brazil

The protozoan parasite Neospora caninum is a major cause of abortion in cattle worldwide. The

water buffalo (Bubalus bubalis) is important to the economics of many coutries, especially Asia

and South America. Little is know of neosporosis in water buffaloes, except that antibodies to N.

caninum were found in adult female buffalo in several coutries. The aim of the present study was

to experimentally induce N. caninum infection in buffalo to collect data for serologic diagnosis.

Eight buffaloes, aged eight months, with no demonstrable N. caninum antibodies by indirect

fluorescent antibody test (IFAT) in 1:25 dilution of serum, were selected for this study. Six

buffaloes were each inoculated subcutaneously with 5x106 live cultured-derived tachyzoites of

the cattle Illinois strain of N. caninum, and two animals were kept as uninoculated controls. Post

inoculation (PI) blood samples were collected, weekly for eight weeks, then monthly until one

year PI for serological examination for N. caninum antibodies using the IFAT test. The animals

remained asymptomatic throughout the study. All inoculated buffaloes seroconverted (titer 100

to 400) between 7 and 11 days PI and the titers remained elevated until seven weeks PI. Anti-

body titers declined to 25 or 50 in all the six buffaloes by 12 months PI. Antibody titers to N.

caninum reamined at an undetectable level (< 25) in both control uninoculated buffaloes.

Results of this study indicate that buffaloes serologically respond to the bovine isoloate of N.

caninum. Studies are in progress to define the class of antibodies produced and their usefulness

in serologic diagnosis of N. caninum infection in buffaloes.

176 Clinical Leishmaniasis Induced in Beagles Infected with an American Isolate of Leishmania

infantum. A.C. Rosypal*, Department of Biomedical Sciences and Pathobiology, Virginia Tech,

Blacksburg VA, G.C. Troy, Department of Small Animal Clinical Sciences, Virginia Tech, Blacks-

burg VA, R.B. Duncan Jr., R.M. Gogal Jr., A.M. Zajac and D.S. Lindsay, Department of Biomedi-

cal Sciences and Pathobiology, Virginia Tech, Blacksburg VA

Canine leishmaniasis caused by Leishmania infantum, formerly considered an exotic disease,

recently has been detected within the foxhound population in the United States. Leishmania

infantum is the etiologic agent of visceral leishmaniasis in many areas of the world, and dogs are
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considered a major reservoir host for human Leishmania infections. We have isolated L. infantum

from three naturally infected foxhounds from Virginia and examined the infectivity and patho-

genesis of American L. infantum for dogs. We were interested in characterizing our isolates

because the parasite apparently has been maintained in the foxhound population by non-sandfly

vectored modes of transmission for approximately 20 years. We intravenously inoculated eight

five-month-old female purpose-bred beagles with promastigotes (high dose = 2 x 108; low dose

= 1 x 107) of our LIVT-1 strain of L. infantum. Dogs that received the high dose of promasti-

gotes developed clinical signs associated with leishmaniasis including weight loss, skin abnor-

malities, ocular discharge, and polyarthritis. Promastigotes were cultured from bone marrow or

lymph node aspirates by 13 weeks post inoculation (PI) from all high dose dogs. Promastigotes

were cultured from lymph node aspirates from two dogs in the low dose group at 51 weeks PI.

Amastigotes were visualized in cytology of bone marrow aspirates in only two dogs by 34 and

46 weeks PI. Seroconversion was evaluated by an indirect fluorescent IgG antibody test. These

data show that the American isolate of Leishmania infantum behaves in a similar way to Mediter-

ranean isolates in experimental infections of dogs. (Supported in part by grant DO1CA-16 from

the Morris Animal Foundation to DSL and AMZ. ACR is a Morris Animal Foundation Fellow.)

177 Eimeria Parasite Species from Water Buffaloes (Bubalus bubalis). A.F. Noronha Júnior, W.A.

Starke-Buzetti*, Departamento de Biologia e Zootecnia, UNESP, Ilha Solteira, SP, Brazil, and

D.W. Duszynski, Department of Biology, The University of New Mexico, Albuquerque NM

Eimeria spp. are protist parasites that very frequently infect water buffaloes (Bubalus bubalis). In

order to identify Eimeria species that usually infect buffaloes during their first year of life in

Brazil, fresh fecal samples from two groups with 18 water buffalo calves of both sexes were

sequentially examined through 12 months after birth (one group per each year of experiment).

Identification of the species was done by morphological examinations of sporuled oocysts. The

results showed that the buffalo calves started to shed oocysts between six and 29 days of age

with the highest concentration of the oocyst numbers between 188 and 292 days. Six species of

Eimeria were identified in the calf feces: E. ellipsoidalis, E. zuernii, E. auburnensis, E. brasiliensis, E.

cylindrica and E. alabamensis. The most prevalent species were E. ellipsoidalis and E. cylindrica,

which predominated in the youngest animals (6–133 days). Emeria zuernii, on the other hand,

was found only in low numbers in the feces of older calves (208–283 days). The calves were

found more frequently infected during the rainy season (September to January) in both years. In

addition, feces of buffalo cows also were taken four times a year: once in the summer, autumm,

winter and spring seasons, but their feces were negative for Eimeria spp. (FAPESP, proc. 00/

09780-9.)

178 Ocular Manifestations and Analysis of Aqueous Humor from Dogs (Canis familiaris Linnaeus,

1758) with Natural Infection of Leishmania chagasi (Cunha and Chagas, 1937). L.C. Alves*, F.L.

Brito, F. Maia, Departamento de Medicina Veterinária, Universidade Federal Rural de

Pernambuco, Brazil, and J.L. Laus, Departamento de Clínica e Cirurgia, Universidade Estadual

Paulista, Brazil

The ocular alterations and the presence of anti-Leishmania (chagasi) chagasi antibodies were

studied and total protein values in aqueous humor of dogs naturally infected by L. (chagasi)

chagasi. Fifty dogs obtained from the metropolitan region of Recife and the Municipal district of

Bezerros, located in Pernambuco State, Brazil, were distributed in two experimental groups with

25 animals each: the Infected Group (IG), made up of positive animals for L. chagasi with or

without ocular alterations, and the Control Group (CG), made up of negative animals for L.

chagasi without clinical signs of systemic disease and absence of ocular alterations. Results

showed that in 76% of the IG dogs with ocular lesions, uveitis was the predominant affection.
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Total protein mean values in aqueous humor amongst animals with uveitis was significantly

superior (P < 0.05) when compared with the averages of the animals with other ocular signs

and without ocular sign. Values of antibodies anti-L. (chagasi) chagasi obtained from serum were

statistically superior when compared to those found in the eyes, to the level of 5%. The Pearson

correlation coefficient with reference to the right eye (R = 0.8280) and left eye (R = 0.7481)

demonstrated significant correlation when all animals of this study were analysed. When analyz-

ing the right (R = 0.11) and left eye of (R = 0.3983) animals with uveitis, it was observed that

the higher the level of anti-L. chagasi antibodies in the eye, the lower its level in plasma.

Amongst the studied animals, the Goldman–Witmer Coeficient was obtained in 56% (14) of the

dogs. It is therefore concluded that ocular lesions must be considered in the diagnosis of dogs

with leishmaniosis coming from endemic areas for CVL. Aqueous humor analysis is indicated in

dogs suspected of having CVL, mainly in animals that present smaller plasmatic levels of anti-

bodies anti-L. chagasi.

179 Diagnosis of Tritrichomonas foetus in a Cat with Chronic Recurrent Diarrhea. J.D. Hoevers* and

K.F. Snowden, Department of Pathobiology, College of Medicine, Texas A&M University, College

Station TX

A cat presented with recurrent diarrhea at a Texas veterinary clinic in 2003. After several unsuc-

cessful treatment regimes, fresh fecal samples were submitted for culture and molecular diagnos-

tics at Texas A&M University. Staining of fixed fecal smears verified the presence of trichomo-

nad-like trophozoites. Culture attempts with fresh feces in both Diamond’s media and the

commercially available Biomed Diagnostics Inpouch TF system were unsuccessful. Genomic

DNA was extracted from feces using the QIAamp DNA stool minikit, and two separate PCR’s

were performed using Trichomonad primer sets (TF1/TF2 and TFR3/TFR4) targeting the

ribosomal RNA gene unit. Positive PCR amplicons were identified for both TF1/TF2 and

TFR3/TFR4 primer sets of approximately 350 bp in size. The amplicons were sequenced in the

forward and reverse direction. The resulting sequence data was analyzed using the software

Sequencher, and subjected to BLAST searches in GenBank. The consensus sequence showed the

highest sequence identity (99%, 320/331 bp) to Tritrichomonas foetus isolates in GenBank (e.g.,

AF466751, AF466750, AF466749, AF339736, TFU85967). The sample also was tested for

Giardia, using the specific gene primers GGL637-658 & GGR789-809, but was observed to be

negative. This diagnostic case adds to the growing evidence that T. foetus may be associated with

diarrhea in cats. The protozoan parasite is normally associated with venereal disease in cattle,

causing infertility and abortions. Currently, its role in pathogenicity and transmission in cats is

not understood. Furthermore, it is likely that T. foetus infections in cats currently are under-

diagnosed, as the parasite is commonly mistaken for Giardia, and cannot be easily distinguished

from Pentatrichomonas hominis by light microscopy. An additional problem for veterinarians is

that T. foetus does not respond well to treatment. Veterinarians need to be aware of this potential

emerging parasite in felids, and the credible application of PCR to aid correct diagnosis.

180 An Experimental Approach to Choosing Between Density- and Frequency-dependent Parasite

Transmission Functions. R.M. Forest* and J.E. Lopez, Biology Department, Indiana University,

Bloomington IN

While there is an ongoing debate regarding the most appropriate way to model parasite trans-

mission, most host–parasite interaction models assume that parasite transmission can be ad-

equately described by density or frequency dependent transmission functions. This debate is

important because model predictions are sensitive to assumptions about transmission. When

models are applied to real organisms, however, choices of parasite transmission functions are
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rarely justified based on empirical evidence. We conducted an experiment to test whether density

or frequency-dependent functions best describe transmission of Acarophenax tribolii, an ectopara-

sitic mite, in populations of red flour beetles, Tribolium castaneum. In a fully factorial experiment,

we manipulated host density, host population size, and infection frequency. Both large and small

T. castaneum populations were set up at low, medium and high densities with 25%, 50% and

75% infection. Each of the 18 treatments was replicated three times. Ten marked, uninfected

hosts were introduced into each replicate. After four days, we counted the number of marked

hosts that became infected and used this number as a measure of the incidence of new infections.

We found that neither density nor frequency-dependent transmission appropriately described

parasite transmission in this system. Infection frequency had no significant effect on the inci-

dence rate. While the effect of density was significant, the relationship between host density and

incidence rate was negative. This was surprising because a greater transmission was expected at

high host densities. Because the effect of density was exactly opposite to expectations, we

repeated the experiment, doubling the number of replicates to six. Results of analyses on the

second set of replicates, and on the entire data set, still found greater incidence rates at low host

densities. Because we obtained the same results after repeating the experiment, we are confident

that this observation was real and significant. It questions the assumptions about density-

dependent transmission in this system.

181 Helminth Community Structure in Rana catesbeiana from Pawnee Lake, Lancaster, Nebraska,

U.S.A. R. Mata-López* and E.A. Martínez-Salazar, Instituto de Biología, Departamento de

Zoología, UNAM, México, D.F., México

Previous studies of amphibian helminth communities suggest that helminths are non-interactive

and isolationists. Recently, studies in this context had been realized in some species of Rana (R.

blairi, R. pipiens, R. clamitans, R. catesbeiana, R. vaillanti and R. forreri) supporting these ideas.

Some authors suggest that phylogenetic aspects play a major role in the development of helm-

inth communities. In the present study, 27 bullfrogs, R. catesbeiana, collected in September 2001

from Pawnee Lake, Lancaster, Nebraska, were examined for helminths. After opening the body

cavity, internal organs were removed and examined separately with a dissecting microscope.

Amphibian bodies were fixed initially with 10% formalin, stored in 70% ethanol, and deposited

in the Nebraska State Museum of Zoology. Digeneans were stained and mounted in balsam,

nematodes were mounted and cleared in glycerol; in two species some exemplars were used in

SEM in order to identify them using specific literature. Terminology for prevalence, diversity

and intensity follows that proposed by Margolis et al. (1982). Two hundred two specimens of

nine helminth species were obtained: Haematoloechus coloradensis, H. parviplexus, Gorgoderina

attenuata, and Glypthelmins quieta, Rhabdias ranae, Spinitectus gracilis, Cosmocercoides variabilis,

Spiroxys sp., and an unidentified ascarid nematode. Pawnee Lake represents a new locality record

for S. gracilis, and a new host and locality record for H. parviplexus and H. coloradensis. Of the 20

infected frogs, 44.4% harbored 0–1 species of helminths. Adult helminth stages were predomi-

nant. H. parviplexus showed the highest prevalence and mean abundance (33.3% and 3, respec-

tively). About infracommunities, the mean richness and mean abundance were 1.66 ± 1.3 (1–4)

and 7.48 ± 8.51 (1–30), and 68% of the pairs were totally different, with 8.2 as highest similar-

ity level. Apparently, the helminth community is structured by diet habits. Comparison with

helminth communities of other ranids is made.

182 Eimeria spp. (Apicomplexa: Eimeriidae) in Fox Squirrels (Sciurus niger) from Central Wyoming. H.

Smith, R.S. Seville* and C. Oliver, Department of Zoology and Physiology, University of Wyo-

ming, Casper WY
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We live-trapped, collected feces from, and marked and released fox squirrels (Sciurus niger) in

central Wyoming to determine the identity and prevalence of Eimeria spp. Eleven squirrels were

captured and ear-tagged. Five squirrels were sampled a single time and six were sampled two or

more times during the winter and spring of 2004. Two species were tentatively identified, and

two oocyst types not consistent with published descriptions for eimerians from fox squirrels

were recovered. Eimeria lancasterensis was the most prevalent species observed (73%). Eimeria

ontarioensis was recovered from 18% of fox squirrels sampled. Observations of E. lancasterensis in

the same hosts sampled at different times suggest that fox squirrels can be reinfected with this

species. Both of the unidentified eimerians were recovered from a single host. This is the first

survey of fox squirrels in Wyoming and thus the first finding of E. lancasterensis and E. ontario-

ensis in Wyoming.

183 Co-occurrence of the Copepod Naobranchia lizae and the Monogenean Metamicrocotyla

macracantha on the Striped Mullet, Mugil cephalus. T.G. Baker, E. Pante, Department of Biology,

College of Charleston, Charleston SC, W.A. Roumillat, E. Lesvesque, South Carolina Department

of Natural Resources, Charleston SC, and I. De Buron*, Department of Biology, College of

Charleston, Charleston SC

The copepod, Naobranchia lizae, and the monogenean, Metamicrocotyla macracantha, are gill

parasites found on striped mullet (Mugil cephalus) in the Charleston Harbor Estuarine System.

An 18-month study of the population dynamics of these parasites was performed. Results

showed that both parasite species were most abundant in mesoyhaline waters. Further, there was

a strong correlation between the presence of the two species (R2 = 0.58) on the fish, although

none of the examined biotic and abiotic factors explained this correlation. However, while there

was no correlation between the abundance of the two species on the gills (R2 = 0.01), the

abundance of M. macracantha was significantly higher when N. lizae was absent. These results

indicate that M. macracantha appears to be out-competed from its preferred microhabitat by N.

lizae.

184 Phagocytosis of Anaplasma marginale Infected and Non-infected Erythrocytes by Bovine Periph-

eral Blood Leukocytes. R.D. Melendez, Departmento Salud Pública, Universidad Centroccidental

Lisandro Alvarado, Barquisimeto, Lara, Venezuela

The process of phagocytosis carried out by calf peripheral blood leukocytes (PBLs) on Ana-

plasma marginale infected or non-infected red blood cells (RBCs) in front of four different

bovine sera was evaluated in vitro. Eight tests were run in a microplate containing PBLs, normal

bovine erythrocytes (NBE), or A. marginale-infected bovine erythrocytes (IBE), and either

normal bovine serum (NBS), normal calf serum (NCS), vaccinated immune serum (VIS), or

immune serum (IS). Erythrophagocytosis was detected in all tests that had IBE except in the test

with NCS, and it was not detected in tests that had NBE except in the test with NBS.The

addition of IS and IBE to PBLs increased significantly (P < 0.01) the percent of erythrophago-

cytosis when compared with the percent detected in the tests that used NBS, VIS or IBE,

respectively. Four percent and 9% phagocytosis was detected in both tests performed with NBS.

PBLs phagocytosed almost three times more NBE than IBE. In agreement with previous

reports, this study shows that IS, probably through specific immunoglobulins, mediates and

enhances the process of erythrophagocytosis observed in vitro, which in vivo leads to severe

anemia, whereas the detection of phagocytosis in both tests with NBS would be explained either

by a cross-reaction against A. marginale epitopes or by the presence of antibodies against cattle

RBCs in the NBS or by other mediators like C3b. In conclusion, erythrophagocytosis appears to
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be an antibody-dependent mechanism greatly responsable for the etiology of severe and even

fatal anemia observed during the prepatent and patent periods of cattle anaplasmosis.

185 Wolbachia of Filariae: Proposed Life Cycle and Exit Mechanisms. W.J. Kozek, Department of

Microbiology and Medical Zoology, University of Puerto Rico, San Juan, Puerto Rico

Recent findings, implicating filarial Wolbachia as inducers of inflammatory responses in verte-

brate hosts, prompted us to re-examine data of Wolbachia of Onchocerca volvulus, Dirofilaria

immitis, Brugia malayi and Litosmosoides sigmodontis to elucidate the release mechanisms of

Wolbachia and their metabolic products from filariae, and the mode of reproduction of Wolbach-

ia. The results indicate that, unlike other bacteria, populations of filarial Wolbachia are polymor-

phic, containing organisms of different size and morphology. The life cycle of Wolbachia is

complex and may consist of two reproductive modes: by binary fission of the bacillary forms and

by a mode resembling Chlamydia-like cycle, which includes three morphological stages: a small,

dense body; a larger intermediate stage with a dense inclusion; and a bacillary form. The Chla-

mydia-like cycle may offer a survival strategy for the Wolbachia by producing more progeny

during periods of rapid growth and development of embryos and larvae. The small, dense body

may be the infectious form responsible for the spread of Wolbachia though the canalicular system

within the lateral chords of filariae. Spread of Wolbachia may be limited to the perienteric surface

of the lateral chords by an amorphous membrane that lines the perienteric surface of the body

wall. The vertebrate host is exposed to Wolbachia when larvae or adult worms are killed, and

after expulsion of Wolbachia and its products from female worms during larviposition of microfi-

lariae. The third route may involve the hypodermal canalicular system adjacent to the edges of

the excretory canals. The three stages may express different antigenic and physiological proper-

ties, and different susceptibility to therapeutic agents. These factors should be taken into consid-

eration during chemotherapy, since persistence of the small, dense bodies after treatment could

allow the Wolbachia to re-establish, once the conditions for development would become favor-

able. (Supported, in part, by RCMI Award RR-03051 from NCRR, NlH, Bethesda, MD.)

186 Accelerating Gene Discovery in the Snail Biomphalaria glabrata, Intermediate Host of Schisto-

soma mansoni. S.A. Saenz*, B. Hanelt and C.M. Adema, Department of Biology, The University

of New Mexico, Albuquerque NM

Schistosomiasis is a parasitic disease that impacts human health on a global scale. Control efforts

may benefit from increased understanding of the properties that cause aquatic snails such as

Biomphalaria glabrata to function as intermediate host for Schistosoma mansoni and to transmit

this parasite to humans. Susceptibility as well as immunological resistance against schistosomes

is determined genetically in snails, but the internal defense system of snails remains poorly

characterized and comprehensive genomic data are lacking. An ongoing gene discovery project

aims to determine the immune capabilities of B. glabrata by characterizing the genes that are

expressed by this snail in response to immune challenges. The sequencing of so-called open

reading frame expressed sequence tags (ORESTES) already has yielded 342 novel sequences, but

progress is hindered by the frequent recovery of contaminants that derive from 18S and 28S

rRNA transcripts (39% of total sequences recovered). These rRNA sequences co-occur in polyA

enriched RNA. A PCR method was developed to detect and exclude these rRNA contaminants

from the sequencing effort. Sequence alignments were made to identify regions that were held in

common by (most of) the 18S- and the 28S sequences, respectively. These regions were targeted

by PCR primers that function in conjunction with M13 vector primers. Initial tests indicate that


