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2018 AAVP-Boehringer Ingelheim Distinguished
Veterinary Parasitologist
Ray M. Kaplan, DVM, PhD

Ray Kaplan was born in Brooklyn, NY on October 27, 1960 as the youngest of three children of Aaron
and Elaine Kaplan. The family shortly thereafter moved to Monsey, a New York City suburb where Ray
attended public schools graduating from Spring Valley High in 1978. Aaron was a chef instilling a true
passion in his children for good food and cooking. Elaine was a nurse-midwife fostering her youngest
child’s interests in science, medicine and animals. Ray’s mom aided him in collecting pets with the
exception of snakes. Elaine often recounts taking Ray to get a snake only to find out that snakes do not
eat kibble! This fact postponed Ray’s snake ownership until college and avoided mice in his mama’s
house. Despite growing up in suburbia, Ray had an interest in farm animals, and worked on dairy farms
during the summers. This led him to study in dairy science in college, and to his knowledge, he was the
only student in his high school that majored in an agricultural field.
Although a good student, Ray was not accepted into Cornell which led to his attending Virginia Tech in
Blacksburg, VA. Ray firmly believes not getting into Cornell was truly fortuitous, as VA Tech was the
perfect place for him, and he now bleeds “Burnt Orange and Maroon.” An indispensable component of
Ray’s education that set the stage for things to follow was his participation in VA Tech’s five-year
Cooperative Education Program, where he worked for 3 years in the Milk Secretion and Mastitis Laboratory
at the USDA Agricultural Research Center in Beltsville, MD under the mentorship of Drs. Alan Lefcourt
and Mike Akers. During one of his work semesters in 1980, due to a “fluke” occurrence, Ray had the
unexpected opportunity to work at the USDA Parasitology Research Institute in the laboratory of Drs. Rob
Rew and Ray Fetterer. It was there he first caught the parasite bug and never sought out a cure. He graduated
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from VA Tech in 1983 avoiding any distinctions perhaps in part due to his heavy involvement in many
campus organizations and his active membership in Pi Kappa Phi. The latter participation may have inhibited
his grade point average, but gave him some of his closest friends and wildest memories.
Despite attending Virginia Tech for five years, Ray still needed to achieve residency prior to applying to
the Virginia-Maryland Regional College of Veterinary Medicine. He continued his work at the USDA in
Dr. “Big Daddy” Bittman’s lab. While on this short break in his academic career, he met his future wife,
Holly who was completing her degree in Audiology at Gallaudet College. Ray was accepted into
veterinary school in 1984 and the couple was married in 1986. Ray’s need for gainful employment and
his love of parasitology blended shortly thereafter as he was awarded a summer fellowship in Dr. Jorgen
Hansen’s parasitology lab studying the development, survival and migration of nematode parasite larvae
on pasture. Fresh from their honeymoon, the romance continued, for what is more romantic than building
cow poop enclosures together? About this time Dr. Anne Zajac joined the faculty, and Ray continued to
work in the parasitology lab throughout veterinary school.
Following graduation in 1988, Ray began working in a mixed animal practice in central Pennsylvania
where he learned two things. First, he really missed worm research. Second, veterinarians without spleens
(it’s a long story involving playing tag and a chair armrest) should not be in practice. Two hospitalizations
and one beautiful baby girl, Elyssa, later, both Ray and Holly enrolled in doctoral programs at the
University of Florida adding “Orange and Blue” to his burnt orange and maroon blood palette.
At UF, Ray studied under the mentorship of Dr. Charlie Courtney, with Drs. Ellis Greiner and John Dame
also playing important mentorship roles. He first considered studying anthelmintic resistance, which led
him to St. Croix for six weeks where he did a survey of parasite drug resistance in sheep and goats. This
was the very first parasitology adventure that the family joined in on, something that became a regular
occurrence, and took the family to many extraordinary places. This also led to a career-long interest in
developing and fostering improved parasite control strategies in tropical climates. However, after
weighing options for his PhD research, Ray decided to pursue studies on the epizoology of liver fluke in
cattle. This led to field adventures every three weeks for three years, which involved visiting his research
sites by 4-wheeling across the cow pastures with clipboard and snail collecting tools in hand. An activity
that left his fellow graduate students (in their lab coats) a bit jealous each time he loaded the 4-wheeler
into the back of his pickup! Upon completing his PhD, Ray was fortunate to receive both the University
of Florida College of Veterinary Medicine Achievement Award in Graduate Studies and the AAVP Hoechst-Roussel Agri-Vet Company Outstanding Graduate Student Research Award.
Ray completed his PhD in 1995, the same year as the birth of his second child, Harry. With the use of a
baby snuggler and one hand typing, Ray completed writing his dissertation while working as a post-doc
in Dr. Tim Yoshino’s lab at University of Wisconsin-Madison. Again, in need of a better way to support
his growing family, Ray accepted a commission in the US Army Veterinary Corps. After completing
officer training school, he was stationed at Walter Reed Army Institute of Research, where he performed
malaria drug discovery research, and this is where his interest in parasite drug resistance was piqued.
Serving in the Army Veterinary Corps was truly an exceptional experience and honor.
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But, the Army and malaria research was not his long-term career goal, and after completing his tour of
service in 1998, Ray accepted a position as an Assistant Professor in the College of Veterinary Medicine
at the University of Georgia, adding yet a new set of colors to his blood palette, Red and Black. Over the
course of his career Ray received valuable and important mentoring from many people, but a few that
particularly stand out are Drs. Roger Prichard, Tom Klei, Tim Geary, Craig Reinemeyer, John McCall
and Gene Lyons. At UGA, Ray’s research has focused on measuring, understanding, and solving the
problem of drug resistance in nematode parasites, and in developing and testing novel and sustainable
methods of parasite control. Of all his achievements, Ray is most proud of helping to change the paradigm
of parasite control in the US from one focused solely on frequent anthelmintic use, to one of evidencebased targeted anthelmintic use that is integrated into a sustainable parasite management plan. This work
was a result of collaborations with many scientists, including Drs. Anand Vidyashankar, Tom Terrill, Jim
Miller, Joan Burke, Jane Hodgkinson, Jacqui Matthews, Adrian Wolstenholme, and John Gilleard. More
recently, Ray has applied his knowledge and experience on drug resistance gained in large animals to
similar emerging problems in nematode parasites of dogs and humans. None of this is possible without a
great team. The Kaplan Lab has been fortunate to have many talented and hard working students and
scientists contribute their time and talents. Although there are too many to name, a few critical people
stand out, including my long term technician and “Lab Mom” Sue Howell, my previous lab manager and
scientist Bob Storey, my previous post-doc and now colleague Andy Moorhead, and my former PhD
student and great friend Martin Nielsen.
Ray served as Director of the NIH-NIAID Filariasis Research Reagent Resource Center (FR3) for six
years, and was a founding member of the American Consortium for Small Ruminant Parasite Control,
where he played a central role in introducing and promoting the FAMACHA method in the USA. Along
the way he earned diplomate status in both the American College of Veterinary Microbiologists
(Parasitology) and the European Veterinary Parasitology College, and was recipient of the Pfizer Award
for Research Excellence, the Charles N. Dobbins Award for Excellence in Service, and the Dr. Fred C.
Davison Service Award. As parasitology has been a core element of Ray’s adult life, the AAVP has
likewise been very important to him. As a PhD student in 1993 he was the founder and first committee
chair of the AAVP graduate student organization, and 22 years later he served as President of AAVP.
Outside of parasitology, Ray is a true family guy. His wife and best friend of 35 years, Holly and their
children Elyssa and Harry are his purpose and true-loves. He is a devoted son to his mom and appreciates
everything she has provided him. He is active in the local Jewish community and is involved in progressive
political causes promoting ethical and responsible government. Ray loves to travel and this is something
shared by the entire family. While at University of Wisconsin, Ray became good friends with Dr. Rhonda
Pinckney. Rhonda then moved to St. Georges University in Grenada, and this led to her inviting Ray to
serve as a visiting professor teaching large animal clinical parasitology for the past 10 years. These annual
trips to Grenada are a Kaplan family highlight, and the island has become our home away from home.
Ray views this aspect of his life as one of the real perks of his job; having good friends and colleagues
throughout the world is truly a wonderful gift. He also enjoys cooking, playing with his dogs, gardening,
and watching bad detective shows with Holly while relaxing on the comfy dad couch.
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AMERICAN ASSOCIATION OF VETERINARY PARASITOLOGISTS
AWARDS HISTORY
AAVP-Boehringer Ingelheim Distinguished Veterinary Parasitologist Award
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
20174
2018

Jitender P. Dubey1
Norman D. Levine
E. J. Lawson Soulsby
Jeffrey F. Williams
K. Darwin Murrell
William C. Campbell2, 3
Jay Hal Drudge and Eugene T. Lyons
Gilbert F. Otto
Thomas R. Klei
Peter M. Schantz
James C. Williams
T. Bonner Stewart
J. Owen D. Slocombe
J. Ralph Lichtenfels
Roger K. Prichard
Edward L. Roberson
Byron L. Blagburn
Sidney A. Ewing
Louis C. Gasbarre
David S. Lindsay
Jorge Guerrero
John W. McCall
Ronald Fayer
Dwight D. Bowman
Ellis C. Greiner
George A. Conder
Thomas M. Craig
James E. Miller
Dante Zarlenga
Timothy G. Geary
Michael W. Dryden
Anne M. Zajac
Susan Little
Ray M. Kaplan

1

National Academy of Sciences 2010
National Academy of Sciences 2002
3
Noble Prize in Physiology or Medicine, 2015
4
2017, award renamed the “AAVP-Boehringer Ingelheim
Distinguished Veterinary Parasitologist Award”
2
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AAVP Distinguished Service Award
1976
1983
1987
1988
1994
1997
2006
2008
2017

Rurel R. Bell
Terance J. Hayes
Norman F. Baker
Donald E. Cooperrider
S. D. “Bud” Folz
Honorico Rick Ciordia
Raffaele “Raf” Roncalli
Anne M. Zajac
William C. Campbell

William C. Campbell One Heath Award
J.P. Dubey, BVSc & AH, MVSc, PhD
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2018 AAVP/Merck Animal Health Graduate Student Research Award
Russell Avramenko, BHSc (Hon.), PhD

Hoechst-Roussel Agri-Vet Company Graduate Student Research Award
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
20001
2001
2002

Lora G. Rickard
Debra A. Cross
Stephen C. Barr
Jim C. Parsons
Carlos E. Lanusse
David G. Baker
Rebecca A. Cole
Ray M. Kaplan
Scott T. Storandt
A. Lee Willingham III
Carla C. Siefker
Ryan M. O’Handley
John S. Mathew
Sheila Abner
Andrew Cheadle
No recipient

2003
2004
2005
2006
2007
20082
2009
2010
2011
20123
2013
2014
2015
2016
2017
2018

1

Mary G. Rossano
Andrea S. Varela
Alexa C. Rosypal
Sheila M. Mitchell
Martin K. Nielsen
Heather D. Stockdale
Kelly E. Allen
Stephanie R. Heise
Aaron S. Lucas
Flavia A. Girao Ferrari
Lindsay A. Starkey
Alice Che Yu Lee
Anne Barrett
Rachel Curtis-Robles
Brian H. Herrin
Russell Avramenko

2000, award renamed the “AAVP/Intervet Graduate Student Research Award”
2008, award renamed the “AAVP/Schering-Intervet Graduate Student Research Award”
3
2012, award renamed the “AAVP/Merck Animal Health Graduate Student Research Award”
2
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2018 AAVP-CAPC Graduate Student Award in Zoonotic Disease
Jeba R.J. Jesudoss Chelladurai, BVSc & AH, MS

AAVP-Companion Animal Parasite Council (CAPC)
Graduate Student Award in Zoonotic Disease
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018

David G. Goodman
Stephanie R. Heise
Sriveny Dangoudoubiyam
Jessica Edwards
Lindsay Starkey
Gail M. Moraru
Anne Barrett
Alice Che Yu Lee
Brian H. Herrin
Sarah Sapp
Jeba R.J. Jesudoss Chelladurai
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AMERICAN ASSOCIATION OF VETERINARY PARASITOLOGISTS
Founded 1956
Officers 2017-2018
President

Dante S. Zarlenga
USDA, ARS, APDL
Beltsville, MD

President-Elect

John S. Gilleard
University of Calgary
Calgary, AB, Canada

Vice-President

Mason V. Reichard
Oklahoma State University
Stillwater, OK

Secretary/Treasurer

Doug Carithers
Boehringer Ingelheim
Duluth, GA

Immediate Past-President Timothy G. Geary
McGill University
Montreal, QC, Canada
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2017-2018 AAVP Committee Chairs and Members (Term Date)
Nominations: Shiela Mitchell, Chair (2019), Michael Dryden (2018), Alexa Rosypal (2018),
Tom Nolan (2019), Joyce Login (2020), Ashley McGrew (2020)
Archives: Tom McTier, Chair (2020), Tom Nolan (2019), Raf Roncalli (2018), Miguel
Suderman (2019), Ann Donoghue (2019)
Awards: Lindsay Starkey, Chair (2018), Alice Lee (2018), Raj Gaji (2018), Gui Verocai
(2018), Jim Miller (2018), Joe Camp (2018), Darwin Murrell (2018), Roger Prichard
(2018), Jesica Jacobs (2019), Lora Ballweber (2019), Javier Garza (2020), Rachel Imai
(2020), Lisa Young (2020), Anne Zajac (2020), Molly Savadelis (2020), Kelly Allen
(2020), Scott Bowdridge (2020), Janice Liotta (2020)
Constitution and Bylaws: Joe Camp, Chair (2018), Alexa Rosypal (2018), Ryan Avery (2019)
Education: Antoinette Marsh, Chair (2018), Andrea Varela-Stokes (2018), Andy Moorhead
(2020), Araceli Lucio-Forster (2018), Javier Garza (2018), Michael Kent (2018), Lora
Ballweber (2018), Joyce Login (2018), Heather Walden (2018), Brian Herrin (2018),
Akinsanya Bamidele (2019), Harld Newcomb (2019), Matt Brewer (2020), Jennifer
Ketzis (2020), Rick Gerhold (2020), Ashley McGrew (2020)
Electronic Media: Meriam Saleh, Chair (2019), Alice Houk-Miles (2018), Ann Donoghue
(2018), Lauren Lewis (2018), Marie Varloud (2019), Denise Kobuszewski (2019),
Brynnan Russ (2019), Denzel Middleton (2019), Ryan H. Avery (2020), Tim Geary
(2020), John Gilleard (2020), Saurabh Verma (2020), Nathan Crilly (2020)
Finance: Andrew Moorhead, Chair (2020), Jim Miller (2018), Ashley McGrew (2018), Pete
Hann (2018), Bob Storey (2020)
Historian/History: Susan Howell, Chair (2018), Alan Marchiondo (2018), Raf Roncalli (2018),
Tom Nolan (2018), Ryan H. Avery (2020), Ashley McGrew (2020)
Newsletter/Editorial Board: Frank Hurtig, Chair (2018), Lindsay Porter (2018), Brian Herrin
(2018), Pablo Jimenez (2018), Miguel Suderman (2018), Kate Purple (2018), Brad
Scandrett (2019), Jeba Jesudoss (2019), Lisa Young (2020), Kelly Allen (2020), Jake
Rodgers (2020)
Program: John Gilleard, Chair (2020), Dante Zarlenga (2019), Tim Geary (2018), Alan
Marchiondo, Program Administrator/Executive Secretary (2020), Doug Carithers
(2018), Jessica Rodriguez (2018), Ashley Steuer (2019), Mason Reichart (2021)
Publications/Outreach/Research: Miguel Suderman, Chair (2018), Sheila Mitchell (2018),
Carly Barone (2018), Chanel Schwartzentruber (2018), Cassan Pulaski (2018), Saurabh
Verma (2019), Guilherme Klafke (2019), Rachel inai (2020), Natassia Ruse (2020),
Tinothy Geary (2020)
Student Representaives: Jessica Rodriguez (2018), Ashley Steuer (2019)
Past Presidents: Tim Geary, Chair (2020), Ray Kaplan (2019), Andrew Peregrine (2018)
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PAST PRESIDENTS OF THE AMERICAN ASSOCIATION OF
VETERINARY PARASITOLOGISTS
1956-1958
1958-1960
1960-1962
1962-1964
1964-1966
1966-1968
1968-1970
1970-1972
1972-1973
1973-1975
1975-1977
1977-1979
1979-1981
1981-1983
1983-1985
1985-1986
1986-1987
1987-1988
1988-1989
1989-1990
1990-1991
1991-1992
1992-1993
1993-1994
1994-1995
1995-1996
1996-1997
1997-1998
1998-1999
1999-2000
2000-2001
2001-2002
2002-2003
2003-2004
2004-2005
2005-2006
2006-2007
2007-2008
2008-2009
2009-2010
2010-2011
2011-2012
2012-2013
2013-2014
2014-2015
2015-2016
2016-2017
2017-2018

L. E. Swanson
Fleetwood R. Koutz
Wendell H. Krull
Saeed M. Gaafar
E. D. Besch
George C. Shelton
John H. Greve
Harold J. Griffiths
Donald E. Cooperrider
Demetrice L. Lyles
Harold J. Smith
Norman F. Baker
Edward L. Roberson
Jeffrey F. Williams
John B. Malone
Robert M. Corwin
K. Darwin Murrell
Thomas R. Klei
Harold C. Gibbs
Bert E. Stromberg
Roger K. Prichard
J. Owen D. Slocombe
Ronald Fayer
George A. Conder
Charles H. Courtney
Byron L. Blagburn
Peter M. Schantz
James C. Williams
Louis C. Gasbarre
Robert S. Rew
Thomas J. Kennedy
Anne M. Zajac
Joseph F. Urban, Jr.
Craig R. Reinemeyer
Linda S. Mansfield
Ann R. Donoghue
Daniel E. Snyder
David S. Lindsay
Susan E. Little
Lora R. Ballweber
Karen Snowden
Patrick F.M. Meeus
Alan A. Marchiondo
Dwight D. Bowman
Andrew S. Peregrine
Ray M. Kaplan
Timothy G. Geary
Dante S. Zarlenga
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PAST SECRETARY-TREASURERS OF THE
AMERICAN ASSOCIATION OF VETERINARY PARASITOLOGISTS
Wendell H. Krull
Edward G. Batte
Donald E. Cooperrider
Rurel Roger Bell
Terence J. Hayes
Vassilios J. Theodorides
S.D. “Bud” Folz
Thomas J. Kennedy
Daniel E. Snyder
Alan A. Marchiondo
Robert G. Arther
Doug Carithers

1956-1959
1960
1961-1969
1969-1977
1978-1983
1983-1986
1987-1992
1993-1998
1998-2004
2004-2010
2010-2014
2014-2018

PAST AAVP ANNUAL MEETINGS
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987

1st Annual Meeting – SAN ANTONIO, TX
2nd Annual Meeting – COLUMBUS, OH
3rd Annual Meeting – PHILADELPHIA, PA
4th Annual Meeting – KANSAS CITY, MO
5th Annual Meeting – DENVER, CO
6th Annual Meeting – WEST LAFAYETTE, IN
7th Annual Meeting – MIAMI BEACH, FL
8th Annual Meeting – NEW YORK CITY, NY
9th Annual Meeting – CHICAGO, IL
10th Annual Meeting – PORTLAND, OR
11th Annual Meeting – LOUISVILLE, KY
12th Annual Meeting – DALLAS, TX
13th Annual Meeting – BOSTON, MA
14th Annual Meeting – MINNEAPOLIS, MN
15th Annual Meeting – LAS VEGAS, NV
16th Annual Meeting – DETROIT, MI
17th Annual Meeting – NEW ORLEANS, LA
18th Annual Meeting – PHILADELPHIA, PA
19th Annual Meeting – DENVER, CO
20th Annual Meeting – ANAHEIM, CA
21st Annual Meeting – CINCINNATI, OH
22nd Annual Meeting – ATLANTA, GA
23rd Annual Meeting – DALLAS, TX
24th Annual Meeting – SEATTLE, WA
25th Annual Meeting – WASHINGTON, D.C.
26th Annual Meeting – ST. LOUIS, MO
27th Annual Meeting – SALT LAKE CITY, UT
28th Annual Meeting – NEW YORK, NY
29th Annual Meeting – NEW ORLEANS, LA
30th Annual Meeting – LAS VEGAS, NV
31st Annual Meeting – ATLANTA, GA
32nd Annual Meeting – CHICAGO, IL
12

16 OCT
17 AUG
18 AUG
23 AUG
14 AUG
20 AUG
12 AUG
28 JUL
19 JUL
11 JUL
13 JUL
9 JUL
21 JUL
13 JUL
22 JUN
18 JUL
17 JUL
15 JUL
21 JUL
13 JUL
19 JUL
11 JUL
17 JUL
22-24 JUL
20-22 JUL
19-20 JUL
18-19 JUL
17-18, JUL
15-17 JUL
22-24 JUL
20-22 JUL
19-21 JUL
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33rd Annual Meeting – PORTLAND, OR
17-18 JUL
34th Annual Meeting – ORLANDO, FL
16-18 JUL
35th Annual Meeting – SAN ANTONIO, TX
21-24 JUL
th
36 Annual Meeting – SEATTLE, WA
28-30 JUL
37th Annual Meeting – BOSTON, MA
2-4 AUG
38th Annual Meeting – MINNEAPOLIS, MN
17-20 JUL
39th Annual Meeting – SAN FRANCISCO, CA
9-12 JUL
40th Annual Meeting – PITTSBURGH, PA
6-10 JUL
(Joint meeting with the American Society of Parasitologists)
1996
41st Annual Meeting – LOUISVILLE, KY
20-23 JUL
1997
42nd Annual Meeting – RENO, NV
19-22 JUL
1998
43rd Annual Meeting – BALTIMORE, MD
25-28 JUL
1999
44th Annual Meeting – NEW ORLEANS, LA
10-13 JUL
2000
45th Annual Meeting – SALT LAKE CITY, UT
22-25 JUL
2001
46th Annual Meeting – BOSTON, MA
14-17 JUL
2002
47th Annual Meeting – NASHVILLE, TN
13-16 JUL
2003
48th Annual Meeting – DENVER, CO
19-23 JUL
2004
49th Annual Meeting – PHILADELPHIA, PA
24-28 JUL
(Joint meeting with the American Society of Parasitologists)
2005
50th Annual Meeting – MINNEAPOLIS, MN
16-19 JUL
2006
51st Annual Meeting – HONOLULU, HI
15-18 JUL
2007
52ndAnnual Meeting – WASHINGTON, DC
14-17 JUL
2008
53rd Annual Meeting – NEW ORLEANS, LA
19-22 JUL
2009
54th Annual Meeting – CALGARY, CANADA
9-13 AUG
(Joint meeting with the World Association for the Advancement of
Veterinary Parasitology and the International Commission on Trichinellosis)
31 JUL – 2 AUG
2010
55th Annual Meeting – ATLANTA, GA
2011
56th Annual Meeting – ST. LOUIS, MO
16-19 JUL
(Joint meeting with the Livestock Insect Workers Conference and the
International Symposium of Ectoparasites of Pets)
2012
57th Annual Meeting – San Diego, CA
4-7 AUG
2013
58th Annual Meeting – Chicago, IL
20-23 JUL
2014
59th Annual Meeting – Denver, CO
26-29 JUL
2015
60th Annual Meeting – Boston, MA
11-14 JUL
(Joint meeting with the Livestock Insect Workers Conference and the
International Symposium of Ectoparasites of Pets)
2016
61st Annual Meeting – San Antonio, TX
6-9 AUG
2017
62nd Annual Meeting – Indianapolis, IN
22-25 JUL
2018
63rd Annual Meeting – Denver, CO
14-17 JUL
1988
1989
1990
1991
1992
1993
1994
1995

The AAVP claims copyright privileges to the non-abstract portions of proceedings booklets and
acknowledges that the copyright assignment for each abstract remains with the submitting author.
If a company, an institution or an individual wishes to reproduce and distribute our proceedings (even as
an internal document), they must obtain copyright permission for each and every abstract in the book, as
well as permission from the AAVP for the non-abstract portions of the book. Alternatively, they may
purchase a copy of the proceedings from the AAVP for each individual who may wish to utilize the content
of the book.
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AAVP 63rd ANNUAL MEETING
The Curtis Hotel, Denver, CO
REGISTRATION
Marco Polo Pre-Function
Saturday, July 14, 2018, 12:00 PM – 5:00 PM
Sunday, July 15, 2018, 8:00 AM – 5:00 PM
Monday, July 16, 2018, 8:00 AM – 5:00 PM
SPEAKER READY ROOM
Jax – 2nd Floor
Saturday, July 14, 2018, 8:00 AM – 8:00 PM
Sunday, July 15, 2018, 8:00 AM – 8:00 PM
Monday, July 16, 2018, 8:00 AM – 8:00 PM
SYMPOSIA / SOCIAL PROGRAMS

Symposium/Welcoming Reception – Bayer HealthCare, Animal Health
Bayer Symposium – Marco Polo Ballroom – Saturday, July 14, 2018, 6:30 PM – 7:30
PM
Bayer Social – Four Square Ballroom – Saturday, July 14, 2018, 7:30 PM – 9:30 PM

AAVP Committee-Volunteers Breakfast
(Breakfast only for those volunteering for/on AAVP Committees)
Breakfast Meeting Sponsored by AAVP
Patty Cake Room – Sunday, July 15, 2018, Breakfast 7:00 AM – 8:30 AM,
Committee Meetings 7:30 AM – 8:30 AM

Zoetis Lunch Symposium
Zoetis Lunch Symposium – Marco Polo Ballroom - Sunday, July 15, 2018,
12:00 PM – 1:30 PM
rd

Poster Viewing

Red Rover (3 Floor) and Duck, Duck Goose (3rd Floor)
- Sunday, July 15, 2018, 5:05 PM – 6:15 PM

Boehringer Ingelheim Seminar / Social
Boehringer Ingelheim Seminar – Marco Polo Ballroom - Sunday, July 15, 2018,
6:30 PM – 7:30 PM
Boehringer Ingelheim Social – Four Square Ballroom - Sunday, July 15, 2018,
7:30 PM – 9:00 PM
14
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Merck Lunch Seminar
Merck Lunch Seminar – Marco Polo Balloom - Monday, July 16, 2018,
12:00 PM – 1:30 PM

rd

Poster Viewing

Red Rover (3 Floor) and Duck, Duck Goose (3rd Floor)
- Monday, July 16, 2018, 5:05 PM – 6:15 PM

nd

DACVM Meeting

Peak-A-Boo (2 Floor) – Monday, July 16, 2018, 5:30 PM – 6:30 PM

Elanco Animal Health Social
Four Square Ballroom
Monday, July 16, 2017, 7:30 PM – 9:00 PM

AAVP- National Center for Veterinary Parasitology (NCVP)
Parasite Case Discussions
Boxed Lunches Sponsored by NCVP
Marco Polo Ballroom – Tuesday, July 17, 2018, 10:30 AM – 12:30 PM
COFFEE BREAKS
Marco Polo Pre-Function, Saturday, July 14, 2018, 4:15 PM – 4:45 PM
Marco Polo Pre-Function, Sunday, July 15, 2018, 10:00 AM – 10:30 AM
Marco Polo Pre-Function, Sunday, July 15, 2018, 3:00 PM – 3:30 PM
Marco Polo Pre-Function, Monday, July 16, 2018, 10:00 AM – 10:30 AM
Marco Polo Pre-Function, Monday, July 16, 2017, 3:00 PM – 3:30 PM
Marco Polo Pre-Function, Tuesday, July 17, 2018, 10:15 AM – 10:45 AM
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STUDENT FUNCTIONS

AAVP Student Member Meet and Greet
Lunch Sponsored by Virbac
Peak-A-Boo (2 Floor) - Saturday, July 14, 2018, 12:30 – 2:00 PM
nd

AAVP Students – Lunch: Careers in Parasitology
Lunch Sponsored by Virbac
Peak-A-Boo (2 Floor) - Sunday, July 15, 2018, Noon – 1:00 PM
nd

AAVP Students - Lunch and AAVP Student Elections
Lunch Sponsored by Virbac
Peak-A-Boo (2 Floor) - Monday, July 16, 2017, Noon – 1:30 PM
nd

AAVP Students – Colorado State University Diagnostic Laboratories
Tour
Tuesday, July 17, 2018, 1:00 PM
Students attending the tour of the CSU Diagnostic Laboratories should meet in the lobby
of the Curtis Hotel by 1:00 p.m. on Tuesday, July 17. After the tour, a dinner in either Fort
Collins or Denver will be sponsored by AAVP along with airort hotel arrangements
Tuesday night for Wednesday morning departures (July 18) out of Denver International
Airport. Due to space constraints, this trip will have an enrollment cap established prior to
the annual meeting.
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AMERICAN ASSOCIATION OF VETERINARY PARASITOLOGISTS
63rd ANNUAL MEETING SPONSORS
SOCIAL EVENT SPONSORS
AAVP
BAYER HEALTHCARE, ANIMAL HEALTH
BOEHRINGER INGELHEIM*
ELANCO ANIMAL HEALTH
NATIONAL CENTER FOR VETERINARY PARASITOLOGY
ZOETIS**
*Plus In-Kind Annual Support of the AAVP Secretary/Treasurer
**Plus In-Kind support for the Proceedings Covers, Meeting App Design,
Student Certificates and Name Badges

AWARDS SPONSORS

BAYER HEALTHCARE, ANIMAL HEALTH1
BOEHRINGER INGELHEIM 2
COMPANION ANIMAL PARASITE COUNCIL3
ELANCO ANIMAL HEALTH4
MERCK ANIMAL HEALTH5
2

1
AAVP- Bayer Best Student Oral Presentation Awards
AAVP-Boehringer Ingelheim Distinguished Veterinary Parasitologist Award
3
AAVP-CAPC Graduate Student Award – Zoonotic Diseases
4
AAVP-Elanco Best Student Poster Presentation Awards
5
AAVP-Merck Animal Health Graduate Student Award

GENERAL MEETING SPONSORSHIP
PARTNER LEVEL
BAYER HEALTHCARE, ANIMAL HEALTH
BOEHRINGER INGELHEIM
ELANCO ANIMAL HEALTH
MERCK ANIMAL HEALTH
ZOETIS
PLATINUM LEVEL
IDEXX LABORATORIES, Inc.
VIRBAC ANIMAL HEALTH
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GENERAL MEETING SPONSORSHIP (cont)
GOLD LEVEL
AVISTA PHARMA
CLINGLOBAL
TECH-LAB, INC
TRIVERITAS
VETOQUINOL
SILVER LEVEL
CHERI-HILL KENNEL and SUPPLY, INC
CENTRAL STATES ESEARCH CENTER, INC
EAST TENNESSEE CLINICAL RESEARCH, INC
JOHNSON RESEARCH, LLC
MIDWEST VETERINARY SERVICES, Inc. & VETERINARY & BIOMEDICAL RESEARCH CENTER, INC
RESEARCH MANAGEMENT GROUP, LLC
STILLMEADOW, INC
YOUNG VETERINARY RESEARCH
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AAVP Welcome &
Social Reception

Join us for an evening of
hors d’oeuvres, cocktails and networking
Saturday, July 14, 2018
7:30 pm to 9:30 pm

THE CURTIS HOTEL – FOUR SQUARE BALLROOM

© 2018 Bayer, Shawnee Mission, Kansas 66201.
Bayer and the Bayer Cross are registered trademarks of Bayer.
CAP181120
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Zoetis is a proud sponsor of the 2018 AAVP Annual Meeting

Resistance to Heartworm Preventives:

What Have We Learned in the Past Decade?
Please join us for lunch and an informative discussion.

SUNDAY JULY 15

MARCO POLO BALLROOM,

12:00-1:00pm CURTIS HOTEL
SPEAKERS:
Byron Blagburn

Cassan Pulaski

Tim Geary

Steven Maeder

Tom McTier

MS,PhD

DVM, MPH, PhD(c)

PhD

BVSC, MMedSci

MS, PhD

All trademarks are the property of Zoetis Services LLC or a related
company or a licensor unless otherwise noted.
© 2018 Zoetis Services LLC. All rights reserved. PRO-00231
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Post-Approval Experience (Rev. 2010) The following adverse events are based on post-approval adverse drug experience
reporting. Not all adverse reactions are reported to FDA/CVM. It is not always possible to reliably estimate the adverse event
frequency or establish a causal relationship to product exposure using these data. The following adverse events are listed in
decreasing order of frequency by body system.

NADA 141-189, Approved by FDA

ProHeart® 6
(moxidectin)

Immune: anaphylaxis and/or anaphylactoid reactions, urticaria, head/facial edema, pruritus, pale mucous membranes, collapse,
cardiovascular shock, erythema, immune-mediated hemolytic anemia, immune-mediated thrombocytopenia (signs reflected in
other system categories could be related to allergic reactions, i.e. gastrointestinal, dermatologic, and hematologic)
Gastrointestinal: vomiting (with or without blood), diarrhea with or without blood, hypersalivation
General: depression, lethargy, anorexia, fever, weight loss, weakness
Dermatological: injection site pruritus/swelling, erythema multiforme
Neurological: seizures, ataxia, trembling, hind limb paresis
Hematological: leukocytosis, anemia, thrombocytopenia
Respiratory: dyspnea, tachypnea, coughing
Hepatic: elevated liver enzymes, hypoproteinemia, hyperbilirubinemia, hepatopathy
Urinary: elevated BUN, elevated creatinine, hematuria, polydipsia, polyuria

Sustained Release Injectable for Dogs
CAUTION
Federal (U.S.A.) law restricts this drug to use by or on the order of a licensed veterinarian.
DESCRIPTION
ProHeart 6 (moxidectin) Sustained Release Injectable consists of two separate vials: One vial contains 10% moxidectin sterile
microspheres and the second vial contains a specifically formulated sterile vehicle for constitution with the microspheres. No
other diluent should be used. A clear or translucent appearance of the vehicle is normal. Each mL of constituted drug product
contains 3.4 mg moxidectin, 3.1% glyceryl tristearate, 2.4% hydroxypropyl methylcellulose, 0.87% sodium chloride, 0.17%
methylparaben, 0.02% propylparaben and 0.001% butylated hydroxytoluene. Hydrochloric acid is used to adjust pH.

Cardiopulmonary signs such as coughing and dyspnea may occur in heartworm positive dogs treated with ProHeart 6.
In some cases, death has been reported as an outcome of the adverse events listed above.
For a copy of the Safety Data Sheet (SDS) or to report suspected adverse reactions, contact Zoetis Inc. at 1-888-963-8471. For
additional information about adverse drug experience reporting for animal drugs, contact FDA at 1-888-FDA-VETS or http://www.
fda.gov/AnimalVeterinary/SafetyHealth.

PHARMACOLOGY
Moxidectin is a semi-synthetic methoxime derivative of nemadectin which is a fermentation product of Streptomyces
cyaneogriseus subspecies noncyanogenus. Moxidectin is a pentacyclic 16-membered lactone macrolide.
Moxidectin has activity resulting in paralysis and death of affected parasites. The stage of the canine heartworm affected
at the recommended dose rate of 0.17 mg moxidectin/kg body weight is the tissue larval stage. The larval and adult stages of the
canine hookworms, Ancylostoma caninum and Uncinaria stenocephala, are susceptible.
Following injection with ProHeart 6, peak moxidectin blood levels will be observed approximately 7-14 days after treatment.
At the end of the six month dosing interval, residual drug concentrations are negligible. Accordingly, little or no drug accumulation
is expected to occur with repeated administrations.

ANIMAL SAFETY
General Safety: ProHeart 6 has been administered to a wide variety of healthy dogs six months of age and older, including a
wide variety of breeds, pregnant and lactating females, breeding males, and ivermectin-sensitive collies. In clinical studies,
two geriatric dogs with a history of weight loss after the initial ProHeart 6 injection died within a month of the second 6 month
injection. A third dog who was underweight for its age and breed and who had a history of congenital problems experienced
lethargy following the initial injection of ProHeart 6. The dog never recovered and died 3 months later (see WARNINGS).
ProHeart 6 administered at 3 times the recommended dose in dogs with patent heartworm infections and up to 5 times the
recommended dose in ivermectin-sensitive collies did not cause any adverse reactions. ProHeart 6 administered at 3 times the
recommended dose did not adversely affect the reproductive performance of male or female dogs.
ProHeart 6 administered up to 5 times the recommended dose in 7-8 month old puppies did not cause any systemic adverse
effects.
In well controlled clinical field studies, ProHeart 6 was used in conjunction with a variety of veterinary products including
anthelmintics, antiparasitics, antibiotics, analgesics, steroids, non-steroidal anti-inflammatory drugs (NSAIDs), anesthetics and
flea control products.
Injection Site Reactions: Injection site observations were recorded during effectiveness and safety studies. In clinical studies,
ProHeart 6 was administered at six-month intervals to client-owned dogs under field conditions. There were no reports of
injection site reactions in these field studies and evaluations of the injection sites revealed no abnormalities.
In a laboratory safety study, ProHeart 6 was administered at 1, 3 and 5 times the recommended dose to 7-8 month old puppies.
Injection sites were clipped to facilitate observation. Slight swelling/edema at the injection site was observed in some
dogs from all treated groups. These injection site reactions appeared as quickly as 8 hours post injection and lasted up to 3 weeks.
A three-year repeated injection study was conducted to evaluate the safety of up to 6 injections of ProHeart 6 administered
at the recommended dose (0.17 mg/kg) every 6 months. Mild erythema and localized deep subcuticular thickening were seen
in dogs that received four injections in the same area on the neck and in one dog that received two injections in the same area
on the neck. Microscopic evaluation on the injection sites from all dogs 6 months after the last injection consistently showed
mild granulomatous panniculitis with microvacuolation. The only adverse reaction seen that was not related to the injection
site was weight loss in one dog.
Some dogs treated with ProHeart 6 in laboratory effectiveness studies developed transient, localized inflammatory injection
site reactions. These injection site reactions were visible grossly for up to 3 weeks after injection. Histologically, well-defined
granulomas were observed in some dogs at approximately 5 months after injection.

INDICATIONS
ProHeart 6 is indicated for use in dogs six months of age and older for the prevention of heartworm disease caused by Dirofilaria
immitis.
ProHeart 6 is indicated for the treatment of existing larval and adult hookworm (Ancylostoma caninum and Uncinaria stenocephala)
infections.
DOSAGE AND ADMINISTRATION
Owners should be given the Client Information Sheet for ProHeart 6 to read before the drug is administered and should
be advised to observe their dogs for potential drug toxicity described in the sheet.
Frequency of Treatment: ProHeart 6 prevents infection by D. immitis for six months. It should be administered within one month
of the dog’s first exposure to mosquitoes. Follow-up treatments may be given every six months if the dog has continued exposure
to mosquitoes and if the dog continues to be healthy without weight loss. When replacing another heartworm preventive product,
ProHeart 6 should be given within one month of the last dose of the former medication.
ProHeart 6 eliminates the larval and adult stages of A. caninum and U. stenocephala present at the time of treatment. However,
persistent effectiveness has not been established for this indication. Re-infection with A. caninum and U. stenocephala may occur
sooner than 6 months.
Dose: The recommended subcutaneous dose is 0.05 mL of the constituted suspension/kg body weight (0.0227 mL/lb.). This
amount of suspension will provide 0.17 mg moxidectin/ kg bodyweight (0.0773 mg/lb.). To ensure accurate dosing, calculate each
dose based on the dog’s weight at the time of treatment. Do not overdose growing puppies in anticipation of their expected adult
weight. The following dosage chart may be used as a guide.

lb
11
22
33
44
55
66

Dog Wt.

kg
5
10
15
20
25
30

Dose Volume
mL/Dog
0.25
0.50
0.75
1.00
1.25
1.50

DOSAGE CHART
lb
77
88
99
110
121
132

Dog Wt.

kg
35
40
45
50
55
60

Dose Volume
mL/Dog
1.75
2.00
2.25
2.50
2.75
3.00

CONSTITUTION PROCEDURES
The two-part ProHeart 6 product must be mixed at least 30 minutes prior to the intended time of use.
Items needed to constitute ProHeart 6: • Microspheres
• Enclosed vent needle (25G)
• Sterile 20 mL syringe for transfer
• Transfer needle (18G or 20G)

• Vehicle

Constitution of the 20 mL vial product.
1. Shake the microsphere vial to break up any aggregates prior to constitution.

Injection Technique: The two-part sustained release product must be mixed at least 30 minutes prior to the intended time of use
(see CONSTITUTION PROCEDURES for initial mixing instructions). Once constituted, swirl the bottle gently before every use to
uniformly re-suspend the microspheres. Withdraw 0.05 mL of suspension/kg body weight into an appropriately sized syringe
fitted with an 18G or 20G hypodermic needle. Dose promptly after drawing into dosing syringe. If administration is delayed, gently
roll the dosing syringe prior to injection to maintain a uniform suspension and accurate dosing.
Using aseptic technique, inject the product subcutaneously in the left or right side of the dorsum of the neck cranial to the scapula.
No more than 3 mL should be administered in a single site. The location(s) of each injection (left or right side) should be noted so
that prior injection sites can be identified and the next injection can be administered on the opposite side.

2. Using an 18G or 20G needle and sterile syringe withdraw 17.0 mL of the unique vehicle
from the vial. There is more vehicle supplied than the 17.0 mL required.
3. Insert the enclosed 25G vent needle into the microsphere vial.
4. Slowly transfer the vehicle into the microsphere vial through the stopper using the
transfer needle and syringe.

INFORMATION FOR DOG OWNERS
Always provide Client Information Sheet and review with owners before administering ProHeart 6. Owners should be advised
of the potential for adverse reactions, including anaphylaxis, and be informed of the clinical signs associated with drug toxicity
(see WARNINGS, PRECAUTIONS and ADVERSE REACTIONS sections.) Owners should be advised to contact their veterinarian
immediately if signs of toxicity are observed. The vast majority of patients with drug related adverse reactions have recovered
when the signs are recognized and veterinary care, if appropriate, is initiated.

5. Once the vehicle has been added, remove the vent and transfer needles from the
microsphere vial. Discard unused vehicle and needles.
6. Shake the microsphere vial vigorously until a thoroughly mixed suspension is produced.
7. Record the time and date of mixing on the microsphere vial.

CONTRAINDICATIONS
ProHeart 6 is contraindicated in animals previously found to be hypersensitive to this drug.

8. Allow suspension to stand for at least 30 minutes to allow large air bubbles to dissipate.

HUMAN WARNINGS
Not for human use. Keep this and all drugs out of the reach of children.
May be slightly irritating to the eyes. May cause slight irritation to the upper respiratory tract if inhaled. May be harmful if
swallowed. If contact with the eyes occurs, rinse thoroughly with water for 15 minutes and seek medical attention immediately. If
accidental ingestion occurs, contact a Poison Control Center or a physician immediately. The Safety Data Sheet (SDS) contains more
detailed occupational safety information.

10. Use a 1 mL or 3 mL syringe and an 18G or 20G needle for dosing. Dose promptly after
drawing into dosing syringe. If administration is delayed, gently roll the dosing syringe
prior to injection to maintain a uniform suspension and accurate dosing.

9. Before every use, gently swirl the mixture to achieve uniform suspension. The
microspheres and vehicle will gradually separate on standing.

11. Refrigerate the unused product. The constituted product remains stable for 8 weeks in
a refrigerator. Avoid direct sunlight.

WARNINGS
ProHeart 6 should be administered with caution in dogs with pre-existing allergic disease, including food allergy, atopy, and flea
allergy dermatitis. In some cases, anaphylactic reactions have resulted in liver disease and death. Anaphylactic and anaphylactoid
reactions should be treated immediately with the same measures used to treat hypersensitivity reactions to vaccines and other
injectable products.
Owners should be given the Client Information Sheet for ProHeart 6 to read before the drug is administered and should
be advised to observe their dogs for potential drug toxicity described in the sheet.
Do not administer ProHeart 6 to dogs who are sick, debilitated, underweight or who have a history of weight loss.

STORAGE INFORMATION
Store the unconstituted product at or below 25°C (77°F). Do not expose to light for extended periods of time. After constitution,
the product is stable for 8 weeks stored under refrigeration at 2° to 8°C (36° to 46°F).
HOW SUPPLIED
ProHeart 6 is available in the following three package sizes.
1. 1-Pack
2. 5-Pack
3. 10-Pack
20 mL vial product:
20 mL vial product:
20 mL vial product:
1 - 10% moxidectin sterile microspheres
5 - 10% moxidectin sterile microspheres
10 - 10% moxidectin sterile microspheres
- 598 mg/vial
- 598 mg/vial
- 598 mg/vial
1 - Sterile vehicle - 17 mL/vial
5 - Sterile vehicle - 17 mL/vial
10 - Sterile vehicle - 17 mL/vial

PRECAUTIONS
Caution should be used when administering ProHeart 6 concurrently with vaccinations. Adverse reactions, including anaphylaxis,
have been reported following the concomitant use of ProHeart 6 and vaccinations (see WARNINGS).
Prior to administration of ProHeart 6, the health of the patient should be assessed by a thorough medical history, physical
examination and diagnostic testing as indicated (see WARNINGS).
ProHeart 6 should not be used more frequently than every 6 months.
The safety and effectiveness of ProHeart 6 has not been evaluated in dogs less than 6 months of age.
Caution should be used when administering ProHeart 6 to heartworm positive dogs (see ADVERSE REACTIONS).
Prior to administration of ProHeart 6, dogs should be tested for existing heartworm infections. Infected dogs should be treated to
remove adult heartworms. ProHeart 6 is not effective against adult D. immitis and, while the number of circulating microfilariae may
decrease following treatment, ProHeart 6 is not effective for microfilariae clearance.

For a copy of the Safety Data Sheet (SDS) or to report suspected adverse reactions, contact Zoetis Inc. at 1-888-963-8471.
For additional information about adverse drug experience reporting for animal drugs, contact FDA at 1-888-FDA-VETS or
http://www.fda.gov/AnimalVeterinary/SafetyHealth.
Revised: March 2016

ADVERSE REACTIONS
In field studies, the following adverse reactions were observed in dogs treated with ProHeart 6: anaphylaxis, vomiting, diarrhea
(with and without blood), listlessness, weight loss, seizures, injection site pruritus, and elevated body temperature. Dogs with
clinically significant weight loss (>10%) were more likely to experience a severe adverse reaction.
In a laboratory effectiveness study, dogs with 4- and 6-month-old heartworm infections experienced vomiting, lethargy and
bloody diarrhea. These signs were more severe in the dogs with 4-month-old heartworm infections, including one dog that was
recumbent and required supportive care, than in the dogs with older (6-month-old) infections.

Sterile Vehicle - Made in Spain
ProHeart 6 Microspheres - Product of Italy
Distributed by: Zoetis Inc., Kalamazoo, MI 49007
40012244A&P
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An innovative transdermal
solution for heartworm disease
prevention and broad-spectrum
GI parasite control in cats
SUNDAY, JULY 15, 2018 | THE CURTIS HOTEL, DENVER, CO
SYMPOSIUM: 6:30-7:30 PM, Marco Polo Ballroom
Speakers: Becky Fankhauser, DVM
Christine F. Baker, DVM, DACVIM (Neurology)
Eric Tielemans, DVM,Cert LAS
Joseph Prullage, PhD

SOCIAL: 7:30-9:30 PM, Four Square Ballroom

BOEHRINGER INGELHEIM IS A PROUD
PARTNER LEVEL SPONSOR OF THE AAVP!

IMPORTANT SAFETY INFORMATION: For topical use only. Side effects
may include emesis, anorexia, lethargy, and hair changes and skin
reactions at the site of application. If ingested, hypersalivation, vomiting
and lethargy may be observed. The safety of CENTRAGARD has not been
tested in kittens less than 7 weeks of age or less than 1.8 lbs. For more
information, see complete prescribing information.
CENTRAGARD is a Merial product. Merial
is now part of Boehringer Ingelheim.

CENTRAGARDTM and the Cat & Heart logoTM are trademarks of Merial.
©2018 Merial, Inc., Duluth, GA. All rights reserved. PET-0473-CGD0618.
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CAUTION: Federal (USA) law restricts this drug to use by or on the order of a licensed veterinarian.
Description:
CENTRAGARD is a transdermal solution containing eprinomectin and praziquantel available in 0.3 mL and
0.9 mL unit applicators to treat cats from 1.8 lbs to 33 lbs. Each mL of CENTRAGARD contains 4 mg of
eprinomectin and 83 mg of praziquantel, as well as the inactive ingredients (dimethyl isosorbide, glycerol
formal, and butylated hydroxytoluene). Eprinomectin belongs to the avermectin class of anthelmintics
and is a mixture of homologous components referred to as eprinomectin B1a and B1b. Praziquantel is a
pyrazinoisoquinoline anthelmintic.
Indications:
CENTRAGARD is indicated for the prevention of heartworm disease caused by Dirofilaria immitis, and for the
treatment and control of roundworms (adult and fourth stage larval Toxocara cati), hookworms (adult and
fourth stage larval Ancylostoma tubaeforme; adult Ancylostoma braziliense), and tapeworms (adult Dipylidium
caninum and Echinococcus multilocularis) in cats and kittens 7 weeks of age and older and 1.8 lbs or greater.
Dosage and Administration:
CENTRAGARD is dosed at a minimum of 0.055 mL/lb (0.12 mL/kg), which delivers a minimum dose of 0.23 mg/
lb eprinomectin and 4.55 mg/lb praziquantel. Administer the entire contents of a CENTRAGARD unit applicator
topically once a month as specfied in the following table:
Cat Weight
(lb)

Volume
(mL)

Eprinomectin
(mg)

Praziquantel
(mg)

1.8-5.5
5.6-16.5
16.6-22.0
22.1-33.0

0.3
0.9
0.3+0.9
0.9+0.9

1.2
3.6
4.8
7.2

24.9
74.7
99.6
149.4

For additional information about adverse drug experience reporting for animal drugs,
contact FDA at 1-888-FDA-VETS or online at http://www.fda.gov/AnimalVeterinary/-SafetyHealth.
The Safety Data Sheet (SDS) provides additional occupational safety information. For customer service or to
obtain product information, including the SDS, call 1-888-637-4251.
Information for Owner or Person Treating Animal:
Echinococcus multilocularis is a tapeworm found in wild canids and domestic cats. E. multilocularis can
infect humans and cause serious disease (alveolar hydatid disease). Owners of cats living in areas where E.
multilocularis are endemic should be instructed on how to minimize their risk of exposure to this parasite,
as well as their cat’s risk of exposure. Although ML-635 was 100% effective in laboratory studies in cats
against E. multilocularis, no studies have been conducted to show that the use of this product will decrease
the incidence of alveolar hydatid disease in humans. Because the prepatent period for E. multilocularis may
be as short as 26 days, cats treated at the labeled monthly intervals may become reinfected and shed eggs
between treatments.
Mode of Action:
Eprinomectin binds to glutamate gated chloride channels that are present in invertebrate nerve and muscle
cells and increases the permeability of the cell membrane to chloride ions that triggers hyperpolarization of
the nerve or muscle cell resulting in paralysis and death of the parasite.
Praziquantel’s mode of action is not precisely known but treated tapeworms undergo muscular paralysis
accompanied by a rapid influx of calcium ions and the disruption of the tegument.
Effectiveness:
Effectiveness studies were conducted with an early formulation (ML-635), containing 8.3% fipronil, 0.4%
eprinomectin, 8.3% praziquantel, and 10% (S)-methoprene. The doses of eprinomectin and praziquantel in ML635 are equivalent to the final formulation of CENTRAGARD (eprinomectin and praziquantel transdermal solution).
Heartworm Disease Prevention:
In well-controlled laboratory studies, ML-635 provided 100% effectiveness against induced heartworm
infections after a single application.
Treatment and Control of Roundworms, Hookworms, and Tapeworms:
In well-controlled laboratory studies, ML-635 provided >90% effectiveness against natural and/or induced
roundworm (adult and fourth stage larval Toxocara cati); hookworm (adult and fourth stage larval Ancylostoma
tubaeforme; adult Ancylostoma braziliense), and adult tapeworm (Dipylidium caninum; Echinococcus
multilocularis) infections.
Animal Safety:
Margin of Safety Study: A combination of fipronil, eprinomectin, praziquantel, and (S) -methoprene was
applied topically to 7 to 9 week old healthy kittens at 1, 3, or 5X the maximum dose (8 cats/group) six times at
28 day intervals. One 5X kitten exhibited ataxia, disorientation, and lethargy for 12 hours and exhibited pupil
dilation for 24 hours following the 3rd treatment. This 5X kitten exhibited ataxia, disorientation, and lethargy
for 6 hours, and moderate pupil dilation for 24 hours following the 4th treatment, and had pupil dilation
following the 5th treatment. Hypersalivation was observed for one hour for one 5X kitten following the 1st
treatment and one 3X kitten following the 4th treatment. One 5X kitten had slow pupillary light responses
for one day after one treatment and one 3X kitten had slow pupillary light responses for 3 hours after one
treatment. One control cat had marked pupil dilation and slow pupillary light responses lasting two hours after
one treatment. Immediately post-treatment cats in all groups scratched and groomed the application site.
Study in Heartworm Positive Cats: Three groups (0X, 1X and 3X) of 12 young, adult cats, 4.7 to 6.6 months
of age, were experimentally infected with adult heartworms (D. immitis) by venous transplantation. All cats
were negative for heartworm antibody, antigen and microfilariae prior to transplantation. Two weeks after
transplantation, immunoserology verified positive antigen and the presence of microfilaria in all enrolled cats.
A combination of fipronil, eprinomectin, praziquantel, and (S)-methoprene was applied topically to cats at 1X
or 3X the maximum exposure dose once every 28 days for three consecutive treatments. One cat in the 1X
group exhibited cyanotic mucous membranes and tachypnea for 24 hours following the first treatment. The
cat recovered and exhibited no abnormal signs following two subsequent treatments. There was no difference
between the treatment groups in the number of adult D. immitis recovered at the end of the study.
Oral Administration Study: Oral tolerance was evaluated to assess the effects of accidental oral ingestion.
Sixteen cats (8 male and 8 female) ranging in age from 9 - 10 months were studied. Eight cats were orally
administered a combination of fipronil, eprinomectin, praziquantel, and (S)-methoprene at 1X the maximum
exposure dose; the 8 control cats were sham dosed. All 8 treated cats immediately exhibited hypersalivation
after oral administration, and 2 cats vomited and 3 cats were lethargic during the 1-2 hour post-treatment
observations. Treated cats continued to hypersalivate and lick lips/mouth for 1-2 hours after oral
administration. Cats were monitored for 14 days thereafter, during which one treated cat vomited on Day 12.
Storage Information:
Store at or below 30°C (86°F) with excursions permitted to 40°C (104°F). Protect from light.
How Supplied:
CENTRAGARD is packaged as a single dose in 0.3 mL (for cats 1.8 – 5.5 lb) and 0.9 mL (for cats 5.6 – 16.5 lb)
applicators.
Each size applicator is available in cartons containing 1, 3 or 6 applications.
NADA 141-492, Approved by FDA
Manufactured for:
Merial, Inc.,
Duluth, GA 30096-4640
USA
Made in France

To apply CENTRAGARD pull back the plunger of the unit applicator slightly and remove the cap. Part the hair
in one spot on the midline of the neck between the base of the skull and the shoulder blades, place the tip of
the unit applicator on the skin and apply the contents directly on the skin. If the weight of the cat requires a
second application, apply the contents in the same manner as described above in the same location.
Discard applicator after use.
Heartworm Prevention:
For prevention of heartworm disease, CENTRAGARD should be administered once a month. CENTRAGARD
may be administered year round or at a minimum, should start 1 month before the cat’s first expected exposure
to mosquitoes and continuing at monthly intervals until at least one month after the cat’s last exposure to
mosquitoes. If a dose is missed and a 30-day interval between doses is exceeded, administer CENTRAGARD
immediately and resume the monthly dosing schedule.
When replacing another monthly heartworm preventive product in a heartworm prevention program, the first
treatment with CENTRAGARD should be given within one month of the last dose of the former medication. At
the discretion of the veterinarian, cats older than 6 months of age may be tested to determine the presence of
existing heartworm infection before treatment with CENTRAGARD.
Treatment and Control of Roundworms, Hookworms and Tapeworms:
CENTRAGARD treats and controls roundworms (adult and fourth stage larval Toxocara cati ), hookworms (adult
and fourth stage larval Ancylostoma tubaeformae, adult Ancylostoma braziliense), and tapeworms (adult
Dipylidium caninum and Echinococcus multilocularis) after a single administration or when given monthly as
part of a heartworm prevention program. Cats may be exposed to and can become infected with roundworms,
hookworms, and tapeworms throughout the year, regardless of season or climate. Clients should be advised
of appropriate measures to prevent reinfection of their cat with intestinal parasites. Because the prepatent
period for E. multilocularis may be as short as 26 days, cats treated at the labeled monthly intervals may
become reinfected and shed eggs between treatments.
Human Warning:
Not for human use. Keep out of reach of children. Avoid contact with the application site for 5 hours following
treatment. Wash hands after administering the product. If the product accidentally gets into the eyes, flush
thoroughly with water. In case of accidental ingestion, or if skin or eye irritation occurs, contact a poison
control center or physician for treatment advice.
Precautions:
Do not administer orally. Cats may salivate excessively and vomit if CENTRAGARD is accidentally administered
orally or is ingested through licking/grooming the application site (see ANIMAL SAFETY).
The safety of CENTRAGARD has not been tested in breeding, pregnant or lactating cats.
The safety of CENTRAGARD has not been tested in kittens less than 7-9 weeks of age or weighing less than
1.8 lbs (0.8 kg).
Adverse Reactions:
In a well-controlled field study emesis, anorexia, lethargy, temporary clumping or spiking of the hair, or
mild, transient skin reactions (itching, hair loss) were reported. When cats licked the application site after
treatment, temporary excessive salivation was observed. Oral ingestion of CENTRAGARD may also result
in hypersalivation, vomiting and/or lethargy. In margin of safety studies, transient neurological signs such
as ataxia, disorientation, lethargy, and pupil dilation were observed in some cats. Correct application will
minimize the occurrence of such events.
To report suspected adverse events, for technical assistance or to obtain a copy of the SDS, contact Merial at
1-888-637-4251.

CENTRAGARD™ is a trademark of Merial
© 2017 Merial. All rights reserved.
Revision date: Feb 2018
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From best practices to developing the best medicines,

Merck Animal Health

WORKS.
The Science of Healthier Animals

Join us for lunch
Merck Animal Health invites you to attend a lunch presentation on
the latest in flea and tick product efficacy and dispensing trends
using real-world assessment and big data.

MON

16
July

Using Real-World and Big Data for Outcomes
Research with Today’s Parasiticides
12:00 – 1:00 PM | Marco Polo Ballroom, Curtis Hotel
Speakers:
Michael Dryden, DVM, MS, PhD, DACVM
University Distinguished Professor of Veterinary Parasitology,
Kansas State University

Robert P. Lavan, MS, MPVM, DVM, DACVPM
Director, Outcomes Research, Animal Health,
Center for Observational and Real-World Evidence (CORE),
Merck Sharp & Dohme Corp.
Copyright © 2018 Intervet Inc., d/b/a Merck Animal Health, a subsidiary of Merck & Co. Inc. All rights reserved.
US/COR/0518/0022
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NEW
Experience
Elanco

AAVP Evening Social
Monday, July 16
7-9 p.m.
The Curtis Hotel
Four Square Ballroom
AAVP badges recommended for event entrance

Elanco is a proud sponsor of
the 2018 AAVP Annual Meeting

Credelio, Elanco and the diagonal bar logo are trademarks of Elanco or its affiliates.
© 2018 Elanco or its affiliates. USCACCRD00123
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*

Do not use K9 Advantix® II on cats

A Proud
Supporter
of AAVP
Advantage Multi®, Droncit®, Drontal®, Drontal® Plus
and Profender® are only available through
licensed veterinarians.
*For complete product information,
please see the product label.
Bayer, the Bayer Cross, Advantage, Advantage Multi, Cydectin,
Droncit, Drontal, Drontal Plus, K9 Advantix, Profender,
Seresto and Taste Tabs are registered trademarks of Bayer.
© 2018 Bayer, Shawnee Mission, Kansas 66201.
CAP181121
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Advantage Multi® for Dogs and for Cats
(imidacloprid + moxidectin)

BRIEF SUMMARY: Before using Advantage Multi ® for Dogs (imidacloprid+moxidectin) or
Advantage Multi ® for Cats (imidacloprid +moxidectin), please consult the product insert, a
summary of which follows:
CAUTION: Federal (U.S.A.) Law restricts this drug to use by or on the order of a licensed veterinarian.
Advantage Multi for Dogs:
WARNING
• DO NOT ADMINISTER THIS PRODUCT ORALLY.
• For the first 30 minutes after application ensure that dogs cannot lick the product from
application sites on themselves or other treated animals.
• Children should not come in contact with the application sites for two (2) hours after
application.
(See Contraindications, Warnings, Human Warnings, and Adverse Reactions for more
information.)
INDICATIONS:
Advantage Multi for Dogs is indicated for the prevention of heartworm disease caused by Dirofilaria
immitis and the treatment of Dirofilaria immitis circulating microfilariae in heartworm-positive dogs.
Advantage Multi for Dogs kills adult fleas and is indicated for the treatment of flea infestations
(Ctenocephalides felis). Advantage Multi for Dogs is indicated for the treatment and control of
sarcoptic mange caused by Sarcoptes scabiei var.canis. Advantage Multi for Dogs is also indicated
for the treatment and control of the following intestinal parasites species: Hookworms (Ancylostoma
caninum) (Uncinaria stenocephala), Roundworms (Toxocara canis) (Toxascaris leonina) and
Whipworms (Trichuris vulpis).
Advantage Multi for Cats is indicated for the prevention of heartworm disease caused by Dirofilaria
immitis. Advantage Multi for Cats kills adult fleas (Ctenocephalides felis) and is indicated for the
treatment of flea infestations. Advantage Multi for Cats is also indicated for the treatment and
control of ear mite (Otodectes cynotis) infestations and the intestinal parasites species Hookworm
(Ancylostoma tubaeforme) and Roundworm (Toxocara cati). Ferrets: Advantage Multi for Cats is
indicated for the prevention of heartworm disease in ferrets caused by Dirofilaria immitis. Advantage
Multi for Cats kills adult fleas (Ctenocephalides felis) and is indicated for the treatment of flea
infestations in ferrets.
CONTRAINDICATIONS: Do not administer this product orally. (See WARNINGS). Do not use the
Dog product (containing 2.5% moxidectin) on Cats.
WARNINGS:
Advantage Multi for Dogs: For the first 30 minutes after application: Ensure that dogs cannot lick
the product from application sites on themselves or other treated dogs, and separate treated
dogs from one another and from other pets to reduce the risk of accidental ingestion. Ingestion
of this product by dogs may cause serious adverse reactions including depression, salivation,
dilated pupils, incoordination, panting, and generalized muscle tremors. In avermectin
sensitive dogsa, the signs may be more severe and may include coma and deathb.
a
Some dogs are more sensitive to avermectins due to a mutation in the MDR1 gene. Dogs with
this mutation may develop signs of severe avermectin toxicity if they ingest this product. The most
common breeds associated with this mutation include Collies and Collie crosses.
b
Although there is no specific antagonist for avermectin toxicity, even severely affected dogs have
completely recovered from avermectin toxicity with intensive veterinary supportive care.
Advantage Multi for Cats: Do not use on sick, debilitated, or underweight cats. Do not use on cats
less than 9 weeks of age or less than 2 lbs. body weight. Do not use on sick or debilitated ferrets.
HUMAN WARNINGS: Not for human use. Keep out of the reach of children. Dogs: Children should
not come in contact with the application sites for two (2) hours after application. Cats: Children
should not come in contact with the application site for 30 minutes after application.
Causes eye irritation. Harmful if swallowed. Do not get in eyes or on clothing. Avoid contact with
skin. Wash hands thoroughly with soap and warm water after handling. If contact with eyes
occurs, hold eyelids open and flush with copious amounts of water for 15 minutes. If eye irritation
develops or persists, contact a physician. If swallowed, call poison control center or physician
immediately for treatment advice. Have person sip a glass of water if able to swallow. Do not
induce vomiting unless told to do so by the poison control center or physician. People with known
hypersensitivity to benzyl alcohol, imidacloprid, or moxidectin should administer the product with
caution. In case of allergic reaction, contact a physician. If contact with skin or clothing occurs,
take off contaminated clothing. Wash skin immediately with plenty of soap and water. Call a poison
control center or physician for treatment advice. The Material Safety Data Sheet (MSDS) provides
additional occupational safety information. For a copy of the Material Safety Data Sheet (MSDS)
or to report adverse reactions call Bayer Veterinary Services at 1-800-422-9874. For consumer
questions call 1-800-255-6826.
PRECAUTIONS: Do not dispense dose applicator tubes without complete safety and administration
information. Use with caution in sick, debilitated or underweight animals. The safety of Advantage
Multi for Dogs has not been established in breeding, pregnant, or lactating dogs. The safe use of
Advantage Multi for Dogs has not been established in puppies and dogs less than 7 weeks of age
or less than 3 lbs. body weight. Advantage Multi for Dogs has not been evaluated in heartwormpositive dogs with Class 4 heartworm disease.
Cats may experience hypersalivation, tremors, vomiting and decreased appetite if Advantage Multi
for Cats is inadvertently administered orally or through grooming/licking of the application site. The
safety of Advantage Multi for Cats has not been established in breeding, pregnant, or lactating cats.
The effectiveness of Advantage Multi for Cats against heartworm disease (D. immitis) after bathing
has not been evaluated in cats. Use of this product in geriatric cats with subclinical conditions
has not been adequately studied. Ferrets: The safety of Advantage Multi for Cats has not been
established in breeding, pregnant, and lactating ferrets. Treatment of ferrets weighing less than 2.0
lbs. (0.9kg) should be based on a risk-benefit assessment. The effectiveness of Advantage Multi for
Cats in ferrets weighing over 4.4 lbs. (2.0 kg) has not been established.
ADVERSE REACTIONS: Heartworm Negative Dogs: The most common adverse reactions observed
during field studies were pruritus, residue, medicinal odor, lethargy, inappetence and hyperactivity.
Heartworm Positive Dogs: The most common adverse reactions observed during field studies
were cough, lethargy, vomiting, diarrhea, (including hemorrhagic), and inappetence. Cats: The
most common adverse reactions observed during field studies were lethargy, behavioral changes,
discomfort, hypersalivation, polydipsia and coughing and gagging. Ferrets: The most common
adverse reactions observed during field studies were pruritus/scratching, scabbing, redness,
wounds and inflammation at the treatment site; lethargy; and chemical odor.
For a copy of the Material Safety Data Sheet (MSDS) or to report adverse reactions call Bayer
Veterinary Services at 1-800-422-9874. For consumer questions call 1-800-255-6826.
Advantage Multi is protected by one or more of the following U.S. patents: 6,232,328 and 6,001,858.
NADA 141-251,141-254 Approved by FDA
19653
© 2014 Bayer HealthCare LLC
Bayer, the Bayer Cross, Advantage Multi are registered trademarks of Bayer.
Made in Germany.
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TRUST.
REWARD THEIR TRUST WITH THE
HEARTWORM DISEASE PREVENTIVE
THEY’LL LOVE

1
2

✓
✓
✓
✓
✓

Data on file at Merial.
Freedom of Information: NADA140-971 (January 15, 1993).

HEARTGARD Plus is a Merial product.
Merial is now part of Boehringer Ingelheim.
HEARTGARD® and the Dog & Hand logo®
are registered trademarks of Merial.
©2018 Merial, Inc., Duluth, GA. All rights
reserved. HGD18TRADEAD (03/18).

IMPORTANT SAFETY INFORMATION: HEARTGARD® Plus (ivermectin/pyrantel) is
well tolerated. All dogs should be tested for heartworm infection before starting
a preventive program. Following the use of HEARTGARD Plus, digestive and
neurological side effects have rarely been reported. For more information, please
see full prescribing information or visit www.HEARTGARD.com.
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PREVENTS
HEARTWORM DISEASE
TREATS AND CONTROLS
3 SPECIES OF HOOKWORMS
TREATS AND CONTROLS
2 SPECIES OF ROUNDWORMS
OWNERS PREFER IT1
AND DOGS LOVE IT2
SAFE FOR PUPPIES AS
YOUNG AS 6 WEEKS OF AGE

chewables

EFFICACY: HEARTGARD Plus Chewables, given orally using the
recommended dose and regimen, are effective against the tissue
larval stage of D.immitis for a month (30 days) after infection and, as
a result, prevent the development of the adult stage. HEARTGARD
Plus Chewables are also effective against canine ascarids (T. canis, T.
leonina) and hookworms (A. caninum, U. stenocephala, A. braziliense).

CAUTION: Federal (U.S.A.) law restricts this drug to use by or on the
order of a licensed veterinarian.
INDICATIONS: For use in dogs to prevent canine heartworm disease
by eliminating the tissue stage of heartworm larvae (Diroﬁlaria
immitis) for a month (30 days) after infection and for the treatment
and control of ascarids (Toxocara canis, Toxascaris leonina) and
hookworms (Ancylostoma caninum, Uncinaria stenocephala,
Ancylostoma braziliense).
DOSAGE: HEARTGARD® Plus (ivermectin/pyrantel) should be
administered orally at monthly intervals at the recommended minimum
dose level of 6 mcg of ivermectin per kilogram (2.72 mcg/lb) and 5 mg
of pyrantel (as pamoate salt) per kg (2.27 mg/lb) of body weight. The
recommended dosing schedule for prevention of canine heartworm
disease and for the treatment and control of ascarids and hookworms
is as follows:
Dog Chewables Ivermectin Pyrantel
Weight Per Month Content Content
Up to 25 lb
26 to 50 lb
51 to 100 lb

1
1
1

68 mcg
136 mcg
272 mcg

57 mg
114 mg
227 mg

Color Coding 0n
Foil Backing
and Carton
Blue
Green
Brown

ACCEPTABILITY: In acceptability and ﬁeld trials, HEARTGARD Plus
was shown to be an acceptable oral dosage form that was consumed
at ﬁrst offering by the majority of dogs.
PRECAUTIONS: All dogs should be tested for existing heartworm
infection before starting treatment with HEARTGARD Plus which is not
effective against adult D. immitis. Infected dogs must be treated to
remove adult heartworms and microﬁlariae before initiating a program
with HEARTGARD Plus.
While some microﬁlariae may be killed by the ivermectin in
HEARTGARD Plus at the recommended dose level, HEARTGARD Plus
is not effective for microﬁlariae clearance. A mild hypersensitivitytype reaction, presumably due to dead or dying microﬁlariae and
particularly involving a transient diarrhea, has been observed in
clinical trials with ivermectin alone after treatment of some dogs that
have circulating microﬁlariae.
Keep this and all drugs out of the reach of children.
In case of ingestion by humans, clients should be advised to contact
a physician immediately. Physicians may contact a Poison Control
Center for advice concerning cases of ingestion by humans.

HEARTGARD Plus is recommended for dogs 6 weeks of age and older.
For dogs over 100 lb use the appropriate combination of these chewables.

Store between 68°F - 77°F (20°C - 25°C). Excursions between 59°F 86°F (15°C - 30°C) are permitted. Protect product from light.

ADMINISTRATION: Remove only one chewable at a time from the
foil-backed blister card. Return the card with the remaining chewables
to its box to protect the product from light. Because most dogs ﬁnd
HEARTGARD Plus palatable, the product can be offered to the dog
by hand. Alternatively, it may be added intact to a small amount of
dog food.The chewable should be administered in a manner that
encourages the dog to chew, rather than to swallow without chewing.
Chewables may be broken into pieces and fed to dogs that normally
swallow treats whole.

ADVERSE REACTIONS: In clinical ﬁeld trials with HEARTGARD Plus,
vomiting or diarrhea within 24 hours of dosing was rarely observed
(1.1% of administered doses). The following adverse reactions
have been reported following the use of HEARTGARD: Depression/
lethargy, vomiting, anorexia, diarrhea, mydriasis, ataxia, staggering,
convulsions and hypersalivation.

Care should be taken that the dog consumes the complete dose,
and treated animals should be observed for a few minutes after
administration to ensure that part of the dose is not lost or
rejected. If it is suspected that any of the dose has been lost,
redosing is recommended.
HEARTGARD Plus should be given at monthly intervals during the
period of the year when mosquitoes (vectors), potentially carrying
infective heartworm larvae, are active. The initial dose must be given
within a month (30 days) after the dog’s ﬁrst exposure to mosquitoes.
The ﬁnal dose must be given within a month (30 days) after the dog’s
last exposure to mosquitoes.
When replacing another heartworm preventive product in a heartworm
disease preventive program, the ﬁrst dose of HEARTGARD Plus must be
given within a month (30 days) of the last dose of the former medication.
If the interval between doses exceeds a month (30 days), the efﬁcacy
of ivermectin can be reduced. Therefore, for optimal performance, the
chewable must be given once a month on or about the same day of
the month. If treatment is delayed, whether by a few days or many,
immediate treatment with HEARTGARD Plus and resumption of the
recommended dosing regimen will minimize the opportunity for the
development of adult heartworms.

SAFETY: HEARTGARD Plus has been shown to be bioequivalent to
HEARTGARD, with respect to the bioavailability of ivermectin. The
dose regimens of HEARTGARD Plus and HEARTGARD are the same with
regard to ivermectin (6 mcg/kg). Studies with ivermectin indicate that
certain dogs of the Collie breed are more sensitive to the effects of
ivermectin administered at elevated dose levels (more than 16 times the
target use level) than dogs of other breeds. At elevated doses, sensitive
dogs showed adverse reactions which included mydriasis, depression,
ataxia, tremors, drooling, paresis, recumbency, excitability, stupor, coma
and death. HEARTGARD demonstrated no signs of toxicity at 10 times
the recommended dose (60 mcg/kg) in sensitive Collies. Results of these
trials and bioequivalency studies, support the safety of HEARTGARD
products in dogs, including Collies, when used as recommended.
HEARTGARD Plus has shown a wide margin of safety at the
recommended dose level in dogs, including pregnant or breeding
bitches, stud dogs and puppies aged 6 or more weeks. In clinical trials,
many commonly used ﬂea collars, dips, shampoos, anthelmintics,
antibiotics, vaccines and steroid preparations have been administered
with HEARTGARD Plus in a heartworm disease prevention program.
In one trial, where some pups had parvovirus, there was a marginal
reduction in efﬁcacy against intestinal nematodes, possibly due to a
change in intestinal transit time.
HOW SUPPLIED: HEARTGARD Plus is available in three dosage
strengths (See DOSAGE section) for dogs of different weights. Each
strength comes in convenient cartons of 6 and 12 chewables.

Monthly treatment with HEARTGARD Plus also provides effective
treatment and control of ascarids (T. canis, T. leonina) and hookworms
(A. caninum, U. stenocephala, A. braziliense). Clients should be advised
of measures to be taken to prevent reinfection with intestinal parasites.

For customer service, please contact Merial at 1-888-637-4251.

®HEARTGARD and the Dog & Hand logo are registered trademarks of Merial.
©2015 Merial, Inc., Duluth, GA. All rights reserved.
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For more information, visit Credelio.com or
speak with your Elanco representative today.

Credelio, Elanco and the diagonal bar logo are trademarks of Elanco or its affiliates.
© 2018 Elanco or its affiliates. USCACCRD00090
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Searching for eggs?

You’re missing
infections.
Because even when eggs aren’t
detected, parasites may be present.

Detect more hookworm,
roundworm, and whipworm
infections earlier with

Fecal Dx® antigen testing—
so you can take action sooner.1
O nl y a
vailab
le
from ID
EX X
Refere
nc e
L ab or
atories

Read the white paper at idexx.com/aavp2018

Reference
1. Data on file at IDEXX Laboratories, Inc. Westbrook, Maine USA.

© 2018 IDEXX Laboratories, Inc. All rights reserved. • 109521-02 • All ®/ TM marks are owned by IDEXX Laboratories, Inc.
or its affiliates in the United States and/or other countries. The IDEXX Privacy Policy is available at idexx.com.
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They already have a lot to remember.
Give them one less thing to forget.

No matter how busy life gets, at least you’ll know your
patients are protected from fleas & ticks with BRAVECTO®
Prescription-only BRAVECTO provides up to 12 weeks* of extended
protection against fleas & ticks with just one dose. Good for patients,
good for compliance, good for your practice.

®

Ask your Merck Animal Health Rep about BRAVECTO or Visit Bravectovets.com
*BRAVECTO kills fleas and prevents flea infestations for 12 weeks. BRAVECTO Chew kills ticks (black-legged tick,
American dog tick, and brown dog tick) for 12 weeks and also kills lone star ticks for 8 weeks.

Also available as a topical application.

Important Safety Information
BRAVECTO Chews for Dogs: The most common adverse reactions recorded in clinical trials were vomiting, decreased appetite, diarrhea, lethargy, polydipsia, and flatulence.
Bravecto has not been shown to be effective for 12-weeks’ duration in puppies less than 6 months of age. Bravecto is not effective against lone star ticks beyond
8 weeks after dosing. Please see Prescribing Information on following page.
Copyright © 2018 Intervet Inc., d/b/a Merck Animal Health, a subsidiary of Merck & Co. Inc. All rights reserved.
US/BRV/1017/0090a
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Clinical Pharmacology:
Peak fluralaner concentrations are achieved between 2 hours and 3 days following oral administration, and
the elimination half-life ranges between 9.3 to 16.2 days. Quantifiable drug concentrations can be measured
(lower than necessary for effectiveness) through 112 days. Due to reduced drug bioavailability in the fasted
state, fluralaner should be administered with food.

Flavored chews for dogs.
Caution:
Federal (USA) law restricts this drug to use by or on the order of a licensed veterinarian.

Mode of Action:
Fluralaner is for systemic use and belongs to the class of isoxazoline-substituted benzamide derivatives.
Fluralaner is an inhibitor of the arthropod nervous system. The mode of action of fluralaner is the antagonism
of the ligand-gated chloride channels (gamma-aminobutyric acid (GABA)-receptor and glutamate-receptor).

Description:
Each chew is formulated to provide a minimum dose of 11.4 mg/lb (25 mg/kg) body weight.
The chemical name of fluralaner is (±)-4-[5-(3,5-dichlorophenyl)-5-(trifluoromethyl)-4,5- dihydroisoxazol-3yl]-2-methyl-N-[2-oxo-2-(2,2,2-trifluoroethylamino) ethyl]benzamide.

Effectiveness:
Bravecto began to kill fleas within two hours after administration in a well-controlled laboratory study. In a
European laboratory study, Bravecto killed fleas and Ixodes ricinus ticks and reduced the numbers of live fleas
and Ixodes ricinus ticks on dogs by >98% within 12 hours for 12 weeks. In a well-controlled laboratory study,
Bravecto demonstrated 100% effectiveness against adult fleas 48 hours post-infestation for 12 weeks. In wellcontrolled laboratory studies, Bravecto demonstrated ≥93% effectiveness against Dermacentor variabilis, Ixodes
scapularis and Rhipicephalus sanguineus ticks 48 hours post-infestation for 12 weeks. Bravecto demonstrated
≥90% effectiveness against Amblyomma americanum 72 hours post-infestation for 8 weeks, but failed to
demonstrate ≥90% effectiveness beyond 8 weeks.

Indications:
Bravecto kills adult fleas and is indicated for the treatment and prevention of flea infestations (Ctenocephalides
felis) and the treatment and control of tick infestations [Ixodes scapularis (black-legged tick), Dermacentor
variabilis (American dog tick), and Rhipicephalus sanguineus (brown dog tick)] for 12 weeks in dogs and
puppies 6 months of age and older, and weighing 4.4 pounds or greater.
Bravecto is also indicated for the treatment and control of Amblyomma americanum (lone star tick) infestations
for 8 weeks in dogs and puppies 6 months of age and older, and weighing 4.4 pounds or greater.

In a well-controlled U.S. field study, a single dose of Bravecto reduced fleas by ≥99.7% for 12 weeks. Dogs
with signs of flea allergy dermatitis showed improvement in erythema, alopecia, papules, scales, crusts, and
excoriation as a direct result of eliminating flea infestations.

Dosage and Administration:
Bravecto should be administered orally as a single dose every 12 weeks according to the Dosage Schedule
below to provide a minimum dose of 11.4 mg/lb (25 mg/kg) body weight.

Palatability: In a well-controlled U.S. field study, which included 559 doses administered to 224 dogs, 80.7%
of dogs voluntarily consumed Bravecto within 5 minutes, an additional 12.5% voluntarily consumed Bravecto
within 5 minutes when offered with food, and 6.8% refused the dose or required forced administration.

Bravecto may be administered every 8 weeks in case of potential exposure to Amblyomma americanum ticks
(see Effectiveness).
Bravecto should be administered with food.

Animal Safety:
Margin of Safety Study: In a margin of safety study, Bravecto was administered orally to 8- to 9-week-old
puppies at 1, 3, and 5X the maximum label dose of 56 mg/kg at three, 8-week intervals. The dogs in the
control group (0X) were untreated.

Dosage Schedule
Body Weight Ranges (lb)

Fluralaner Content (mg)

Chews Administered

4.4 – 9.9

112.5

One

>9.9 – 22.0

250

One

>22.0 – 44.0

500

One

>44.0 – 88.0

1000

One

>88.0 – 123.0*

1400

One

There were no clinically-relevant, treatment-related effects on physical examinations, body weights, food
consumption, clinical pathology (hematology, clinical chemistries, coagulation tests, and urinalysis), gross
pathology, histopathology, or organ weights. Diarrhea, mucoid and bloody feces were the most common
observations in this study, occurring at a similar incidence in the treated and control groups. Five of the twelve
treated dogs that experienced one or more of these signs did so within 6 hours of the first dosing. One dog in
the 3X treatment group was observed to be dull, inappetant, with evidence of bloody diarrhea, vomiting, and
weight loss beginning five days after the first treatment. One dog in the 1X treatment group vomited food 4
hours following the first treatment.

*Dogs over 123.0 lb should be administered the appropriate combination of chews
Treatment with Bravecto may begin at any time of the year and can continue year round without interruption.

Reproductive Safety Study: Bravecto was administered orally to intact, reproductively-sound male and female
Beagles at a dose of up to 168 mg/kg (equivalent to 3X the maximum label dose) on three to four occasions at
8-week intervals. The dogs in the control group (0X) were untreated.

Contraindications:
There are no known contraindications for the use of the product.
Warnings:
Not for human use. Keep this and all drugs out of the reach of children. Keep the product in the original
packaging until use, in order to prevent children from getting direct access to the product.

There were no clinically-relevant, treatment-related effects on the body weights, food consumption,
reproductive performance, semen analysis, litter data, gross necropsy (adult dogs) or histopathology findings
(adult dogs and puppies). One adult treated dog suffered a seizure during the course of the study (46 days
after the second treatment). Abnormal salivation was observed on 17 occasions: in six treated dogs (11
occasions) after dosing and four control dogs (6 occasions).

Do not eat, drink or smoke while handling the product. Wash hands thoroughly with soap and water
immediately after use of the product.

The following abnormalities were noted in 7 pups from 2 of the 10 dams in only the treated group during
gross necropsy examination: limb deformity (4 pups), enlarged heart (2 pups), enlarged spleen (3 pups), and
cleft palate (2 pups). During veterinary examination at Week 7, two pups from the control group had inguinal
testicles, and two and four pups from the treated group had inguinal and cryptorchid testicles, respectively.
No undescended testicles were observed at the time of necropsy (days 50 to 71).

Precautions:
Bravecto has not been shown to be effective for 12-weeks duration in puppies less than 6 months of
age. Bravecto is not effective against Amblyomma americanum ticks beyond 8 weeks after dosing (see
Effectiveness).
Adverse Reactions:
In a well-controlled U.S. field study, which included 294 dogs (224 dogs were administered Bravecto every
12 weeks and 70 dogs were administered an oral active control every 4 weeks and were provided with a tick
collar); there were no serious adverse reactions. All potential adverse reactions were recorded in dogs treated
with Bravecto over a 182-day period and in dogs treated with the active control over an 84-day period. The
most frequently reported adverse reaction in dogs in the Bravecto and active control groups was vomiting.

In a well-controlled field study Bravecto was used concurrently with other medications, such as vaccines,
anthelmintics, antibiotics, and steroids. No adverse reactions were observed from the concurrent use of
Bravecto with other medications.
Storage Information:
Do not store above 86°F (30°C).

Percentage of Dogs with Adverse Reactions in the Field Study

How Supplied:
Bravecto is available in five strengths (112.5, 250, 500, 1000, and 1400 mg fluralaner per chew). Each chew
is packaged individually into aluminum foil blister packs sealed with a peelable paper backed foil lid stock.
Product may be packaged in 1, 2, or 4 chews per package.

Adverse Reaction (AR)

Bravecto Group: Percentage
of Dogs with the AR During
the 182-Day Study
(n=224 dogs)

Active Control Group:
Percentage of Dogs with
the AR During the 84-Day
Study (n=70 dogs)

Vomiting

7.1

14.3

Decreased Appetite

6.7

0.0

Diarrhea

4.9

2.9

Distributed by:
Intervet Inc (d/b/a Merck Animal Health)
Madison, NJ 07940

Lethargy

5.4

7.1

Made in Austria

Polydipsia

1.8

4.3

Flatulence

1.3

0.0

Copyright © 2014 Intervet Inc, a subsidiary of Merck & Company Inc.
All rights reserved

NADA 141-426, Approved by FDA

154545 R1

In a well-controlled laboratory dose confirmation study, one dog developed edema and hyperemia of the
upper lips within one hour of receiving Bravecto. The edema improved progressively through the day and had
resolved without medical intervention by the next morning.
For technical assistance or to report a suspected adverse drug reaction, contact Merck Animal Health at
1-800-224-5318. Additional information can be found at www.bravecto.com. For additional information about
adverse drug experience reporting for animal drugs, contact FDA at 1-888-FDA-VETS or online at http://www.
fda.gov/AnimalVeterinary/SafetyHealth.
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IVERHART MAX® (ivermectin/pyrantel
pamoate/praziquantel) Soft Chew
is the preventive that’s changing
the face of heartworm and
internal parasite protection!

More COVERAGE*

Protects against: heartworms, roundworms,
hookworms, and tapeworms

Better VALUE

Everyday low price makes
year-round protection affordable1

Easy DOSING

Soft Chew
Every dog, everywhere, deserves
affordable heartworm protection.

The only bacon-flavored soft chew†

To order, talk to your distributor or Virbac representative, or call 1-844-4-VIRBAC (1-844-484-7222).
Important Safety Information for IVERHART MAX Soft Chew: All dogs should be tested for existing heartworm infection
before starting treatment with IVERHART MAX Soft Chew. Use with caution in sick, debilitated, or underweight dogs
weighing less than 10 lb. Gastrointestinal and neurological signs, such as convulsions, have been reported following
the use of ivermectin products. For complete product information, refer to the product insert. To obtain a package insert,
contact Veterinary Technical Product Support at 1-800-338-3659, or visit us.virbac.com.
*Versus HEARTGARD® Plus (ivermectin/pyrantel) Chewables.
†
The only ivermectin-based, bacon-flavored soft chew for
heartworm and other internal parasites.
© 2018 Virbac Corporation. All Rights Reserved. IVERHART MAX is a registered trademark
of Virbac Corporation. HEARTGARD is a registered trademark of Merial, Inc. 6/18 18399

Reference: 1. Data on file. Virbac Corporation.
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Adverse Reactions: In a field study with IVERHART MAX Soft Chew, self-limiting adverse reactions,
including vomiting, diarrhea, lethargy, difficulty swallowing, excessive salivation, increased water
consumption, and coughing were reported. Self-limiting adverse reactions, including lethargy,
limpness, salivation, shaking, diarrhea, decreased appetite, licking lips, and belching were reported
between 20 minutes and 72 hours following treatment in a field study with ivermectin/pyrantel
pamoate/praziquantel tablets.

Soft Chew
For oral use in dogs only.

In field studies with ivermectin/pyrantel pamoate tablets, vomiting or diarrhea within 24 hours of
dosing was rarely observed (1.1% of administered doses). The following adverse reactions have
been reported in dogs following the use of ivermectin products: depression/lethargy, vomiting,
anorexia, diarrhea, mydriasis, ataxia, staggering, convulsions, and hypersalivation.

Caution: Federal (U.S.A.) law restricts this drug to use by or on the order of a licensed veterinarian.
Description: IVERHART MAX® Soft Chew is a combination of three anthelmintics (ivermectin/pyrantel
pamoate/praziquantel). The soft chews are available in four sizes in color-coded packages for oral
administration to dogs according to their weight (see Dosage and Administration).

To report suspected adverse events, for technical assistance, or to obtain a copy of the Safety Data
Sheet (SDS), contact Virbac AH, Inc. at 1-800-338-3659 or us.virbac.com. For additional information
about adverse drug experience reporting for animal drugs, contact the FDA at 1-888-FDA-VETS or
online at http:// www.fda.gov/AnimalVeterinary/SafetyHealth.

Indications: For use in dogs to prevent canine heartworm disease by eliminating the tissue stage
of heartworm larvae (Dirofilaria immitis) for a month (30 days) after infection and for the treatment
and control of roundworms (Toxocara canis, Toxascaris leonina), hookworms (Ancylostoma
caninum, Uncinaria stenocephala, Ancylostoma braziliense), and tapeworms (Dipylidium caninum,
Taenia pisiformis).

Effectiveness: Prevention of the tissue larval stage of heartworm (Dirofilaria immitis) and the
elimination of the adult stage of hookworm (Ancylostoma caninum, Uncinaria stenocephala,
Anyclostoma braziliense), roundworm (Toxocara canis, Toxascaris leonina), and tapeworm (Dipylidium
caninum, Taenia pisiformis) infections in dogs was demonstrated in well-controlled laboratory studies.

Dosage and Administration: IVERHART MAX Soft Chew should be administered orally at
monthly intervals and the recommended minimum dose level of 6 mcg of ivermectin per kilogram
(2.72 mcg/ lb), 5 mg of pyrantel (as pamoate salt) per kg (2.27 mg/lb), and 5 mg of praziquantel
per kg (2.27 mg/lb) of body weight, as follows:
Pyrantel
Dog Weight
Soft Chew
Soft Chew
Ivermectin
Pamoate
Praziquantel
Pounds
per Month
Size
Content
Content
Content
6.0 to 12

1

Toy

34 mcg

28.5 mg

12.1 to 25

1

Small

68 mcg

57 mg

57 mg

25.1 to 50

1

Medium

136 mcg

114 mg

114 mg

50.1 to 100

1

Large

272 mcg

228 mg

228 mg

Palatability: In a field study of 132 dogs, IVERHART MAX Soft Chew was offered once monthly for
3 months. The dogs voluntarily consumed 86.3% of the doses from the owner’s hand or from a bowl
within 5 minutes, 13.0% accepted the dose when it was offered in food or administered by placing
onto the back of the dog’s tongue (pilling), and 0.7% of the doses were unable to be administered.
Animal Safety: Studies with ivermectin indicate that certain dogs of the Collie breed are more
sensitive to the effects of ivermectin administered at elevated dose levels (more than 16 times the
target dose level of 6 mcg/kg) than dogs of other breeds. At elevated doses, sensitive dogs showed
more adverse reactions, which included mydriasis, depression, ataxia, tremors, drooling, paresis,
recumbency, excitability, stupor, coma, and death. No signs of toxicity were seen at 10 times the
recommended dose (27.2 mcg/lb) in sensitive Collies. Data from these studies support the safety
of ivermectin products in dogs, including Collies, when used at the label recommended dose.

28.5 mg

Because ivermectin and praziquantel are approximately 30% more bioavailable in the
lVERHART MAX Soft Chew than in the ivermectin/pyrantel pamoate/praziquantel tablets used
in the following target animal safety studies, the margin of safety is narrower than reported in
these studies. The potential for adverse reactions may be greater in individual dogs administered
IVERHART MAX Soft Chew than ivermectin/ pyrantel pamoate/praziquantel tablets.

IVERHART MAX Soft Chew is recommended for dogs 8 weeks of age or older. For dogs over 100 lbs,
use the appropriate combination of these soft chews.
Remove only one dose at a time from the packaging. Return the remaining soft chew(s) to their box
to protect from light. The soft chew can be offered to the dog by hand or added, intact, to a small
amount of dog food. Care should be taken to ensure that the dog consumes the complete dose.
The treated dog should be observed for a few minutes after administration to confirm that none of
the dose has been lost or rejected. If it is suspected that any of the dose has been lost, redosing
is recommended.

In a target animal safety study using ivermectin/pyrantel pamoate/praziquantel tablets, doses were
administered to 8-week-old Beagle puppies at one, three, and five times the maximum recommended
dose of 12.5 mcg/kg ivermectin, 10.47 mg/kg pyrantel, and 10.47 mg/kg praziquantel. The dogs
were treated every 30 days for 6 months. Vomiting within 6 hours of dosing and soft or watery feces
within 24 hours of dosing were observed. Other observations during the study were: ano-genital
swelling, lethargy, head movements, shallow, audible or difficult breathing, and salivation. One dog in
the 5X group had tremors and decreased activity. All of these signs were transient. No treatment was
required. Histopathology showed testicular hypoplasia in the 3X and 5X groups (see Warnings).

IVERHART MAX Soft Chew should be given at monthly intervals during the period of the year when
mosquitoes (vectors), potentially carrying infective heartworm larvae, are active. The initial dose must
be given within a month (30 days) after the dog’s first exposure to mosquitoes. The final dose must be
given within a month (30 days) after the dog’s last exposure to mosquitoes.

In a laboratory safety study using ivermectin/pyrantel pamoate/praziquantel tablets, 12-week-old
Beagle puppies receiving 3 and 5 times the recommended dose once weekly for 13 weeks
demonstrated a dose-related decrease in testicular maturation compared to controls. In this study,
all treated puppies had significantly higher cholesterol levels compared to untreated controls.

When replacing another heartworm preventative product in a heartworm disease prevention program,
the first dose of IVERHART MAX Soft Chew must be given within a month (30 days) of the last dose
of the former medication. A heartworm test should be performed prior to switching heartworm
preventative products.

In a reproductive safety study, adult males were treated at 37.5 mcg/kg ivermectin, 31.4 mg/ kg
pyrantel, and 31.4 mg/kg praziquantel every 14 days during two full spermatogenic cycles
(112 days). The quality of semen and reproductive health were not affected by treatment.
Treatment-related vomiting and soft feces were reported during this study.

If the interval between doses exceeds a month (30 days), the effectiveness of ivermectin can be
reduced. Therefore, for optimal performance, the soft chew must be given once a month on or about
the same day of the month. If treatment is delayed, whether by a few days or many, immediate
treatment with IVERHART MAX Soft Chew and the recommended dosing regimen will minimize the
opportunity for the development of adult heartworms.

In a study of the effectiveness of ivermectin/pyrantel pamoate/praziquantel tablets for the treatment
of Toxocara canis, one 8.1 lb, 72-day-old puppy died 6 days after administration of the label dose.
This puppy and many other puppies in the study had high worm burdens and were reported to have
diarrhea, sometimes bloody, frequently before and after treatment. Dehydration and signs of anemia
(pale mucous membranes) were the only abnormal gross necropsy finding observed. No definitive
cause was determined. In a 90-day field study using ivermectin/pyrantel pamoate/praziquantel
tablets, the most serious adverse reactions (lethargy, limpness, and salivation) were seen in dogs
weighing less than 10 lbs (see Precautions).

Warnings:
For use in dogs only. Keep this and all drugs out of reach of children and pets. In safety studies
with ivermectin/pyrantel pamoate/praziquantel tablets, testicular hypoplasia was observed in
some dogs receiving 3 and 5 times the maximum recommended dose monthly for 6 months
(see Animal Safety).
In case of ingestion by humans, clients should be advised to contact a physician immediately.
Physicians may contact a Poison Control Center for advice concerning cases of ingestion by humans.

Storage Information: Store at 20°C to 25°C (68°F to 77°F), excursions permitted between 15°C
and 30°C (59°F to 86°F).

Precautions: Use with caution in sick, debilitated, or underweight animals and dogs weighing less
than 10 lbs (see Animal Safety). The safe use of this drug has not been evaluated in pregnant or
lactating bitches.

How Supplied: IVERHART MAX Soft Chew is available in four dosage strengths (see Dosage and
Administration) for dogs of different weights. Each strength comes in a package of 6 soft chews.

All dogs should be tested for existing heartworm infection before starting treatment with
IVERHART MAX Soft Chew, which is not effective against adult Dirofilaria immitis. Infected dogs
should be treated to remove adult heartworms and microfilariae before initiating a heartworm
prevention program.

NADA 141-441, Approved by FDA.
Manufactured by:

While some microfilariae may be killed by the ivermectin in IVERHART MAX Soft Chew at the
recommended dose level, IVERHART MAX Soft Chew is not effective for microfilariae clearance.
A mild hypersensitivity-type reaction, presumably due to dead or dying microfilariae and particularly
involving a transient diarrhea, has been observed in clinical trials with ivermectin alone after
treatment of some dogs that have circulating microfilariae.

Virbac AH, Inc.
Fort Worth, TX 76137 USA
Phone: 1-800-338-3659
© 2017 Virbac Corporation.
IVERHART MAX is a registered trademark of Virbac Corporation.
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Dogs are all

That’s why we protect theirs.

Only ProHeart 6 provides 6 months of
heartworm disease protection in 1 injection.
Continuous protection
gives your clients peace of mind.

In-clinic administration
so you’re confident patients are protected.

Twice-yearly visits
keep your patients healthy.

Learn more at proheart6protects.com
IMPORTANT SAFETY INFORMATION: PROHEART 6 should be used in healthy dogs. Do not administer to
sick, debilitated, underweight dogs or dogs that have a history of weight loss. Prior to administration, PROHEART 6
certified veterinarians should continue to assess patient health through a medical history, physical examination and if
deemed appropriate, diagnostic testing. Continue to use caution when administering PROHEART 6 concurrently
with vaccinations. Adverse events, including anaphylaxis, have been reported following the concomitant use of
PROHEART 6 and vaccines. In some cases, anaphylactic reactions have resulted in death. Use with caution in dogs
with pre-existing or uncontrolled allergic disease (food allergy, atopy or flea allergy dermatitis). Dogs receiving
PROHEART 6 should be tested for existing heartworms as per the product label. In people, avoid PROHEART 6 contact
with eyes. If contact with the eyes occurs, rinse thoroughly with water for 15 minutes and seek medical attention
immediately. PROHEART 6 is available only to veterinarians through a restricted distribution program. Only
certified veterinarians and staff can administer it. See full Prescribing Information on the following page.
All trademarks are the property of Zoetis Services LLC or a related company or a licensor unless otherwise noted.
©2018 Zoetis Services LLC. All rights reserved. PRO-00230

39

Post-Approval Experience (Rev. 2010) The following adverse events are based on post-approval adverse drug experience
reporting. Not all adverse reactions are reported to FDA/CVM. It is not always possible to reliably estimate the adverse event
frequency or establish a causal relationship to product exposure using these data. The following adverse events are listed in
decreasing order of frequency by body system.

NADA 141-189, Approved by FDA

ProHeart® 6
(moxidectin)

Immune: anaphylaxis and/or anaphylactoid reactions, urticaria, head/facial edema, pruritus, pale mucous membranes, collapse,
cardiovascular shock, erythema, immune-mediated hemolytic anemia, immune-mediated thrombocytopenia (signs reflected in
other system categories could be related to allergic reactions, i.e. gastrointestinal, dermatologic, and hematologic)
Gastrointestinal: vomiting (with or without blood), diarrhea with or without blood, hypersalivation
General: depression, lethargy, anorexia, fever, weight loss, weakness
Dermatological: injection site pruritus/swelling, erythema multiforme
Neurological: seizures, ataxia, trembling, hind limb paresis
Hematological: leukocytosis, anemia, thrombocytopenia
Respiratory: dyspnea, tachypnea, coughing
Hepatic: elevated liver enzymes, hypoproteinemia, hyperbilirubinemia, hepatopathy
Urinary: elevated BUN, elevated creatinine, hematuria, polydipsia, polyuria

Sustained Release Injectable for Dogs
CAUTION
Federal (U.S.A.) law restricts this drug to use by or on the order of a licensed veterinarian.
DESCRIPTION
ProHeart 6 (moxidectin) Sustained Release Injectable consists of two separate vials: One vial contains 10% moxidectin sterile
microspheres and the second vial contains a specifically formulated sterile vehicle for constitution with the microspheres. No
other diluent should be used. A clear or translucent appearance of the vehicle is normal. Each mL of constituted drug product
contains 3.4 mg moxidectin, 3.1% glyceryl tristearate, 2.4% hydroxypropyl methylcellulose, 0.87% sodium chloride, 0.17%
methylparaben, 0.02% propylparaben and 0.001% butylated hydroxytoluene. Hydrochloric acid is used to adjust pH.

Cardiopulmonary signs such as coughing and dyspnea may occur in heartworm positive dogs treated with ProHeart 6.
In some cases, death has been reported as an outcome of the adverse events listed above.
For a copy of the Safety Data Sheet (SDS) or to report suspected adverse reactions, contact Zoetis Inc. at 1-888-963-8471. For
additional information about adverse drug experience reporting for animal drugs, contact FDA at 1-888-FDA-VETS or http://www.
fda.gov/AnimalVeterinary/SafetyHealth.

PHARMACOLOGY
Moxidectin is a semi-synthetic methoxime derivative of nemadectin which is a fermentation product of Streptomyces
cyaneogriseus subspecies noncyanogenus. Moxidectin is a pentacyclic 16-membered lactone macrolide.
Moxidectin has activity resulting in paralysis and death of affected parasites. The stage of the canine heartworm affected
at the recommended dose rate of 0.17 mg moxidectin/kg body weight is the tissue larval stage. The larval and adult stages of the
canine hookworms, Ancylostoma caninum and Uncinaria stenocephala, are susceptible.
Following injection with ProHeart 6, peak moxidectin blood levels will be observed approximately 7-14 days after treatment.
At the end of the six month dosing interval, residual drug concentrations are negligible. Accordingly, little or no drug accumulation
is expected to occur with repeated administrations.

ANIMAL SAFETY
General Safety: ProHeart 6 has been administered to a wide variety of healthy dogs six months of age and older, including a
wide variety of breeds, pregnant and lactating females, breeding males, and ivermectin-sensitive collies. In clinical studies,
two geriatric dogs with a history of weight loss after the initial ProHeart 6 injection died within a month of the second 6 month
injection. A third dog who was underweight for its age and breed and who had a history of congenital problems experienced
lethargy following the initial injection of ProHeart 6. The dog never recovered and died 3 months later (see WARNINGS).
ProHeart 6 administered at 3 times the recommended dose in dogs with patent heartworm infections and up to 5 times the
recommended dose in ivermectin-sensitive collies did not cause any adverse reactions. ProHeart 6 administered at 3 times the
recommended dose did not adversely affect the reproductive performance of male or female dogs.
ProHeart 6 administered up to 5 times the recommended dose in 7-8 month old puppies did not cause any systemic adverse
effects.
In well controlled clinical field studies, ProHeart 6 was used in conjunction with a variety of veterinary products including
anthelmintics, antiparasitics, antibiotics, analgesics, steroids, non-steroidal anti-inflammatory drugs (NSAIDs), anesthetics and
flea control products.
Injection Site Reactions: Injection site observations were recorded during effectiveness and safety studies. In clinical studies,
ProHeart 6 was administered at six-month intervals to client-owned dogs under field conditions. There were no reports of
injection site reactions in these field studies and evaluations of the injection sites revealed no abnormalities.
In a laboratory safety study, ProHeart 6 was administered at 1, 3 and 5 times the recommended dose to 7-8 month old puppies.
Injection sites were clipped to facilitate observation. Slight swelling/edema at the injection site was observed in some
dogs from all treated groups. These injection site reactions appeared as quickly as 8 hours post injection and lasted up to 3 weeks.
A three-year repeated injection study was conducted to evaluate the safety of up to 6 injections of ProHeart 6 administered
at the recommended dose (0.17 mg/kg) every 6 months. Mild erythema and localized deep subcuticular thickening were seen
in dogs that received four injections in the same area on the neck and in one dog that received two injections in the same area
on the neck. Microscopic evaluation on the injection sites from all dogs 6 months after the last injection consistently showed
mild granulomatous panniculitis with microvacuolation. The only adverse reaction seen that was not related to the injection
site was weight loss in one dog.
Some dogs treated with ProHeart 6 in laboratory effectiveness studies developed transient, localized inflammatory injection
site reactions. These injection site reactions were visible grossly for up to 3 weeks after injection. Histologically, well-defined
granulomas were observed in some dogs at approximately 5 months after injection.

INDICATIONS
ProHeart 6 is indicated for use in dogs six months of age and older for the prevention of heartworm disease caused by Dirofilaria
immitis.
ProHeart 6 is indicated for the treatment of existing larval and adult hookworm (Ancylostoma caninum and Uncinaria stenocephala)
infections.
DOSAGE AND ADMINISTRATION
Owners should be given the Client Information Sheet for ProHeart 6 to read before the drug is administered and should
be advised to observe their dogs for potential drug toxicity described in the sheet.
Frequency of Treatment: ProHeart 6 prevents infection by D. immitis for six months. It should be administered within one month
of the dog’s first exposure to mosquitoes. Follow-up treatments may be given every six months if the dog has continued exposure
to mosquitoes and if the dog continues to be healthy without weight loss. When replacing another heartworm preventive product,
ProHeart 6 should be given within one month of the last dose of the former medication.
ProHeart 6 eliminates the larval and adult stages of A. caninum and U. stenocephala present at the time of treatment. However,
persistent effectiveness has not been established for this indication. Re-infection with A. caninum and U. stenocephala may occur
sooner than 6 months.
Dose: The recommended subcutaneous dose is 0.05 mL of the constituted suspension/kg body weight (0.0227 mL/lb.). This
amount of suspension will provide 0.17 mg moxidectin/ kg bodyweight (0.0773 mg/lb.). To ensure accurate dosing, calculate each
dose based on the dog’s weight at the time of treatment. Do not overdose growing puppies in anticipation of their expected adult
weight. The following dosage chart may be used as a guide.

lb
11
22
33
44
55
66

Dog Wt.

kg
5
10
15
20
25
30

Dose Volume
mL/Dog
0.25
0.50
0.75
1.00
1.25
1.50

DOSAGE CHART
lb
77
88
99
110
121
132

Dog Wt.

kg
35
40
45
50
55
60

Dose Volume
mL/Dog
1.75
2.00
2.25
2.50
2.75
3.00

CONSTITUTION PROCEDURES
The two-part ProHeart 6 product must be mixed at least 30 minutes prior to the intended time of use.
Items needed to constitute ProHeart 6: • Microspheres
• Enclosed vent needle (25G)
• Sterile 20 mL syringe for transfer
• Transfer needle (18G or 20G)

• Vehicle

Constitution of the 20 mL vial product.
1. Shake the microsphere vial to break up any aggregates prior to constitution.

Injection Technique: The two-part sustained release product must be mixed at least 30 minutes prior to the intended time of use
(see CONSTITUTION PROCEDURES for initial mixing instructions). Once constituted, swirl the bottle gently before every use to
uniformly re-suspend the microspheres. Withdraw 0.05 mL of suspension/kg body weight into an appropriately sized syringe
fitted with an 18G or 20G hypodermic needle. Dose promptly after drawing into dosing syringe. If administration is delayed, gently
roll the dosing syringe prior to injection to maintain a uniform suspension and accurate dosing.
Using aseptic technique, inject the product subcutaneously in the left or right side of the dorsum of the neck cranial to the scapula.
No more than 3 mL should be administered in a single site. The location(s) of each injection (left or right side) should be noted so
that prior injection sites can be identified and the next injection can be administered on the opposite side.

2. Using an 18G or 20G needle and sterile syringe withdraw 17.0 mL of the unique vehicle
from the vial. There is more vehicle supplied than the 17.0 mL required.
3. Insert the enclosed 25G vent needle into the microsphere vial.
4. Slowly transfer the vehicle into the microsphere vial through the stopper using the
transfer needle and syringe.

INFORMATION FOR DOG OWNERS
Always provide Client Information Sheet and review with owners before administering ProHeart 6. Owners should be advised
of the potential for adverse reactions, including anaphylaxis, and be informed of the clinical signs associated with drug toxicity
(see WARNINGS, PRECAUTIONS and ADVERSE REACTIONS sections.) Owners should be advised to contact their veterinarian
immediately if signs of toxicity are observed. The vast majority of patients with drug related adverse reactions have recovered
when the signs are recognized and veterinary care, if appropriate, is initiated.

5. Once the vehicle has been added, remove the vent and transfer needles from the
microsphere vial. Discard unused vehicle and needles.
6. Shake the microsphere vial vigorously until a thoroughly mixed suspension is produced.
7. Record the time and date of mixing on the microsphere vial.

CONTRAINDICATIONS
ProHeart 6 is contraindicated in animals previously found to be hypersensitive to this drug.

8. Allow suspension to stand for at least 30 minutes to allow large air bubbles to dissipate.

HUMAN WARNINGS
Not for human use. Keep this and all drugs out of the reach of children.
May be slightly irritating to the eyes. May cause slight irritation to the upper respiratory tract if inhaled. May be harmful if
swallowed. If contact with the eyes occurs, rinse thoroughly with water for 15 minutes and seek medical attention immediately. If
accidental ingestion occurs, contact a Poison Control Center or a physician immediately. The Safety Data Sheet (SDS) contains more
detailed occupational safety information.

10. Use a 1 mL or 3 mL syringe and an 18G or 20G needle for dosing. Dose promptly after
drawing into dosing syringe. If administration is delayed, gently roll the dosing syringe
prior to injection to maintain a uniform suspension and accurate dosing.

9. Before every use, gently swirl the mixture to achieve uniform suspension. The
microspheres and vehicle will gradually separate on standing.

11. Refrigerate the unused product. The constituted product remains stable for 8 weeks in
a refrigerator. Avoid direct sunlight.

WARNINGS
ProHeart 6 should be administered with caution in dogs with pre-existing allergic disease, including food allergy, atopy, and flea
allergy dermatitis. In some cases, anaphylactic reactions have resulted in liver disease and death. Anaphylactic and anaphylactoid
reactions should be treated immediately with the same measures used to treat hypersensitivity reactions to vaccines and other
injectable products.
Owners should be given the Client Information Sheet for ProHeart 6 to read before the drug is administered and should
be advised to observe their dogs for potential drug toxicity described in the sheet.
Do not administer ProHeart 6 to dogs who are sick, debilitated, underweight or who have a history of weight loss.

STORAGE INFORMATION
Store the unconstituted product at or below 25°C (77°F). Do not expose to light for extended periods of time. After constitution,
the product is stable for 8 weeks stored under refrigeration at 2° to 8°C (36° to 46°F).
HOW SUPPLIED
ProHeart 6 is available in the following three package sizes.
1. 1-Pack
2. 5-Pack
3. 10-Pack
20 mL vial product:
20 mL vial product:
20 mL vial product:
1 - 10% moxidectin sterile microspheres
5 - 10% moxidectin sterile microspheres
10 - 10% moxidectin sterile microspheres
- 598 mg/vial
- 598 mg/vial
- 598 mg/vial
1 - Sterile vehicle - 17 mL/vial
5 - Sterile vehicle - 17 mL/vial
10 - Sterile vehicle - 17 mL/vial

PRECAUTIONS
Caution should be used when administering ProHeart 6 concurrently with vaccinations. Adverse reactions, including anaphylaxis,
have been reported following the concomitant use of ProHeart 6 and vaccinations (see WARNINGS).
Prior to administration of ProHeart 6, the health of the patient should be assessed by a thorough medical history, physical
examination and diagnostic testing as indicated (see WARNINGS).
ProHeart 6 should not be used more frequently than every 6 months.
The safety and effectiveness of ProHeart 6 has not been evaluated in dogs less than 6 months of age.
Caution should be used when administering ProHeart 6 to heartworm positive dogs (see ADVERSE REACTIONS).
Prior to administration of ProHeart 6, dogs should be tested for existing heartworm infections. Infected dogs should be treated to
remove adult heartworms. ProHeart 6 is not effective against adult D. immitis and, while the number of circulating microfilariae may
decrease following treatment, ProHeart 6 is not effective for microfilariae clearance.

For a copy of the Safety Data Sheet (SDS) or to report suspected adverse reactions, contact Zoetis Inc. at 1-888-963-8471.
For additional information about adverse drug experience reporting for animal drugs, contact FDA at 1-888-FDA-VETS or
http://www.fda.gov/AnimalVeterinary/SafetyHealth.
Revised: March 2016

ADVERSE REACTIONS
In field studies, the following adverse reactions were observed in dogs treated with ProHeart 6: anaphylaxis, vomiting, diarrhea
(with and without blood), listlessness, weight loss, seizures, injection site pruritus, and elevated body temperature. Dogs with
clinically significant weight loss (>10%) were more likely to experience a severe adverse reaction.
In a laboratory effectiveness study, dogs with 4- and 6-month-old heartworm infections experienced vomiting, lethargy and
bloody diarrhea. These signs were more severe in the dogs with 4-month-old heartworm infections, including one dog that was
recumbent and required supportive care, than in the dogs with older (6-month-old) infections.

Sterile Vehicle - Made in Spain
ProHeart 6 Microspheres - Product of Italy
Distributed by: Zoetis Inc., Kalamazoo, MI 49007
40012244A&P
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clinglobal

Clinical field trials.
Project management and support.
Quality assurance, risk management
and compliance. Protocol (including CRF
design) & report writing.
Scientific Writing:
Manuscript preparation and/or publication.
Monitoring.

clindata

Customized EDC solutions for
veterinary studies.
Biostatistics and statistical programming.
Data management.
SAS programming.
Imaging for e-submissions.
Visit our website: www.clindata.co.za

clinomics

clintest

Custom and routine genetic testing
solution and molecular diagnostics.
Molecular assay development.
Molecular parasitological surveys.
Visit our website: www.clinomics.co.za

Insecticide & Repellence testing.
Rodenticide testing.
In vitro testing:
Glass vial contact and artificial
membrane feeding assay.
Visit our website: www.clintest.co.za

Contact information:

clinvet

E: enquiry@clinglobal.com
T: +230 483 56 74

Laboratory efficacy, safety and
metabolism studies on rodents,
companion and production animals.
Visit our website: www.clinvet.com
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Another innovative product from TECHLAB

GIARDIA VET CHEK ™
Diagnosing Giardia can be challenging. The
sensitivity of an antigen test makes it easier.
Optimized for veterinary use, GIARDIA VET CHEK™
kit is the first and only microwell ELISA USDA
licensed for use in dogs and cats. More accurate
results make for healthier pets and happier
customers.

96%

GIARDIA VET CHEK™
• Efficient batching on an automatable test with
a turn-around-time of 90 minutes

sensitivity &
specificity*

• Customized microassay plate for small batches
• Fresh, refrigerated, or frozen samples

To order GIARDIA VET CHEK™ kits
Call 1-800-TECHLAB (832-4522)
or (540) 953-1664
Order number V7002

* as compared to microscopy by zinc sulfate floatation

Made in the USA.
© 2018 TECHLAB, Inc. All rights reserved.
GIARDIA VET CHEK, the TECHLAB Logo, and TECHLAB are trademarks of TECHLAB, Inc. PN 532018008

Developed and manufactured by

www.techlab.com

Triveritas is a dynamic international veterinary product development consultancy offering a
vast range of services to support clients in the development and registration of veterinary
pharmaceuticals, vaccines and biologicals through skills built upon over 450 years of
experience in the Animal Health industry

RANGE OF SERVICES

START-TO-FINISH SERVICE

With our breadth of knowledge we can help
you take projects from proof of concept to
international approval swiftly and efficiently.
in depth expertise in all
veterinary species and products
Triveritas has worked on a wide variety
of veterinary therapeutic areas such as:
ANTIBACTERIALS
intramammaries
water solubles
injectables
in-feeds
tablets
topicals

BIOLOGICALS
genetically modified
serum products
combination
inactivated
live

others
ANTI-INFECTIVES
NSAID’S
biocides
SEDATIVES
teat dips
ANALGESICS
antifungals
ANAESTHETICS
antiparasitics
CANCER TREATMENTS
anticoccidials
antiprotozoals

www.triveritas.com

your expert partner in Animal Health

VETERINARY CLINICAL STUDIES

In-depth veterinary clinical study expertise,
specialist in-house and EU and US veterinary
Investigators committed to delivering quality
clinical trials.

IN-HOUSE TRAINING

Our tailor-made courses are a cost effective way
to train your staff using real examples from your
own product portfolio.

REGULATORY AFFAIRS

From strategic advice to MA maintenance, with
our up-to-date knowledge of legislation we can
help you through the regulatory maze.

SPECIALIST PRODUCT DEVELOPMENT
Unrivalled experience in veterinary
pharmaceutical and biological product
development. We offer a full range of project
management services.

CONTRACT QUALITY ASSURANCE

With excellence in QA, we provide contract QA
to current quality standards to the principles of
VICH GCP, GLP and GMP.

SCIENTIFIC WRITING

Our scientific and clinical experts offer a specialist
document writing service for expert technical
reports or articles for scientific publication.

PHARMACOVIGILANCE

Let our veterinary and regulatory team help you
keep compliant with the legislation relating to the
monitoring of the safety of veterinary medicines.

Triveritas Limited

Bank Barn How Mill Brampton Cumbria CA8 9JY UK
t +44 (0) 845 123 28 88 • f +44 (0) 845 123 28 89
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YOUR WORLD IS CHANGING

OUR COMMITMENT REMAINS SOLID

Fecalyzer

®

Veterinarians’
#1 diagnostic
in the
“#2” business
The 9th Largest Global Veterinary
Pharmaceutical Company
1.800.267.5707 | vetoquinolusa.com

17190 Polk Rd.
Stanwood, MI 49346
17190 Polk Rd.
Stanwood, MI 49346 E-mail: misiu@frontier.com
E-mail: misiu@frontier.com Tel: (231) 823-2392
Fax: (231) 823-2925
Tel: (231) 823-2392
Fax: (231) 823-2925
 Conducting canine & feline parasite research since 1990.
GLP
& GCP research
studies insince
the following
areas:
Conducting canine & feline
parasite
1990.

Endo
and
Ectoparasite
efficacy
studies
GLP & GCP studies in the following areas:
 efficacy
Safety studies
Studies utilizing our homozygous mdr -1 gene Collie colony
Endo and Ectoparasite

Pharmakokinetic
studies
Safety Studies utilizing our homozygous mdr
-1 gene Collie colony

Nutrition/weight
loss
studies
Pharmakokinetic studies

Palatability
studies
Nutrition/weight loss studies
Palatability studies  Provider of canine and feline blood products












17190 Polk Rd.

Stanwood, MI 49346

E-mail: misiu@frontier.com
Tel: (231) 823-2392 
Fax: (231) 823-2925 
 Provider of canine and feline blood products
research involves dogs or cats, contact us to assist you with your research needs.
Conducting canine & feline parasite research When
since your
1990.
GLP & GCP studies inWhen
the following
areas:
your research
involves dogs or cats, contact us to assist you with your research needs.
Endo and Ectoparasite efficacy studies
Safety Studies utilizing our homozygous mdr -1 gene Collie colony
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Pharmakokinetic studies
Nutrition/weight loss studies
Palatability studies

Midwest Veterinary Services, Inc.
Central States Research Center, Inc.

Helping Parasiticide Drug Research Teams…
•
•

•
•
•

•
•

Oakland, NE 4026856587

Veterinary and Biomedical Research Center, Inc.

AAALAC accredited BSL -2 facilities
In-vitro and In-vivo testing platforms available
Screening and Propagation of field isolates of ruminant
nematodes
Screening and Propagation of Coccidian parasites
Experienced staff
Works diligently with the customers to achieve goals
Short turn around time

Manhattan, KS 7853202369

Serving the Development Needs of the Animal Health
Industry since 1987.
Now Offering a Full Line of Parasitology Services.

Providing Clinical Development Services
AND Peace of Mind
East Tennessee Clinical Research, Inc. is a proud sponsor of the American Association of Veterinary
Parasitologists (AAVP) annual meeting. ETCR is a veterinary contract research organization that specializes
in GCP and GLP studies with horses, livestock, and companion animal species. Since 1997, clinical research
conducted by ETCR has contributed to the approval of numerous NADAs and ANADAs.
ETCR offers unique expertise, excellent facilities, and dedicated, trained personnel to meet the challenges of
clinical development and regulatory compliance for the pharmaceutical and biopharmaceutical industry.
To learn more about East Tennessee Clinical Research, Inc., please visit our website at www.easttenncr.com

JOHNSON RESEARCH Exceptional Research for More than 40 Years!
Veterinary Contract Research Organization
Parma, Idaho (208) 722-5829
matt@johnsonresearchllc.com

GLP/GCP Studies: Parasitology, Microbiology, Animal Production, Safety, PK

E.G. Johnson DVM; Jenifer Edmonds DVM, PhD;
Matthew Edmonds DVM, PhD; Nick Van Engen, DVM, PhD

RESEARCH MANAGEMENT GROUP
Contract
Monitoring

Data Management

RMG

Report Preparation

Quality guidance to quality results

Protocol
Development

Matt Edmonds, DVM, Ph.D
Evin Sharmin, Ph.D., PAS
Kim Ichikawa, M.A.

◊24007 Hwy 20/26 ◊ Parma, ID 83660 ◊ 208-722-5829 ◊ matt.edmonds@rmgvs.com ◊
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Established 1975
•

GLP/GCP Compliance

•

Behavior Studies

•

Efficacy and Safety Studies

•

Dental Studies

•

Simulated Home Environment

•

Endoparasite and Ectoparasite Studies

•

Carpet Infestation

•

In-house Colonies (Cats, Dogs-mixed/purebred, Fleas)

•

Palatability Studies

•

Staff Veterinarian

Sugar Land, Texas 77478

P: 281-240-8828 F: 281-240-8448

www.stillmeadow.com Inquire: cyounger@stillmeadow.com

Young Veterinary Research Services
Young Veterinary Research Services has been providing support to the animal health industry
for over 35 years. Areas of expertise include endo and ectoparasitology, behavioral analysis,
models of allergic conditions, pharamacokinetics, product palatability/acceptability, models of
pain and analgesia, antimicrobial efficacy, and surgery. We maintain in house colonies of dogs,
cats, and horses.
We are nearing completion of a new 21,000 sq ft facility in the heart of rural central California
that will greatly improve our ability to serve our clients. It is our intention to gain AALAC
accreditation soon after we reach full operational status in 2019.
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CONFERENCE PROGRAM
Saturday July 14, 2018
8.00‐13.15
12.30‐14.00
12.00‐17.00

AAVP Executive Committee Meeting
All AAVP officers and committee chairs please plan to attend
Room: Dodgeball (2nd Floor)
AAVP Student Member Meet and Greet – All Students Please Attend
Sponsored by Virbac
Room: Peek-A-Boo (2nd Floor)
CONFERENCE REGISTRATION

Room: Marco Polo Pre‐Function

13.15‐14.00

Break (no refreshments)

14.00‐18.30

PLENARY SESSION: Complex communities, Co-infections and Interactions
Room: Marco Polo Ballroom

14.00 ‐14.15

Opening remarks
AAVP President: Dante Zarlenga
AAVP President-Elect and Program Chair: John Gilleard
PLENARY SESSION
Moderator: John Gilleard
1. Multi’omic approaches demonstrate the complex interactions of gut microbiome and helminths
Linda Mansfield. (45 mins)
Michigan State University

14.15‐16.15

2. Helminth-microbe co-infection: insights from a wildlife system
Vanessa Ezenwa (45 mins)
University of Georgia
2018 AAVP William C. Campbell One Health Award
Dr Jitender Dubey (30 mins)

16.15‐16.45

Coffee Break (Marco Polo Pre-Function)

16.45‐18.00

AAVP AWARDS
Room: Marco Polo Ballroom

16.45‐17.15

2018 AAVP-Merck Animal Health Outstanding Graduate Student
Moderator: Lindsey Starkey
3. Exploring the ‘Nemabiome’: Deep Amplicon Sequencing to Investigate Community Structure and Drug
Resistance in Parasitic Gastrointestinal Nematodes of Livestock
Awarded to Russell Avramenko

17.15‐18.00

2018 AAVP-Boehringer-Ingelheim Distinguished Veterinary Parasitologist
Moderator: Doug Carithers
Awarded to Ray Kaplan

18.00‐18.30

Break (no refreshments)

18.30‐19.30

Bayer Symposium
Room: Marco Polo Ballroom
“Big Data for Small Animals: Updates from
the 2018 Companion Vector Borne Disease World Forum”
Susan Little and Dwight Bowman

19:30‐21:30

Opening Night Social
Room: Four Square Ballroom
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2018 AAVP PROGRAM
ORAL PRESENTATIONS
Sunday July 15, 2018
7.00-8.15

AAVP Committee Meetings
(Breakfast only for those volunteering for/on committees - Sponsored by AAVP)
Breakfast: 7:00-7:20 / Committee Meetings: 7:20-8:15
Room: Patty Cake Room

8.30-12.00

CONCURRENT SCIENTIFIC SESSIONS
Session 1: Molecular Pharmacology
Room: Marco Polo Ballroom (3rd Floor)
Moderators: Adriano Vatta & Mark Kaji

Session 2: Parasite Immunology
Room: Hopscotch (3rd Floor)
Moderators: Dan Zarlenga & Michelle Carman

8.30-8.45

4. Exploring chemosensory pathways in filarial
nematode parasites
Mostafa Zamanian
University of Wisconsin-Madison

10. Immune response to various life stages of
Haemonchus contortus differentiates resistance among
sheep breeds
Andrew Weaver.
West Virginia University

8.45-9.00

5. Use of a subcutaneously implanted in vivo chamber
system cannot reproduce the high therapeutic in vivo
efficacy of ivermectin against L3/L4 stage larvae of a
highly susceptible strain (Missouri) of Dirofilaria immitis
Ray Kaplan
University of Georgia

11. Neutrophils rapidly produce Th2 cytokines in response
to larval but not adult Haemonchus contortus antigen
Denzel Middleton
West Virginia University

9.00-9.15

6. Exploring diethylcarbamazine target(s) in filarial
nematode
Saurabh Verma
Iowa State University

12. Characterization of ovine monocytes that induce
Haemonchus contortus larval morbidity in vitro
Elizabeth Shepherd
West Virginia University

9.15-9.30

7. Emodepside: Splice variants of SLO-1 K channels in
adult Brugia malayi
Richard Martin
Iowa State University

13. Neutrophils from Suffolk sheep exhibit impaired
chemotaxis in response to Haemonchus contortus antigen
Javier Garza
West Virginia University

9.30-9.45

8. Electrophysiological recording from somatic muscle
and pharynx of adult Dirofilaria immitis
Alan Robertson
Iowa State University

14. Filarial nematode extracellular vesicle secretion: Host
immunomodulation and anthelmintic mode of action.
Michael Kimber
Iowa State University

9. Menthol acts as a positive allosteric modulator on
levamisole sensitive nematode nicotinic acetylcholine
receptors
Shivani Choudhary
Iowa State University

15. Sex differences in response to vaccination against
cryptosporidiosis in a mouse model
Karine Sonzogni-Desautels
McGill University

8.30-10.00

9.45-10.00

10.00-10.30

Coffee Break (Marco Polo Pre-Function)

10.30-12.00

Session 3: Diagnostic Methodologies 1
Room: Marco Polo Ballroom
Moderators: Lindsay Starkey & Hilary Eisenbraun

Session 4: Epidemiology: Nematodes
Room: Hopscotch (3rd Floor)
Moderators: Matt Brewer & Eranga DeSeram

10.30-10.45

16. Comparison of diagnostic techniques for detection
of Giardia duodenalis in dogs and cats
Meriam Saleh
Oklahoma State University

22. Acquired host immunity affects the dynamics of freeliving parasite stages?
Dave Leathwick
AgResearch

10.45-11.00

17. Giardia cysts in zinc sulfate and sodium nitrate: now
you see them, now you don’t!
Kamilyah Miller
Tuskegee University

23. Wild ruminants as reservoir hosts of domestic livestock
gastrointestinal nematodes
Carly Barone
USDA
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Sunday July 15, 2018 (continued)

11.00-11.15

18. The efficacy of Paratest® fecal sedimentation
compared with ethyl acetate sedimentation, and with
Fecalyzer® and centrifugal sugar flotation.
Nikita Lakhani
Cornell University
19.

Quantitative fecal examinations performed with six
different methodologies
Samantha Wesnak
Cornell University

11.15-11.30

20.

Uncinaria stenocephala Infections In Dogs Detected
with Fecal DxTM Hookworm Antigen Test
David Elsemore
IDEXX Laboratories

11.30-11.45

11.45- 12.00

21. The added value of including fecal sedimentation
testing in a shelter dog intestinal parasite survey
Jessica Rodriguez
Zoetis

24.

25.

Overwintering of bovine trichostrongylid larvae on
pasture in western Canada
Tong Wang
University of Calgary \
Increasing incidence of Dirofilaria immitis in dogs in
USA 2013–2017
Christine Heinz-Loomer
Elanco Animal Health

26. Compared prevalence and mean intensity of
baylisascaris procyonis in raccoons (procyon lotor) in warren
county, kentucky
Kayla Wielgus
Lincoln Memorial University
27. Hotspot analysis of soil-transmitted helminthiasis in Feira
de Santana, Brazil
Ryan Avery
Louisiana State University

Zoetis Luncheon Symposium
Moderator: Tom McTier
28. Resistance to Heartworm Preventives: What Have We Learned in the Past Decade?
Tom McTier, Steve Maeder, Byron Blagburn, Cassan Pulaski, Tim Geary
Room: Marco Polo Ballroom

12.15-13.15

AAVP Students – Lunch and Careers in Parasitology
Sponsored by Virbac
Room: Peek-A-Boo (2nd Floor)

13.30-16.30

CONCURRENT SCIENTIFIC SESSIONS
Session 5: Anthelmintic Resistance
Room: Marco Polo Ballroom
Moderators: Ray Kaplan & Carly Barone

13.30-15.00

29.

13.30-13.45

30.

13.45-14.00

14.00-14.15

14.15-14.30

Fenbendazole resistance in the turkey nematode,
Ascaridia dissimilis
James Collins
University of Georgia

35. Survey of U.S. veterinarians and parasitologists on
antiparasitic drug use and antiparasitic resistance in cattle,
small ruminants, and horses
Anna O'Brien
FDA-CVM

Tracking recovery of small strongyle species
following moxidectin treatment
Anthony Pompetti
University of Delaware

36. Prevalence of Zoonotic Gastrointestinal Parasites of
Shelter Dogs and Cats in the Cumberland Gap Region of
Kentucky, Tennessee, and Virginia
Ambria Mays
Lincoln Memorial University

31. Investigating the molecular epidemiology of
anthelmintic resistance in Haemonchus contortus using
deep amplicon sequencing
Camila Queiroz
University of Calgary
32.

Session 6: Education and Practice
Room: Hopscotch (3rd Floor)
Moderators: Karen Snowden & Jessica Shrake

At last: Genetic evidence for a major ivermectin
resistance locus in Haemonchus contortus
John Gilleard
University of Calagary
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37.

Back to the future in Amish and rural communities:
Equine parasite control and prevalence
Jessica Scare
University of Kentucky

38. Participation in a mock client interaction increases
student confidence in communicating parasitological
information.
Andrew Moorhead
University of Georgia
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Sunday July 15, 2018 (continued)

14.30-14.45

14.45-15.00

33. Using population genetics to examine relationships
of Dirofilaria immitis based on both macrocyclic lactoneresistance status and geography
Julie Sanchez
University of Georgia
34. Clinical validation of molecular markers of
macrocyclic lactone resistance in Dirofilaria immitis
Cristina Ballesteros
McGill University

15.00-15.30

39. How Practitioners Manage Asymptomatic Dogs Testing
Positive for Exposure to Tick-Borne Diseases
Matthew Eberts
Elanco Animal Health
40.

A comparison of heartworm prophylaxis purchases for
dogs that receive monthly and longer acting flea/tick
medications
Robert Lavan
Merck Animal Health

Coffee Break (Marco Polo Pre-Function)
Session 7: Zoonoses and Vectors
Room: Marco Polo Ballroom
Moderators: Mani Lejeune & Molly Savadelis

15.30-16.30
41.

Session 8: Wildlife
Room: Hopscotch (3rd Floor)
Moderators: Yoko Nagamori & Sawson Ammar
45. Seroprevalence, DNA isolation, and genetic
characterization of Toxoplasma gondii from black bear
(Ursus americanus) sera collected in Eastern Oklahoma
Ruth Scimeca
Oklahoma State University

15.30-15.45

Echinococcus and other parasitic zoonoses in wild
canids in Québec (Canada) and Maine (USA)
Émilie Bouchard
University of Saskatchewan

15.45-16.00

42.
This is not my beautiful host: Dogs are inferior
definitive hosts for Baylisascaris procyonis compared to
raccoons (Procyon lotor).
Sarah Sapp
University of Georgia

46. Pentastomiasis in American Alligators: pathology and
potential new intermediate hosts
Heather Walden
University of Florida

16.00-16.15

43. Identification of Lyme Disease in Ticks from Domestic
Cats in the United States
Nina Zhu
Cornell University

47. Paratrichosoma spp. in American (Crocodylus acutus)
and Morelet’s crocodiles (Crocodylus moreletii) and its
relation to crocodile sex, sexual maturity, water temperature,
and capture location.
Marianne Caron
Oklahoma State University

16.15-16.30

44. Leishmania sp. infection in a domestic cat (Felis
catus) in central Texas with sandfly vectors collected at the
residence
Karen Snowden
Texas A&M University

48. Pseudocapillaria tomentosa in laboratory zebrafish
(Danio rerio): Patterns of infection and dose response
Michael Kent
Oregon State University

16.35-17.05

Poster Promo Presentations
Moderator: John Gilleard
Room : Marco Polo Ball Room

17.05-18.15

POSTER SESSION 1
Red Rover (3rd Floor): Poster #86 - #101
Duck, Duck Goose (3rd Floor): Poster #102 - #114

18.15-18.30

Break (no refreshments)
Boerhinger Ingelheim Seminar
Moderator: Doug Carithers

18.30-19.30

49. CENTRAGARD™: A novel transdermal solution for heartworm prevention and broad spectrum GI parasite control in
cats.

Becky Fankhauser, Christine Baker, Joseph Prullage, Eric Tielemans
Room: Marco Polo Ballroom

19.30-21.00

Boerhinger Ingelheim Sunday Night Social
Room: Four Square Ballroom
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Breakfast on your own

8.30-10.00

CONCURRENT SCIENTIFIC SESSIONS
Session 9: Control: Companion Animals
Room: Marco Polo Ballroom
Moderators: Meriam Sale & Ciara Suggs

Session 10: Nematode Control and Anhelmintic
Resistance
Room: Hopscotch (3rd Floor)
Moderators: Andrew Peregrine & Grace VanHoy

8.30-8.45

Genetic markers involved in macrocyclic lactone
resistance in Dirofilaria immitis and estimation of
heartworm prevalence in resident canine populations of
the Cumberland Gap region of Kentucky, Tennessee, and
Virginia.
Hailey Watlington
Lincoln Memorial

56. Equine parasite control in the United States: National
Study, 2015
Martin Nielsen
University of Kentucky

8.45-9.00

51 Clinical effect of doxycycline and minocycline during
canine heartworm adulticidal treatment using
melarsomine dihydrochloride
Molly Savadelis
University of Georgia

57. Still CRYing over Spilt Dewormers? There may be a
protein for that.
Ashley Steuer
University of Kentucky

9.00-9.15

52.
Efficacy of Advantage Multi® for cats for the
prevention of heartworm disease and infection all month
long
Dwight Bowman
Liberty Research Inc

58. Evidence of multiple drug resistance in Ancylostoma
caninum confirmed by in vitro assays and in vivo trials
Pablo JImenez Castro
University of Georgia

8.30-10.00
50.

53 .

9.15-9.30

9.30-9.45

9.45-10.00

Effect of fluralaner on early feeding of adult Ixodes
scapularis
Alexa Hunter
Oklahoma State University,

54. Comparative preventive efficacy of oral systemic
vs. topical repellent ectoparasiticides against early
Babesia canis transmission in dogs within 8h of
infestation by pre-fed male Dermacentor reticulatus.
Marie Varloud
Ceva Santé Animale
55. Laboratory evaluation of the efficacy of lotilaner
(Credelio™) against Haemaphysalis longicornis
infestations of dogs
Jason Drake
Elanco Animal Health

59. Anthelmintic efficacy in feedlot cattle from Western
Canada
Eranga De Seram
University of Calgary
60. Field efficacy evaluations of single-dose, double-dose
and coincident benzimidazole and macrocyclic lactone
treatments for gastrointestinal nematode infections in cattle.
Eva Wray
University of Arkansas
61.

Availability of the Modified McMaster Test for small
ruminant producers in the northeastern U.S.
Anne Zajac
Virginia Tech

10.00-10.30

Coffee Break (Marco Polo Pre-Function)

10.30-12.00

AAVP Business Meeting & Awards
AAVP Executive Committee, Student Officers, Corporate Sponsor representatives,
and Awardees stay for pictures
Room: Marco Polo Ballroom
AAVP Students – Lunch and Student Elections
Sponsored by Virbac
Room: Peek-A-Boo (2nd Floor)

12.00-13.30

Merck Luncheon Symposium
Moderator: Robert Lavan
62. In-home assessment of topical fluralaner to control on-animal and premises flea infestations, reduce dermatologic
lesions and minimize pruritus in naturally infested cats.
Michael Dryden
63. Using Real-World and Big Data for Outcomes Research with Today’s Parasiticides
Robert Lavan

Room: Marco Polo Ballroom
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Monday July 16, 2018 (continued)
13.30-16-30

CONCURRENT SCIENTIFIC SESSIONS

13.30-15.00

Session 11: Diagnostics and Education
Room: Marco Polo Ballroom
Moderators: Kelly Allen & Kayla Wielgus

13.30-13.45

64. Precision analysis of an automated parasite fecal
egg counting system in comparison to McMaster and
Wisconsin methods
Jennifer Cain
University of Kentucky

13.45-14.00

65. UP: Computational Analysis of the Speed of Equine
Endoparasite Egg Flotation
Jamie Norris
University of Kentucky

71. Anti-inflammatory proteins in tick saliva
Tae Kim
Texas A&M University

14.00-14.15

66. The Diroscope: validation of a novel cellphone-based
video microscope for diagnosis of canine heartworm
infection
Guilherme Verocai
University of Georgia

72. Small GTPase immunity associated proteins mediate
resistance to Toxoplasma gondii infection
William Witola
University of Illinois

14.15-14.30

67. VetPDx – a collaborative network of Veterinary
Parasitology Diagnostic laboratories and experts
Manigandan Lejeune
Cornell University

73. Proteomic analysis of differentially expressed proteins in
two Trypanosoma vivax strains with different patterns of
virulence and pathogenicity in sheep
Roger Ramirez-Barrios
University of Minnesota

14.30-14.45

68. Focus-Stacked Digital Micrographs: Easy-to-use,
rapid, inexpensive methods for obtaining high quality
microscopic digital images
Karen Snowden
Texas A&M University

74. Expression and biochemical characterization of
recombinant rat trypsin IV, a new target for tick-host
relationship studies
Lucas Tirloni
Texas A&M University

14.45-15.00

69. USALTI-Afrique: a research-for-development initiative.
Vincenzo Lorusso
University of Salford

75. Coccidiosis in the ‘Great White’ Turkey: Common and
diverse Eimeria spp. found on Canadian turkey farms – Do
any of them cross-protect immunologically?
Rachel Imai
University of Guelph

15.00-15.30

Session 12: Molecular Parasitology
Room: Hopscotch (3rd Floor)
Moderators: Mostafa Zamanian & Jeba Chelladurai
70.

Determining host specificity via miRNAs in the Brugia
malayi feline model
Erica Burkman
University of Georgia

Coffee Break (Marco Polo Pre-Function))

15.30-16.30

Session 13 Diagnostic Methodologies 2
Room: Marco Polo Ballroom
Moderators: Ashley McGrew & Rachel Giorgo

Session 14: Novel Cases
Room: Hopscotch (3rd Floor)
Moderators: Alice Houk-Miles & Ashley Steuer

15.30-15.45

76. Identifying Eimeria species causing coccidiosis in
sheep and goats using morphology and molecular
methods
Evelin Rejman
University of Guelph

80. Subcutaneous and intracoelomic metacestode infection
in a Puerto Rican crested anole, Anolis cristatellus
Araceli Lucio-Forster
Cornell University

15.45-16.00

77. Development of methods aimed at reducing debris in
pinniped fecal flotation procedures
Ciara Suggs
Colorado State University

81. Giant kidney worm, Dioctophyme renale , in the
mammary gland of a dog from Georgia, USA
Kelsey Paras
University of Georgia

16.00-16.15

78. Comparison of acid- versus heat-treatment for
immune complex dissociation and detection of Dirofilaria
immitis antigen in canine plasma
Lindsay Starkey
Auburn University

82. The use of oocyst morphometrics, endogenous
development and molecular genotyping to describe Eimeria
species in Alectoris chukar
Ryan Snyder
University of Guelph

16.15-16.30

79. Detection of male only heartworm infections in
naturally infected, necropsy confirmed dogs before and
after heat pre-treatment of serum
Jeff Gruntmeir
University of Florida

83. Case Report: Hepatic cysticercosis in a dog in
Oklahoma, USA
Yoko Nagamori
Oklahoma State University
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16.35-17.05

Poster Promo Presentations
Moderator: John Gilleard
Room : Marco Polo Ball Room

17.05-18.15

POSTER SESSION 2
Red Rover (3rd Floor): Poste #115 - #129
Duck, Duck Goose (3rd Floor): Poster #130 - #142

18.00-18.30

DACVM Meeting
Peek-A-Boo (2nd Floor)

19:30-21:00

ELANCO SOCIAL
Four Square Ballroom

Tuesday July 17, 2018
8.30-10.15

PRESIDENT’S SYMPOSIUM: Recent Advances Parasite Vaccine Development
PRESIDENTS SYMPOSIUM
Moderator: John Gilleard
Room: Marco Polo Ballroom
Announcement of Student Winners & Introduction of Speakers (10 mins)

8.30 -10.15

84. Recombinant vaccines for the control of coccidiosis – opportunities or illusions?
Damer Blake (45 mins)
Royal Veterinary College
85. Vaccines against gastro-intestinal nematodes in cattle: challenges and opportunities.
Edwin Claerebout (45 mins)
University of Ghent
Student Award Winners! Please stay afterwards for group photo.

10.15-10.45

Coffee Break (Marco Polo Pre-Function)

10.45-12.45

AAVP-NCVP Parasite Case Discussions
Moderator: Dwight Bowman
Boxed lunches for attendees (sponsored by NCVP)
Room: Marco Polo Ballroom

12.45-

Meeting Adjourns – Happy Trails, to You!

13.45 -

AAVP Students – Colorado State University Diagnostic Laboratories Tour
Tuesday, July 17, 2018, 1:00 PM
Students attending the tour of the CSU Diagnostic Laboratories should meet in the lobby of the Curtis hotel
by 1:00 p.m. on Tuesday, July 16. After the tour, a dinner in either Fort Collins or Denver will be sponsored
by AAVP along with airort hotel arrangements Tuesday night for Wednesday morning departures (July 18)
out of Denver International Airport. Due to space constraints, this trip will have an enrollment cap
established prior to the annual meeting.
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2018 AAVP PROGRAM
POSTER PRESENTATIONS
Poster Session 1: 17.05 – 18.15, Sunday July 15th
Please put up your poster by the end of the 10.30 coffee break on Sunday 15th in either the Red Rover or
Duck, Duck Goose rooms based on your abstract number as indicated below. Please remove by end of
10.30 coffee break on Monday 16th.
Please stand at your poster during the evening poster session.
Sunday July 15, 2018
17.05-18.15

Poster Session 1
Red Rover (3rd Floor): Poster #86 - #101
Duck, Duck Goose (3rd Floor): Poster #102 - #114

86. Uncoiling the truth: Identification of Trichinella spp. in North American mustelids. Ashley Steuer, University of
Kentucky
87. Laboratory evaluation of the efficacy of lotilaner (Credelio™) against Amblyomma cajennense sensu lato infestations
of dogs. Jason Drake, Elanco Animal Health
88. Comparative recovery of parasites from random-source canine fecal specimens using passive and centrifugal sodium
nitrate flotation. Lindsay Starkey, Auburn University
89. Strongylid egg count patterns in equids in the United States. Martin Nielsen, University of Kentucky
90. Multiple drug resistance in Ancylostoma caninum: an emerging threat to canine health. Ray Kaplan. University of
Georgia
91. Transcriptional activity as a proxy for viability of Eimeria species oocyst: The key to optimizing live coccidiosis
vaccines? Perryn Kruth, University of Guelph
92. Reverse line-blot hybridization for the detection of trichostrongylid nematodes in small ruminants.
Rachel Giorgio, Cornell University
93. Distribution of cyathostomin species in horses across the United States. Rebecca Davis, University of Delaware
94. The Geographic Origins of AAVP Abstracts: 2013-2017. Timothy Geary, McGill University
95. Impact of gastrointestinal nematode infection on vaccine antibody response against bovine viral diarrhea virus in
feedlot cattle. Eranga De Seram, Western College of Veterinary Medicine
96. How long can they stick around? A pilot study on the persistence and viability of Parascaris spp. in the environment
Kayla Wielgus. Lincoln Memorial University
97. Early Babesia canis transmission in dogs within 24h and within 8h of infestation by male Dermacentor reticulatus ticks
detached from sheep or dog. Marie Varloud, Ceva Santé Animale
98. Anthelmintic treatment efficacy against equine strongyle parasites in the United States Martin Nielsen. University of
Kentucky
99. Assessing the cross-reactivity in commercial heartworm ELISA kit in serum of dogs naturally infected with Onchocerca
lupi. Guilherme Verocai, University of Georgia
100. Host-Parasite interaction and Antioxidant enzymes analysis as indicators of Organochlorine Pesticide
bioaccumulation in Chrysichthys nigrodigitatus (Lacepede, 1803) (Bagridae) from Lagos, Lagoon, Nigeria. Akinsanya
Bamidele, University of Lagos
101. Tick feeding physiology intricacies as revealed by tick saliva proteomics. Albert Mulenga,Texas A&M University
102. Trichinella spp. in wildlife from swine-producing regions of Canada. Brad Scandrett. Canadian Food Inspection
Agency
103. Comparison of fecal analysis methods for the detection of Platynosomum fastosum in naturally infected cats.
Hilary Eisenbraun, Ross University.
104. In vitro toxicity evaluation of native entomopathognic fungi against Rhipicephalus microplus eggs and larvae
Huma Naeem. UVAS, Lahore.
105. Predatory fungus capture efficiency for equine cyathostomin larvae in the presence and absence of free living soil
nematodes Justin Blair, University of Delaware
106. Do Haemonchus contortus and other endo and ecto parasites utilize similar strategies for successful host adaptation?
Mariam Bakshi USDA ARS
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107. Brugia pahangi fecundity in vitro is predictive of short term reproduction in vivo. Shelly Michalski, University of WI
Oshkosh
108. The development and first application of comparative demography: a method to examine the evolutionary stability of
parasitic relationships from genome sequences. Peter Thompson, USDA-ARS
109. Experimental Neospora caninum infection in mice using two new isolates from goats. Rafael Costa, University of São
Paulo
110. Toxoplasma gondii prevalence in raptors from Florida and East Tennessee. Sawsan Ammar,University of
Tennessee
111. Characterization of potential diagnostic antigens for Tritrichomonas foetus by proteomics-based identification of
immunogenic trophozoite proteins. Jeba Jesudoss Chelladurai, Iowa State University
112. Examination of cross-reactivity using heat-treatment and the mechanism of action. Molly Savadelis,University of
Georgia
113. Molecular Epidemiology of Tick-Borne Haemoparasites in Nigerian Sheep. Adam B.M., University of Salford
114. Eprinomectin (5% w/v) Extended-Release Injection (LONGRANGE®): prevention and treatment of bovine Hypoderma
lineatum infestation in Italy. Becky Fankhauser, Boehringer Ingelheim

Poster Session 2: 17.05 – 18.15, Monday July 16th
Please put up your poster by 13.30 (by the end of the lunch break) Monday 16th in either the Red Rover
or Duck, Duck Goose rooms based on your abstract number as indicated on the table below. Please take
down your posters at the end of the meeting. Please stand at your poster during the evening poster
session.
Monday July 16, 2018
17.05-18.15

Poster Session 2
Red Rover (3rd Floor): Poster #115 - #129
Duck, Duck Goose (3rd Floor): Poster #130 - #142

115. Eprinomectin (5% w/v) Extended-Release Injection (LONGRANGE®): efficacy against gastrointestinal nematodes
acquired by young cattle on a sheep-dominated mixed sheep-cattle farm. Becky Fankhauser, Merial Animal Health
116. Evaluation of a commercial Haemonchus contortus vaccine in non-domestic hoofstock. Michelle Carman. Ohio
State University
117. The NIH-NIAID Filariasis Research Reagent Resource Center. Christopher Evans, University of Georgia.
118. Evaluation of macrocyclic lactone efficacy on a warmblood stud farm.Charlotte Manvell, University of Kentucky.
119. Femoral arterial dirofilariosis in a Cane Corso dog. Cassan Pulaski, Louisiana State University
120. Development of a Novel Therapy Against Gastrointestinal nematodes: Bacillus Thuringiensis Crystal Protein Cry5B.
Tasia Kellogg, University of Massachusetts
121. Tick infestations in different cattle breeds in Lagos State, Nigeria. Olubunmi Otubanjo, University of Lagos
122. Gastrointestinal helminths of goats in south western Nigeria. Emmanuel Idowu, University of Lagos
123. Safety and serologic response to a Haemonchus contortus vaccine in alpacas. Grace VanHoy,Ohio State
University
124. Case Report: A zoonotic parasite, Linguatula serrata, infection in a dog in the United States. Yoko Nagamori,
Oklahoma State University
125. ABC-B transporter genes of Toxocara canis. Jeba Jesudoss Chelladurai, Iowa State University
126. Prevalence of Trichuris serrata, Platynosomum fastosum, Lynxacarus radovskyi and Dirofilaria immitis in St Kitts
DVM student-owned cats and risk of introduction to US-free areas.Jernea Bustria, Ross University.
127. Evaluation of Fecal DxTM ELISA for the diagnosis of feline hookworm infection in cats. Jinming Geng, IDEXX
Laboratories
128. Comparing 2% formalin versus glacial acetic acid in a clinical setting when making modified Knotts.Jenna Bradner,
University of Georgia
129. Knowledge, attitudes and practices of incoming veterinary students towards Dirofilaria immitis in St. Kitts.
Kaitlyn Jonk, Ross University
130. Parasite survey on a captive wolf population using classical techniques and ELISA coproantigen detection.
Kelsey Paras, University of Georgia
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131. Is two better than one? Moxidectin use in combination deworming for double drug resistant cyathostomins.
Libby Wehling, University of Kentucky
132. Anthelmintic efficacy of pelleted cranberry vine against Haemonchus contortus in experimentally infected lambs
Bailey Chalut, University of Rhode Island
133. Acaricidal efficacy of dog’s hair collected over 1 month after a topical administration of dinotefuran-permethrinpyriproxyfen against the deer tick (Ixodes scapularis). Marie Varloud, Ceva Santé Animale
134. Dirofilaria immitis: cryopreservation for diagnostic teaching. Jessica Shrake, Ohio State University
135. The effect of season upon the life cycle and development of Haemonchus contortus in experimentally infected lambs.
Marissa Brummett, University of Rhode Island
136. Comparing the use of Immiticide and Diroban in the 3-dose adulticidal canine heartworm treatment protocol. Andrew
Moorhead, University of Georgia
137. Variability in larval shedding associated with Aelurostrongylus abstrusus positive cats. Ariel Carruth, Cornell
University.
138. Patterns of cross-reactivity in a commercial heartworm ELISA kit using serum of Dirofilaria repens experimentally
infected dogs. Molly Savadelis,University of Georgia
139. Optimizing the recovery of infective stage larvae from mosquitoes fed microfilariae obtained from the peritoneal cavity
of a Mongolian gerbil intraperitoneally infected with Brugia malayi. Michael Dzimianski, University of Georgia
140. Experimental transmission of Cytauxzoon felis to domestic cats by Amblyomma americanum nymphs acquisition fed
as larvae on a C. felis donor cat. Megan Wohltjen, Oklahoma State University
141. First-in-Kind in vitro Three-Dimensional (3-D) Canine Dermal Organoid Microenvironment: An Investigative Platform
in the Organogenesis of Dirofilaria immitis Filarids, Missouri Strain. Miguel Suderman, Cell Systems-3D
142. Moxidectin and Glc-2. A novel inhibitory response to a broad spectrum drug. Kaji, MD, McGill University
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2018 ABSTRACTS
The AAVP claims copyright privileges to the non-abstract portions of this proceedings booklet and
acknowledges that the copyright assignment for each abstract remains with the submitting author.
If a company, an institution or an individual wishes to reproduce and distribute our proceedings (even as an
internal document), they must obtain copyright permission for each and every abstract in the book, as well as
permission from the AAVP for the non-abstract portions of the book. Alternatively, they may purchase a copy of
the proceedings from the AAVP for each individual who may wish to utilize the content of the book
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Oral Presentations
Plenary Session
Complex communities: Co-infections and Interactions
1
Multi’omic approaches demonstrate the complex interactions of gut microbiome and helminths
Linda Mansfield*. Michigan State University, East Lansing, MI
We hypothesize that specific host-microbiota-pathogen interactions govern enteric health and disease.
Mammals are superorganisms with myriad indigenous microbiota. Gut microbiota influences maturation
of physiologic and immune functions in early life. Mounting evidence suggests that exposure to
microbially rich environments in infancy reduces risk for allergy, asthma, inflammation and
autoimmunity. Indigenous microbiota also provides innate protection through colonization resistance
and production of antagonistic substances, while providing vitamins, nutrients and detoxification of
harmful dietary constituents. Commensal microbiota mainly include bacteria, viruses, fungi and
protozoa, but helminths may also be present. With the advent of multi’omics approaches, mechanisms
controlling the complex interactions of the gut microbiome and helminths can be studied. We consider
the whipworm Trichuris as evidence. Early work showed that the pathogenesis of necrotic proliferative
colitis in swine was linked to whipworm induced suppression of mucosal immunity to resident bacteria.
Both bacteria (Campylobacter jejuni) and Trichuris were required to elicit disease and lesions and, in the
absence of bacteria, Trichuris were impaired for pathogenesis. Trichuris were shown to condition the
proximal colon microenvironment by excretory-secretory products with a variety of functions including
antimicrobial activities. Other worm functions are affected by the microbiome; presence of Escherichia
coli and Staphylococcus elicited hatching of Trichuris eggs, which may be due to bacterial secreted
products. Trichuris infection caused a significant shift in the structure of proximal colon microbiota in
mice and swine. Trichuris altered colonic bacterial taxa and abundance, which changed the metabolic
signature of the community. It is well known that helminths elicit type 2 immunity with innate lymphoid
cells, T helper 2 cells, eosinophils, mast cells, basophils, and macrophages, but it was recently
demonstrated that helminth altered microbiomes can mediate these responses in the absence of worms.
We will review recent data on gut microbiome helminth interactions and their influence on disease.
2
Helminth-microbe co-infection: insights from a wildlife system
Vanessa Ezenwa*. University of Georgia, Athens, GA
Co-infection with helminths can affect the host response to microbial infections (e.g. viral and bacterial
infections), and an increasing number of studies are investigating the consequences of helminth-microbe
co-infection in laboratory settings. To better understand the dynamics of co-infection in natural systems,
we used a wild population of African buffalo to explore the consequences of gastrointestinal nematode
infection for bovine tuberculosis (TB; causative agent: Mycobacterium bovis). Using a combination of
experimental, longitudinal, and theoretical studies, we show that anthelmintic treatment has profound
effects on the outcome of TB infection at both the individual and population levels. We also show that
an individual’s constitutive response to nematode infection has non-intuitive consequences for TB
disease. Overall, our work is revealing that both active infection with nematodes, and host resistance to
nematodes, can have profound implications for the epidemiology of microbial diseases.
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3
2018 AAVP- Merck Animal Health Outstanding Graduate Student
Exploring the ‘Nemabiome’: Deep Amplicon Sequencing to Investigate Community Structure and
Drug Resistance in Parasitic Gastrointestinal Nematodes of Livestock
Russell Avramenko, University of Calgary, Calgary, AB
DNA sequencing technologies have undergone a revolution in recent years providing a multitude of
exciting potential applications in veterinary parasitology. In the case of gastro-intestinal nematodes of
livestock, co-infections with multiple species, which vary in their pathogenicity, epidemiology and drug
sensitivity are common. However, currently used microscopy and molecular tools have major limitations
for studying these complex parasite communities and their interactions with both each other and their
hosts. The increasing problem of anthelmintic drug resistance in parasitic nematodes makes the need for
better diagnostic and molecular epidemiological tools to support evidence-based sustainable parasite
control greater than ever before. In this talk, I present our recent work developing deep-amplicon nextgeneration sequencing approaches to investigate community structure and drug resistance in parasitic
gastrointestinal nematodes of livestock.Deep-amplicon sequencing (metabarcoding), targeting the ITS-2
rDNA locus, has been developed to define the species composition of the nemabiome (defined as the
community of mixed nematode species inhabiting the GI tract). This is analogous to approaches used to
study the bacterial ‘microbiome’. We demonstrate that this approach is accurate, sensitive and scalable
and illustrate its use in a number of studies. We have also developed deep-amplicon sequencing as a new
approach to detect and quantify the frequency of sequence polymorphisms associated with anthelmintic
drug resistance in mixed nematode infections. The approach provides an accurate measure of resistance
allele frequencies, and can reliably detect resistance alleles in complex parasite communities down to a
frequency of 0.1%, making it particularly valuable for detecting resistance at the early stages of its
emergence. A number of examples will be discussed that illustrate the value of the approach to detect
emerging resistance in nematode populations. These initial applications illustrate the huge potential of
the new sequencing technologies in veterinary parasitology research and diagnostics.

Session 1: Molecular Pharmacology
4
Exploring chemosensory pathways in filarial nematode parasites
Nicolas Wheeler1, Troy Meikle1, Lisa Fraser2, Lyric Bartholomay1, Michael Kimber2, Mostafa
Zamanian*1. 1University of Wisconsin-Madison, Madison, WI, 2Iowa State University, Ames, IA
Nicolas J Wheeler1, Troy Meikle1, Lisa M Fraser2, Lyric C Bartholomay1, Michael J Kimber2, Mostafa
Zamanian1
1
Department of Pathobiological Sciences, School of Veterinary Medicine, University of WisconsinMadison
2
Department of Biomedical Sciences, School of Veterinary Medicine, Iowa State University
The mechanisms by which filarial nematode parasites invade and migrate through host tissues is not
well understood. We explore the role that parasite chemosensory pathways play in mediating these
critical behaviors. Our hypothesis, motivated by both experimental and genomic data, is that
chemosensory signaling is required for the establishment of filarial infections and that parasite
chemoreceptors are lucrative targets for disease intervention. We show that the infective L3 stage of the
human parasite Brugia malayi exhibits robust chemotactic preferences with respect to a panel of host62
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associated compounds. We have carried out phylum-wide discovery and classification of chemosensory
proteins and have identified filarid-specific expansions of chemosensory receptors. Using RNA-Seq and
droplet digital PCR (ddPCR), we show that many of these receptors are expressed only in specific stages
and enriched towards the anterior region of the parasite. To build on these observations, we are working
to 1) establish microfluidic assays to improve the throughput of chemotaxis assays, 2) use RNA
interference (RNAi) to assess whether chemotactic preferences are modulated by conserved signaling
molecules in the nematode chemosensory pathway, and 3) develop a heterologous expression platform
in the model nematode Caenorhabditis elegans to associate chemosensory cues with chemoreceptor
activation. We expect that chemosensory behaviors are relevant to the vector and definitive host stages
of B. malayi parasitism, as well as to other closely-related parasites. We have initiated experiments to
extend these lines of inquiry to the causative agent of heartworm disease, Dirofilaria immitis.
5
Use of a subcutaneously implanted in vivo chamber system cannot reproduce the high therapeutic
in vivo efficacy of ivermectin against L3/L4 stage larvae of a highly susceptible strain (Missouri) of
Dirofilaria immitis.
Ray Kaplan*1, David Abraham2, Jessica Hess2, Chad Schmiedt1, Andrew Moorhead1, Guilherme
Verocai1, Pablo Jimenez-Castro1, Molly Savadelis1, Chris Evans1, John Harrington3. 1College of
Veterinary Medicine, University of Georgia, Athens, GA, 2Sidney Kimmel Medical College at Thomas
Jefferson University, Philadelphia, PA, 3Boehringer Ingelheim Animal Health, Duluth, GA
Ivermectin administered at doses greater than 0.003 mg/kg is 100% effective in preventing
establishment of vascular infections of heartworms in dogs. It is generally assumed that ivermectin and
other avermectin/milbemycin drugs kill the L3/L4 stages of Dirofilaria immitis prior to entry into the
vasculature; however, details of the mechanism remain unknown. Previous studies clearly demonstrate
that ivermectin does not achieve high rates of killing of D. immitis larvae in vitro, even at concentrations
>5,000X higher than physiologic concentrations. Additionally, recent evidence suggests that the host
immune response is likely involved. Given these previous data, we hypothesized that ivermectin killing
requires a host immune response, and that using implantable chambers would facilitate our study of the
in vivo mechanism of killing following treatment with ivermectin. In this study we used implantable
chambers in mice and dogs to investigate the killing of D. immitis larvae following treatment with
ivermectin. In the first study, experiments were performed using both BALBc/Byl and C57/BL6 mice
implanted with chambers containing D. immitis L3. In both mouse strains, >50% and >40% of larvae
were alive on days 21 and 28, respectively, with worms showing a progressive increase in size.
However, treatment with ivermectin at either 0.5 or 1.0 mg/kg yielded no significant reduction in
worms. In the second study, we implanted chambers containing D. immitis L3 subcutaneously into dogs
and then treated with ivermectin. Unlike in the mouse, the chambers elicited a strong inflammatory
response, which yielded much lower worm survival than in the mouse. However, similar to mice,
treatment with ivermectin (0.1 mg/kg) failed to produce a statistically significant reduction in worm
numbers. These surprising data suggest that the mechanisms responsible for ivermectin action against
D. immitis may be more complex than originally proposed, and that this chamber system requires further
optimization for use in dogs.
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6
Exploring diethylcarbamazine target(s) in filarial nematode
Saurabh Verma*, Sudhanva Kashyap, Alan Robertson, Richard Martin. College of Veterinary Medicine,
Iowa State University, Ames, IA
Dirofilariasis, caused by Dirofilaria immitis, is a filarial infection and although dogs are its definitive
hosts, it can also infect cats, foxes, wolves, ferrets, sea lions and in very rare circumstances, humans.
Anthelmintic drugs used for long-term prophylactic treatment include ivermectin, which is not effective
at killing adults. To kill adult worms requires multiple doses of doxycycline and melarsomine and or
surgical interventions which are high risk and costly. Recently there have been reports of heartworm
resistance to macrocyclic lactones. These issues call for a greater need for identification of new drug
targets and/or develop new and effective therapeutic interventions. It is also desirable to gain insight into
mechanism of existing drugs to determine if these drugs or targets can be repurposed.
Diethylcarbamazine (DEC) is an old drug, which is still in use for treatment of lymphatic filariasis. Its
molecular mode of action is undefined with some authors proposing a host mediated action rather than a
parasite-mediated effect. We have studied the direct effects of DEC on our filaria model Brugia malayi.
Initially, we tested and observed that DEC rapidly and in a concentration-dependent manner produced
contraction thus inhibiting the motility of adult worm. We followed up these results with muscle cell
patch-clamp recordings and observed that that DEC produces a concentration dependent outward current
(EC50: 11 µM), which was inhibited by iberiotoxin and required calcium suggesting effects involving
SLO-1 K channels. Other explanation for the observed effects on SLO-1 K channels is that DEC
increases intracellular calcium by either inhibiting sarcoplasmic reticulum calcium ATPase (SERCA) or
by modulation of TRP channels. We are presenting here results that support the hypothesis that DEC
acts directly on adult filarial worms to inhibit motility and TRP channels play a role in its mode of
action.
Supported by NIH grants:NIH R01 A1047194
7
Emodepside: Splice variants of SLO-1 K channels in adult Brugia malayi
Richard Martin*, Sudhanva Kashyap, Saurabh Verma, Alan Robertson. Iowa State University, Ames, IA
There are increasing concerns about development of anthelmintic resistance and these concerns drive
searches for new anthelmintic drugs. Emodepside, an effective anthelmintic against GI nematodes in
dogs and cats has potential as a novel antifilarial drug. To study effects of emodepside in fliaria, we use
Brugia malayi to examine its mode of action. It is supplied by the NIH FR3 Facility at the University of
Georgia. We are working on SLO-1, a voltage-gated potassium channel, as one of the drug targets of
emodepside in Brugia malayi. We are able to knock-down the slo-1 transcript of adult B. malayi and
show that these worms become resistant to emodepside. We are also able to express SLO-1 channels of
B. malayi in Xenopus laevis oocytes. We have conducted two-electrode voltage clamp experiments on
these eggs and observed that emodepside activates these expressed SLO-1 channels in a concentration
dependent manner (EC50: 5.7 µM). Furthermore, we have been able to identify two splice variants
expressed in female worms (slo-1f and slo-1a) but there is only one in the male (slo-1f). There are also
pharmacological differences in the potency of emodepside between these splice variants when expressed
in Xenopus oocytes. Emodepside is more potent on the slo-1f variant than on the slo-1a variant or on the
combination of slo-1f and slo-1a. This is a significant finding because this difference is very similar to
the difference in the potency of emodepside on the sex of the parasite (males more sensitive). It also
gives us an insight into mechanisms of interactions between the SLO-1 protein and emodepside. We are
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looking at the structure of the splice variants to see if we can explain the differences in potency between
splice variants. These observations may help us to predict development of resistance.
NIH R01 AI047194 and E.A. Benbrook Endowed Fellowship
8
Electrophysiological recording from somatic muscle and pharynx of adult Dirofilaria immitis
Saurabh Verma, Daniel Kulke, Richard Martin, Alan Robertson*. Iowa State University, Ames, IA
Dirofilariasis, caused by Dirofilaria immitis, is a filarial infection that affects dogs and cats. This
parasitic roundworm also called heartworm is transmitted through mosquito bites. At present control is
limited to prophylaxis as killing adult parasites is problematic. Many anti-nematodal drugs act on ionic
channels in the worm e.g. levamisole, pyrantel, ivermectin and emodepside. Classically, the mode of
action of these types of drug is often studied using electrophysiological techniques. Recordings of this
nature have so far not been performed on adult heartworm, partly due to technical challenges but also
limited by the difficulty in obtaining a regular supply of live adult parasites. We have adapted
techniques currently used in our lab to make electrophysiological recordings from both the somatic
muscle cells and the pharynx of adult D. immitis. To record from somatic muscle cells we briefly treated
muscle flaps with collagenase to assist giga-seal formation then used the whole cell patch-clamp
technique to record current responses to the excitatory (acetylcholine) & inhibitory (GABA)
neurotransmitters as well as a select panel of cholinomimetic compounds. GABA application produced
outward currents while application of acetylcholine, levamisole, pyrantel and nicotine all induced
inward currents. To record from the parasite pharynx we used two-electrode current clamp recording
after careful dissection. We applied both ivermectin and moxidectin at increasing concentrations. Both
compounds produced a concentration dependent hyperpolarization and increase in conductance of the
pharynx; EC50 ivermectin 17 µM, EC50 moxidectin 3µM. These preliminary results demonstrate the
feasibility of these techniques in adult D. immitis and will aid the search for new adulticides. In addition
they may also help our understanding as to why the macrocyclic lactones are relatively ineffective as
adulticides.
9
Menthol acts as a positive allosteric modulator on levamisole sensitive nematode nicotinic
acetylcholine receptors
Shivani Choudhary*1, Xiaoyu Zhang1, Colin Wong1, Joel Coats1, Richard Martin1, Sasa Trailovic2,
Djordje Marjanović2, Alan Robertson3. 1Iowa State University, Ames, IA, 2University of Belgrade,
Belgrade, Serbia, 3Iowa State University, Ames, IA
Rapid and widespread emergence of resistance to the existing anti-nematodal pharmacopeia has made it
imperative to develop new anthelminthic agents. Historically, plants have been important sources of
therapeutic compounds and offer a good alternative to synthetic drugs. Monoterpenoids are among such
phytochemicals which have been shown to exhibit acute toxic effects on invertebrate pests, including
insects and nematodes. Previous studies have shown nicotinic acetylcholine receptors to be possible
targets for naturally occurring plant metabolites such as carvacrol and carveol. In this study we
examined the effects of twelve monoterpenoid compounds on levamisole sensitive Oesophagostomum
dentatum nAChR (Ode-29:63:38:8). We expressed the receptor in Xenopus laevis oocytes and used two
electrode voltage-clamp to characterize the effect of various compounds on the cys loop receptor. When
tested as antagonists (at 100 uM), limonene oxide, citronellol, carvone, carvacrol, pulegone and
eugelone reduced the acetylcholine response. Limonene oxide was the most potent inhibitor (mean
65

American Association of Veterinary Parasitologists
63rd Annual Meeting, July 14th – 17th 2018, Denver, Colorado, USA

inhibition% = 36±3.2). None of the monoterpenoids exhibited agonist activity on the nAChR.
Interestingly, menthol potentiated the amplitude of acetylcholine currents. To further explore the PAM
effects, we tested the effect of 0.1uM and 10uM menthol on responses to 0.1uM, 1uM and 100uM
acetylcholine application. 0.1uM menthol potentiated the current amplitude of 0.1uM acetylcholine
response strongly, while the effect on 1uM and 100uM responses was more modest. 10 uM menthol
potentiated the response to 0.1uM and 1uM acetylcholine but reduced the current amplitude of 100uM
acetylcholine application. This confirms the role of menthol as a PAM and we are interested in further
exploring the possible use of menthol in combination with levamisole as a stronger anti-nematodal
therapeutic.

Session 2: Parasite Immunology
10
Immune response to various life stages of Haemonchus contortus differentiates resistance among
sheep breeds
Andrew Weaver*, Javier Garza, Scott Bowdridge. West Virginia University, Morgantown, WV
Immunological responses of parasite-resistant St. Croix (STC) sheep specifically target larval stages of
Haemonchus contortus (Hc) preventing establishment and making this breed a standard for parasiteresistance. While Texel (TX) sheep have fecal egg counts (FEC) similar to STC, adult worm counts are
similar to susceptible breeds like Suffolk (SUF). Thus, the objective of this study was to compare
immune responses of STC, TX and SUF sheep to egg and adult-stage Hc. Eggs and adult Hc were
exposed to peripheral blood mononuclear cells (PBMC) and serum from STC, TX and SUF sheep in
vitro. Fluorophore labeled anti-sheep IgA and IgG were used to measure antibody binding and
quantified by ImageJ using corrected total egg fluorescence. Cellular binding to adult Hc was observed
using bright field and scanning electron microscopy. Egg release per worm was quantified after 24
hours. There was greater IgA binding to eggs when treated with STC and TX serum (P < 0.05) and these
eggs exhibited a lower hatch rate (P < 0.05). While there was little IgA binding to adult Hc, IgG derived
from TX sheep accumulated on the genital pore to a greater extent than SUF. To further examine
differences SUF and TX lambs (n = 5/breed) were infected with 10,000 L3 Hc and harvested 30 d postinfection. Worm counts and FEC were determined at harvest. Worms extracted were exposed to cells
and serum from STC, SUF and TX. Adult Hc exposed to STC and TX-derived PBMC and serum had
greater binding around the head, genital pore and bursa than SUF. Consequently, egg release tended to
be affected by breed (P = 0.10). Regressing FEC on worm count revealed that SUF sheep had greater
egg release per worm than TX. Taken together these data indicate a unique resistance mechanism in
Texels targeting adult and egg-stage Hc.
11
Neutrophils rapidly produce Th2 cytokines in response to larval but not adult Haemonchus
contortus antigen
Denzel Middleton*, Javier Garza, Scott Bowdridge. West Virginia University, Morgantown, WV
The immune cell responsible for early cytokine production resulting in parasite expulsion is unclear.
Studies report greater infiltration of neutrophils to the abomasum of STC by 3 days after Hc infection as
compared to parasite-susceptible Suffolk sheep (SUF). Neutrophils have been reported to play a role in
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immune responses to murine helminth infections and were found to produce IL-13, which promoted
alternatively activated macrophage differentiation, thus, it is reasonable to hypothesize that neutrophils
are an early source of IL-4/IL-13 that promote resistance to Hc infection. Therefore, this study aimed to
determine ovine neutrophil cytokine production when stimulated with antigen from larval and adult
stages of Hc. Neutrophils from STC and SUF sheep were plated at 100,000 cells/well and co-cultured
with larval (HcLA) or adult (HcWA) antigen at a concentration of 20 µg/mL and incubated at 37oC with
5% CO2. Supernatant was collected and IL-4/IL-13 were measured using an ovine-specific enzymelinked immunosorbent assay (ELISA). Neutrophils from either breed exposed to HcLA produced
significantly higher levels of IL-4 by 30 minutes (STC, 3153.65 pg/ml and SUF, 4665.22 pg/ml,
respectively) and IL-13 by 6 hours (STC, 391.02 pg/ml and SUF, 419.6 pg/ml, respectively) when
compared to neutrophils cultured with HcWA (STC IL-4, 6.04 pg/ml and SUF, 8.05 pg/ml, respectively)
(STC IL-13, 10 pg/ml and 12.5 pg/ml, respectively) (P < 0.001). Preliminary data investigating
neutrophil transcript production has shown SUF to undergo a transition period for proper differentiation.
Around 3-6 hours there are upregulation of IL-4Rα and STAT6 transcript detected. While no breed
differences were observed, these data indicate that neutrophils preferentially respond to HcLA compared
to HcWA, implicating neutrophils as a potential effector cell responsible for initiation of early Th2
responses during H. contortus infection in sheep.
12
Characterization of ovine monocytes that induce Haemonchus contortus larval morbidity in vitro
Elizabeth Shepherd*, Scott Bowdridge. West Virginia University, Morgantown, WV
Peripheral blood mononuclear cells (PBMC) from resistant St. Croix (STC) or susceptible Suffolk
(SUF) breeds of sheep inhibit Haemonchus contortus infective stage (HcL3) larval motility in vitro.
Data have demonstrated a significant role of monocytes from this heterologous population contributing
to larval death, as measured by ATP. Monocytes are a unique cell subset which can differentiate into
dendritic cells or macrophages, further acquiring distinct phenotypic activation states depending on type
of infection and signaling. Ovine macrophage phenotype has not yet been explored during H. contortus
infection or their role in larval morbidity. Thus, we aim to identify and characterize ovine monocyte
activation in association with H. contortus larval morbidity. Monocytes (CD14+) were magnetically
separated from STC- or SUF- PBMC using CD14 marker. Cells from each breed were plated at density
of 5 x 106cells / ml with 100 HcL3 / well in a 24-well plate. Cultures were incubated for 3, 6, 9, 12, 15 or
18 hours at 37°C and 5% CO2. Adherent cells were enzymatically removed from larvae and washed over
40μm cell strainers. Cells were retained for qPCR gene expression after stimulation with whole larvae.
Analysis of ten genes associated with alternative activation and classical activation of macrophages
revealed immune status dependent differences in STC-derived monocytes, whereas monocytes derived
from SUF were not different between naïve and primed groups. These data indicate a delayed response
or inability of SUF-derived monocytes to develop memory. Overall, however, both breeds upregulated
cytokines consistent with an alternative macrophage phenotype and classical activation. While there
were no differences between breeds, these data indicate that monocytes are highly plastic cells,
acquiring a spectrum of activation states contributing to H. contortus larval morbidity in vitro.
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13
Neutrophils from Suffolk sheep exhibit impaired chemotaxis in response to Haemonchus contortus
antigen
Javier Garza*, Andrew Weaver, Scott Bowdridge. West Virginia University, Morgantown, WV
Immune responses against early parasitic larval stages are essential to prevent gastrointestinal nematode
(GIN) establishment in the host. Recently, ovine neutrophils have been shown to bind Haemonchus
contortus (Hc) larvae and induce larval morbidity in vitro suggesting a role in host protection. St. Croix
(STC) sheep (GIN-resistant) display extensive neutrophilia by 3 days after Hc challenge infection, this
response is delayed in GIN-susceptible breeds such as the Suffolk (SUF). This difference in innate
cellular response may indicate a deficiency of SUF neutrophils to migrate to the abomasum. The
purpose of this study was to evaluate neutrophil chemotaxis by H. contortus third-stage larval antigen
(HcLA). Neutrophils isolated from SUF and STC were seeded on matrigel-coated Clearview™ inserts
and then placed into a reservoir containing Hc- larval antigen (HcLA), IL-8, or complete media.
Chemotaxis plates were incubated (37°C, 5% CO2) in an Incucyte S3 live cell imaging system for 24
hours with measurements taken hourly. STC neutrophils migrated more effectively towards HcLA
compared to SUF neutrophils as early as 3 hours (10% and 4%, P < 0.001). Differences between breeds
increased over time, with 28% of STC neutrophils migrating at 14hrs compared to 13% of SUF cells. At
24 hours, 37% of STC neutrophils migrated towards HcLA, while the percentage of migrating SUF
neutrophils remained the same. Neutrophil chemotaxis induced by IL-8 was similar in both breeds at 24
hours (STC 47%, SUF 41%), however, 37% of STC neutrophils achieved migration at 7 hrs compared
to 26% SUF neutrophils. A delayed response to the early parasitic larval stages of Hc permits their
establishment and maturation to adults. These data indicate an impaired migratory ability of neutrophils
in SUF sheep which contribute to increased worm burden observed in this breed.
14
Filarial nematode extracellular vesicle secretion: Host immunomodulation and anthelmintic mode
of action.
Hiruni Harischandra1, Wang Yuan1, Hannah Loghry1, Mostafa Zamanian2, Michael Kimber*1. 1Iowa
State University, Ames, IA, 2University of Wisconsin-Madison, Madison, WI
Successful infection by filarial nematode parasites including Dirofilaria immitis and Brugia malayi
depends on intricate and specific interactions between the parasite and host. Most notably, there is
considerable evidence that filarial nematodes actively manipulate the host immune response and help drive
a “modified” TH2 phenotype essential for chronic filarial infection. We have a poor understanding,
however, of the molecules filarial nematodes use to manipulate the host immune response, how they are
delivered to host tissues, and how they modulate the host at the cellular and genetic level. Recently we
identified that D. immitis and B. malayi secrete extracellular vesicles (EVs) into their extracellular
environment that contain bioactive proteins and small RNA species providing a mechanism by which
parasite effector molecules can be secreted and trafficked to host tissues. Nanoparticle Tracking Analysis
was used to quantify and size EVs revealing discrete vesicle populations and indicating a secretory process
that is conserved across the life cycle. Parasite EVs are internalized by murine macrophages with no
preference for life stage suggesting a uniform mechanism for potential effector molecule trafficking. The
cargo of select EVs was examined using small RNA-seq and proteomic profiling to reveal miRNAs and
explicit proteins with putative immunomodulatory functions. Finally, EV release by D. immitis and B.
malayi was found to be rapidly inhibited by anti-filarial drugs, shedding light on the mechanism of action
of these compounds and suggesting a new screening phenotype for anti-filarial drug development.
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15
Sex differences in response to vaccination against cryptosporidiosis in a mouse model
Karine Sonzogni-Desautels*1, Timothy Geary2, Momar Ndao1. 1Research Institute of the McGill
University Health Centre, Montreal, QC, 2Macdonald Campus, McGill University, Ste-Anne-deBellevue, QC
Cryptosporidiosis causes moderate-to-severe diarrhea and mortality in newborn dairy calves worldwide
as well as in infants and toddlers in developing countries. Interferon gamma receptor knock-out (IFNγRKO) mice constitute an excellent model of Cryptosporidium parvum infection that efficiently reproduces
pathogenesis of cryptosporidiosis. Effectively, this disease only causes severe clinical signs in
immunocompromised individuals. Four C. parvum surface proteins (CP2, p23, gp45 and gp900) were
cloned and expressed to identify the most promising antigen(s). Only, recombinant gp45 protein (rgp45) reduced intestinal parasite burden in this highly susceptible mouse model. However, among
IFNγR-KO mice immunized with r-gp45 and challenged with C. parvum oocysts, only male mice
presented a 75% parasite burden reduction while female mice were not protected by vaccination. To
study sex differences in response to r-gp45 immunization, we proceeded to castration, hemicastration or
sham castration on male IFNγR-KO mice as well as ovariectomy, hemiovariectomy or sham
ovariectomy on female IFNγR-KO mice. Vaccine-induced antibody production will be assayed by
ELISA. Also, cellular immune responses in draining and non-draining lymph nodes will be studied by
flow cytometry. In particular, staining will target CD3, CD4, CD8 markers and IFNγ, IL-4, IL-13 and
IL-17 cytokines. The role of Tregs in these cell populations will also be explored. Preliminary data
showed a vaccine-induced increase in cellular proliferation of CD4+ and CD8+ T cells. Studies are
ongoing to also determine the role of sex in immunological responses to r-gp45 vaccination in
immunocompetent C57Bl/6 mice. Sex as a biological variable is now recognized as a crucial parameter
in the pathogenesis of several diseases. Findings could have a significant impact on prevention of
cryptosporidiosis in newborn dairy calves and infants.

Session 3: Diagnostic Methodologies 1
16
Comparison of diagnostic techniques for detection of Giardia duodenalis in dogs and cats
Meriam Saleh*1, Jack Heptinstall2, Eileen Johnson1, Lora Ballweber3, David Lindsay4, Stephen Werre4,
Joel Herbein2, Anne Zajac4. 1Oklahoma State University, Stillwater, OK, 2TechLab Inc, Blacksburg,
VA, 3Colorado State University, Fort Collins, CO, 4Virginia Tech, Blacksburg, VA
Background: An evaluation of currently available patient-side diagnostic tests for canine and feline
Giardia duodenalis infection has not been performed. In addition, there is discordance among
previously published diagnostic comparisons. These differences may be due to several factors, including
the absence of a true gold standard for comparison in testing.
Hypothesis/Objectives: The purpose of this study was to evaluate diagnostic tests commercially
available in the US that are optimized for detecting Giardia duodenalis in dogs and cats, by comparison
to a reference test (IFA), and also to compare two methods of analysis: comparison of diagnostic tests to
a reference test (IFA) and Bayesian analysis, which allows for diagnostic test evaluation in the absence
of a true gold standard.
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Animals: Fecal samples from 388 animals (127 feline and 261 canine) located in Colorado, Oklahoma,
and Virginia.
Methods: Fecal samples were tested for Giardia duodenalis by five diagnostic tests: Idexx SNAP,
Abaxis VetScan, TechLab VETCHEK ELISA, ZnSO4 centrifugal fecal flotation, and IFA. The results
were analyzed via comparison to a reference test (IFA) and by Bayesian analysis.
Results: Sensitivity and specificity by comparison to IFA was ≥ 82% and ≥ 90%, respectively, for all
diagnostic tests in dogs and cats. When analyzed via Bayesian analysis sensitivity and specificity was
≥83% and ≥95%, respectively.
Conclusion and Clinical Relevance: The Bayesian analysis validates using the IFA as the reference
test. In this study when combined with the ZnSO4 centrifugal fecal flotation test there was no longer a
significant difference between the sensitivities of the commercial patient-side immunoassays.
17
Giardia cysts in zinc sulfate and sodium nitrate: now you see them, now you don’t!
Kamilyah Miller*1, Lindsay Starkey2, Jamie Butler2, Joy Bowles2, Byron Blagburn2. 1Tuskegee
University, Tuskegee, AL, 2Auburn University, Auburn, AL
Several fecal flotation solutions are used in stationary and centrifugal flotation procedures. Selection of
the salt or sugar component is based on target parasite, availability of reagents, their physical and
chemical characteristics, cost, and storage requirements. The different solutions may have a different
specific gravity (SG) and/or osmolarity depending on how they are prepared. Sodium nitrate (NaNO3)
remains the more common flotation solution used by most veterinarians. We have observed that cysts of
Giardia concentrate better in zinc sulfate (ZnSO4, SG 1.18) than NaNO3. We postulated that osmolarity
of the flotation solution and/or permeability of the Giardia cyst could account for this observation. For
confirmation and clarification, we performed the following procedures using a canine fecal sample that
contained numerous Giardia cysts. Experiment 1): fix 2-grams of feces in either formalin (F) or sodium
acetate, acetic acid, formalin (SAF) for ≥30 min prior to NaNO3 and ZnSO4 centrifugal flotations. This
procedure rendered the cyst wall non-permeable to liquids and solutes. 2) Lower the SG of NaNO3 to
1.15 and 1.10 and perform centrifugal flotation in NaNO3 and ZnSO4. This procedure might prevent
osmotic lysis of cysts. Giardia cysts were not recovered from feces fixed in F and subjected to NaNO3
centrifugation. Similar numbers of Giardia cysts were recovered from feces fixed in SAF followed by
NaNO3 and ZnSO4 centrifugation. NaNO3 at lower SG recovered very few cysts (SG = 1.15) or no cysts
(SG = 1.10). Eggs of both Ancylostoma caninum and Trichuris vulpis were recovered in NaNO3 at SG
1.15. However, at SG =1.10 only A. caninum was recovered. We conclude that sodium nitrate should not
be used as a flotation solution when Giardia is suspected. Fixation of feces for 30 min in SAF preserved
Giardia cysts and common helminth ova and resulted in their successful recovery in NaNO3.
18
The efficacy of Paratest® fecal sedimentation compared with ethyl acetate sedimentation, and
with Fecalyzer® and centrifugal sugar flotation.
Nikita Lakhani*, Janice Liotta, Exzavior Williams, Rachel Giorgio, Dwight Bowman. Cornell
University, Ithaca, NY
The detection of parasite eggs in fecal samples is often achieved by performing a centrifugal sugar
flotation. The recent marketing of Paratest® by Bio-Techne Inc., a fecal sedimentation assay, prompted
a 5-part efficacy analysis of the device. Experiment 1 used 10 canine and 10 feline fecal samples,
containing Ancylostoma eggs. The methods used were, the Paratest®, ethyl acetate sedimentation ,
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centrifugal sugar flotation (CF), and the Vetoquinol Fecalyzer®. Within Paratest®, different amounts of
feces in the sample and drop number from the device were analyzed. Experiment 2 tested 10 canine and
11 feline fecal samples containing both hookworm and Toxocara eggs, comparing egg counts for 2
different amounts of feces in the Paratest® to egg counts with CF and Fecalyzer®. Experiment 3
measured the Paratest® device drop size consistency with and without feces. The fourth experiment
measured and compared the amount of 0.5 mL, 90-micrometer polystyrene beads that entered and left
the device in each of 2 drops, as a model for the loss of fecal eggs between the sample deposit in the
apparatus to the slide egg count. The fifth test used a canine fecal sample to show hookworm
morphology changed over time within Paratest®. Experiments 1 and 2 demonstrated that the egg count
was consistent despite drop number and grams of feces added to the Paratest® device, and that its egg
count remained lower than in the other tests, occasionally displaying a negative results in a confirmed
positive sample. Experiment 3 determined consistency between the egg count observed in the first five
drops. Experiment 4 showed that most of the beads remained on the funnel walls and could not be
detected in the sample. In experiment 5, hookworm morphology degenerated over the device’s
recommended 14 storage days.
19
Quantitative fecal examinations performed with six different methodologies
Samantha Wesnak*, Elsie Dedrick, Janice Liotta, Ally Minoli, Emily Werdal, Yuri Lee, Dwight
Bowman. Cornell, Ithaca, NY
Many different fecal techniques for quantifying parasitic eggs exist, however only few are considered a
standard for efficacy trials and other research. In addition to the different fecal methods, each
parasitologist follows their individual optimization practices which may increase their sensitivity and
effectiveness. In this study, we performed six different fecal methodologies including 1g, 0.1g and 0.5g
centrifugal sugar flotations, Kato-Katz direct smear, Mini-Flotac and ethyl acetate sedimentation. For
each test there were 320 samples, using 20 dogs and 16 different timepoints. Ancylostoma caninum and
Toxocara canis were quantified for each sample. For five of the fecal procedures we utilized a wash step
that included mixing 1 gram of feces with water and filtering through gauze and concentrating to a pellet
by centrifugal force. The only exception being with the Kato- Katz direct smear technique where we
used a metal mesh screen to push the sample through, then directly smeared onto the slide.
All the raw data was converted using the designated calibration factors to find the egg count per gram
(EPG) of feces for all of the tests. The EPG was used in statistical analyses (General Linear models; p
value= 0.5) to compare all of the fecal data values to the values of the 1g centrifugal sugar flotations,
which is considered a gold standard for research and efficacy trials. Therefore, if the found p value was
lower than 0.5 there was significance found between the tests. We found that there was no significant
difference between 0.1g centrifugal sugar flotations, 0.5g centrifugal sugar flotations, Mini-Flotacs and
1g centrifugal sugar flotations. There was a significant difference found between the Kato- Katz smear
and the 1g centrifugal sugar flotations.
20
Uncinaria stenocephala Infections In Dogs Detected with Fecal DxTM Hookworm Antigen Test
David Elsemore*, Rita Hanna. IDEXX Laboratories, Inc, Westbrook, ME
Three dogs were infected with 300-500 infective Uncinaria stenocephala larvae. Fecal samples were
collected daily for 51 days starting three days prior to infection. Egg flotation assays were conducted
daily from day -3 to 13 at the IDEXX Reference Laboratories. U. stenocephala eggs were observed on
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day 12 for one dog and on day 13 for the remaining dogs. Eggs were monitored throughout the time
course but not daily. Hookworm antigen was monitored daily with the IDEXX Fecal DxTMtest for the
entire time course. Antigen was first detected at day 7, five to six days prior to egg detection. All dogs
were treated on day 29 with moxidectin. Post treatment, eggs were not detected starting on day 33 for
two dogs and day 34 for one dog. Antigen signal was not detected one day prior to the last egg
observation for all dogs. Hookworm antigen remained negative for the remainder of the study for all
three dogs. To further evaluate the detection of Uncinaria, a retrospective study of 703 dogs with U.
stenocephala egg observations as the only hookworm species detected (other parasites were indicated)
and accompanying Hookworm Fecal DxTMresults were examined. Overall, positive agreement of egg
and antigen results was 34.7%. Spurious eggs may impact this agreement. Coprophagy was indicated in
267 dogs and within this group egg/antigen agreement dropped to 4.1%. The remaining 436 dogs had a
percent agreement of 53.4%. This illustrates that the evaluation of antigen can clarify the infection status
of dogs.
21
The added value of including fecal sedimentation testing in a shelter dog intestinal parasite survey
Jessica Rodriguez*1, Carolyn Hodo2, Kevin Cummings3, Sarah Hamer2, Karen Snowden2. 1Zoetis,
Parsippany, NJ, 2Texas A&M University College of Veterinary Medicine & Biomedical Sciences,
College Station, TX, 3Cornell University College of Veterinary Medicine, Ithaca, NY
Canine intestinal parasite surveys vary widely in their prevalence estimates based on factors such as
population of dogs sampled (shelter vs. client owned), age ranges sampled, geographic location, and
parasitologic tests performed. In this study, fecal samples were collected for approximately 30 dogs > 6
months of age during each of three separate visits to seven animal shelters across Texas. Fecal samples
were evaluated by zinc sulfate centrifugation (2 g feces, n=276) and/or fecal saline sedimentation (10 g
feces, n=518). Multivariable logistic regression analysis of parasite presence vs. dog demographic data
and fecal consistency were performed. Parasites identified by centrifugation flotation were Ancylostoma
caninum (26.4%), Toxocara canis (4.0%), Trichuris vulpis (12%), and Cystoisospora spp. (3.3%).
Parasites identified by sedimentation were A. caninum (20.7%), T. canis (3.9%), T. vulpis (14.1%),
Taenia sp. (1.2%), Dipylidium caninum (4.1%), Alaria sp. (0.4%), Toxascaris leonina (0.2%), and
unspeciated acanthocephalan eggs (0.4%). Based on flotation data for A. caninum, T. canis, T. vulpis,
and Cystoisospora spp. and sedimentation data for all other parasites identified, 29 co-infections were
detected. Dogs with abnormal fecal consistency were significantly more likely to be shedding T. vulpis
than dogs with normal fecal consistency (OR = 3.2, p = 0.0002), but no significant multivariable
associations were evident for other parasites. The detection of Ancylostoma, Toxocara and Trichuris
eggs was similar when comparing sedimentation and centrifugal flotation techniques, and overall
prevalence of these species slightly increased when results were combined. Recent published shelter
survey studies showed that fecal flotation underestimated intestinal parasite prevalence (most notably
tapeworms) based on necropsy results. In this study we detected cestodes by sedimentation but not
flotation. The inclusion of the fecal sedimentation technique in intestinal parasite prevalence surveys
could help in increasing the overall accuracy of intestinal parasite detection.
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Session 4: Epidemiology: Nematodes
22
Acquired host immunity affects the dynamics of free-living parasite stages?
Dave Leathwick*. AgResearch, Palmerston North, New Zealand
Acquired host immunity is known to have a range of effects on nematode parasites within the infected
animal. However, little is known about effects which are expressed in the free-living stages after the
eggs are passed onto pasture from the host. In 1998 we showed that the percentage of eggs developing to
the third infective stage (L3) was lower in some sheep than in others and this was tentatively linked to
the immune status of the host. Similar effects have subsequently been observed in a range of parasite
species in both cattle and sheep.
In this experiment, five lambs were infected twice with a single isolate of Haemonchus contortus, the
first infection being truncated by anthelmintic treatment. Eggs, and the resulting infective stage larvae,
collected for each lamb were subjected to a series of assays to establish; the percentage of eggs
developing to L3, larval length, the aging rate of L3 exposed to high temperature, the percentage of L3
exsheathing in an in vitro assay and the establishment rate of L3 on infection into young lambs.
Populations cultured from the different lambs showed variation in all the measured parameters, with
many differences being statistically significant. It appears that the host animal (tentatively linked to
acquired immunity) is capable, in some as yet unknown way, of influencing the dynamics of parasite
populations on pasture. These findings have implications for our understanding of parasite epidemiology
(e.g. eggs passed by adult animals may produce fewer infective stages than those passed by younger
animals) and the design of experiments (e.g. comparing parasite isolates may be confounded by the
animal in which the larvae are cultured). Understanding the mechanism(s) by which these effects are
manifest may give valuable insights into potential targets for intervention.
23
Wild ruminants as reservoir hosts of domestic livestock gastrointestinal nematodes
Carly Barone*1, Janneke Wit2, John Gilleard2, Eric Hoberg1, Dante Zarlenga1. 1United States
Department of Agriculture, Agricultural Research Service, Beltsville, MD, 2University of Calgary,
Calgary, AB
Gastrointestinal nematode (GIN) infections are estimated to cost U.S. cattle producers over $2 billion
annually in treatment and production losses including feed conversion, decreased weight gain and milk
production. Overuse and exclusive reliance on chemical dewormers has engendered rapid development
of GIN resistance to all anti-parasitic drugs, making these infections difficult to treat. Although most
GIN are species-specific, wild ruminants have been shown capable of infection by cattle, sheep, and
goat specific GIN. With the capability to harbor these GIN, there lies the potential for wild ruminants to
act as a reservoir for distributing resistant strains of GIN. The objective of this study was to determine
the role of wild ruminants in the dissemination of GIN populations. This was determined by analyzing
561 individual fecal samples collected from ruminants including white-tailed deer (84% of the samples),
pronghorn, elk, mule deer, bighorn sheep, moose, cattle, and caribou across different regions of the
United States. Each fecal sample was cultured at room temperature for 14 days to allow any GIN eggs to
hatch and develop to third-stage larvae. Larvae were harvested from the feces and DNA was isolated
from each sample. Samples were evaluated for nematode larvae DNA through PCR amplification and
gel electrophoresis. Results revealed 32% of 561 samples were positive for nematode DNA. All positive
DNA samples are being sequenced to determine which nematode species, common in livestock
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ruminants, are present; results pending. The results from this study revealed the presence of GIN in onethird of the wild ruminants and provided insight into the impact that wildlife has on the circulation of
domestic livestock GIN. DNA sequencing of the positive samples may provide a more detailed picture
of the GIN community harbored by wild ruminants across the United States.
24
Overwintering of bovine trichostrongylid larvae on pasture in western Canada
Tong Wang*1, John Gilleard1, Douglas Colwell2, Dawn Gray2, Libby Redman1, Russell Avramenko1,
Janneke Wit1. 1University of Calgary, Calgary, AB, 2Agriculture and Agri-Food Canada, Lethbridge,
AB
Gastro-intestinal nematodes (GIN) have a negative economic impact on beef production in pastured
cattle. Current control recommendations in Western Canada are based on the assumption that cold
winters prevent overwintering of significant infective larvae (L3) on pastures and so parasites survive
the winter exclusively inside the host. Consequently, treatment of cows with macrocyclic lactones in the
fall has been assumed to be sufficient to provide good control of GIN. However, there is no published
information on the ability of cattle GIN species to overwinter on pastures in western Canada.
Consequently, we are investigating the overwintering capability of bovine trichostrongylid L3 larvae on
western Canadian pastures.
Two studies were conducted on three organic farms over two consecutive years. In Study 1, field pasture
samples were collected before and after winter followed by L3 enumeration in the laboratory. The
species composition of these L3 were quantified using nemabiome sequencing, a novel deep sequencing
approach. In Study 2, L3 overwintering was further investigated using tracer calves, a more sensitive
approach. Parasite-free tracer calves were placed on pasture for 28 days in spring to allow ingestion of
overwintered L3 from pasture before adult worm burdens were determined to directly measure the
infection intensity for each GIN species. Detailed weather data at farm level was monitored by solar
powered weather stations. We found that although an average of less than 5% of L3 were able to survive
the Alberta winter, these were able to infect the tracer calves and establish spring infection. Postmortem
adult worm collection showed that Cooperia spp Ostertagia spp, and Nematodirus spp were the main
genera present.
The results to date suggest that overwintered larvae play a role in the epidemiology of GIN infection of
beef cattle in western Canada and this needs to be considered when designing strategic parasite control
regimes.
25
Increasing incidence of Dirofilaria immitis in dogs in USA 2013–2017
Jason Drake1, Christine Heinz-Loomer*1, Amber Rotenberry1, Scott Wiseman2. 1Elanco, Greenfield, IN,
2
Elanco, Basingstoke, United Kingdom
The 2016 American Heartworm Society (AHS) survey showed a 21.7% increase in canine heartworm
cases from 2013–2016. Rescue groups are moving dogs from highly endemic southeastern USA regions
to areas with historically lower heartworm incidence. Over the past decade, D. immitis isolates resistant
to macrocyclic lactones have been identified. To further investigate the survey findings, analysis of
heartworm antigen test results from 2013-2017 available via the Companion Animal Parasite Council
(CAPC) maps was performed and compared with heartworm preventive dispensing data during that
same period. Results from 7-9 million heartworm antigen tests annually from 2013 to 2017 were
collected from the CAPC maps. Statistical analysis of change in incidence was performed at the country
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and state levels. National and regional heartworm preventive veterinary dispensing data, including all
oral, injectable, and topical preventives, were obtained from Vetstreet LLC and analyzed for the same
timespan. The CAPC data showed a 19.3% increase in incidence of heartworm infection in the USA
from 2013 to 2017 (P < 0.0001). A state-by-state analysis revealed an increase of greater than 10% in 32
of 50 states. During this time period, dispensing data showed approximately 1/3 of dogs receiving a
preventive product with an average of just over 8 doses/year/dog. These numbers were consistent from
year to year. The increasing incidence of heartworm reflected in the CAPC data corroborates the AHS
survey results, demonstrating an increasing risk for dogs. With Vetstreet data showing that
approximately 1/3 of canine patients receive preventives and CAPC data showing increasing risk for
heartworm, veterinarians need to continue to emphasize the importance of following current AHS and
CAPC guidelines of monthly year-round protection. Lack of prevention in roughly 2/3 of dogs,
movement of dogs from highly endemic regions, and emergence of macrocyclic lactone resistance
heartworms may be increasing heartworm incidence.
26
Compared prevalence and mean intensity of baylisascaris procyonis in raccoons (procyon lotor) in
warren county, Kentucky
Kayla Wielgus*1, Cheryl Davis2. 1Lincoln Memorial University, Harrogate, TN, 2Western Kentucky
University, Bowling Green, KY
Baylisascaris procyonis is a nematode that lives in the small intestine of its definitive host, the raccoon.
Female worms produce between 115,000 and 179,000 eggs/worm/day, and many raccoons harbor
multiple worms. Eggs are released in feces, and become infective in the soil in 2-4 weeks. Human
infection and resulting disease has been facilitated by the expansion of raccoons into peridomestic
habitats in the U.S.A. There have been approximately 20 confirmed cases of baylisascariasis, with the
majority of these cases involving children. The associated mortality rate is high, and only one surviving
patient has recovered without residual neurological damage. Despite the obvious relevance to public
health, the prevalence of B. procyonis in raccoons has not been determined in Kentucky. Fifty-eight
raccoons were trapped, hunted, or removed from roadways in Warren County, Kentucky for this study.
The GPS location was obtained to determine if prevalence and mean intensity of raccoon roundworm
infection varied between rural, suburban, and urban areas. Results show 15/58 raccoons (26%) positive
for B. procyonis. Between the three localities tested, 6/14 raccoons were positive (43%) in urban
locations, 4/16 (25%) raccoons were positive in suburban locations, and 5/28 (18%) were positive in
rural locations. There was no significant difference in the prevalence or the mean intensity between the
localities (p = 0.17861 and 0.068645, respectively). Although there are trends that indicate higher
prevalence and mean intensity in urban localities, at this point the current statistics show that the data is
not significant. However, it is important to continually monitor the trends of infection in the raccoon
host as human expansion and urbanization of the landscape continues to occur.
27
Hotspot analysis of soil-transmitted helminthiasis in Feira de Santana, Brazil
Ryan Avery*1, Simone Oliveira2, Aristeu da Silva2, Rojelio Mejia3, Marta Silva4, Rebecca
Christofferson1, Laura Rinaldi5, John Malone1. 1Louisiana State University, Baton Rouge, LA, 2State
University of Feira de Santana, Feira de Santana, Brazil, 3National School of Tropical Medicine, Baylor
College of Medicine, Houston, TX, 4Federal University of Bahia, Salvador, Brazil, 5University of
Naples Federico II, Naples, Italy
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Soil-transmitted helminth (STH) infections are prevalent in Brazil, and while efforts have been made to
combat STH, current control efforts rely on using passive surveillance and incidental case finding, such
as by the Schistosomiasis Control Program. This likely leaves STH under-notified since it is limited to
schistosomiasis endemic areas. The current shift away from morbidity control and towards elimination
requires a more complete understanding of disease dynamics within local communities and the ability to
identify STH hotspots. In the city of Feira de Santana, Brazil, we sampled 94 geolocated households
from 3 separate locations, an urban site, a peri-urban site, and a rural site. Sampling included conducting
household questionnaires, geolocating the residence, and collecting stool samples. Stool samples were
analyzed for STH infection and linked back to their respective household. Of the 94 households, 18 were
positive for hookworm infection (19.15%), 6 were positive for Trichuris infection (6.38%), 5 were
positive for Ascaris infection (5.32%), and 5 households contained multiple different infections (5.32%).
Cluster analyses are currently being performed and will also examine correlations with household
socioeconomic variables. The final results of these analyses will be reported at the meeting. Hotspot
analysis allows for a better understanding of transmission dynamics and the essential nidality of STH
distribution within a community, thus enabling more efficient, targeted action on high-risk loci. This
understanding is crucial in order to implement a program of STH elimination to replace the current
morbidity control in Feira de Santana, Brazil.

Zoetis Symposium
28
Resistance to Heartworm Preventives: What Have We Learned in the Past Decade?
Tom McTier1, Steven Maeder1, Byron Blagburn2, Cassan Pulaski3, Tim Geary4.
1
Zoetis, Kalamazoo, MI/Sydney, AUS; 2 Auburn University, Auburn, AL; 3 Louisiana State University,
Baton Rouge, LA; 4 McGill University, Montreal, Canada
Resistance of Dirofilaria immitis to macrocyclic lactones (MLs) heartworm preventives in the US was
confirmed in 2013. However, much background research occurred prior to this time to lay the
foundation for this important finding, and considerable additional work has been completed since this
time in understanding various aspects of this resistance. This symposium will review the early research
history leading to the confirmation of resistance of D. immitis to MLs. Additionally, current lack of
effectiveness (LOE) cases reported to the Center for Veterinary Medicine will be reviewed and
discussed. Also, the symposium will review the genetic aspects of resistance, focusing on various
markers associated with ML resistance, and will also highlight the results of phenotypic efficacy studies
conducted in dogs inoculated with various resistant heartworm isolates and then treated with ML
preventives. The purpose of this symposium is to give the attendees a broad review and understanding of
the current state of heartworm resistance in the US.
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Session 5: Anthelmintic Resistance
29
Fenbendazole resistance in the turkey nematode, Ascaridia dissimilis
James Collins*1, Brian Jordan1, Luke Baldwin1, Claude Hebron2, Kelsey Paras1, Ray Kaplan1.
1
University of Georgia, Athens, GA, 2Prestage Farms, Clinton, NC
Ascaridia dissimilis is one of the most prevalent and economically important parasites of turkeys.
Infection with A. dissimilis most commonly impacts general bird wellness and causes a decrease in feed
efficiency. However, in severe cases worms may cause intestinal blockage and a necrotic-like enteritis,
with the potential for high mortality. Consequently, control of these worms is an important component
of flock health and productivity. Fenbendazole, the only anthelmintic approved for use in turkeys is the
most commonly used drug, however, unconfirmed reports of reduced efficacy raise concerns about the
emergence of resistance. High levels of resistance to benzimidazoles (BZ) are documented in many of
the most important species of nematode parasites infecting livestock worldwide, but resistance has never
been confirmed in nematodes of poultry. The aim of this study was to determine if resistance to
fenbendazole exists in A. dissimilis. Two-week old turkey poults were infected with approximately 200
infective eggs of one of four isolates of A. dissimilis obtained from commercial farms. For each isolate,
two pens of nine birds were treated and two pens of nine birds were left untreated, On day 24 post
infection, treated pens of birds were administered 1.25X the recommended dose of fenbendazole for five
consecutive days (SafeGuard Aquasol, 1mg/kg) in the water. Seven days after withdrawal of the
treatment, birds were euthanized, necropsied, and small intestinal contents were collected for worm
recovery and enumeration. Three of the four isolates demonstrated >99% reduction in worm counts.
However, the fourth isolate had a worm reduction of only 63.9%, significantly below the 95% target
threshold for efficacy (p<.001). These data clearly demonstrate the presence of resistance to
fenbendazole in A. dissimilis. Interestingly, this resistant isolate was found randomly, suggesting that
resistance to fenbendazole might be widespread within the commercial turkey industry.
30
Tracking recovery of small strongyle species following moxidectin treatment
Anthony Pompetti*, Amy Biddle. University of Delaware, Newark, DE
Small strongyles (cyathostomes) are ubiquitous gastrointestinal parasites of horses that can cause colic
damage, diarrhea, and host mortality. There are about 50 species of nematodes in this group, and a
single horse can host up to 20 different taxa. There are three classes of antiparasitic drugs called
anthelmintics used to treat cyathostome infections. Cyathostomes are observed with resistance to all but
one class of anthelmintic, macrocyclic lactones (MLs). MLs seem to be more efficient in treatment than
other classes of anthelmintics, but early indications suggest resistance is developing. It is not known
whether cyathostome taxa are equally sensitive to anthelmintics and the pattern of species recovery
following deworming has not been described. In this study the macrocyclic lactone, moxidectin, was
used to treat infected horses to observe its effect on the cyathostome population. Fecal samples from
nine horses were collected biweekly and surveyed for small strongyle eggs. Egg counts at each sampling
time were used to indicate the persistence and recovery of parasites. Two cycles of 84 day monitoring
was done to observe temporal differences in species distribution. These samples were then profiled
using Illumina Miseq amplicon sequencing and custom primers. Initial results suggest that
Cyathostomum catinatum and Cyathostomum pateratum are the first to reemerge or remain persistant
following treatment. Observations show abundance of these two species to remain high following
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treatment with moxidectin, but further study is necessary to determine if these taxa are more resistant
than others. This research will help form hypotheses regarding the differential responses to dewormers
by cyathostome species and inform targeted approaches to combat cyathostome resistance.
31
Investigating the molecular epidemiology of anthelmintic resistance in Haemonchus
contortususing deep amplicon sequencing
Camila Queiroz*1, Russell Avramenko1, Elizabeth Redman1, Fabienne Uehlinger2, Michel Levy1, John
Gilleard1. 1University of Calgary, Calgary, AB, 2University of Saskatchewan, Saskatoon, SK
Anthelmintic resistance is a major problem for parasite control worldwide and the discovery of new
drugs and formulations is failing to keep pace. Consequently, we need to develop strategies to mitigate
the development of resistance and prolong the useful life of current drugs. In order for such strategies to
be evidence-based, we need to understand how resistance-associated mutations arise and spread within
and between parasite populations in the field. Given the scale of the problem, our understanding of the
basic molecular epidemiology of resistance is remarkably poor. Deep-amplicon sequencing using nextgeneration sequencing platforms provides an opportunity to rectify this using approaches similar to
those increasingly applied to study the molecular epidemiology of bacterial and viral pathogens. Deep
amplicon sequencing is increasingly affordable and has many advantages including the ability to detect
low frequency resistance mutations and haplotypes and has a high scalability due to the ability to
multiplex hundreds of samples in a single sequencing run. In this study, we have applied a deepamplicon sequencing approach to undertake a detailed study the molecular epidemiology of
benzimidazole resistance in parasitic nematode populations from Western Canadian sheep farms. We
have undertaken a large scale screen for resistance associated mutations in the isotype-1 B-tubulin locus
of the major gastro-intestinal nematode species and applied phylogenetic analysis to study the origins
and spread of these mutations in the region.
32
At last: Genetic evidence for a major ivermectin resistance locus in Haemonchus contortus
John Gilleard*1, Stephen Doyle2, Christopher Illingworth3, Andrew Rezansoff1, Roz Laing4, Elizabeth
Redman5, Axel Martinelli6, Alison Morrison7, Alan Tracey8, Nancy Holroyd6, David Bartley9, Eileen
Devaney10, Matthew Berriman11, Neil Sargison12, James Cotton11. 1University of Calgary, Calgary, AB,
2
Welcome Sanger Genome Institute, Cambridge, United Kingdom, 3University of Cambridge,
Cambride, United Kingdom, 4University of Glasgow, Glasgow, United Kingdom, 5University of
Calgary, Calgary, United Kingdom, 6Wellcome Trust Sanger Genome Institute, Cambridge, United
Kingdom, 7Moredun Institute, Edinburgh, United Kingdom, 8Wellcome Trust Sanger Genome Institute,
Calgary, United Kingdom, 9Moredun Research Institute, Edinburgh, United Kingdom, 10University of
Glasgow, Galsgow, United Kingdom, 11Wellcome Trust Sanger Institute, Cambridge, United Kingdom,
12
Royal (Dick) School of Veterinary Studies, Edinburgh, United Kingdom
Ivermectin resistance is widespread in an increasing number of parasitic nematode species of domestic
animals and is a major threat to sustainable livestock production. In spite of considerable research, the
genetic basis of ivermectin resistance has remained elusive. This is not only due to the biological
complexity and genetic diversity of many parasitic nematode species but also a lack of suitable genomic
and experimental resources. Many genes have been implicated as being involved in ivermectin
resistance in the small ruminant parasite Haemonchus contortus, an important model for anthelmintic
research. However, results typically vary between studies leading to speculation that ivermectin
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resistance may be a complex polygenic trait involving many small effect loci. Here, we describe the
genome-wide analysis of a genetic crossing experiment between two independent ivermectin resistant
strains -MHco4(WRS) and MHco10(ISE)- and the ivermectin sensitive genome reference strain
MHco3(ISE). Mapping whole genome sequencing data from parental and backcross strains against a
chromosomal level reference genome assembly has identified a single major genomic region associated
with ivermectin resistance in the two ivermectin resistant H. contortusstrains originally isolated from
different continents. This genomic region includes the Hcms8a20 microsatellite locus and excludes the
other leading candidate genes including Hco-avr-14, Hco-glc-5, Hco-lgc-37, Hco-pgp-9, Hco-pgp-2
andHco-dyf-7.Deep amplicon sequencing of the Hcms8a20 locus, and adjacent loci, in multiple
ivermectin resistant H. contortusfield strains from north America confirms evidence of selection at
Hcms8a20. This suggests this is an important ivermectin resistance locus in many geographically
diverse field populations and narrows the likely location of the causal mutation to a ~2-3Mb region of
the genome. This work conclusively identifies the genomic location of a major ivermectin resistance
locus for the first time and represents the most comprehensive genetic analysis of anthelmintic resistance
in a parasitic nematode to date.
33
Using population genetics to examine relationships of Dirofilaria immitis based on both
macrocyclic lactone-resistance status and geography
Julie Sanchez*1, Melissa George1, Cassan Pulaski2, Guha Dharmarajan3, Adrian Wolstenholme1, John
Gilleard4, Ray Kaplan1. 1University of Georgia, Athens, GA, 2Louisiana State University, Baton Rouge,
LA, 3University of Georgia, Aiken, SC, 4University of Calgary, Alberta, AB
Canine heartworm (Dirofilaria immitis) is the most important parasite of dogs in the United States.
Prevention of heartworm is based on compliant administration of macrocyclic lactone (ML) drugs,
however, resistance to ML drugs is now well documented. Though most cases are being diagnosed in
the Mississippi Delta region, the spatial distribution and prevalence of ML-resistance remain unknown.
This project aims to investigate the epidemiology of ML-resistance by using a population genetic
approach. We developed a panel of highly polymorphic microsatellite markers specific to D. immitis. 24
markers were confirmed using pools of 500 microfilariae from three-susceptible and two-resistant
laboratory isolates of D. immitis. Fragment analysis was conducted using the ABI 3730xl system, and 12
novel highly polymorphic markers were identified. These markers and 5 previously published markers
were used to screen microfilariae from a total of 13 susceptible and 26 resistant isolates, and from 11
high-suspect resistant field isolates. In samples where microfilarial suppression testing indicated
resistance, spatial PCoA analysis and pairwise distances revealed extremely high similarity between preand post-treatment samples, further confirming the resistant status of those cases. Additionally, the use
of unweighted pair-group method using arithmetic mean (UPGMA), a phylogenetic inference tool,
showed that resistant isolates collected from Arkansas formed an easily identifiable cluster, as well as
revealing 3 clusters of isolates from Louisiana, and proved to be successful in identifying all pre- and
post-treatment isolates as being closely related. Further analyses are ongoing in an attempt to find
additional associations. These data are providing new insights into the genetic relationship of isolates
based on both ML susceptibility/resistance and geography. Such knowledge will be critical for
determining the spatial distribution and prevalence of resistance in heartworm and for making
predictions about potential spread of resistance in natural D. immitis populations.
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34
Clinical validation of molecular markers of macrocyclic lactone resistance in Dirofilaria immitis
Cristina Ballesteros*1, Cassan Pulaski2, Catherine Bourguinat3, Kathy Keller3, Roger Prichard3, Timothy
Geary3. 1McGill University, Ste-Anne-de-Bellevue, QC, 2Louisiana State University, Baton Rouge, LA,
3
McGill University, Ste-Anne-de-Bellevue, QC
Prophylaxis with macrocyclic lactone (ML) endectocides is the primary strategy for heartworm control.
Recent evidence has confirmed that ML-resistant Dirofilaria immitis isolates have evolved. Comparison
of genomes of ML-resistant isolates show they are genetically distinct from wild-type populations.
Previously, we identified single nucleotide polymorphisms (SNPs) that are correlated with phenotypic
ML resistance. Since reliable in vitro assays are not available to detect ML resistance in L3 or
microfilarial stages, the failure to reduce microfilaraemia in infected dogs treated with an ML has been
proposed as a surrogate clinical assay for this purpose. The goal of our study was to validate the
genotype-phenotype correlation between SNPs associated with ML resistance and failure to reduce
microfilaraemia following ML treatment and to identify a minimal number of SNPs that could be used
to confirm ML resistance. In this study, 29 participating veterinary clinics received a total of 148 kits
containing supplies for blood collection, dosing and prepaid shipping. Patients recruited after a diagnosis
of heartworm infection were treated with a single standard dose of Advantage Multi® and a blood
sample taken pre- and 2-4 weeks post-treatment. Each sample was processed by performing a modified
Knott’s Test followed by isolation of microfilariae, genomic DNA extraction and MiSeq sequencing of
regions encompassing 10 SNP sites highly correlated with ML resistance. We observed significant
correlation of SNP loci frequencies with the ML microfilaricidal response phenotype. Although all
predictive SNP combination models performed well, a 2-SNP model was superior to other models
tested. The predictive ability of these markers for ML-resistant heartworms should be further evaluated
in clinical and epidemiological contexts.

Session 6: Education and Practice
35
Survey of U.S. veterinarians and parasitologists on antiparasitic drug use and antiparasitic
resistance in cattle, small ruminants, and horses
Emily Smith1, Anna O'Brien*1, Qiao Zhang1, Melanie McLean1, Janis Messenheimer1, Aimee PhillippiTaylor1, Laura Hungerford2. 1FDA-CVM, Rockville, MD, 2VA-MD College of Veterinary Medicine,
Blacksburg, VA
This anonymous online survey, targeting veterinarians and veterinary parasitologists, was available from
September 28, 2015, through November 4, 2015. The survey questions focused on respondents’
awareness and concern about antiparasitic resistance in cattle, small ruminants, and horses as well as the
strategies used to detect, manage, and treat parasitism and/or resistance. Over 350 respondents with
experience in the US with horses, cattle, or small ruminants completed one or more parts of the survey.
Respondents reported awareness of a high prevalence of antiparasitic resistance in sheep and goats and
considered these species at greatest risk for further resistance development. More respondents with small
ruminant (86%) and horse (81%) experience reported using the fecal egg count reduction test (FECRT)
than respondents with cattle experience (60%). Between 34% and 49% of respondents with cattle, small
ruminant, or horse experience reported using or recommending the concurrent use of two or more
antiparasitic drugs. Most respondents reported that approved combinations of antiparasitic drugs should
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be available only by prescription. Respondents frequently selected veterinary continuing education
conferences and fecal egg counts (small ruminants and horses) as their preferred source for deciding
which antiparasitic drugs to use or recommend. The information from this survey provides insight into
current antiparasitic drug use practices and may help facilitate dialogue between affected stakeholders
regarding ways to minimize the development of antiparasitic resistance.
36
Prevalence of Zoonotic Gastrointestinal Parasites of Shelter Dogs and Cats in the Cumberland
Gap Region of Kentucky, Tennessee, and Virginia.
Ambria Mays*1, Katie Buchanan2, Brittany Slinker2, Charles Faulkner1, Vina Faulkner1. 1Lincoln
Memorial University-College of Veterinary Medicine, Harrogate, TN, 2Lincoln Memorial University School of Mathematics and Sciences, Harrogate, TN
Healthy animals adopted from shelters are screened for behavioral suitability, vaccinated, and spayed or
neutered. However, due to limited resources, not all are screened for parasitic infections or receive
anthelminthic treatment prior to adoption. This poses a significant health risk to anyone in contact with
these animals, especially new owners uninformed about potential zoonotic parasite transmission to their
families. The purpose of this study was to determine the prevalence of zoonotic parasites in shelter
animals. Fecal samples of 148 dogs and 62 cats (210 total) were collected in the Fall 2016, Spring 2017,
Fall 2017, and currently Spring 2018. Animal health was assessed using the 1-9 Purina Body Condition
Score system (BCS), age was estimated by dental examination, and animal relinquishment noted as
either stray or owner surrendered. Fecal samples were analyzed using centrifugal flotation in Fecasol.
Parasite prevalence was 75% in dogs and 37.1% in cats, with an overall combined prevalence of 63.8%.
In dogs, Ancylostoma caninum was the most prevalent zoonotic parasite at 57.4%. In cats, Toxocara cati
was the most prevalent at 17.7%. For all animals assessed, there was no statistical associations between
positivity and BCS, relinquishment status, or age. Once data collection is complete for Spring 2018,
seasonal prevalence will also be examined. The One Health concept of beneficial human-animal bond is
compromised if pet ownership results in risk to human health. Therefore, the results of this ongoing
study show the need for community-aimed recommendations to seek veterinary care of adopted animals.
37
Back to the future in Amish and rural communities: Equine parasite control and prevalence
Jessica Scare*1, Ashley Steuer1, Holli Gravatte1, Csenge Kalman2, Livia Ramires3, Luciana Dias de
Castro4, Jamie Norris5, Faith Miller5, Fernanda Camargo5, Amy Lawyer5, Pedro De Pedro6, Bonnie
Jolly5, Martin Nielsen5. 1University of Kentucky, Lexington, KY, 2Állatorvostudományi Egyetem University of Veterinary Medicine Budapest, Budapest, Hungary, 3Doutoranda em Fisiopatologia e
Ciência Animal at Medicina veterinária, Presidente Prudente, Brazil, 4Universidade Federal do Parana,
Curitiba, Brazil, 5University of Kentucky, Lexington, KY, 6Ross University, Basseterre, Saint Kitts and
Nevis
Equine cyathostomins have wide-spread anthelmintic resistance, and the current American Association
of Equine Practitioners (AAEP) control guidelines recommend reducing treatment frequency through
evidenced based parasite control. Control programs of affluent farms and farms of developing countries
have been previously studied, but little information is available for rural regions in developed countries.
The purpose of this study was to observe the management practices of horse farms in a rural region of
Eastern Kentucky, including working Amish farms, and determine factors associated with strongyle
prevalence. A total of 160 horses, half of which were Amish horses, were enrolled in this study. A
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questionnaire survey regarding deworming and farm management was performed with each owner.
Fecal samples were collected for fecal egg counts (FECs), coprocultures, and Strongylus vulgaris
specific PCR. Serum samples were collected for the S. vulgaris antibody specific ELISA. The mean
number of deworming treatments given in the last year was 2.1 with a 95% confidence interval of 1.92.3 and ivermectin being the most common active used. Horses treated within the last three months with
a macrocylic lactone (ML) drug had significantly lower strongyle egg counts (p=0.0005). Despite the
AAEP recommendations, 65 horses were dewormed in a rotational manner and only 17 owners utilized
FECs. All coprocultures were negative for S. vulgaris while five horses were PCR positive.
Interestingly, 95 horses tested ELISA positive for S. vulgaris. The strongyle egg counts of the working
Amish horses were not significantly different from the other horses in this study and deworming
practices including the use of efficacious drugs and low treatment frequencies were in accordance with
the AAEP guidelines. Overall, horse owners employed deworming practices recommended by the
AAEP, however rotational deworming is still commonly implemented and FECs are rarely used.
38
Participation in a mock client interaction increases student confidence in communicating
parasitological information.
Julie Thompson, Jennifer Roveto, Jessica Forbes, Andrew Moorhead*. College of Veterinary Medicine,
University of Georgia, Athens, GA
The importance of non-technical skills, specifically effective communication, are increasingly being
emphasized in veterinary curricula. These skills are normally taught in an initial introductory class. In
order to emphasize the importance of communication with regards to parasitology-related topics, such as
compliance with preventive medications and heartworm treatments, we incorporated communications
exercises into the teaching of a small animal parasitology elective. The culmination of this training was
an exam composed of student participation in a mock client interaction on one of five parasitologyrelated scenarios, which were taught during the course. Our hypothesis was that participation in the
exercise would increase the student’s confidence in effectively communicating the material to clients.
We randomly assigned students to one of the five scenarios an hour before their interaction time.
Immediately before, we administered a survey using a Likert scale (1 to 5) that assessed their confidence
in: 1) their ability to communicate with clients regarding small animal parasites, treatments, and
preventatives, 2) their use of effective communication techniques, 3) addressing client questions
regarding small animal parasites, treatments, and preventatives, and 4) their ability to communicate with
real clients. Students were then administered the exam, after which they took a second survey that asked
the same questions. Fifty-three students completed both the first and second surveys. The exam
significantly (p < 0.05) improved the students’ confidence with regards to communicating specifics
about parasites, use of effective communication techniques, and their ability to communicate with
clients. It did not significantly improve their confidence in answering parasite-related questions. In
conclusion, the data would indicate that incorporation of simulated client interactions increases the
students’ ability to effectively communicate important parasitological concepts with clients.
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39
How Practitioners Manage Asymptomatic Dogs Testing Positive for Exposure to Tick-Borne
Diseases
Matthew Eberts*1, Brian Herrin2, Miranda Shaw3. 1Elanco Animal Health, Greenfield, IN, 2Kansas State
University, Manhattan, KS, 3University of Minnesota, St. Paul, MN
A multiple-choice survey was administered to 127 companion animal practitioners in Minnesota,
Wisconsin, Iowa, and Michigan. All 127 (100%) respondents report managing clinical Lyme disease,
112 (88%) clinical anaplasmosis, and 94 (74%) clinical ehrlichiosis. All respondents recommend tick
control, 77 (60%) year round and 50 (40%) seasonally. Lyme vaccination is recommended by 126
(99%) practitioners, with 64 (50%) considering it a core vaccine and 62 (49%) based on lifestyle.
Annual tick infection screening is recommended by 105 (83%) respondents. For an asymptomatic dog
testing Lyme positive for the first time, 78 (61%) routinely treat with antibiotics, 28 (22%) base
treatment decision on results of further diagnostics, and 21 (17%) will not treat. For a Lyme positive
dog, 74 (58%) practitioners recommend further diagnostics, most commonly a C6 quantitative antibody
test or a urine protein test. For a dog testing Lyme positive two years in a row, 12 (9%) practitioners
routinely recommend another course of antibiotic treatment, 43 (34%) base treatment decision on results
of further diagnostics, and 72 (57%) assume the antibody is residual requiring no further treatment.
When presented with an asymptomatic anaplasmosis antibody-positive dog, 46 (36%) veterinarians
routinely treat with antibiotics, 35 (28%) treat only based on results of further diagnostics, and 46 (36%)
do not treat. For an asymptomatic ehrlichiosis antibody-positive dog, 51 (40%) practitioners routinely
treat with antibiotics, 31 (24%) treat only based on results of further diagnostics, and 45 (35%) do not
treat. These results highlight variability in how practitioners manage asymptomatic dogs exposed to tickborne diseases. There is a clear need for further research and education on interpreting diagnostics and
subclinical tick-borne infections.
40
A comparison of heartworm prophylaxis purchases for dogs that receive monthly and longer
acting flea/tick medications
Robert Lavan*1, Kathleen Heaney2, Kaan Tunceli1. 1Merck Animal Health, Kenilworth, NJ, 2Merck
Animal Health, Madison, NJ
Background: A new class of oral flea and tick ectoparasiticides (isoxazolines) was introduced into the
United States in 2014. While most of the flea and tick medications are re-dosed monthly, one product is
labeled for 12 week dosing.
Objective: This study was performed in order to determine if pet owners who give their dogs a long
acting (12 week) flea/tick product have difficulty providing an adequate number of heartworm
medication doses to their dogs, compared to dogs that receive a monthly flea and/or tick product.
Methods: Clinic transactional data from approximately 650 veterinary clinics in the United States was
used to compare the pet owner purchases of heartworm preventative medications for dogs.
Approximately 200,000 dog owners were pre-identified as users of specific flea and/or tick medications
[Bravecto (Merck), Comfortis (Elanco), Nexgard (Merial), Simparica (Zoetis) and Frontline Plus
(Merial)]. Purchases of heartworm medication were tracked over a 12 month period in order to
determine the average months of heartworm coverage purchased per year along with the seasonality of
purchases and proportion of the population that purchased 1-12 doses.
Results: Dog owner purchases of heartworm prophylaxis medication were very similar between dogs
that got the long acting flea/tick product (mean = 7.4 months) and a combined group of the monthly flea
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and/or tick products (mean = 7.1 months). The proportion of dog owners that bought 1 dose, 2 doses, etc
were similar between groups as was the time of year that purchases were made.
Conclusion: Dog owners who used a flea/tick product with 12 week dosing purchased as much
heartworm medication in a year as dog owners who purchased flea/tick products which were dosed
monthly.

Session 7: Zoonoses and Vectors
41
Echinococcus and other parasitic zoonoses in wild canids in Québec (Canada) and Maine (USA)
Émilie Bouchard*1, Janna Schurer1, Ann Bryant2, Sarah Revell1, Grace Chavis2, Anne Lichtenwalner2,
Temitope Kolapo1, Brent Wagner1, Emily Jenkins1. 1University of Saskatchewan, Saskatoon, SK,
2
University of Maine, Orono, ME
Echinococcus spp. are zoonotic cestodes that infect domestic animals, wildlife, and people.
Echinococcus multilocularis and E. canadensis (E. granulosus genotypes G8 and G10) are present in
regions of Canada and the USA; however, their distributions are not well characterized, and their ranges
appear to be expanding. Intestines were collected by local trappers from wolves (23), coyotes (77), and
foxes (184) across the province of Québec and the state of Maine during the winter of 2016/2017. We
recovered and quantified adult Echinococcus (and other helminths) from intestines, and identified
species based on morphology and molecular methods. We extracted DNA from three individual
Echinococcus cestodes per infected animal, and from pools of the remaining Echinococcus cestodes for
each infected animal. Based on sequence at three loci, we detected E. canadensis (G8 and G10) in
wolves (35%) and coyotes (14%) in west-central Québec and north-east Maine, but not in any foxes.
Echinococcus multilocularis was not detected. In addition, we identified Taenia spp. cestodes (T.
hydatigena, T. twichelli, T. crassiceps, T. polyacantha, and T. krabbei) in 81 of 203 (39.9%) of canids,
as well as the trematode Alaria canis/marciniae, and the nematodes Toxocara canis and Toxasacaris
leonina. Our detection of E. canadensis in Maine, in the absence of wolves, suggests that this parasite
may be maintained in eastern coyotes in Atlantic regions of North America. Finally, we also
demonstrated that of the 74 canids that had adult cestodes in their intestine, only 13 were shedding
taeniid eggs on centrifugal sucrose flotation of rectal feces, yielding a sensitivity of only 18% for this
commonly used veterinary diagnostic technique. Our study suggests the need for enhanced diagnostic
methods for detection of cestodes in wild and domestic canids, and better communication between
Canadian and American veterinarians and public health officials in regions where Echinococcus spp. are
emerging.
42
This is not my beautiful host: Dogs are inferior definitive hosts for Baylisascaris procyonis
compared to raccoons (Procyon lotor).
Sarah Sapp*1, David Elsemore2, Rita Hanna2, Michael Yabsley1. 1University of Georgia, Athens, GA,
2
IDEXX Laboratories, Inc, Westbrook, ME
Domestic dogs can serve as either paratenic or definitive hosts for the raccoon roundworm,
Baylisascaris procyonis. However, very few studies have investigated the host competence and infection
dynamics of B. procyonis in this abnormal definitive host, limited to only a few experimental infections
which used low numbers and did not quantify prepatency or egg output. We inoculated 12 6-month-old
purpose-bred dogs with eggs (5,000 or 500) or larvae (from tissue of infected mice, given 1,000 or 250
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eggs) and also exposed 12 captive bred, subadult raccoons to the same conditions. Fecal samples were
collected regularly for monitoring egg output and coproantigen levels (FecalDxTMELISA; IDEXX
Laboratories). Only 2/12 dogs became antigen positive and patent; both had received the lowest dose of
larvae. All 12 exposed raccoons were successfully infected, although two had single-sex infections and
never became patent. Prepatent periods in the two dogs were 44 and 69 days and both dogs
spontaneously lost infections after 66 and 20 days post-patency. Raccoons receiving the low dose of
larvae had prepatent periods that were much shorter than the two patent dogs (31-35 days) indicating
greater growth and fecundity. Antigen and egg outputs were greater in raccoons versus dogs, however,
egg outputs in raccoons were much lower than typical observed in natural infections. Our results
demonstrate the inferior host competence of dogs for B. procyonis versus the raccoon host. Also, the
failure of egg inoculation to establish patent infections in our adult dogs may indicate age resistance or
the occurrence larva migrans without further development. Despite the rarity of intestinal B. procyonis
in dogs, the public health threat presented by patently-infected dogs means that potential exposure
should be limited via regular preventive use and limiting coprophagy and access to infected paratenic
hosts.
43
Identification of Lyme Disease in Ticks from Domestic Cats in the United States
Nina Zhu*, Serena Schatz, Linde Aaftink, Bert Chabot, Alfonso Caetta, Janice Liotta, Dwight Bowman.
Cornell University College of Veterinary Medicine, Ithaca, NY
While domestic dogs in the United States often display clinical illness or symptoms of Lyme Disease,
domestic cats in the United States rarely develop such symptoms. However, many domestic cat owners
find their cats infested with ticks, giving rise to the question of whether or not ticks found on cats are
agents of Lyme Disease like they are in dogs. This study utilized Ixodes scapularis ticks, the most
common vector of Borrelia burgdorferi (the causative agent of Lyme Disease) in the northeastern, MidAtlantic, and north-central United States. Ticks were collected from domestic cat owners across the
United States via elective participation in Cornell’s Feline Health Center (FHC) survey. Participants
were asked to fill out a brief questionnaire of how the tick was found on the cat (walking or embedded)
and whether or not it was forcibly removed. Once collected, the ticks were imaged and morphologically
identified. DNA was extracted from the ticks using a Qiagen DNeasy kit, and the resulting DNA was
analyzed by two nested PCR’s. One PCR amplified 5.8S to 28S rDNA to definitively identify Ixodes
ticks to species. The second PCR amplified a fla (flagellin) gene used to identify the presence of
Borrelia burgdorferi in the ticks. Our results indicate that the majority the ticks found on the domestic
cats were Ixodes scapularis and that they were carrying Borrelia burgdorferi. Therefore, we conclude
that cats can serve as a host for vectors of Lyme disease.
44
Leishmania sp. infection in a domestic cat (Felis catus) in central Texas with sandfly vectors
collected at the residence
Alyssa Meyers, Jennifer Thomas, Adam Patterson, Alison Diesel, Sarah Hamer, Karen Snowden*.
College of Veterinary Medicine and Biomedical Sciences, Texas A&M University, College Station, TX
A 6yo castrated male domestic short haired cat was presented to a dermatology referral service in
October 2017 for second opinion of suspected Leishmania sp. infection. The owners reported finding the
cat as a young kitten in their rural yard in Brazos County, TX, and made him a predominantly indoor cat
at that time. Flea preventives were used intermittently. At 5yo, the cat developed a sore along the lateral
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pinnal margin, which decreased in size with topical or oral corticosteroids and antibiotics, but recurred
once therapies were discontinued. Biopsy of the affected tissue showed granulomatous dermal infiltrate
with intralesional amastigotes, consistent with Leishmania spp. organisms. Impression cytology of a
second lesion which developed on the patient’s tarsus more than 8 months after the initial lesion was
consistent with the histopathologic diagnosis. Molecular confirmation of Leishmania spp. is pending.
The owners report that oral marbofloxacin has decreased lesion size and exudative nature, but not
resolved cutaneous lesions. In November 2017 we used CDC miniature light traps baited with dry ice
over three nights and collected three individual female sandfly vectors, amidst thousands of midges,
mosquitoes, and other by-catch. The residence was surrounded by brushy habitat, with human debris
providing potential refuge for the vector, and chickens, dogs and cats were present. A molecular
approach is being used to identify the species of vector. With the addition of this cat, at least 10 cases of
feline leishmaniasis from Texas have been reported in the last decade, but this is the first case to also
confirm local vector presence. A brief history of veterinary and human Leishmania cases will be
presented to raise veterinary and medical awareness for this local threat.

Session 8: Wildlife
45
Seroprevalence, DNA isolation, and genetic characterization of Toxoplasma gondii from black
bear (Ursus americanus) sera collected in Eastern Oklahoma
Ruth Scimeca*1, Erica Perez1, W Fairbanks1, Swansan Ammar2, Chunlei Su2, Richard Gerhold2, Mason
Reichard1. 1Oklahoma State University, Stillwater, OK, 2University of Tennessee, Knoxville, TN
Exposure to Toxoplasma gondii in black bears (Ursus americanus) is common across the vertebrate
host’s range. However, there are no reports of exposure or infection with T. gondii in black bears from
Oklahoma. The purpose of our project was to determine the seroprevalence of T. gondii antibodies in
black bears collected in Oklahoma. Additionally, since only sera was available from these bears, we
sought to determine if DNA extraction and PCR amplification for T. gondii was possible on serum
samples from bears with positive titers. Sera was collected from sedated, live-trapped bears in Latimer,
Le Flore, and McCurtain Counties in southeastern Oklahoma. Seroprevalence was determined using the
MAT. DNA was extracted from positive sera samples and tested for T. gondii DNA using primers that
amplify B1 gene. Serum was collected from 44 bears and 32 (73% ± 58.0–83.8%) had antibodies to T.
gondii. Seroprevalence in adult bears (85% ± 66.9–94.7%) was significantly higher (p = 0.028) than
yearlings (33.0% ± 56.3–79.8%). Adult bears were 3.4 times more likely to have antibodies to T. gondii
than yearlings. Significant differences in T. gondii seroprevalence was not detected among counties in
which bears were captured. From the bears with positive titers, DNA was extracted and T. gondii
amplified from 12 samples. Genotyping is currently underway. To the best of our knowledge, this is the
first report of T. gondii seroprevalence in black bears from Oklahoma. Similarly, once genotyping is
complete our results will include strains of T. gondii common to black bears in Oklahoma. Our
preliminary results indicate that exposure and infection with T. gondii in black bears from Oklahoma is
common.

86

American Association of Veterinary Parasitologists
63rd Annual Meeting, July 14th – 17th 2018, Denver, Colorado, USA

46
Pentastomiasis in American Alligators: pathology and potential new intermediate hosts
Heather Walden*1, Robert Ossiboff1, Salvatore Frasca, Jr1, Jacob Steventon2, Jennifer Wawra2,
Christian Keller2. 1University of Florida, Gainesville, FL, 2The Tennessee Aquarium, Chattanooga, TN
Pentastomes are some of the oldest parasites known, with fossil records dating back to the Lower
Palaeozoic. Also known as tongue worms, they are worm-like with four anterior hooks and use reptiles,
birds and mammals as definitive hosts. Intermediate hosts include a variety of mammals, reptiles,
amphibians and fish. In the definitive host, pentastomes are rarely fatal unless infection occurs in a
younger animal. Most infections result in minimal inflammation. Two, approximately 2 year old, captive
bred, American Alligators (Alligator mississippiensis) housed communally in a single enclosure at a
large public aquarium exhibited a brief history of lethargy and anorexia. Upon death, hemorrhage was
noted in the oral cavity. Histologic examination revealed pentastome nymphs present in vessels
throughout numerous tissues and associated with vascular damage and hemorrhage. Nymphs were also
present within pulmonary faveoli. These nymphs were morphologically consistent with male Sebekia
mississippiensis. To investigate if pentastome infections were present in other animals resident within
this tank population, fish from the same enclosure were collected and examined. These included
Mosquito Fish (Gambusia affinis), Golden Shiners (Notemigonus crysoleucas) and Green Sunfish
(Lepomis cyanellus). Pentastome nymphs were seen on histologic section within the coelomic cavity of
all three fish species. Encysted nymphs recovered from intact Golden Shiners and Green Sunfish were
morphologically consistent with S. mississippiensis. While Mosquito Fish are well known intermediate
hosts for Sebekia spp., this is the first report of Golden Shiners and Green Sunfish serving as
intermediate hosts for S. mississippiensis.
47
Paratrichosoma spp. in American (Crocodylus acutus) and Morelet’s crocodiles (Crocodylus
moreletii) and its relation to crocodile sex, sexual maturity, water temperature, and capture
location.
Marianne Caron*1, Mason Reichard1, Marissa Tellez2. 1Oklahoma State University CVHS, Stillwater,
OK, 2Crocodile Research Coalition, Placencia, Belize
Paratrichosoma spp. are capillarid worms of crocodiles whose life cycles are unknown. However,
migrating adults leave serpentine tunnel scars on the ventral scales. The aim of this study was to
determine the prevalence of Paratrichosoma spp. lesions according to species, sex, sexual maturity,
water temperature, and capture locations around Belize in wild American (Crocodylus acutus) and
Morelet’s (C. moreletti) crocodiles. Crocodiles were located via nocturnal eyeshine, and captured by
hand or pole/noose system. The ventral scales were visually inspected for the serpentine tunnels of
Paratrichosoma spp. Crocodile species, sex, size, water temperature, and capture location were
recorded. From July 2010 to August 2017, data was collected from 197 crocodiles. The prevalence (95%
CI) of Paratrichosoma spp. lesions in C. acutus was 38.2% (28.04%–49.4%) compared to 50.5%
(41.0%–60.0%) of C. moreletii. The prevalence of Paratrichosoma spp. lesions according to crocodile
species were not significantly (Χ2=2.208, df=1, P=0.1373) different. Lesions of Paratrichosoma spp.
were observed in 58.0% (46.2%–68.9%) of female and 47.3% (34.9%–60.0%) of male crocodiles, a
significant difference (Χ2=1.016, DF=1, P=0.3136) was not detected. The prevalence of Paratrichosoma
spp. lesions was 47.54% (35.53-59.84%) in sexually mature crocodiles, and 44.07% (35.44-53.07%) in
non-sexually mature crocodiles, with no significant difference detected (Χ2=0.869, df=1, P=0.3512).
The prevalence of Paratrichosoma spp. lesions in crocodiles from the Cayo district was 73.8% (58.8‒
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84.8%) and significantly greater (X2=12.149, df=1, p=<0.001; X2=15.455, df=1, p=<0.001) than that of
Belize district (39.56% (30.12–49.84%)) and Stann Creek district (25.0% (13.0%–42.3%)). The median
(range) water temperature at capture locations for crocodiles with Paratrichosoma spp. lesions was
28.6°C (20.3–29.8°C) compared to 28.6°C (20.9–30.1°C) for those without lesions, with no significant
difference detected (T=28600.0, P=0.761). This study is ongoing and we continue to collect data on
Paratrichosoma spp. in wild crocodiles from Belize.
48
Pseudocapillaria tomentosa in laboratory zebrafish (Danio rerio): Patterns of infection and dose
response.
Thomas Sharpton1, Michael Kent*1. 1Oregon State University, Corvallis, OR
Parasites in wild populations almost always exhibit aggregation (overdispersion), in which relatively
few hosts are infected with most of the parasites This pattern of infection has been observed in
laboratory studies, where many of these sources of variation are removed. The capillarid nematode,
Pseudocapillaria tomentosa is common in zebrafish (Danio rerio) facilities. We experimentally infected
zebrafish with larvated eggs in various trials with defined numbers of eggs and undefined water borne
exposure. One trial with eggs delivered in a gelatin diet is also included. Fish were exposed at 25, 75 and
200 eggs/fish, and the minimal infectious dose was estimated to be 1.5 eggs/fish and the ID50 (50%
infection) was calculated to be 17.5 eggs/ fish. We also included three trials with an undefined dose in
which zebrafish were exposed to infectious water and detritus from a tank that previously contained
infected fish. All doses resulted in a high prevalence of infection (> 70 %), except at the 25 eggs/fish
dose, where the prevalence was 43-46%. Mean abundance of worms corresponded to dose, ranging from
0.57 worms/fish at 25 eggs/fish to 7 worms/fish at 200 eggs/fish. Variance/mean (V/M) and the k
parameters consistently showed aggregation across the 8 separate trials, including the gelatin diet.
Aggregation increased with increased parasite abundance. Given the consistent observation of
aggregation across our experiments, the zebrafish/P. tomentosa system provides a potentially robust,
high-throughput model to investigate the influence of differences in host susceptibility within defined
populations.

Boehringer Ingelheim Symposium
49
CENTRAGARD™: A novel transdermal solution for heartworm prevention and broad spectrum
GI parasite control in cats
Becky Fankhauser, Christine Berthelin-Baker, Joseph Prullage, Eric Tielemans, Valerie Kvaternick,
James Pate
Boehringer Ingelheim Animal Health, Duluth, GA, USA
CENTRAGARD™ is a transdermal solution for cats and kittens combining the active ingredients
eprinomectin and praziquantel (delivered at ≥0.5 mg/kg and ≥10 mg/kg respectively). It is indicated for
the prevention of heartworm disease and for the treatment and control of roundworms, hookworms, and
tapeworms. Multiple studies have demonstrated that CENTRAGARD™ is safe for use in cats and kittens
7 weeks and older, weighing 1.8lbs or more, including in cats infected with heartworms. After topical
administration, the product is rapidly absorbed with peak plasma levels reached within 6 to 24 hours
(median Tmax for praziquantel and eprinomectin, respectively).
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The product has a broad spectrum of activity against endoparasites, including heartworms and several
species of roundworms, hookworms, and tapeworms. Three dose confirmation studies demonstrated 100%
effectiveness of the product against Dirofilaria immitis and multiple dose confirmation studies
demonstrated the effectiveness of the product against adult and fourth stage larval Toxocara cati and
Ancylostoma tubaeforme as well as adult Ancylostoma braziliense, Dipylidium caninum, and
Echinococcus multilocularis. In addition to effectiveness against the common roundworms, hookworms,
and tapeworms of cats, the product has also been demonstrated to be effective against adult Ancylostoma
ceylanicum, Toxascaris leonina, Taenia taeniaeformis, Diplopylidium spp, Joyeuxiella fuhrmanni, and
Joyeuxiella pasqualei, as well as adult and larval stage lung worms (Aelurostrongylus abstrusus and
Troglostrongylus brevior) and vesical worms (Capillaria plica). The product also reduced the level of
infestation (75.5%) of the liver fluke Opisthorchis felineus.

Session 9: Control: Companion Animal
50
Genetic markers involved in macrocyclic lactone resistance in Dirofilaria immitis and estimation of
heartworm prevalence in resident canine populations of the Cumberland Gap region of Kentucky,
Tennessee, and Virginia.
Hailey Watlington*, Charles Faulkner, Dawn Spangler. Lincoln Memorial University-College of
Veterinary Medicine, Harrogate, TN
Infection with heartworm (Dirofilaria immitis) is a significant cause of disease in companion animals
worldwide. Macrocyclic lactones (MLs) have been the standard treatment for heartworm prevention for
the last 25 years, and although widely used and highly effective, recent studies have shown a potential
loss of efficacy. Investigations suggest the involvement of a single-nucleotide polymorphisms (SNPs) of
a gene encoding a P-glycoprotein (P-gp) within the D. immitis genome. This reveals a potential
relationship between SNP frequencies within the P-gp gene and ML resistance. The prevalence of
heartworm infection in the Cumberland Gap Region (CGR) is reported to be 2.37% based on dogs tested
at veterinary clinics. This may underrepresent the true prevalence of infection, because up to 33% of pet
dogs in the area do not receive regular veterinary care, and the high numbers of stray dogs and shelter
animals in the area. The goal of this study is to survey the population of D. immitis infecting dogs in the
CGR for the existence of the P-gp associated SNP and to obtain a more accurate estimate of the true
prevalence of heartworm infection and the microfilaremic status of infected canine hosts.
51
Clinical effect of doxycycline and minocycline during canine heartworm adulticidal treatment
using melarsomine dihydrochloride
Molly Savadelis*, Katie Day, Jenna Bradner, Noah Smith, Michael Dzimianski, Andrew Moorhead.
University of Georgia, Athens, GA
The American Heartworm Society’s (AHS) 3-dose adulticidal canine heartworm treatment outlines the
use of a monthly macrocyclic lactone in combination with 30 days of 10 mg/kg doxycycline BID and
2.5 mg/kg melarsomine dihydrochloride. Doxycycline reduces the concentration of the endosymbiont
bacteria Wolbachia found in all life-stages of Dirofilaria immitis. Minocycline has been evaluated for
efficacy in reducing Wolbachia in Onchocerca gutturosa in vitro, but it was not evaluated for use in
canine adulticidal heartworm treatment. With potential increasing prices and decreasing availability of
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doxycycline, a more affordable alternative antibiotic is necessary. In this clinical trial, we evaluated the
efficacy of doxycycline and minocycline in the AHS-approved 3-dose melarsomine canine heartworm
treatment. Dogs were randomized during enrollment to receive 10 mg/kg doxycycline, 5 mg/kg
doxycycline, 10 mg/kg minocycline, or 5 mg/kg minocycline for 28 days BID. All study dogs received
monthly Heartgard Plus® (Ivermectin/Pyrantel) for 6 months and 2.5 mg/kg melarsomine on study days
56, 84, and 85. Blood samples were obtained prior to the initiation of treatment, weekly throughout
antibiotic treatment, and then monthly thereafter until the dog tested negative for the presence of
heartworm antigen. The concentration of circulating microfilariae and presence of heartworm antigen
was tested at every time point. DNA was isolated from microfilariae. qPCR was performed utilizing
Taqman® probes for the Wolbachia ftsZ and D. immitis 18S rDNA genes for relative quantification. An
increased number of dogs reported gastrointestinal symptoms and weight loss with 10 mg/kg
doxycycline and minocycline than 5 mg/kg. All dogs were amicrofilaremic by 3 months after the third
melarsomine injection, with 78% of the dogs testing amicrofilaremic by the second melarsomine
injection. 82% of dogs tested antigen negative by 6 months after the last melarsomine injection. qPCR
results are ongoing and will analyze the reduction of Wolbachia present in circulating microfilariae.
52
Efficacy of Advantage Multi® for cats for the prevention of heartworm disease and infection all
month long
Dwight Bowman*1, Michelle Bradford2, Terry Settje2, Cameon Ohmes2. 1Liberty Research Inc,
Waverly, NY, 2Bayer Animal Health, Shawnee, KS, 2Bayer Animal Health, Shawnee, NY
The objective of this study was to demonstrate the efficacy of 10% imidacloprid + 1% moxidectin
topical solution (Advantage Multi®for Cats) for the prevention of heartworm disease and infection all
month long. This study included two groups of 10 cats each. Cats in Group 1 received the
investigational veterinary product (Advantage Multi®for Cats) while those in Group 2 remained as nontreated controls. All cats entering the study completed a physical examination including examination for
heartworm antigen, antibody, and D. immitis circulating microfilariae. Cats in Group 1 were treated on
study day (SD) -30 as per the label recommendation. Thirty days later (SD 0), cats in Groups 1 and 2
were subcutaneously infected in the inguinal region with approximately 100 infective third-stage D.
immitis larvae (“Georgia II” isolate). Blood was also collected on SD 120 and 180 for examination for
heartworm antigen, antibody, and microfilariae. On SD 180, all animals were euthanized and necropsied
for recovery of adult heartworms. Results from the necropsy in this study showed no heartworms in the
Advantage Multi®treated cats (Group 1) compared to 10 of 10 of non-treated cats (Group 2) with
heartworms (range of 2-27 worms/cat). The Advantage Multi® treated cats had significantly fewer
heartworms (p<0.05) compared to the non-treated controls. The absence of adult heartworms in the 10
infected Advantage Multi®treated cats demonstrate that Advantage Multi®for cats is efficacious for the
prevention of heartworm disease and infection all month long.
53
Effect of fluralaner on early feeding of adult Ixodes scapularis
Alexa Hunter*1, Kelly Allen1, Brian Herrin2, Frank Guerino3, Susan Little1. 1Oklahoma State University,
Stillwater, OK, 2Kansas State University, Manhattan, KS, 3Merck Animal Health, Madison, NJ
Tick exposure to systemic isoxazolines is initiated after attachment to treated dogs. Onset of fluralaner
activity against Ixodes scapularis, as measured by death of ticks, has been shown to occur within 12
hours, and female Ixodes spp. removed from fluralaner-treated dogs have reduced weight and
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engorgement indices. To characterize changes in motility, morphology, and histology of female and
male I. scapularis associated with early feeding on fluralaner-treated dogs, 8 beagles (4 treated, 4 nontreated) were infested with 100 I. scapularis ticks and a subset of ticks removed after 4, 8, 12, and 24
hours of attachment. Ticks were evaluated for motility, weighed, measured, and processed for histologic
examination. Live ticks removed from fluralaner-treated dogs after 4 hours or more of attachment
showed impaired motility as evidenced by loss of righting reflex. As feeding progressed, the average
weight of female and male ticks attached to non-treated dogs increased, distension increased, diameter
of salivary gland acini increased, and midgut epithelium developed normally. However, both female and
male I. scapularis removed from treated dogs 8 hours and 12 hours after attachment weighed less (P <
0.01) and were less distended (P < 0.01) than those removed from control dogs, consistent with reduced
early feeding. Ticks fed on treated dogs also had smaller salivary gland acini (P < 0.01) and damaged
peritrophic membranes lining the midgut. Blood was documented in the midgut of female and male ticks
fed on both non-treated and treated dogs. These data suggest that exposure to fluralaner upon tick
attachment can cause sublethal effects which may impair both motility and feeding hours before
significant tick mortality is seen.
54
Comparative preventive efficacy of oral systemic vs. topical repellent ectoparasiticides against
early Babesia canis transmission in dogs within 8h of infestation by pre-fed male Dermacentor
reticulatus.
Marie Varloud*1, Julian Liebenberg2, Josephus Fourie2. 1Ceva Santé Animale, Libourne, France,
2
Clinvet, Bloemfontein, South Africa
This study was designed to compare the preventive efficacy of a topical repellent (Vectra 3D,
dinotefuran, permethrin, pyriproxyfen, DPP) and an oral systemic (Bravecto, fluralaner, F)
ectoparasiticide against the rapid transmission of Babesia canis to dogs by pre-fed male Dermacentor
reticulatus ticks.
The study was controlled, parallel, unicentre and approved by an ethics committee. Twenty-one dogs
were allocated to 3 groups based on gender and body weight: a control untreated group (n=7), a DPP
treated group (n=7) and a F treated group (n=7). The treatments were administered on day -28. Three
donor sheep were infested on day -4 with Babesia canis infected male and uninfected female ticks and
allowed to feed for 88h. The ticks were detached on day 0 and immediately infested on dogs for 8h
before tick removal. The dogs were maintained under clinical surveillance and blood samples were
collected for blood smear and PCR analysis.
Early transmission within 8h of infestation by pre-fed ticks was confirmed in the control group with 5
out of 7 dogs infected. Infection occurred in only one dog from the DPP-treated group while 5 out of 7
dogs were infected in the F-treated group. When compared to untreated dogs, DPP treated dogs had 5
times less risk to develop an infection. On the contrary, no protection was offered by the oral systemic
product (F). All the infected dogs were positive to blood smear and PCR.
The results demonstrate the preventive efficacy of DPP against the early transmission of B. canis by prefed male D. reticulatus in dogs. The oral systemic product failed to provide any protection to the dogs.
In natural situations where the history of ticks is unknown, no minimal transmission time can be
established. Therefore, a multi-modal strategy of prevention based on tick anti-attachment (repellency)
with DPP is recommended.
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55
Laboratory evaluation of the efficacy of lotilaner (Credelio™) against Haemaphysalis longicornis
infestations of dogs
Hiroshi Otaki2, Junko Sonobe2, Martin Murphy3, Daniela Cavalleri3, Wolfgang Seewald3, Jason
Drake*1, Steve Nanchen3. 1Elanco, Greenfield, IN, 2Elanco, Tokyo, Japan, 3Elanco, Basel, Switzerland
Haemaphysalis longicornis ticks, endemic in Japan, China and Korea, were recently reported infesting a
sheep with no international travel history in New Jersey, USA. All life stages of this species were found
on the sheep and in the one-acre paddock. Unmated adult female H. longicornis are able to replicate via
parthenogenesis and can infest a variety of mammals including livestock, wildlife and dogs. H.
longicornis frequently infests dogs in endemic areas. This study evaluated the efficacy of a single
administration of lotilaner flavored chewable tablets (CredelioTM) against experimental canine H.
longicornis infestations. Twenty-two healthy Beagles were ranked in descending order of counts of H.
longicornis completed 48 hours after challenge on Day -7. The 16 dogs with the highest live tick counts
were blocked into pairs and within pairs randomized to either lotilaner-treatment at a minimum dose rate
of 20 mg/kg or sham-treated controls. Treatment was administered, in the fed state, on Day 0.
Infestations with 50 unfed adult H. longicornis were completed on Days -2, 7, 14, 21, 28 and 35. Ticks
were counted in situ 12 and 24 hours post-treatment and counted and removed after an additional 24
hours (48 hours after treatment) and 48 hours after each post-treatment infestation. Live attached ticks
on each dog were counted for efficacy assessments. Lotilaner started killing H. longicornis ticks within
12 hours. At 48 hours post-treatment, and following each subsequent infestation, between-group
differences in mean H. longicornis counts were significant (P < 0.0001). From 48 hours post-treatment,
through the final assessment on Day 37, lotilaner efficacy remained greater than 95%, including on Day
37 when efficacy was 98.4%. Lotilaner, administered to dogs orally at a minimum dose rate of 20 mg/kg
was well tolerated, provided rapid reduction of existing and subsequent H. longicornis tick infestations
for at least 35 days.

Session 10: Nematode Control and Anthelmintic Resistance
56
Equine parasite control in the United States: National Study, 2015
Martin Nielsen*1, Matthew Branan2, Alyson Wiedenheft3, Rose Digianantonio3, Lindsey Garber2,
Christine Kopral2, Aimee Phillippi-Taylor4, Josie Traub-Dargatz3. 1University of Kentucky, Lexington,
KY, 2USDA-APHIS-VS-STAS Center for Epidemiology and Animal Health, Fort Collins, CO,
3
Colorado State University, Fort Collins, CO, 4Center for Veterinary Medicine, FDA, Rockville, MD
Fecal egg count-based parasite control programs are recommended to delay further development of
anthelmintic resistance. The most recent study describing equine parasite control in the United States
was published in 1998, and little is known about current strategies employed. This study was part of the
National Animal Health Monitoring Systems (NAHMS) Equine 2015 Study, and aimed to describe
equine parasite control strategies in the U.S. The study was carried out in 28 states, representing 70.9%
of all equine operations with at least five equids present. Two questionnaires were administered, either
by mail or delivered in person by veterinary medical officers visiting the equine operations. Participants
were asked questions about strategies for anthelmintic therapy and diagnostic testing. A total of 380
operations provided data regarding their parasite control practices. Over 90% of operations dewormed
any resident equids at least once over the previous 12 months. Generally, 40-50% and 30-40% of
operations dewormed 2-3 and 4-6 times a year, respectively. Over 90% of operations used macrocyclic
92

American Association of Veterinary Parasitologists
63rd Annual Meeting, July 14th – 17th 2018, Denver, Colorado, USA

lactones, with 30-40% using pyrimidine and benzimidazole drug classes. About 22% of operations used
fecal egg counts (FEC) in some form, with less than 10% using them on a regular basis. Less than 5%
made use of fecal egg count reduction tests. These findings were similar to those of the 1998 survey, and
suggest little change since then, as the overwhelming majority of operations did not report using FECs.
This is in stark contrast to recent European surveys, where 50-60% of respondents were using FECs
routinely. However, the anthelmintic treatment intensity appears to have been lowered compared to
1998. Taken together, these results suggest some impediments to using FECs as a routine surveillance
tool. The study has identified a continuing need for education and outreach regarding sustainable
parasite control.
57
Still CRYing over Spilt Dewormers? There may be a protein for that.
Ashley Steuer*1, Raffi Aroian2, Tasia Kellogg2, Hanchen Li2, David Gazzola2, Anne Zajac3, Martin
Nielsen1. 1University of Kentucky, Lexington, KY, 2University of Massachusetts Medical School,
Worcester, MA, 3University of Virginia-Maryland College of Veterinary Medicine, Blacksburg, VA
Cyathostomins are pervasive parasites of equids, that in rare cases can lead to larval cyathostominosis,
which is fatal in approximately 50% of cases. Resistance to benzimidazoles and pyrantel salts is
widespread, and there is emerging resistance to the macrocyclic lactones. Research is guided at
identifying alternative solutions to cyathostomin management and to novel anthelmintics. We have
recently demonstrated that Cry5B, a crystalloid protein produced by the bacterium Bacillus thuringiensis
has efficacy against cyathostomin larvae in vitro. The present study evaluated the effects of Cry5B
against the larval development of cyathostomins in feces left on pasture. Feces from 3 mares with
between 700-1000 Eggs per gram were divided into 5 groups. One control group and 4 groups treated
with Cry5B at decreasing concentration levels, (1x108(TA), 1x107(TB), 1x106(TC), and 1x105(TD)
colony forming units (CFUs)/g feces), with 10 plots each (50 total), were placed on pasture during
November 2017. 5g samples of each plot were taken at 1, 2, 3, 4, 7, 10, and 15 days post placement, for
a total of 7 time points and 350 samples. Samples were placed in a Baermann for 48 hours and the pellet
collected. Samples were evaluated for the number of free-living nematodes, strongyle eggs, L1, L2, and
L3 larvae. Few larvae reached the L3 stage by day 15 and development was delayed across all groups.
The number of eggs in the control group was elevated at day 15 compared to the treatment groups
(p=0.0048). The TC and control group had elevated numbers of L1 larvae compared to the other
treatment groups (p=0.0435). Do to the lack of development across all groups, it is hypothesized that the
climate had significant effect in this study. Further evaluation is needed during the grazing season to
assess the activity of Cry5b against developing cyathostomin larvae.
58
Evidence of multiple drug resistance in Ancylostoma caninum confirmed by in vitro assays and in
vivo trials
Pablo JImenez Castro*, Sue Howell, Ray Kaplan. University of Georgia, Athens, GA
Over the past year, we have become aware of multiple cases of recurrent hookworm infections in dogs
due to Ancylostoma caninum that are relatively unresponsive to usual anthelmintic treatments. These
clinical data suggest that anthelmintic resistance may have evolved in this parasite. To further
investigate this issue we established three “suspected-resistant” (Worthy, Tara and Lacy) and one
susceptible (ETCR) A. caninum isolates in research dogs, and performed in vitro bioassays commonly
used to detect anthelmintic resistance in nematode parasites of sheep, as well as in vivo efficacy trials.
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We used the egg hatch assay (EHA), for detecting resistance to benzimidazoles, and the larval
development assay (LDA), for detecting resistance to the macrocyclic lactones (ML). For the EHA, IC50
values were 0.25, 3.04, 3.73, 2.79 uM for ETCR, Tara, Worthy, and Lacy, respectively. The IC50
measured for ETCR is very similar to previously reported susceptible isolates tested with the EHA.
Resistance ratios (RR) calculated as [IC50-R/IC50-S] were 12.1, 14.9, and 11.1 for Tara, Worthy, and
Lacy, respectively. Additionally, the EHA performed on eggs collected from Worthy 18 days after
fenbendazole treatment led to an increase in IC50 to 151 uM; a RR of >500. Testing for resistance to ML
using the LDA produced IC50 values of 16.62, 91.53 and 1052 nM for ETCR, Lacy and Worthy,
respectively; this yielded RR of 5.5 and 63.3. Following treatment with fenbendazole, percent reduction
in faecal egg counts were 63.3, 84% (day 23), and following treatment with pyrantel were -323, 72.4%
(day 10) for Tara and Worthy, respectively. Interestingly, the extremely high RR for ML in Worthy is
consistent with the history of Advantage-multi® use. These in vitro and in vivo data offer convincing
evidence that these strains are highly resistant to all anthelmintic classes currently approved for their
control in the United States.
59
Anthelmintic efficacy in feedlot cattle from Western Canada
Eranga De Seram*1, John Gilleard2, John Campbell1, Camila de Queiroz2, Samantha Ekanayake1,
Colleen Pollock3, Fabienne Uehlinger1. 1Western College of Veterinary Medicine, University of
Saskatchewan, Saskatoon, SK, 2Faculty of Veterinary Medicine, University of Calgary, Calgary, AB,
3
Merck Animal Health, Kirkland, QC
Anthelmintic resistance in cattle is increasingly reported worldwide but limited information is available
from Canadian beef operations. Our objective was to determine the efficacy of currently used
anthelmintic products to control gastrointestinal nematodes in feedlot cattle from western Canada. One
hundred and fifty-six auction market-derived, weaned, fall-placed steer calves were enrolled in the
study. Calves were randomly allocated to two treatment groups; injectable ivermectin and injectable
ivermectin combined with oral fenbendazole. Each treatment group consisted of replicates of 6 pens
with 13 animals per pen for a total of 78 calves per group. Anthelmintics were administrated based on
individual body weights and manufacture's recommendations. Fecal samples were collected from calves
before and 14 days after treatment. Fecal egg counts were obtained using a modified Wisconsin sugar
floatation technique. To determine the anthelmintic efficacy, a fecal egg count reduction was calculated
with the eggCounts R statistical package using pre- and post-treatment egg counts for each treatment
group. Anthelmintic resistance was declared when the reduction in mean fecal egg count was <95% and
the upper and lower 95% confidence intervals were <95 and <90%, respectively. Calves treated with
ivermectin had an 82.5% reduction in fecal egg count (95% confidence interval 67.8-90.5). The
combination of ivermectin and fenbendazole had a 100% efficacy in reducing fecal egg count in treated
calves. The limited reduction in fecal egg count post-ivermectin treatment suggests an existing
anthelmintic resistance in western Canadian beef operations. Nemabiome sequencing is underway to
identify the predominant parasite species present in these calves and will determine potential species
differences in anthelmintic susceptibility. While the clinical significance of resistant parasites in these
calves remains to be determined, beef producers must be notified of the risk of anthelmintic resistance
and alternative, sustainable control practices must be explored in Western Canadian beef operations.
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60
Field efficacy evaluations of single-dose, double-dose and coincident benzimidazole and
macrocyclic lactone treatments for gastrointestinal nematode infections in cattle.
Christopher Tucker, Eva Wray*, Don Hubbell, Tom Yazwinski. University of Arkansas, Fayetteville,
AR
Anthelmintic resistance, and the corresponding non-efficacious treatment of targeted infections, is
currently the norm in poultry, horses and ruminants. Development of resistance by nematodes has
greatly out-paced the commercial availability of new parasiticides. Non-chemical means of achieving
some degree of “aid-in-the-control” for helminths are for the most part restricted to certain production
and animal types. The USA cattle industry, by in large, does not appear to be overly eager to adopt
indirect means of curbing nematodiasis. Some fashion of “tweaking” chemical control appears to be the
most popular, short term solution for cattlemen. Gaining most traction in the industry is coincident
treatment of cattle with a benzimidazole and a macrocyclic lactone. The practical downside of this
treatment scheme is the requirement for two sets of treatment paraphernalia and procedures whereas the
scientific downside is the potential for increasing cross-resistance. A possible treatment strategy to at
least temporarily deal with the mounting resistance is to double the dose of an anthelmintic; a scheme
that has only scant in vivo assessment in cattle. In the current pilot study, a homogeneous group of
replacement heifers were randomly divided into 6 treatment groups (n=10) and treated with ivermectin
at 1X dosage, ivermectin at 2X dosage, fenbendazole at 1X dosage, fenbendazole at 2X dosage,
fenbendazole coincident with ivermectin or left as control. By standard equation and using arithmetic
means, day 14 fecal egg counts were changed from day 0 fecal egg counts by -30%, -46.5%, -99.9%, 99.4%, -99.4% and -2.1% for the above groups, respectively.
61
Availability of the Modified McMaster Test for small ruminant producers in the northeastern
U.S.
Anne Zajac*1, Samantha Soltau1, Katherine Petersson2, Holly Burdett2. 1Virginia Tech, Blacksburg, VA,
2
University of Rhode Island, Kingston, RI
The presence of widespread anthelmintic resistance in Haemonchus contortus and related nematodes
(GIN) in the U.S. is recognized by both small ruminant (SR) experts and producers. One highly effective
option for reducing the use of anthelmintics is selection for increased host resistance to GIN based on
fecal egg counts (FEC). Participants in a series of workshops on parasite control in the northeastern U.S.
(2015-2017) were asked to complete a survey on control practices. Of 94 respondents, approximately
75% had had problems with GIN in the past 5 years and >50% had considered parasite susceptibility in
breeding/selection decisions. The U.S. National Sheep Improvement Program (NSIP) offers SR
producers the opportunity to generate an Estimated Breeding Value (EBV) for FEC. While many
producers are interested in this opportunity, obtaining FEC is seen as a hurdle by many. In fall, 2017 a
survey was conducted of veterinary practices and diagnostic laboratories in 12 northeastern states to
evaluate the availability of the Modified McMaster Test for SR producers. Practices were contacted
either because they offered SR services on their website or veterinarians were listed as members of the
American Association of Small Ruminant Practitioners. Of 144 clinics contacted, 71 identified having
SR clients. These 71 practices were contacted by phone and asked whether they offered the McMaster
Test for FEC determination and how much the test cost. Of 64 clinics providing information, 33 offered
the test, either conducted in-house or sent to a diagnostic laboratory. Test cost varied from $16.00- $50
(average $31.70). Only 4 clinics offered discounts for multiple animal testing. Diagnostic labs in the
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region performed the test for $14.50-$25/test. The perceived high cost of testing limits the willingness of
many producers to test multiple animals in their flocks/herd.
Supported by USDA SARE-LNE 1532.

Merck Symposium
62
In-home assessment of topical fluralaner to control on-animal and premises flea infestations,
reduce dermatologic lesions and minimize pruritus in naturally infested cats in West Central
Florida, USA.
Michael W. Dryden*1, Michael S. Canfield2, Cara Bocon1, Letitia Phan1, Emily Niedfeldt1, Amanda
Kinnon1, Stanislaw A Warcholek1, Vicki Smith1, Todd S Bress2, Nicole Smith2, Kathleen Heaney3,
Christine Royal3, Dorothy Normile3, Robert Armstrong3 and Fangshi Sun3 . 1Kansas State University,
Manhattan KS, 2Animal Dermatology South, 2New Port Richey, FL, 3Merck Animal Health, Madison,
NJ
An investigation was conducted in West Central Florida, USA to evaluate the efficacy of either topically
applied fluralaner or topically applied selamectin to control flea infestations, minimize dermatologic
lesions and reduce pruritus in naturally flea infested cats over a 12-week period. Thirty-one cats in 20
homes were treated once with fluralaner topical solution on day 0 and 18 dogs in these homes were
administered a single fluralaner chewable. Twenty-nine cats in 18 homes were treated once monthly
with a selamectin topical solution for 3 treatments and 13 dogs in these same homes were treated once
monthly for 3 treatments with a sarolaner chewable. A single topical application of fluralaner reduced
flea populations on cats by 96.6% within 7 days and by 100% at 12 weeks post-treatment. This efficacy
was significantly greater than selamectin treatment where single topical application reduced flea
populations on cats by 79.4% within 7 days of initial treatment and at 12-weeks 3 consecutive monthly
treatments reduced flea populations by 91.3%. At the end of the study, all fluralaner treated cats were
flea free whereas only 38.5% of selamectin treated cats were flea free. Fleas were completely eradicated
(from cats, dogs and homes) in 95.0% of fluralaner treatment group homes and 31.3% of selamectin /
sarolaner treatment group homes. Owner reported cat pruritus was reduced similarly in both treatment
groups. Significant improvements in dermatologic lesion scores were achieved by day 30 in fluralaner
treated cats and by day 60 in selamectin treated cats. An in-home investigation in subtropical Florida
found that 1 application of topical fluralaner eliminated flea infestations on cats and in homes more
effectively than 3 consecutive monthly doses of selamectin.
63
Using Real-World and Big Data for Outcomes Research with Today’s Parasiticides
Robert P. Lavan1
1
Center for Observational and Real World Evidence, Merck & Co., Inc., Kenilworth, NJ, USA
Background: Flea and tick prophylaxis for dogs and cats has evolved from topically applied monthly
products and collars to oral products, with either monthly or extended duration. In surveys, veterinarians
often say that they recommend 12 months of flea and tick protection. BRAVECTO® (Fluralaner,
Merck Animal Health) is a long lasting oral chew for flea and tick control that was introduced in the
summer of 2014 in the United States. Methods: Merck Animal Health Outcomes Research evaluated
the way dog owners purchase and use BRAVECTO in comparison with monthly flea and tick
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medications. Studies of large databases from several countries have confirmed the benefits associated
with extended duration flea and tick treatment, including increased adherence to veterinary
recommendations that pet owners demonstrate when they purchase a long lasting flea and tick product.
Results: Real world evidence of increased adherence from Spain, the U.S., U.K and South Africa will
be described along with studies of health outcomes associated with increased flea and tick protection.
Conclusion: By simply prescribing a longer acting flea and tick product, veterinarians enable pet
owners to deliver important additional months of protection for their pets.

Session 11: Diagnostics and Education
64
Precision analysis of an automated parasite fecal egg counting system in comparison to McMaster
and Wisconsin methods
Jennifer Cain*1, Paul Slusarewicz2, Libby Wehling1, Kayla Wielgus1, Morgan McVey1, Haley Zynda1,
Martin Nielsen1. 1University of Kentucky, Lexington, KY, 2MEP Equine Solutions, Lexington, KY
Fecal egg counts are the cornerstone of equine parasite control programs. Previous work in our
laboratory has led to development of an automated image analysis based parasite egg counting system.
This reduces operator error, and should thus increase method precision. The system has been further
developed to include an automated reagent dispenser unit and a standalone digital imaging unit
generating higher resolution images. The aims of this study were to conduct a comprehensive
comparison of method precision between two different imaging units as well as the traditional manual
egg counting techniques: McMaster and Wisconsin. Feces were collected from fifteen mares, screened
with triplicate Mini-FLOTAC counts, and placed in high (>1000 eggs per gram (EPG)), medium (5001000 EPG), and low (<500 EPG) egg count categories. Ten replicates per mare were analyzed for each
technique: the automated system using both older and new model cameras, McMaster, and Wisconsin.
The samples were blinded by making sixty baggies per mare with 10 grams of feces per bag, a random
number label, and a label to indicate which method was to be performed (10 Wisconsin, 10 McMaster,
and 10 automated analysis). Preliminary data comparing pooled samples of six horses with ten
replicated counts each for the automated system and McMaster method had coefficients of variation of
11.3 and 25.5 respectively (p=0.001). The 95% confidence interval of the mean for the automated
system was ± 8.1% versus ± 18.2% for the McMaster method. A smaller coefficient of variation with a
statistically significant p-value and 95% confidence interval width for the automated system in this
preliminary data indicates a significantly higher precision for the automated fecal egg count system. The
complete data set will be presented at the time of the conference.
65
UP: Computational Analysis of the Speed of Equine Endoparasite Egg Flotation
Jamie Norris*, Paul Slusarewicz, Jennifer Bellaw, Ashley Steuer, Jessica Scare, Nielsen Nielsen.
University of Kentucky, Lexington, KY
Parasite fecal egg flotation is a cornerstone in veterinary parasitology. However, very little is known
about flotation properties of different egg types. This study set out to quantify the speed of movement
through flotation solution between eggs of Anoplocephala perfoliata, Parascaris spp., and strongyle
type parasites. An Olympus Air A01 digital camera with tripod was affixed with a McMaster slide. One
side of the McMaster slide was sealed using resin. A suspension of endoparasite eggs in a saturated
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sugar salt solution (sp.gr. 1.27) was then added and three videos were recorded. During these videos, it
could be observed that the eggs were characteristically flowing from the bottom to the top of the slide.
An open source image analysis program called ImageJ and Trackmate, a particle tracking plugin for
ImageJ, were utilized to ascertain useful parametrics such as size of the eggs as well as speed of the
flotation. Egg type was significantly associated with mean speed (p = 0.0236). Strongyle type eggs
floated the fastest with an average of 66.40 µm/sec (95% confidence interval(CI): 50.63 - 82.17). This
was followed by ascarid and then anoplocephalid eggs, which floated with averages of 58.31 (95% CI:
50.17 - 66.45) and 43.12 (95% CI: 33.74 - 52.5) µm/sec respectively. This difference may explain the
low appearance of anoplocephalid eggs in common fecal egg counts. The difference between average
flotation speed of strongyle type eggs and those of Anoplocephala perfoliata are likely due to
hydrodynamic differences in shape between the two. Further studies could evaluate flotation patterns in
different flotation media and assess the impact of egg orientation on flotation speed.
66
The Diroscope: validation of a novel cellphone-based video microscope for diagnosis of canine
heartworm infection
Guilherme Verocai*1, Caitlin Brennan1, Christopher Evans1, Michael D’Ambrosio2, Daniel Fletcher2,
Ray Kaplan1. 1University of Georgia, Athens, GA, 2University of California, Berkeley, Berkeley, CA
The canine heartworm, Dirofilaria immitis, is the most important parasite of dogs in the United States.
The American Heartworm Society recommends annual testing for microfilariae (mf) alongside antigen
testing. Furthermore, measuring reductions in mf following treatment with a microfilaricidal dose of a
macrocyclic lactone is currently the only test available for diagnosing resistance. Still, quantitative
measurements of mf are rarely performed in clinical veterinary practice due to the complexity and timeconsuming nature of these tests. To address this issue, we have modified and tested a recently developed
mobile phone-based video microscope that automatically quantifies D. immitis mf in whole blood loaded
directly into a disposable glass capillary. The objective of this study was to assess the precision and
accuracy of this device, the Diroscope (Version 2.0), for quantification of D. immitis mf. We measured
mf counts in the blood of 9 experimentally infected dogs in triplicate, using direct smear (DS), thick
smear (TS), and the Diroscope. Precision was calculated for each method and the accuracy of the
Diroscope and DS were evaluated using TS as a gold standard. Precision and accuracy for the three
methods were analyzed by ANOVA and Tukey’s test to compare means. Precision of the Diroscope,
DS, and TS was 86.6, 88.8, and 91.3%, respectively, and did not differ statistically from each other
(p=0.74). However, the mean percent accuracy of the current version of the Diroscope was 41.5%,
significantly lower (p<0.0001) than that of the DS (82.4%) and TS (100%). Further optimization is in
progress to improve detection of mf, and the high precision should allow for adjustments in the
algorithm to enhance the accuracy. We expect that the Diroscope, once fully optimized, will provide a
quick and cost-effective quantitative point-of-care diagnostic test for clinicians, and also facilitate mf
reduction tests in suspected cases of anthelmintic resistance.
67
VetPDx – a collaborative network of Veterinary Parasitology Diagnostic laboratories and experts
Guilherme Verocai1, Manigandan Lejeune*2. 1University of Georgia, Athens, GA, 2Cornell University,
Ithaca, NY
Diagnostic Veterinary Parasitology (DVP), is reviving with the recent institution of the American
College of Veterinary Microbiologists (ACVM) board certification in parasitology. Parasitology
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sections of some of veterinary diagnostic labs are headed by board-certified parasitologists. However,
many other laboratories don’t have a stand-alone Parasitology section or personnel with formal
parasitology training. The VetPDx (Veterinary Parasitology Diagnostic Network) was launched, with
the vision of promoting and advancing DVP through service, teaching and research, and have a positive
impact the health and wellbeing of animals. Our initial goals are to: 1) Foster communication by
maintaining a listserv for peer technical support, and promoting monthly teleconferences to discuss
cases, trends in caseloads, and emerging topics; 2) Stimulate collaborative research by maintaining
specimens and DNA inventories; multi-centric studies and validating new diagnostic tools. Our long
term goals are to: 3) Promote diagnostic service of excellence by facilitating labs to perform proficiency
testing to enhance service quality, and standardization of protocols; 4) Gain visibility for DVP by
serving as a connection among AAVP, ACVM, and AAVLD, and stimulating representation and
participation of parasitologists; and 5) Promote the value of DVP to policy makers, clients, industry,
researchers, and DVM and graduate students. Goal 1 has been partially achieved with the creation of a
listserv, which has outstanding participation. Currently, the VetPDx has 87 members, across 31
universities, including veterinary colleges in the US (22), Canada (5), and the Caribbean (2), other
academic institutions, industry, and government. In the interim, we plan to form a steering committee to
further achieve our goals. DVP as a discipline must be fostered among current and future parasitology
trainees. The formation of the VetPDx is a small step in our effort to create recognition and keep afloat a
discipline which was few decades ago a stronghold in academia, service and research.
68
Focus-Stacked Digital Micrographs: Easy-to-use, rapid, inexpensive methods for obtaining high
quality microscopic digital images
Lance Wheeler, Karen Snowden*. Texas A&M University, College Station, TX
From both educational and diagnostic perspectives, the visualization of parasitologic specimens at the
microscopic and macroscopic levels are important. Digital microscopy is the art of producing magnified
digital images which may be used for education, research, diagnostic documentation, digital imagebased telemedicine/ teleconsultation, digital image archiving and many other purposes. However, no
single format exists that can, by itself, produce two-dimensional micrographs with the same depth of
field that is seen when a three-dimensional specimen is actively observed through a microscope.
Shallow depth of field combined with poor microscopy technique can result in poor quality digital
micrographs that are inaccurate representations of the specimen. Poor image quality and poor sample
representation are two of the greatest challenges in digital photomicroscopy. Focus stacking is a digital
image-processing technique that can be used to increase the depth of field of a micrograph, thereby
allowing for the incorporation of diagnostically important information located at multiple points of
focus, into a single micrograph. Zerene Stacker (https://zerenesystems.com/cms/stacker) is an easy-touse, intuitive, rapid, and affordable software that can be used to generate focus-stacked digital
micrographs by anyone who already has the ability to generate traditional, non-focus-stacked digital
images. Zerene Stacker is intended only for digital image-processing of stacks of images focused in
different depth planes. The purpose of this report is to summarize the basic materials and methods for
rapidly producing high-quality, non-focus-stacked and focus-stacked digital micrographs.
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69
USALTI-Afrique: a research-for-development initiative.
Vincenzo Lorusso*1, Babagana Adam1, Adamu Mamman1, Michiel Wijnveld2, Kevin Bown1, Richard
Birtles1. 1University of Salford, Manchester, United Kingdom, 2Medical University of Vienna, Vienna,
Austria
Ticks and tick-borne infections (TBIs) majorly undermine livestock health, welfare and productivity in
the developing world, including sub-Saharan Africa (SSA). Despite this, there is currently a shortfall of
expertise in research and diagnosis of ticks and TBIs in most of SSA. A sub-unit of the ‘University of
Salford Tick Infection (USALTI)’ group was established early in 2016, to address this shortage of
competences and know-how. USALTI-Afrique provides research, educational and capacity building
opportunities to students, scientists and laboratory personnel, focusing on ticks and TBIs (and, when
possible, other major parasites) of economic and public health relevance to SSA.
USALTI-Afrique aims to gather data on the epidemiology and impact of these disease systems,
documenting the burden of tick infestation, in several livestock species across several SSA countries
(e.g. Nigeria, Uganda, etc.). Findings generated will not only be disseminated through the means of
specialised scientific reviews and symposia, but also shared with recipients from the study areas (e.g.
veterinarians and para-veterinarians, local pastoralists and livestock keepers).
The ultimate goal of the group would be to guide the design and roll-out of evidence-based strategic
control interventions, designed according to the specific needs of target areas, as well as to help set up
sensitive and specific molecular assays in partner laboratories in SSA.
At present, the group encompasses several postgraduate (i.e. PhD and MSc) and undergraduate students
engaging in summer research projects. Students are trained on the morphological identification of ticks
of veterinary and public health importance, especially from the African continent, as well as on the
application of a panel of molecular techniques allowing the identification of a plethora of TBIs in
biological samples as well as arthropods.
This talk provides an overview of the vision and ongoing research activities of USALTI-Afrique,
highlighting potential collaboration opportunities with groups with shared interest.

Session 12: Molecular Parasitology
70
Determining host specificity via miRNAs in the Brugia malayi feline model
Erica Burkman*1, Lucienne Tritten2, Timothy Geary3, Andrew Moorhead1. 1University of Georgia,
Athens, GA, 2University of Zurich, Zurich, Switzerland, 3McGill University, Montreal, QC
Host specificity is a fundamental concept by which pathogens can survive and grow within a host or
subset of hosts. In host-parasite relationships, many mechanisms have been documented by which
parasites, specifically helminths, modulate the immune system of the host to promote their survival. Due
to the evolutionary history of these relationships, hosts often become disease-tolerant or asymptomatic,
even with high worm burdens, until there is a dysregulation in the host immune system that can induce a
disease state. The molecular mechanisms of how parasites modify the host immune system and the host
environment as a whole are not fully understood. What is generally accepted is that parasitic nematodes
release a variety of excretory/secretory (E/S) proteins, enabling the worms to safely penetrate and
migrate through host tissues while eliciting little to no host immune response. Differences in E/S
composition have been suggested to reflect differences in immune evasion strategies between parasite
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life-stages. Additionally, down-regulation of host gene expression via parasite-derived microRNAs
(miRNAs) may also play a role in parasite establishment within the host by modulation of host immune
responses. To investigate this relationship, we analyzed plasma of four Brugia malayi-infected cats with
varying microfilarlemias six-months post-infection. From the ~32 million sequencing reads, 45 mature
miRNA sequences of potential B. malayi origin were detected in feline plasma, with 11 miRNAs present
in 10 copies or more. Analysis of these miRNAs and their prospective targets in the feline genome is
ongoing. miRNA targets found in the host genome could provide insight into how these parasites
specifically modify the host immune system and could provide potential targets for anthelmintic
discovery.
71
Anti-inflammatory proteins in tick saliva
Tae Kim*1, Lucas Tirloni1, Markus Berger2, Carlos Termignoni3, Itabajara da Silva Vaz3, Albert
Mulenga4. 1Texas A&M University, College Station, TX, 2Federal University of Rio Grande do Sul,
Hospital de Clínicas de Porto Alegre, Porto Alegre, Brazil, 3Federal University of Rio Grande do Sul,
Porto Alegre, Brazil, 4Texas A&M University, College Station, TX
The impact of ticks and tick borne diseases (TBD) on global veterinary and public health has been on
the rise. A deeper understanding of tick feeding physiology is needed to develop innovative ways to stop
the spread of TBD. Host defenses to tick feeding such as inflammatory processes are serine protease
mediated pathways that are controlled by serine protease inhibitors (serpins). From this perspective it
was proposed that ticks could secrete serpins to evade host defenses and successfully feed. We
previously found 121 serpin transcripts in Amblyomma americanum (Aam) ticks of which two serpins
(S), AamS14019 and AamS52219, are highly transcribed in unfed ticks and present in abundance in Aam
tick saliva proteome throughout feeding. In this study biochemical characterization reveals that these
two serpins play anti-inflammatory roles when screened against 16 different proteases involved in host
defenses. Pichia pastoris-expressed recombinant (r) AamS14019 inhibited the enzyme activity of trypsin
and plasmin, whereas rAamS52219 inhibited chymase and chymotrypsin. Consistent with inhibitory
activity, rAamS14019 and rAamS52219 form irreversible complexes with trypsin and plasmin for the
former and chymase and chymotrypsin for the latter. Furthermore, rAam14019 and rAam52219
respectively inhibited formalin (trypsin mediated) and compound 48/80 (chymase mediated) induced
inflammation as revealed by paw edema assays in rats. Extravasation assays confirm that these serpins
do have anti-inflammatory functions indicated by the reductions of the edema fluids. We conclude that
these serpins are part of tick's mechanism to modulate the host's inflammation defense against tick
feeding.
72
Small GTPase immunity associated proteins mediate resistance to Toxoplasma gondii infection
William Witola*, Chi Yong Kim, Xuejin Zhang. College of Veterinary Medicine, University of Illinois
at Urbana-Champaign, Urbana, IL
Rats vary in their susceptibilities to Toxoplasma gondii infection depending on the rat strain. Compared
to the T. gondii-susceptible Brown Norway (BN) rat, the Lewis (LEW) rat is extremely resistant to T.
gondii. Thus, these two rat strains are ideal models for elucidating host mechanisms that are important
for host resistance to T. gondii infection. Therefore, in an attempt to unravel molecular factors directing
the protective early innate immune response in the LEW rat, we performed RNA sequencing analysis of
the LEW versus BN rat, with or without T. gondii infection. We identified three candidate small GTPase
101

American Association of Veterinary Parasitologists
63rd Annual Meeting, July 14th – 17th 2018, Denver, Colorado, USA

Immunity Associated Proteins (GIMAPs) that were upregulated (FDR, 0.05) in the LEW rat in response
to T. gondii infection. Subsequently, we engineered T. gondii-susceptible NR8383 rat macrophage cells
for over-expression of LEW rat-derived candidate GIMAP 4, 5, and 6. By immunofluorescence analysis
we observed that GIMAP 4, 5, and 6, in T. gondii-infected NR8383 cells, each co-localized with GRA5,
a parasite parasitophorous vacuole membrane (PVM) marker protein, suggesting their translocation to
the PVM. Interestingly, overexpression of each candidate GIMAP in T. gondii-infected NR8383 cells
induced translocation of LAMP1, a lysosome marker protein, to T. gondii surface membrane.
Importantly, over-expression of GIMAP 4, 5, and 6 individually inhibited intracellular T. gondii growth,
with GIMAP 4 having the highest inhibitory effect. Together, our findings indicate that upregulation of
GIMAP 4, 5, and 6 contribute to the robust refractoriness of the LEW rat to T. gondii through induction
of lysosomal fusion to the otherwise nonfusogenic PVM.
73
Proteomic analysis of differentially expressed proteins in two Trypanosoma vivax strains with
different patterns of virulence and pathogenicity in sheep
Roger Ramirez-Barrios*1, Omaira Parra2, Lucinda Tavares-Marques3, Jean-Paul Brizard4, Martial
Séveno5, Armando Reyna-Bello6, Alvaro Martinez-Moreno7, Philippe Holzmuller8. 1University of
Minnesota Duluth, Duluth, MN, 2Universidad del Zulia, Maracaibo, Venezuela, 3Universidad Nacional
Experimental Simon Rodriguez, Caracas, Venezuela, 4Institut de Recherche pour le Développement,
Montpellier, France, 5Université Montpellier I et II, Montpellier, France, 6Universidad de las Fuerzas
Armadas ESPE, Quito, Ecuador, 7Universidad de Cordoba, Cordoba, Spain, 8CIRAD, Montpellier,
France
Cattle trypanosomosis caused by Trypanosoma vivax is a widely distributed disease in Africa and Latin
America. It causes significant losses in the livestock industry and is characterized by fever, parasitemia,
anemia, lethargy, and weight loss. In this study we evaluated the virulence and pathogenicity patterns of
two T. vivax strains (TvMT1 and TvLIEM176) in experimentally-infected sheep and evaluated the
differentially expressed proteins between these strains by combining 2-D differential in-gel
electrophoresis (DIGE) coupled to mass spectrometry (MS). Hematological and clinical parameters were
monitored in experimentally-infected and non-infected sheep for 60 days. All the infected animals
developed parasitemia at 3 days post-infection (dpi), but the first peak was observed at 6 dpi. The
maximum parasitemia value was 1.2±0.2 x 107parasites/ml in TvLIEM176-infected animals, and
2.9±1.4 x 106parasites/ml in TvMT1-infected animals. Anemia (reduction of the packed cell volume and
hemoglobin) was observed in both infected groups during the study, but the reduction was statistically
greater (p<0.05) in the animals inoculated with TvMT1 strain (47%) than in the TvLIEM group (25%).
Alterations in clinical parameters were more severe in TvMT1-infected animals. These results indicated
that TvLIEM176 was the most virulent strain, whereas TvMT1 was the most pathogenic strain. In the
proteomic analysis of purified parasites from sheep’s blood, we identified 20 proteins. Proteins equally
expressed in both strains were: Tryparedoxin peroxidase, fructose-bisphosphate aldolase, 69 kDa
paraflagellar rod protein, and ATP synthase. Proteins correlated with high virulence (higher expression
in TvLIEM strain) were: arginine kinase, glucose-regulated protein 78, T-complex protein 1 subunit
theta, beta tubulin, alpha tubulin and 73kDa paraflagellar rod protein. Proteins correlated to high
pathogenicity (higher expression in TvMT1 strain) were: T-complex protein 1 subunit alpha, HSP70,
chaperonin HSP60, pyruvate kinase, glycerol kinase, ATP synthase, and paraflagellar rod protein 3.
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Expression and biochemical characterization of recombinant rat trypsin IV, a new target for tickhost relationship studies
Lucas Tirloni*, Tae Kim, Albert Mulenga. Texas A&M University, College Station, TX, Texas A&M
University, College Staion, TX
Ticks are pool-feeders that accomplish feeding by disrupting host tissue and sucking the blood that flow
into the feeding lesion. This feeding style triggers host responses including pain, itching, blood
coagulation, and immune responses. Most of these host responses are serine-proteases mediated. Thus,
ticks successfully acquire blood meals by inoculation of salivary protease inhibitors into feeding site to
thwart functions of serine protease mediators of the host’s defense. Current evidence indicate that ticks
secrete protease inhibitors targeting pancreatic trypsin I and trypsin II, both of which are commercial
available. Since these proteases are produced by the pancreas to degrade dietary proteins in the intestine,
their role in tick-host relationship is questionable. Trypsin IV is a splice-variant of mesotrypsinogen
expressed in the granular layer of upper epidermis. It is able to activate PAR-2 promoting neurogenic
inflammation and pain in the skin. In this study, we describe expression and biochemical
characterization of recombinant rat trypsin IV as a new target for studying tick-host relationships.
Trypsinogen IV was expressed in Pichia pastoris and purified using metal affinity chromatography.
Purified trypsinogen was activated using enteropeptidase, following a second purification step to remove
enteropeptidase and released tag. Activation was monitored by chromogenic substrate hydrolysis and
zymography. An optimum activity for trypsin IV was observed at pH 8.4. Kinetic constants were
determined using Bz-PVR-pNA as substrate, displaying a Km of 0.12 mM and a Vmax of 0.18 mOD.s-1.
Inhibitor profiling confirms trypsin IV is resistant to soybean trypsin inhibitor (SBTI). Previously
validated trypsin inhibitors from from Ixodes scapularis and Amblyomma americanum tick saliva are
able to inhibit rat trypsin IV. Since trypsin IV is related to pain and inflammation, data here suggest that
inoculation of tick saliva trypsin IV inhibitors into the feeding site could interfere with inflammation and
suppress pain in response to tick bites.
75
Coccidiosis in the ‘Great White’ Turkey: Common and diverse Eimeria spp. found on Canadian
turkey farms – Do any of them cross-protect immunologically?
Rachel Imai*, John Barta. Ontario Veterinary College, University of Guelph, Guelph, ON
Despite coccidiosis’ importance to commercial production, the diversity of Eimeria species infecting
Canadian turkeys hasn’t been studied for decades. To begin addressing this paucity of data, fecal
samples from commercial farms were screened for coccidia using standard fecal flotations; parasite
diversity was determined using a nested-PCR assay targeting mtCOI that reliably differentiates species
(i.e. determining national coccidial biodiversity in the field samples). Forty samples from 27 farms were
obtained from 5 Canadian provinces (Ontario - 20, Saskatchewan - 2, British Columbia - 3, Alberta – 1,
and Nova Scotia - 1). Thirty-four of the fecal samples were coccidia-positive and contained 1 to 6
Eimeria species with a mean species diversity of 3.2 species per positive sample. The potential
immunological cross-protection of the 6 Eimeria species of turkeys was evaluated in an in vivo crossimmunity trial. High dose (virulent) challenge infections were used to assess protection, if any, against
macroscopic lesion development and reduced body weight gain (BWG). Using a lower challenge dose
(100 oocysts/bird), total oocyst output over a 7-day shedding period assessed immunological impact on
parasite fecundity. High and low dose homologous challenge infections demonstrated a high degree of
protection with respect to lesion scores and BWG (not different from sham-challenged poults), and
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parasite fecundity (95.4-100% reduction in oocyst output). In contrast, results from the heterologous
challenge infections provide no support for immunological cross-protection among the 6 Eimeria
species with regards to lesion development and parasite fecundity. Eimeria species were found to be
diverse and plentiful in commercial turkey flocks in Canada and no practical immunological crossprotection was detected among species.This work has highlighted that coccidia pose a continuing threat
to the Canadian turkey industry; the data generated herein may be important for both producers and live
coccidiosis vaccine manufacturers to optimize management of coccidiosis in commercial turkey
operations.

Session 13: Diagnostic Methodologies 2
76
Identifying Eimeria species causing coccidiosis in sheep and goats using morphology and
molecular methods
Evelin Rejman*, John Barta. Ontario Veterinary College, University of Guelph, Guelph, ON
Protozoan parasites in the genus Eimeria are the pathogenic agents that cause coccidiosis. Both clinical
and subclinical signs including weight loss and diarrhea make coccidiosis an economical burden on the
small ruminant industry with its associated high morbidity and mortality. From this group of host
specific species that infect sheep and goats, only certain Eimeria species are considered to be highly
pathogenic. Less pathogenic species can be excreted at large numbers without causing any clinical
effects and pathogenic species can cause intestinal damage that reduces oocyst shedding; consequently,
conventional enumeration methods can be unreliable for assessing the severity of infections. Therefore
identification of individual species, particularly those that are the most pathogenic, is crucial information
for effective and targeted anticoccidial treatment. Currently identification of species is done by the
morphology of the exogenous oocysts but this method is unreliable due to overlapping morphological
characteristics. Recently DNA barcoding techniques have been used successfully in identifying of
Eimeria species infecting poultry. Differences in gene sequences at specific loci within the
mitochondrial and nuclear genomes can be used to differentiate species. The goal of this project was to
identify individual Eimeria species infecting sheep and goats using specific genetic loci within the
mitochondrial and nuclear genomes in comparison to conventional morphometric techniques. Eimeria
oocysts were isolated from sheep and goat fecal samples collected in Canada and abroad. Both
morphometric data from oocysts and sequence data from several genetic loci in the nuclear and
mitochondrial genomes (obtained using conventional PCR and amplicon sequencing) were collected.
PCR amplicons containing mixed species will be sequenced using multiplexed next generation
sequencing (NGS). Molecular phylogenetics established relationships among the species. The ability to
identify individual Eimeria species will allow for targeted anticoccidial treatments and epidemiological
studies to improve production, health and welfare for Ontario small ruminants.
77
Development of methods aimed at reducing debris in pinniped fecal flotation procedures
Ciara Suggs*, Molly Carpenter, Ashley McGrew. Colorado State University, Fort Collins, CO
In diagnostic veterinary parasitology, flotation procedures are commonly carried out in order to detect
parasitic infections. The reduction of fecal debris is important in such procedures, and mechanical
filtration steps are sometimes employed. While flotation procedures are commonly used in veterinary
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medicine, and techniques have been optimized in terrestrial host samples, they are not always effective
in removing unnecessary debris in fecal samples from marine hosts. This makes the reading process
difficult, allowing for greater variability and the potential for error. Pinnipeds, including California sea
lions (Zalophus californianus), tend to have fat-rich fecal samples, with debris that commonly
circumvents the filtration step and floats in the media, thereby obstructing one’s ability to consistently
detect parasitic elements. The purpose of this study was to modify the fecal flotation technique for use
with pinniped samples in order to obtain more accurate, consistent results. We hypothesized that
chemical modifications would aid in the removal of the debris, by introducing: 1) a detergent step, or 2)
an over-night incubation step, in combination with detergent. Samples floated with standard procedures
were used as a control, and comparisons were made using a rating system with multiple raters evaluating
overall visibility, for comparative analysis between the proposed modifications. Our results showed that
there was increased visibility after the addition of the detergent; and, egg counts per gram increased after
addition of the detergent step, suggesting that incorporating chemical modifications into procedures may
improve overall egg detection.
78
Comparison of acid- versus heat-treatment for immune complex dissociation and detection of
Dirofilaria immitis antigen in canine plasma
Lindsay Starkey*, Joy Bowles, Byron Blagburn. Auburn University, Auburn, AL
Annual antigen detection is a mainstay for diagnosing infection with Dirofiliaria immitis in dogs; yet, it
has been documented that some dogs and cats test false-negative for antigen due to the presence of
antigen-antibody complexes. Several studies have explored the use of heat as a reliable means of
immune-complex dissociation (ICD) in recent years; however, the data regarding the use of acid as a
reliable method of ICD for D. immitis detection are scant. The objective of this study was to compare an
acid-based form of ICD to the more established and evaluated method of heat-based ICD in
experimentally infected and non-infected dogs.
Plasma from class A dogs experimentally infected ~4 months prior with D. immitis (infected; n=24) and
dogs reared indoors with no history of exposure to mosquitoes (non-infected; n=75) were evaluated for
presence of D. immitis antigen (DiroCHEK® Heartworm antigen test kit). Each sample was divided into
three aliquots for testing: [1] control plasma (no acid- or heat-treatment), [2] acid-treated plasma
(trichloroacetic acid (TCA), incubation, centrifugation for 5 minutes at 16,000 X g, buffer), and [3] heattreated plasma (104 °F followed by centrifugation at 16,000 X g). Treatments for each aliquot were
performed and tested in triplicate; results were determined both visually (color change) and by
spectrophotometric analysis (OD value).
Of the 24 infected dogs, 0/24 tested positive for antigen in the absence of acid- or heat-treatment. Those
same plasma samples following processing by either acid- or heat-treatment yielded 18/24 (75.0%) and
19/24 (79.2%) antigen-positive results, respectively. Of the 75 plasma samples from non-infected dogs,
neither acid- nor heat-treatment of plasma caused any false-positive color changes or spectrophotometric
values. These results indicate that acid reliably detected D. immitis antigen in infected plasma while not
inducing false-positive results in non-infected plasma samples.
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Detection of male only heartworm infections in naturally infected, necropsy confirmed dogs before
and after heat pre-treatment of serum.
Jeff Gruntmeir*1, Maureen Long1, Byron Blagburn2, Heather Walden1. 1University of Florida,
Gainesville, FL, 2Auburn University, Auburn, AL
Diagnosis of Dirofilaria immitis (heartworm) infections is most commonly achieved by detection of
antigen using highly sensitive commercial assays. The antigen detected by these assays has been
historically associated with the presence of adult female worms and detections of male only infections
have been rarely reported. It is recognized that some heartworm infected dogs can have antigen bound in
immune complexes unavailable for detection, and heat pre-treatment of serum can disassociate these
immune complexes allowing detection. Given the documented recent successes utilizing heat pretreatment of serum to detect experimental infections in cats, and immature worms in experimentally
infected dogs as early as 91 days, assessing the impact of heat pre-treatment on canine serum with male
only heartworm infections seemed appropriate. In this study, serum from 52 naturally infected dogs
from Florida, that were found to have male only heartworm infections at necropsy, were evaluated
before and after heat pre-treatment using the DiroCHEK® (Zoetis) assay by calorimetric detection and
confirmed by spectrophotometry at 650nm. Of the 41 samples that had adequate volume for heat
treatment (250 μl minimum to yield 50 μl), 21/41 (51.2%) samples tested positive post-heating for
heartworm antigen versus 7/41 (17.1 %) using non-heated serum. Additionally, 11 samples with
inadequate volume of serum for standard heat treatment were evaluated using a 1:1 ratio of 0.85% saline
to serum and heat treatment. These samples tested 2/11(18.2%) after heat pre-treatment versus 0/11
(0.0%) non-heated, respectively. These results reveal that heat pre-treatment of serum improves
detection of male only heartworm infections that would otherwise go undiagnosed.

Session 14: Novel Cases
80
Subcutaneous and intracoelomic metacestode infection in a Puerto Rican crested anole, Anolis
cristatellus
Araceli Lucio-Forster*1, Sean Spagnoli2, Latoya Schultz-Powell3, Timothy Wu1, Janice Liotta1, Dwight
Bowman1. 1Cornell University College of Veterinary Medicine, Ithaca, NY, 2Carlson College of
Veterinary Medicine, Corvallis, OR, 3VCA Timberlyne Animal Hospital, Chapel Hill, NC
A Puerto Rican crested anole, Anolis cristatellus, housed at a national university, was euthanatized due to
progressive debilitation. The anole was a wild caught animal from El Yunke National Forest in Puerto
Rico and had been used for several years in behavioral studies at the university. Upon gross examination,
the animal had multiple cutaneous swellings on its dorsum, base of the tail and left hind limb. On
necropsy, intracoelomic cestodes were observed, some of these parasites communicated through the body
wall and into the subcutaneous swellings. Histopathological findings suggested immunosuppression of the
host, with evidence of nectrotizing myositis, “mouth rot”, pneumonia, tracheitis, esophagitis and
coelomitis. Gross examination of the recovered parasites confirmed them to be either a sparganum of
Spirometra or a tetrathyridium of Mesocestoides. Both of these cestodes are known to use reptiles as
second intermediate- or paratenic hosts, but no reports of either parasite were found in this host species in
a search of the literature. DNA amplification of the COX1 and NADH1 gene loci found matching
sequences on GenBank, which allowed the generic identification of the metacestodes involved in the case.
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Giant kidney worm, Dioctophyme renale , in the mammary gland of a dog from Georgia, USA
Kelsey Paras*1, Liane Miller2, Guilherme Verocai1. 1University of Georgia, Athens, GA, 2Murrayville
Veterinary Clinic, Murrayville, GA
The parasitic nematode Dioctophyme renale (Goeze 1782) normally infects the kidneys of mustelid
species and has been reported as an aberrant pathogen of numerous wild mammal species as well as
domestic dogs, cats, and humans. We report a case of ectopic dioctophymosis in the mammary gland of
an outdoor, eight-year-old spayed female Coonhound-mix dog from Murrayville, Hall County,
northwest Georgia, USA. The dog presented to the clinic with an apparent puncture wound on her right,
caudal most mammary gland, draining a serosanguinous discharge along with significant edema and
thickening of the surrounding tissues. The dog had recent history of a mammary tumor on the left chain.
After initial physical examination the dog was placed into a cage awaiting further diagnostic procedures
and treatment. A couple of hours later, a bright red, live nematode was found in the bottom of the cage
and submitted to the Parasitology Diagnostic Laboratory, Department of Infectious Diseases of the
University of Georgia College of Veterinary Medicine. The specimen was morphologically identified as
a female D. renale, measuring 30cm in length. The wound was cleaned with chlorhexidine solution, she
was started on Cefpodoxime 100 mg PO SID for 10 days. After a week, an ultrasound examination
confirmed integrity of the kidneys and no additional specimens were observed in the abdominal cavity
or urinary tract. Cases of ectopic dioctophymosis in companion animals not uncommon in the endemic
countries in North and South America. Ectopic locations include the abdominal and thoracic cavities,
urethra, scrotum, uterus, extradural space of the thoracic spinal column, and mammary glands. This case
highlights the need to keep an open mind for unusual diseases in your clinic.
82
The use of oocyst morphometrics, endogenous development and molecular genotyping to describe
Eimeria species in Alectoris chukar
Jessica Rotolo, Ryan Snyder*, John Barta. University of Guelph, Guelph, ON
Modern descriptions of Eimeria spp. require describing many different characteristics of the parasite.
Documenting the morphometrics and key structures present in the oocysts and sporocysts supplemented
with data on the presence of endogenous stages in unique locations of the intestinal tract was historically
used to differentiate one species from another. Genotyping provides a modern adjunct to the historically
used features included in a species description. This will help to define the morphological variation
exhibited by a single parasite species. The mitochondrial genome of Eimeria species has been found to
be an ideal genetic target for species-level sequence-based genotyping.
Recurrent coccidiosis at a commercial chukar partridge farm in southern Ontario was investigated. Fecal
samples were collected from the facility and oocysts were isolated from feces for morphometric
characterization. DNA isolated from the same isolate of oocysts was used for sequencing of the
complete mitochondrial genome and 18S nuclear ribosomal RNA gene (rDNA). Only single sequences
were found at each genetic locus suggesting the presence of only one genotype; the uniformity of oocyst
morphometrics supported that only a single Eimeria species was present.
Endogenous stages were investigated by administering increasing doses of the Eimeria species isolate to
live, naïve birds every 8 hours until patency. At the time of patency, tissue was collected from 8
intestinal locations per bird for histological examination. The sporozoites infected the jejunum (before
Meckel’s). The five subsequent merogonic generations moved down the intestinal tract to finally invade
the ceca as gamonts. Pathological lesions were only observed in the ceca. No currently described
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Eimeria species known to infect Chukar partridge has similar pathology and morphological features.
Generation of such baseline biological and genetic data for pathogenic Eimeria species may help
partridge producers maximize animal health through the control of coccidiosis.
83
Case Report: Hepatic cysticercosis in a dog in Oklahoma, USA
Yoko Nagamori*1, Michael Yabsley2, Rory Chien1, Akhilesh Ramachandran1, Grant Rezabek1, Eileen
Johnson1. 1Oklahoma State University, Stillwater, OK, 2University of Georgia
Hepatic cysticercosis was identified in a 6.5-year-old, spayed female Labrador Retriever presented for
necropsy with chronic hepatopathy. The dog was previously treated for immune-mediated hemolytic
anemia and systemic lupus erythematosus and managed medically for 4 years with azathioprine, iron
supplement, prednisone and ranitidine. The dog was adopted in Oklahoma and had no travel history
outside of OK. She had an indoor/outdoor lifestyle with access to a yard. At necropsy, the dog was
icteric and had an enlarged liver. Grossly, the liver contained two large, solid masses and multiple small,
variably-sized nodules. Moderate numbers of 0.5–1 cm in diameter, fluid-filled parasitic cysts were
found throughout the hepatic parenchyma. A large number of adult endoparasites, Ancylostoma
caninuma and Trichuris vulpis, were also observed in the gastrointestinal tract. Microscopically, the
hepatic lesions were confirmed to be hepatocellular carcinoma and hepatic regenerative nodules. The
parasitic cysts contained juvenile cestodes, characterized by segmented, parenchymatous body with
thick tegument, absent intestinal tract and prominent basophilic calcareous corpuscles. Three parasitic
cysts recovered from the liver were submitted to the parasitology laboratory for further evaluation. Each
organism was approximately 10–15 mm in length with a small delicate bladder at one end and an armed
rostellum with 4 suckers, consistent with cysticercus. The scolex of a cysticercus was inverted, and the
rostellar hooks were examined. There were 2 rows of 44 hooks; the length of large and small hooks
averaged 237 µm and 175 µm, respectively. Based on the morphology, size and number of the hooks,
Taenia pisiformis was considered the diagnosis. Molecular diagnostic (PCR) testing for confirmation
remains pending.

Presidents Symposium
84
Recombinant vaccines for the control of coccidiosis – opportunities or illusions?
Damer Blake*. Royal Veterinary College, London, United Kingdom
Eimeria species parasites can cause the disease coccidiosis, most notably in chickens where the annual
global cost is thought to exceed US$3 billion. The majority of the 62 billion chickens produced each
year are likely to be exposed to these parasites and control is essential. Farmers have traditionally relied
on chemoprophylaxis, although public pressure to reduce the use of antimicrobials in food production is
increasing and legislative changes are starting to influence the application of anticoccidial drugs. Recent
developments have included the inception of ‘No Antibiotics, Ever’ branding, a move which has
resulted in dramatically increased use of live anticoccidial vaccines in North American poultry systems.
However, while live and subunit anticoccidial vaccines are available, their relative cost and limited
production capacity continue to restrict uptake, especially in Europe where attenuated vaccines are
required. In recent year’s interest in developing cost-effective vaccines applicable for use with broilers
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(chickens reared for meat) has been rewarded by the identification of a panel of antigens as promising
candidates for use in recombinant or vectored vaccines. Translation of these antigens to the field now
depends on the development of scalable systems for vaccine production and delivery. Dietary,
environmental and vectored strategies have been proposed, with promising results emerging.
85
Vaccines against gastro-intestinal nematodes in cattle: challenges and opportunities.
Edwin Claerebout*, Peter Geldhof. Ghent University, Merelbeke, Belgium
Side-effects of worm control through intensive use of anthelmintics have prompted research into
nematode vaccine development. Optimally, vaccines could provide durable protection against multiple
parasites, without associated chemical residue issues. Experimental vaccines against helminth parasites
in livestock are at various stages of development. For the bovine gastro-intestinal nematodes, Ostertagia
ostertagi and Cooperia oncophora, worm antigens were identified that consistently give protection in
vaccine trials. However, obtaining acceptable protection levels with recombinant antigens has proven
difficult. Current research in the EU-funded PARAGONE project is focusing on differences in protein
folding and secondary modifications, such as glycosylation, between the native and recombinant
proteins as possible reasons for the lack of protection. Immune responses against protective and nonprotective versions of the antigens are compared, to obtain insight in the immune mechanisms that need
to be triggered, in order to optimize recombinant antigen expression, use of adjuvants and antigen
delivery.
To protect young animals until natural immunity has developed, vaccines should lower pasture infection
levels by reducing worm egg output in vaccinated animals for a certain period. The level and duration of
protection needed will be different in different epidemiological settings and may change with changing
climate or farm management. Vaccination should be part of integrated worm control programmes,
including pasture management and anthelmintic treatment. The large number of possible scenarios that
arise from this could be modelled by helminth transmission models, currently under development, to
inform vaccine developers about efficacy requirements. After field validation, these models could
ultimately lead to decision support software for integrated worm control. At the end, it will be the
farmer’s decision to vaccinate and the veterinarian’s role to implement vaccination strategies. Sociopsychological research to identify drivers of farmers’ and veterinarians’ decision making will be crucial
to optimize uptake of novel parasite control tools, including antiparasitic vaccines.
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86
Uncoiling the truth: Identification of Trichinella spp. in North American mustelids
Ashley Steuer*1, Maria Spriggs2, Eric Clark3, Jeffery Larkin4, Richard Gerhold5. 1University of
Kentucky, Lexington, KY, 2Busch Gardens Tampa Bay, Tampa, FL, 3Sault Ste. Marie Tribe of
Chippewa Indians, Sault Ste. Marie, MI, 4Indiana University of Pennsylvania, Indiana, PA, 5University
of Tennessee College of Veterinary Medicine, Knoxville, TN
Trichinella spp. are ubiquitous zoonotic parasites found worldwide. To date, the Trichinella spp. clades
are comprised of eight species and four genotypes, of which five are found in North America. American
pine Martens (Martes americana) and fishers (Martes pennanti) are known hosts of Trichinella spp.;
however, the prevalence of Trichinella spp. in American pine martens and fishers in the northeastern
United States has not been previously described. Due to the regions these animals inhabit, and their
predatory behavior, these mustelid populations may be viable reservoir host for Trichinella. We
examined the carcasses of 71 American pine martens from Michigan’s upper peninsula and 22 fishers
from Pennsylvania. Diaphragm and tongue samples from each carcass were evaluated by trichinoscopy.
Multiplex PCR for the identification of Trichinella spp. was performed on representative samples from
positive individuals. 4 out of 71 (5.6%) American pine martens and 9 of 22 (41%) fishers were positive
for Trichinella spp. Larval recovery was low in these samples, with typical recovery of <5 larvae per
slide. DNA extracted from recovered larvae or muscle tissue containing larvae were PCR negative
which is likely due to the repeated freezing and thawing of the tissues samples. This is the first study
describing Trichinella spp. in these mustelid populations from the northeastern United States and the
prevalence is similar to that reported for the western United States and Canada (0.7-61% in Martes
americanaand 46% in Martes pennanti). The reason for the disparate prevalence of Trichinella spp. in
the fishers and martens is unknown and warrants further research of this parasite in these regions. The
identification of Trichinella in these two hosts identifies additional reservoirs of Trichinella in the
northeastern United States, serving as a sylvatic carrier for this important zoonotic parasite.
87
Laboratory evaluation of the efficacy of lotilaner (Credelio™) against Amblyomma cajennense
sensu lato infestations of dogs
Pedro Lasmar2, Martin Murphy3, Jason Drake*1, Fabio Scott4, Steve Nanchen3. 1Elanco, Greenfield, IN,
2
Elanco, Sao Paulo, Brazil, 3Elanco, Basel, Switzerland, 4Rural Federal University of Rio de Janeiro,
Rio de Janeiro, Brazil
The ixodid tick Amblyomma cajennense sensu lato complex, endemic throughout South and Central
America, is also found in Florida and Texas. As a vector of Rickettsia ricketsii, and potentially other
pathogens, A. cajennense presents a health risk to both dogs and humans. This study investigated the
efficacy of lotilaner (CredelioTM, Elanco) against A. cajennense. Twenty purpose-bred Beagles (10 male,
10 female) were ranked by Day -5 burdens of nymphal A. cajennense and randomized to either a
treatment group with lotilaner or a sham-treated control group. On Day 0, dogs were treated orally with
lotilaner within approximately 30 minutes of feeding at a dose as close as possible to the minimum
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labelled dose of 20 mg/kg. Tick counts were completed 48 hours post treatment or 48 hours after
experimental challenge infestations with 200 nymphal A. cajennense on Days -7, -2, 7, 14, 21 and 28.
Tick counts following infestations in the control group ranged from 43 to 95, with the average
infestation remaining above 25% at each assessment, meeting the requirement for efficacy comparison
with the treated group. Lotilaner efficacy was 100% within 48 hours post-treatment, and at nine days
post-treatment. Efficacy was greater than 99% at all subsequent assessments through Day 30. There
were no treatment-related adverse events. These results demonstrate that lotilaner, administered orally to
dogs at a minimum dose rate of 20 mg/kg, was well tolerated and provided rapid reduction of existing A.
cajennense tick infestations as well as sustained residual protection for at least 30 days against
subsequent re-infestations.
88
Comparative recovery of parasites from random-source canine fecal specimens using passive and
centrifugal sodium nitrate flotation
Lindsay Starkey*, Joy Bowles, Tracey Land, Jamie Butler, Byron Blagburn. Auburn University,
Auburn, AL
Fecal detection of internal parasites (IP) is an essential component of veterinary practice. Selection of a
fecal detection procedure or apparatus for use in the veterinary hospital is a critical decision and should
be based on data from comparative studies. The purpose of this research was to compare a commercially
available stationary fecal flotation device (Sponix®BioRx Pharma [SPN]) to a centrifugal flotation
procedure (CF) using 100 fecal specimens obtained from random source dogs. Samples were stored at 4
°C until examined. Each sample was observed for blood, mucus and gross parasites and characterized as
formed (F) or soft stool (SS). SPN was performed as instructed in the package insert. CF was performed
with 2 grams of feces, a gauze sponge filtration step, and centrifugation at a RCF of 190. Sodium nitrate
flotation solution (SG=1.20) was used for both procedures. Parasite stages were quantified using a tiered
scale of 1+ to 5+. At least one parasite was detected in 69/100 specimens using SPN and 72/100 using
CF. Fecal stages of parasites were detected from 100 samples as follows (CF/SPN) : Ancylostoma
caninum (57/56), Trichuris vulpis (46/37), Toxocara canis (9/10), Sarcocystis spp. (8/5), and
Cystoisospora spp. (7/6). When results of both tests were combined, 85% (23/27) of the samples that
were classified as SS were positive for at least one parasite. 68% (50/73) of the samples were classified
as F were positive for at least one parasite. T. vulpis was detected by CF but not by SPN in 7 samples.
Samples with 3+ to 5+ stages recovered by CF were demonstrably higher than by SPN. Interestingly,
Giardia spp. cysts were not detected using either procedure. Results indicated that both CF and SPN
detected canine parasites successfully. However, the recovery rates of ova of major IP were greater with
CF.
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Strongylid egg count patterns in equids in the United States
Martin Nielsen*1, Matthew Branan2, Alyson Wiedenheft3, Rose Digianantonio3, Jessica Scare4, Jennifer
Bellaw4, Lindsey Garber5, Christine Kopral6, Aimee Phillippi-Taylor7, Josie Traub-Dargatz8. 1University
of Kentucky, Lexington, KY, 2USDA-APHIS-VS-STAS Center for Epidemiology and Animal Health,
Fort Collins, CO, 3Colorado State University, Fort Collins, CO, 4University of Kentucky, Lexington,
KY, 5SDA-APHIS-VS-STAS Center for Epidemiology and Animal Health, Fort Collins, CO, 6USDAAPHIS-VS-STAS Center for Epidemiology and Animal Health, Lexington, CO, 7Center for Veterinary
Medicine, FDA, Rockville, MD, 8Colorado State University, Fort Collins, CO
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Equine strongyle parasites are ubiquitous in grazing equids across the world, and cyathostomin parasites
are known pathogens in horses. Anthelmintic resistance is widely developed in cyathostomin
populations, and current recommendations are to lower treatment intensity and base control strategies on
fecal egg count surveillance. The present study was carried out as part of the National Animal Health
Monitoring Systems (NAHMS) Equine 2015-2016 study. The aims were to describe strongyle parasite
egg shedding patterns in the United States equine population and identify risk factors associated with
prevalence and egg count magnitude. Data were collected from equine operations in 28 states via
questionnaires and fecal samples submitted for fecal egg count analysis. The summer months and the
fall in the Southeast region (Alabama, Florida, Kentucky, North Carolina, Tennessee, and Virginia)
tended to have the greatest odds of presence of strongyle eggs. Equids resident in the Western region
(Arizona, California, Colorado, Montana, Oregon, and Wyoming) had significantly lower strongyle
prevalence, no matter the season, as well as a markedly different distribution between strongyle egg
shedding levels (p = 0.0005). Overall, egg counts were over-dispersed with about 27% of equids (95%
Confidence Interval 20-34%) contributing 80% of the egg output. Pasture history was significantly
associated with strongyle egg prevalence (p = 0.0003) and egg shedding levels (p = 0.0063). Equid
gender was significantly associated with strongylid presence (p = 0.0081) and egg count level (p =
0.0008), with male equids having significantly lower odds and median egg counts than female equids.
Age was significantly negatively associated with strongylid prevalence (p < 0.0001). Time since last
deworming was significantly positively associated with prevalence of strongyle eggs, and this was
dependent on the class of dewormer used (p = 0.0086). These data can help refine parasite control
recommendations depending on region, pasture access, and age distribution.
90
Multiple drug resistance in Ancylostoma caninum: an emerging threat to canine health
Ray Kaplan*1, Pablo Jimenez-Castro1, Sue Howell1, John Schaefer2, Tom Nauman3, Russell
Avramenko4, John Gilleard4. 1College of Veterinary Medicine, University of Georgia, Athens, GA,
2
College of Veterinary Medicine, University of Tennessee, Knoxville, TN, 3Clay Duval Mobile
Veternary Service, St. Augustine, FL, 4Faculty of Veterinary Medicine, University of Calgary, Calgary,
AB
In the past 1-2 years, diagnoses of recurrent hookworm infection with Ancylostoma caninum have
dramatically increased. Many, of the affected dogs are greyhounds, and a common thread to these cases
is a history of repeated anthelmintic treatments that fail to clear the infections. One possibility is that
these cases represent an increase in the incidence of “larval leak,” where following anthelmintic
treatment, larval stage worms leak out of somatic tissues and re-populate the small intestine. However,
no good hypotheses exist to explain a sudden increase in larval leak cases. In contrast, the emergence of
drug resistance would explain this observation. To further investigate this issue we established three
“suspected-resistant” isolates of A. caninum (Worthy, Tara, Lacy) in laboratory beagles. Worthy, an
adopted-greyhound was positive for hookworms on a new-pet exam in January 2017. Between JanuaryAugust 2017, Worthy received monthly pyrantel treatment (Heartgard®-Plus) plus 5 rounds of
fenbendazole (50mg/kg) daily for 10 days. Still passing hookworm eggs in August, treatment was
changed to moxidectin (Advantage-multi®), and three doses were administered prior to receipt of the
sample used to infect our research dog. Tara, a 7-yr old breeding miniature schnauzer bitch had a history
of monthly treatment with both pyrantel (Heartgard-Plus®) and febantel/pyrantel/praziquantel
(Drontal®-Plus) for several years, before being diagnosed with hookworms early in 2017. Lacy, a
hound-mix rescue was treated with a combination of various benzimidazoles and pyrantel 4 times from
October-December 2017, when we received a hookworm-positive fecal sample. Once established in the
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laboratory, these three isolates underwent evaluation using various in vitro bioassays and in vivo
treatments confirming that these isolates of A. caninum are multiple-drug resistant to all three major
classes of anthelmintics. Deep sequencing of the beta-tubulin gene using the Nemabiome assay is in
progress to identify and measure the mutations involved in benzimidazole resistance.
91
Transcriptional activity as a proxy for viability of Eimeria species oocyst: The key to optimizing
live coccidiosis vaccines?
Perryn Kruth*1, John Barta. 1University of Guelph, Guelph, ON, University of Guelph, Guelph, ON
Coccidiosis is a cosmopolitan disease with major impacts to the commercial poultry industry. The
causative agents, Apicomplexan parasites of the genus Eimeria, infect epithelial cells of the intestine,
leading to diarrhea and poor performance (meat or egg production). The infective parasite stage, the
oocyst, is shed in feces of infected birds and sporulates in the environment to become infective.
Infection is self-limiting and highly immunogenic, with immunity conferred by one Eimeria species
being specific to that species; these factors make live vaccination an effective means of coccidiosis
control. High prevalence of drug resistance and increasing consumer demand for “Raised Without
Antibiotics” products suggest an increasing role for vaccination in the control of coccidiosis going
forward. Vaccination requires establishment of infection with sufficiently numerous viable oocysts to
stimulate development of protective immunity, but few enough to avoid disease. Knowledge of actual
viability of oocysts is therefore paramount to the determination of effective vaccine dosage. No rapid
and accurate method for determination of oocyst viability presently exists; time-consuming and
expensive live-infection trials are the current gold standard. We have demonstrated the feasibility of a
polymerase chain reaction (PCR)-based assay for the determination of Eimeria spp. oocyst viability,
using transcript abundance as a proxy for viability. Specific assay targets have been investigated using
RT-qPCR; early data show a strong correlation between target abundance and oocyst viability. Ongoing
work aims to identify optimal targets through transcriptomic analysis of fully sporulated oocysts. An
optimal target will allow determination of individual species’ contribution to viability in mixed samples.
Assay optimization of transcript quantification protocols, including the use of digital droplet PCR
(ddPCR), aims to increase assay sensitivity and decrease impacts of endogenous inhibitors. Other
potential assay applications include as an epidemiological tracking tool, and in validation of strategies
for environmental control of Eimeria and related parasites.
92
Reverse line-blot hybridization for the detection of trichostrongylid nematodes in small ruminants
Rachel Giorgio*, Janice Liotta, Dwight Bowman. Cornell University College of Veterinary Medicine,
Ithaca, NY
Helminth infections are among the top causes of economic loss in the management of small ruminants,
and with anthelmintic resistance on the rise, it’s vital that rapid and versatile diagnostic tools be
developed to better inform farmers and veterinarians in their treatment decisions. In this study, reverse
line-blot hybridization is explored for the genus-specific detection of three major abomasal parasites of
sheep and goats: Haemonchus, Trichostrongylus, and Teladorsagia.Using previously developed genusspecific primers complementary to internal transcribed spacer 2 (ITS-2), this assay allows for the
specific detection of H. contortusand nonspecific detection of the remaining two abomasal parasites.
Although additional research is needed to improve assay specificity, the technique explored here
provides a potential high-throughput alternative for the detection of H. contortus, and shows promise for
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future applications in the detection of anthelmintic resistance-conferring single nucleotide
polymorphisms (SNPs).
93
Distribution of cyathostomin species in horses across the United States
Rebecca Davis*, Haley Nelson, Amy Biddle. University of Delaware, Newark, DE
Cyathostomins are one of the most pervasive parasite affecting horse health, and the primary targets of
deworming strategies. Horses harboring these parasites may exhibit weight loss, diarrhea, and other
pathologies as encysted L4 larvae emerge. Cyathostomins are separated into approximately fifty
morphologically distinct species. Distributions due to region and/or climate are not well defined,
however, studies conducted in Louisiana, Ohio, Australia and Europe show differential distribution of
roughly 13 species by region. These studies suggest that there is a species-specific response to climate.
This study describes the distribution of cyathostomin species from agricultural zones 4- 10 from the
North East, Mid-Atlantic, Pacific Western, Mid-West, and Southwestern regions of the United States.
Equine fecal samples from these zones and regions were acquired from the Equine Microbiome Project
from Biddle Lab at the University of Delaware. The cyathostomin species were identified using Illumina
Miseq sequencing with custom primers amplifying a region of the 5.8S/ ITS-2 genes. Significant
abundances were seen among certain species, such as Coronocyclus coronatus, and Cyathostomum
catinatum across all the zones within the study, however, the relative abundances of each of these
significant species is different among the zones. In addition, the prevalence of species occurring
together, as shown by a Spearman correlation, is different between the zones. An example is in zone 6,
Coronocyclus labiatus and Cyliocyclus auriculatus have a negative correlation with each other, while
they are positive in zone 7.
Differential abundance based on zone suggests that environmental factors could drive the survivability
of this parasite group. Factors such as pH, temperature, and relative humidity could play a role in
competitive or cooperative interactions between species, or serve as environmental stressors.
Understanding the basis of the geographic distribution of cyathostomin taxa gives insight into the
ecophysiology of this group, enabling more targeted parasite management strategies.
94
The Geographic Origins of AAVP Abstracts: 2013-2017
Timothy Geary*, James Geary. McGill University, Ste Anne, QC
We analyzed the institutional sources of all numbered abstracts published in the AAVP Annual Meeting
Program for the 5-year period 2013-2017, inclusive. We counted all abstracts that had at least one author
from an academic institution in the USA, Canada and the Caribbean (as well as from the USDA). We
included 567 abstracts in this analysis (range per year 86-166). 55 academic institutions were
represented during this period. We counted all institutions listed in multi-authored abstracts. The
distribution of abstract submissions per institution over this period was highly skewed. Of these
institutions, 32 submitted≤ 1 abstract per year, 15 submitted > 2 abstracts per year and 10 submitted > 3
abstracts per year. Of the 37 veterinary schools in this region listed as members of the AAVMC, 6
submitted no abstracts during this period and 14 other members submitted ≤ 1 abstract per year. For
comparison, USDA researchers were authors on 36 abstracts during this time. Researchers from the
Caribbean were authors on 17 abstracts and Canadian institutions were represented on 74 abstracts.
Industrial collaborators (as judged by the authors) were present on 20.6 % of the abstracts (numerical
range: 13-36 abstracts per year). Much remains to be learned about the variables that influence
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institutional participation in the Annual Meetings of the AAVP, but the society would benefit by
identifying ways to encourage diversity in the origins of research presented in these meetings.
95
Impact of gastrointestinal nematode infection on vaccine antibody response against bovine viral
diarrhea virus in feedlot cattle
Eranga De Seram*1, John Campbell1, John Gilleard2, Colleen Pollock3, Samantha Ekanayake1, Karen
Gesy1, Fabienne Uehlinger1. 1Western College of Veterinary Medicine, University of Saskatchewan,
Saskatoon, SK, 2Faculty of Veterinary Medicine, University of Calgary, Calgary, AB, 3Merck Animal
Health, Kirkland, QC
Evidence from human and swine studies suggests that immune modulatory effects of gastrointestinal
nematodes can reduce the host’s ability to mount an effective immune response against non-parasite
vaccine antigens. Comparative studies from cattle are equivocal. Our objective was to determine if the
infection with gastrointestinal nematodes diagnosed by fecal egg counts (FEC) has an impact on
antibody response to bovine viral diarrhea virus (BVDV) vaccine antigen in beef cattle. A crosssectional study was conducted using 240 auction market-derived, weaned, fall-placed steer calves. Upon
arrival at the feedlot, calves were vaccinated with a commercial bovine respiratory disease complex
vaccine containing modified live BVDV as per manufacturer’s recommendations. Individual blood
samples were collected immediately prior to and 21 days post-vaccination to determine serum
neutralizing antibody titers against BVDV type 1 antigen. Fecal samples collected from calves on arrival
were processed using a modified Wisconsin sugar flotation method to obtain FEC. Correlation between
individual FEC and BVDV antibody titer fold changes was determined. Strongyle-type FEC and total
nematode FEC (sum of strongyle-type, Nematodirus spp., and Trichuris spp. eggs) ranged from 0 to 61
(median 3.5) and 0 to 212 (median 5.5) eggs per gram of feces, respectively. Antibody titer fold changes
ranged from 0.33 to 2916 (median 18). However, there was no correlation between strongyle-type and
total nematode FEC and BVDV type 1 antibody titer fold change in calves (r = 0.06, P = 0.36 and r =
0.01, P = 0.85, respectively). These results suggest that there was no association between the FEC in
these calves and the antibody response to BVDV type 1 vaccine antigen. Factors other than the FEC
may affect vaccine antibody response and diagnostic tests that are more sensitive than the FEC may be
necessary to determine the association between gastrointestinal nematode infection and vaccine
response.
96
How long can they stick around? A pilot study on the persistence and viability of Parascaris spp. in
the environment
Kayla Wielgus*1, Ashley Steuer2, Martin Nielsen2. 1Lincoln Memorial University, Harrogate, TN,
2
University of Kentucky, Lexington, KY
Parascaris spp. are ubiquitous parasites of foals. While most infections are benign in nature, foals can
harbor heavy burdens that carry the potential to cause obstruction post-deworming. These parasites also
have developed widespread resistance to the macrocyclic lactones, limiting the arsenal of deworming
medications. Like other ascarid species, they have a proteinaceous coat that allows them to persist in the
environment; however, there is no literature available that documents how well this parasite persists in
the environment, or for how long the eggs are viable. Ten fecal plots were placed in an enclosed
paddock that had not housed horses. Parascaris spp. eggs were isolated from feces from naturallyinfected foals and homogenized into ascarid-free feces, at a concentration of 1000 eggs per one gram of
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feces. Samples were taken once a week for four weeks during the month of March 2018, and 5g of feces
was removed from each plot once weekly for evaluation. The eggs were re-isolated and evaluated for
embryonation by decortication and hatching. The majority of the eggs recovered were non-embryonated
(99.7%) and an average of 71% were decorticated during the agitation procedure. It is possible that the
eggs did not embryonate due to the fluctuation of the weather. It is speculated that the eggs need to
embryonate prior to winter weather to survive until foaling season. This does correlate with the natural
timeline of foaling and shedding of Parascaris spp.; if most mares foal in late-spring through latesummer, then it can be estimated that the majority of eggs are shed from July through December,
allowing for the continuation of the next generation of parasites.
97
Early Babesia canis transmission in dogs within 24h and within 8h of infestation by male
Dermacentor reticulatus ticks detached from sheep or dog
Marie Varloud*1, Julian Liebenberg2, Josephus Fourie2. 1Ceva Santé Animale, Libourne, France,
2
Clinvet, Bloemfontein, South Africa
The experiment was conducted in two steps. In a first trial, donor dogs and donor sheep were infested
with Babesia canis infected male and uninfected female ticks for 72h. Attached ticks were subsequently
removed, infested on new host dogs and were allowed to attached and feed before removal at 24h after
infestation. In a second trial, the experiment was repeated but the first infestation period was extended to
88h and the second infestation period with the removed fed ticks shortened to only 8h on host dogs. The
dogs were maintained under clinical surveillance and blood samples were collected for blood smear,
IFA and PCR analysis.
The tick infection rate was 16.3% (24h infestation) and 13.7% (8h infestation). All of the dogs (6 out of
6) were infected after being exposed to pre-fed male ticks for 24h. Half of the dogs were infected after
being exposed to pre-fed ticks for 8h: 1 out of 3 dogs infested with ticks detached from sheep and 2 out
of 3 dogs infested with ticks detached from dog. All the infected dogs were positive to blood smear, IFA
and PCR.
The results demonstrate the transmission of B. canis by pre-fed male D. reticulatus within 8h of tick
infestation in dogs. Since no minimal transmission time can be established for all possible natural
situations, a strategy of prevention based on tick anti-attachment is recommended.
98
Anthelmintic treatment efficacy against equine strongyle parasites in the United States
Martin Nielsen*1, Matthew Branan2, Alyson Wiedenheft3, Rose Digianantonio3, Jessica Scare1, Jennifer
Bellaw1, Lindsey Garber2, Christine Kopral2, Aimee Phillippi-Taylor4, Josie Traub-Dargatz3. 1University
of Kentucky, Lexington, KY, 2USDA-APHIS-VS-STAS Center for Epidemiology and Animal Health,
Fort Collins, CO, 3Colorado State University, Fort Collins, CO, 4Center for Veterinary Medicine, FDA,
Rockville, MD
Equine strongyle parasites are ubiquitous in grazing equids across the world. Anthelmintic resistance is
widely developed in cyathostomin populations, but very few surveys have been conducted evaluating
anthelmintic efficacy in equine populations in the United States, and most of these are over 15 years old.
The present study was carried out as part of the National Animal Health Monitoring Systems (NAHMS)
Equine 2015-2016 study. The aims were to investigate anthelmintic treatment efficacy by means of the
fecal egg count reduction test (FECRT) and identify parameters associated with decreased efficacy. Data
were collected from equine operations in 28 states via questionnaires and fecal samples submitted for
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fecal egg count analysis. Participants were instructed to collect samples from six equids at the day of
anthelmintic treatments and 14 days later, and they were asked to include an empty syringe with a
legible label of the anthelmintic product used in the shipment. Overall, anthelmintic treatment was
effective for 76.3% of operations (84.6% of animals). Macrocyclic lactone use was effective for 88.7%
of operations (95.0% of animals) while pyrimidine/benzimidazole use was effective for 21.4% of
operations (43.5% of animals). Macrocyclic lactones exhibited significantly higher efficacy than the
pyrimidine and benzimidazole drug classes (p<0.0001), while there were no statistically significant
differences observed between geographic regions (West, South Central, North East, and Southeast).
Estimated body weight (p=0.0355) and amount of anthelmintic administered (p=0.0119) were both
statistically associated with anthelmintic efficacy. Multiple, mixed-effect logistic regression revealed
that anthelmintic drug class (p<0.0001) was the most impactful factor in predicting anthelmintic
efficacy. Pasture rotation (p=0.0129) demonstrated a significant effect. These data document widespread
occurrence of reduced anthelmintic efficacy of benzimidazole and pyrimidine products against strongyle
infections in equids in the United States. This information can be useful in devising sustainable parasite
control strategies in the future.
99
Assessing the cross-reactivity in commercial heartworm ELISA kit in serum of dogs naturally
infected with Onchocerca lupi
Guilherme Verocai*1, Molly Savadelis1, Nancy McLean2. 1University of Georgia, Athens, GA, 2VCA
Veterinary Care Animal Hospital and Referral Center, Albuquerque, NM
Onchocerca lupi is an emerging zoonotic parasite of dogs, endemic to the Southwestern USA.
Currently, there are no specific serological diagnostic tests able to detect infection. Recent literature
shows that commercially available heartworm antigen tests, despite being highly sensitive, may crossreact with infections by other nematodes, including other filarioids. Our objective was to assess the
pattern of cross-reactivity before and after heat-treatment of serum samples of dogs naturally infected
with O. lupi using a commercial heartworm ELISA kit. We obtained serum of 23 dogs naturally infected
with O. lupi. These dogs presented with ocular disease, and were consulted to schedule either surgical
removal of ocular nodules due to infection or enucleation. Samples were tested in triplicate using the
DiroCHEK®Heartworm Antigen Test kit (Zoetis, Parsippany, NJ) following the manufacturers’ protocol
pre- and post-heat-treatment. Samples were heat-treated using a dry heat block at 103 °C for 10 min and
then centrifuged at 1,818 x g for 20 min. Out of a total of 23 dogs, 20 were antigen negative regardless
of heat-treatment, two dogs tested positive before and after heat-treatment, and a single dog turned
positive after heat treatment. These two dogs that were positive before and after were confirmedly coinfected with Dirofilaria immitis, and we were unable to get the history or follow up with the dog that
turned positive after heat-treatment. This dog could have a true D. immitis infection with low
antigenemia, and heat-treatment was able to disrupt antigen-antibody complexes, reversing a falsenegative result. Nevertheless, our results suggest that O. lupi infections should not result in false
positives when using the DiroCHEK®in dog serum, before or after heat-treatment. Dogs with clinical
ocular onchocercosis that test antigen-positive in DiroCHEK®are likely co-infected with D. immitis, and
should be further tested, including microfilariae in blood, diagnostic imaging, etc.
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100
Host-Parasite interaction and Antioxidant enzymes analysis as indicators of Organochlorine
Pesticide bioaccumulation in Chrysichthys nigrodigitatus (Lacepede, 1803) (Bagridae) from Lagos,
Lagoon, Nigeria By Akinsanya Bamidele
Akinsanya Bamidele*. University of Lagos, Akoka, Yaba, Lagos, Nigeria, Lagos, Nigeria
A total of 120 samples of Chrysichthys nigrodigitatus were collected from landing sites of fishermen,
from three different locations (Okobaba, Iddo and High rise) and twelve congeners of organochlorine
pesticides were analyzed in the water, and sediment using mass chromatograph coupled with electron
detector. The intestinal parasites found were Procamallanus sp, Coccidian spores, Myxosoma sp,
Entameoba sp, and Hexamita sp. At Iddo, the congeners detected in water and sediment media were;
p,p’-DDT, endosulfan 1, heptachlor and aldrin, these were also detected in the high rise. The Okobaba
had p,p’-DDT, endosulfan 1,dieldrin, heptachlor and aldrin in water, sediment, fish and parasites.
Antioxidant enzymes were analyzed in the intestines of infected and non-infected host individuals and
the parasite. Myxosoma sp was the most widely spread infection in the fish, found in all stations with
prevalence and intensity as; Okobaba, 10%, 0.05, High rise, 15%, 0.10, and Iddo, 25%, 0.15. Entameoba
sp was found in two stations; Iddo, 10%, 0.25 and High rise, 5%, 0.10 while Hexamita sp was found
predominantly in Iddo station only with prevalence of 15% and intensity of 0.10. Intestinal helminth
parasites found were nematodes; Procamallanus sp and unidentified species with prevalence and
intensity of 40%, 0.15 (Procamallanus sp), 10%, 0.10 (unidentified species) in Iddo and 10%, 0.05
(Procamallanus sp) in High rise respectively. Myxosoma sp showed positive correlation (r = 0.435,
p<0.05) with DDT and heptachlor (r = 0.315, p<0.05) but its correlation coefficient was not significant
for endosulfan 1, aldrin and total OCPs. Prevalence of Entameoba sp also significantly correlated with
DDT (r = 0.310, p<0.05) but it had no significant correlation of any other congener. Severe degeneration
of the epithelial layer of the mucosa with severe stunting of the villi and tissue necrosis as a result of
greater multi-stress pressure were recorded.
101
Tick feeding physiology intricacies as revealed by tick saliva proteomics
Albert Mulenga*, Tae Kim, Lucas Tirloni. Texas A&M University College of Veterinary Medicine &
Biomedical Sciences, College Station, TX
It is known that ticks inject numerous proteins into the host to regulate blood meal feeding and transmit
disease agents. The question we have been asking over the last several years is whether or not
biologically divergent tick species such as Amblyomma americanum and Ixodes scapularis utilize
different protein classes when feeding on the same host? We have utilized available transcriptome and
tick saliva proteome data to begin answering this question. Our initial findings indicate that different tick
species do indeed utilize related proteins to regulate feeding. Through these analyses, we have identified
tick saliva proteins that are likely shared by multiple tick species. Biochemical analysis of a universally
conserved tick anti-coagulant is discussed.
102
Trichinella spp. in wildlife from swine-producing regions of Canada
Brad Scandrett*, Kelly Konecsni. Canadian Food Inspection Agency, Saskatoon, SK
A risk factor for pigs acquiring Trichinella infection is wild carnivores in rural areas where livestock
production occurs. This is particularly significant where animals are raised outdoors. To address this
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risk, even for pigs raised in controlled housing, the OIE (World Organisation for Animal Health)
Terrestrial Animal Health Code stipulates the need for compartments under controlled management
conditions to ensure negligible risk for Trichinella. The Code requires knowledge of susceptible wildlife
host species, particularly those that could harbor genotypes of the parasite known to be infective to
swine. Previous surveillance of Canadian wildlife for Trichinella spp. has mostly entailed the
opportunistic testing of samples from the far north and other remote regions where domestic livestock
are absent. The current survey is the first to specifically target wildlife from agricultural regions
conducive to swine production across the country. To date, over 1200 samples have been collected from
muscle predilection sites of 17 species of omnivorous or carnivorous wildlife from six provinces where
the vast majority of pigs are produced (British Columbia, Alberta, Saskatchewan, Manitoba, Ontario,
and Quebec). Samples are tested using the pepsin/HCl magnetic stirrer digestion assay, and recovered
larvae genotyped by multiplex PCR. As expected, the most frequently identified sylvatic genotypes have
been T2 (T. nativa) and T6, but findings of T. murrelli in southern Ontario represent new occurrences of
this species in Canada. None of the results obtained thus far from this ongoing survey indicate a
significant risk posed by Trichinella spp. in wildlife to the national swine herd.
103
Comparison of fecal analysis methods for the detection of Platynosomum fastosum in naturally
infected cats
Hilary Eisenbraun*1, Adnan Alluwie2, Samantha Connolly1, Rajeev Nair1, Guilherme Verocai3, Jennifer
Ketzis1. 1Ross University School of Veterinary Medicine, Basseterre, Saint Kitts and Nevis, 2Ngee Ann
Polytechnic, Singapore, Singapore, 3College of Veterinary Medicine, University of Georgia, Athens, GA
Diagnosis of Platynosomum fastosum Kossack 1910, a liver fluke of cats, can be challenging. Formalinethyl acetate sedimentation has been the standard method for P. fastosum diagnosis. A recent study
suggests that single centrifugation with sugar flotation is more sensitive. The purpose of this study was
to compare double centrifugation (1 g of feces; 5 min at 500 g) with Sheather’s sugar flotation solution
(spg 1.28) (DCSF) to the Mini-Parasep® (Apacor, UK) flotation kit (MPF) with ZnSO4 (1 g; spg 1.20)
centrifuged once (5 min at 500 g) and the Mini-Parasep® sedimentation kit (MPS) (0.5 g; centrifuged
once (3 min at 1200 g) with Triton X/ethyl acetate solution). For MPS, one slide with approximately 200
µL of sediment was examined. For DCSF and MPF, samples were allowed to sit for a minimum of 10
and 5 min after centrifugation, respectively and all material on a 22 x 22 mm coverslip was examined.
Feces were sourced from April to August 2017 from individually housed cats (25 female and 25 male;
under an approved IACUC protocol), estimated to be >6 months of age and enrolled in the Feral Cat
Program at Ross University School of Veterinary Medicine. Samples were refrigerated until analysis and
processed within 7 days. Of the 50 samples, 34 were found to contain P. fastosum eggs. The DCSF,
MPS and MPF methods identified 33, 16 and 11 cats, respectively. Primary drawbacks of the MPS
method were the quantity of sediment (>300 µL) as well as the time required to examine the slides.
While more sediment was examined than recommended in the manufacturer’s instructions, this was still
only a small portion of the total sediment. DCSF was the most sensitive method for P. fastosum and, for
most other parasites present (e.g., Ancylostoma sp., Trichuris felis), also out-performed the other
methods.
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In vitro toxicity evaluation of native entomopathognic fungi against Rhipicephalus microplus eggs
and larvae
Huma Naeem*1, KAMRAN Ashraf1, Muhammad Oneeb1, Muhammad Shabbir1, Waheed Anwar2,
Maroof Siddique2. 1UVAS, Lahore, Pakistan, 2Punjab university, Lahore, Pakistan
Rhipicephalus microplus ticks are widespread worldwide due to their adaptability to survive under
different environmental conditions. They may act as vectors of a wide range of pathogens to humans and
animals and their control is based on the use of chemical products on cattles and in the environment.
Alternative control strategies, such as the use of entomopathogenic fungi as bio-control agents have also
been investigated. However, limited studies have assessed the use of Fusarium and Trichderma species
against R. microplus and none of them have employed native strains of this fungus. Here we investigated
the pathogenicity of a native strain of Fusarium oxysporum, Fusarium incarnatum, Fusarium
keratoplasticum and Trichoderma viride against egg and larval developmental stages of R. microplus.
Batches of eggs and larvae were immersed in a suspension of 105, 106and 107 conidia/ml of isolated
from a R. microplus engorged female. All treatment and control groups were observed for 20 days, and
the biological parameters (i.e., mortality and hatching percentage) were assessed. Hatching percentage in
treated group of all the entomopathogens is much less as compared to control groups. Similarly, %
mortality was increased as the fungal concentrations increases. In larval bioassays, the mortality range
are 10-92% in all the fungal pathogens.
105
Predatory fungus capture efficiency for equine cyathostomin larvae in the presence and absence of
free living soil nematodes
Justin Blair*, Amy Biddle. University of Delaware, Newark, DE
Cyathostomins also known as small strongyles are a group of parasitic nematodes infecting equids. Due to
a life cycle that makes treatment difficult and acquired anthelmintic drug resistance over time they have
become the most widespread pathogenic parasite of the horse. Duddingtonia flagrans is a nematodetrapping fungus showing promising preliminary results as a biological control agent for treatment of
parasitic nematodes in livestock. Its spores have been shown to survive digestive tracts, then grow in fecal
pats reduce the spread of the larval nematode stages onto pasture. The majority of existing literature is
focused on fungal ability to combat sheep parasites, however two in vivo horse studies demonstrated a
reduction in viable L3 cyathostomin larvae surrounding fecal pats after administration of fungal spores to
feed. Species of nematode has shown a strong correlation with trapping time; previously described species
Panagrellus redivivus and Trichostrongylus sp. were shown to be trapped and killed at only 4 and 15
hours of interaction respectively, but Trichostrongylus sp. had their trapping time nearly halved when
Panagrellus redivivus were simultaneously introduced to the fungal culture.
The purpose of this study is to identify the effect of free living soil nematodes on the trapping efficiency
of Duddingtonia flagrans for parasitic cyathostimin L3 larvae.
Experimental trials did not show a significant reduction in the trapping time of cyathostomin larvae
when in the presence of P. redivivus, but rather found that P. redivivus was trapped more slowly than
cyathostomins over a period of days. Differing culture conditions such as moisture level and media
nutrient content were also shown to impact trapping time and efficiency, suggesting that environmental
factors could drive these interactions.
Determining the effect of free living nematodes on trapping efficiency for cyathostomins will have
important consequences in its use as a biological control mechanism.
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106
Do Haemonchus contortus and other endo and ecto parasites utilize similar strategies for
successful host adaptation?
Mariam Bakshi*, Dante Zarlenga. USDA ARS, Beltsville, MD
Haemonchus contortus is a gastro-intestinal parasite of livestock that causes major production losses
globally. Current control measures which rely heavily on anthelmintics, are no longer effective given the
rise in drug resistance. Thus, alternative control strategies are in demand. Despite extensive efforts,
understanding the mechanisms that parasites use to evade host immunity remains unknown. Recent
advances in genomics revealed key factors in pathogenesis, development and host-parasite relationships.
Among these, parasite-derived proteases and protease inhibitors have been implicated in controlling the
host resources. To advance this thesis, we identified H. contortus peptidases and peptidase inhibitors
using comparative genomics that are conserved among blood-feeding nematodes and arthropods. Protein
sequences were extracted from the NCBI and Merops databases (http://merops.sanger.ac.uk),
characterized and compared to endo and ecto-parasites using common and local BLAST of whole
sequences and conserved domains. This was followed by structural and phylogenetic analyses using
functional prediction (Conserved Domain Analysis) and MEGA sequence analysis. Results indicate that
1) 335 of 1221 H. contortus extracted peptides have putative secretory signals; alpha beta hydrolase,
metallo-, aspartyl and cysteine, zinc metallo-, serine-carboxy-peptidase and serine protease inhibitors
were present in high percentages; 2) sequence and structural analyses confirmed higher conservation
among Clade V nematodes (crown of the phylum), with lesser similarity observed among species of
Clade I and III nematodes; and 3) active site sequence prediction confirmed shared cleavage sites within
blood feeding organisms both inside and outside the phylum. These protein families have been
implicated elsewhere in digestion and host evasion. Collectively, our analyses show overlaps in
substrate recognition not only among phylogenetically-related nematodes but also among the distantly
related arthropods. This relationship could be adaptation for successful parasitism and represent new
vaccine targets for control of haemonchosis.
107
Brugia pahangi fecundity in vitro is predictive of short term reproduction in vivo
Zachary Heimark, Steven Schaar, Nafeesa Rahman, Shelly Michalski*. University of WI Oshkosh,
Oshkosh, WI
The filarial nematode parasite Brugia pahangi is experimentally maintained in Mongolian gerbils
(Meriones unguiculatus) and in the mosquito vector Aedes aegypti. We have found that only 50% of
experimentally infected gerbils attain suitable microfilaremias for efficient transfer of the parasite to the
mosquito in our experimental system. We hypothesized that pre-selecting adult worms for high
reproductive activity in tissue culture prior to surgical implantation into gerbils would increase the
proportion of usable gerbils. Adult female B. pahangi were individually cultured in tissue culture media
and microfilaria (MF) production was quantified in triplicate after four days in culture. Each worm was
classified as having a low or high MF output. Ten females from each group were combined with ten
adult males and implanted into recipient gerbils. After 30 days the number of mf recovered from each
gerbil by sterile peritoneal tap was calculated. We found that the number of mf recovered from three
gerbils that received the high fecundity female worms were respectively 1.78, 2.43, and 1.72 times
higher than those with low fecundity females. The small sample size and inherent variability in
fecundity of individual female worms prevented further statistical analyses, however these findings have

124

American Association of Veterinary Parasitologists
63rd Annual Meeting, July 14th – 17th 2018, Denver, Colorado, USA

the potential to impact large-scale production of B. pahangi at UWO for the NIH/NIAID Filariasis
Research Reagent Resource Center.
108
The development and first application of comparative demography: a method to examine the
evolutionary stability of parasitic relationships from genome sequences.
Peter Thompson*, Luke Hecht, Benjamin Rosenthal. USDA-ARS, Beltsville, MD
Parasitic and symbiotic relationships govern vast nutrient and energy flows, but controversy surrounds
their longevity. While some relationships may last for millions of years, new associations also occur
through host-switching. When considering these relationships’ temporal durability, concerted population
growth or contraction is expected for the duration of their association. Here, we devised methods to
compare host and parasite demographic histories, derived from genomic data. Genomes were assembled
from public databases and novel sequencing projects. The distribution of heterozygous bases across each
genome was determined and subjected to analysis using the Pairwise Sequentially Markovian
Coalescent (PSMC) model to reveal demographic size through time. Pairwise comparisons of
demographic curves were examined, and a curve-fit metric was calculated based on the timing of
population increase, decrease, or stasis over thousands of years. The magnitude of the curve-fit metric
was used to evaluate whether host and parasite population growth histories were demonstrably parallel,
implying a continued association through time. We used these methods to compare the historical growth
of the agent of severe human malaria, Plasmodium falciparum, to the histories of humans, primates, and
their mosquito vector Anopheles gambiae, thereby discerning long-term parallels and anthropogenic
population explosions. The growth history of Trichinella spiralis, a zoonotic parasite disseminated by
swine domestication, proved regionally-specific, paralleling distinctive growth histories for wild boar in
Asia and Europe. Parallel histories were inferred for an anemone and its algal symbiont (Aiptasia pallida
and Symbiodinium minutum). Concerted growth in potatoes and the agent of potato blight (Solanum
tuberosum and Phytophthora infestans) did not commence until the age of potato domestication, helping
date the acquisition of this historically consequential fungal plant pathogen. Therefore, comparative
historical demography provides a powerful new means by which to interrogate the history of myriad
ecological relationships, enriching our understanding of their origins and durability.
109
Experimental Neospora caninum infection in mice using two new isolates from goats
Rafael Costa*1, Leonardo Mesquita1, Mary Varaschin2, Paulo Maiorka1. 1University of São Paulo, São
Paulo, Brazil, 2University of Lavras, Lavras, Brazil
Few studies show the importance of Neospora caninum in goats. Some studies from our research group
show that goats are susceptible to N. caninum infection, manifesting abortions; stillbirths; and
encephalitis. Sixty BALB/C mice were intraperitoneally inoculated with 1x106tachyzoites of the strains
NC-goat1 and NC-goat2, isolated from goats in Minas Gerais, Brazil. For five weeks, 6 mice from each
week were euthanatized and samples from many tissues were collected for histopathology and
immunohistochemistry for T lymphocytes (CD3+), B lymphocytes (cd79-a+), macrophage/microglia
(IBA1+), class II MHC and astrocytes (GFAP+). The major findings on week 1 post-infection were
marked lymphoid hyperplasia within the spleen, moderate peritonitis and mild histiocytic-lymphocytic
pancreatitis. From week 2 onwards the main lesions were restricted to the brain, as multifocal areas of
meningitis, gliosis and perivascular cuffs. Mice infected with the NC-goat1 strain presented more severe
lesions, compared to Nc-goat2. There was a large number of CD3+ cells within the brain of mice
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infected with NC-goat1 starting at week 2 up to week 5, while Nc-goat2-infected mice presented with
low number numbers of CD3+ cells. The CD3+ infiltrates were accompanied by marked microglial
reaction and monocytes infiltration. Few CD79a+ cells were present within perivascular cuffs and
meninges. MHC-II molecules were detected within CD79a+ cells and endothelial cells. Astrocytic
reaction was mild at weeks 4 and 5 for both strains. Parasitic structures were detected within brain only
at week 5 for the NC-goat1 strain. These structures were imunolabeled for anti-N. caninum serum.
Sequencing of MS10 microssatellite revealed the patterns (ACT)6(AGA)15(TGA)8 for Nc-goat1 and
(ACT)6(AGA)13(TGA)12 for Nc-goat2. In conclusion, this study demonstrates that mice are
susceptible to the infection by N. caninum goat strains, which might contribute to the understanding of
neosporosis in goats in future studies.
110
Toxoplasma gondii prevalence in raptors from Florida and East Tennessee.
Sawsan Ammar*1, Chunlei Su1, Maria Spriggs2, Richard Gerhold1. 1University of Tennessee, Knoxville,
TN, 2Busch Gardens, Tampa, FL
Toxoplasma gondii is an important zoonotic protozoan parasite that can infect all warm-blooded animals
including mammals and birds. Raptors are an excellent indicator of environmental contamination of T.
gondii given their predatory and scavenging behavior. We investigated the seroprevelance of T. gondii
in several raptor species from Florida and East Tennessee followed by parasite bioassay on select
seropositive samples. From a total of 49 raptors, we found 8 (16%) to be seropositive via the modified
agglutination test (MAT). The seropositive raptors consisted of five red-shouldered hawks, two eastern
screech owls, and one barred owl. Seronegative raptors consisted of 13 red shouldered hawks, eight
barred owls, seven eastern screech owls, five Cooper's hawks, three red-tailed hawks, two Great-horned
owls, two ospreys, and one sharp-shinned hawk. Five of the seropositive raptors were from Florida,
while the other three were from Knox County in Tennessee. Mice bioassay attempts using fresh brain
and/or heart tissue was performed on 5 of the 8 seropositive birds. We successfully isolated T. gondii
tachyzoites from one red-shouldered hawk. Further research is still needed to investigate the prevalence
of T. gondii in the raptors in the U.S. and to obtain a better understanding of the parasite life cycle,
wildlife population impacts, and transmission dynamics.
111
Characterization of potential diagnostic antigens for Tritrichomonas foetus by proteomics-based
identification of immunogenic trophozoite proteins
Jeba Jesudoss Chelladurai*1, Manohar John2, Matthew Brewer1. 1Iowa State University College of
Veterinary Medicine, Ames, IA, 2PathoVacs Inc, Ames, IA
Infection with the protozoan parasite Tritrichomonas foetuscauses early embryonic death in cattle and
economic loss in the livestock industry. While molecular detection (PCR) of T. foetusis the gold
standard for laboratory diagnosis, a rapid antigen detection test would be beneficial for screening
animals under field conditions. Preliminary studies demonstrated that immunization of rabbits with
trophozoite lysates produced polyclonal antibodies capable of binding parasite antigens in ELISA and
western blot assays. Affinity columns charged with anti-T. foetusantibodies were used to capture
parasite proteins which were identified by tandem mass spectrometry and SEQUEST database
searching. In this report, we profile the repertoire of parasite peptides in this immunoproteome. Future
studies will involve comparing detection of selected antigens in an animal model of trichomoniasis.
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Examination of cross-reactivity using heat-treatment and the mechanism of action
Molly Savadelis*, Michael Dzimianski, Andrew Moorhead. University of Georgia, Athens, GA
Heat-treatment has been hypothesized to reduce false-negative heartworm antigen testing results.
Studies have shown a potential increased sensitivity in the detection of heartworm antigen, but also
instances of decreased specificity with the use of heat-treatment. This study evaluated the crossreactivity of a related canine filarial nematode, Brugia pahangi, using the different life-stages of this
parasite pre- and post-heat-treatment as compared to Dirofilaria immitis life-stages. In addition, the
hypothesized role of antigen-antibody complex formation in the occurrence of false-negative antigen
testing was analyzed.
Brugia pahangi adult males and females, L3, and microfilariae were placed in 1 ml of RPMI-1640
overnight at 37° C. The media of each sample well, in addition to an RPMI-1640-only well, were tested
for cross-reactivity using the DiroCHEK® Heartworm Antigen Test Kit. All B. pahangi samples crossreacted with the DiroCHEK both pre- and post-heat-treatment with no difference in color change
intensity post-heat-treatment. Dirofilaria immitis samples tested positive less often than B. pahangi
samples both pre- and post-heat-treatment.
Goat anti-heartworm antibody was added to 500 µl heartworm-positive canine serum, incubated at room
temperature for 1 hour and tested for the presence of heartworm antigen using the DiroCHEK pre- and
post-heat-treatment and read using a plate reader at 490 nm. Color change intensity and optical density
recorded decreased with the addition of heartworm antibody, and returned to heat-treated baseline postheat-treatment. Despite adding 512 µg of heartworm antibody, the heartworm-positive serum sample
never tested negative for the presence of heartworm antigen.
Since we were unable to completely block heartworm antigen detection, antibodies may not be the only
factor in false-negative results or conversely, the antibody used may not bind to all available epitopes.
113
Molecular Epidemiology of Tick-Borne Haemoparasites in Nigerian Sheep
Adam B.M*.1, Lorusso V.1,2, Wijnveld M.3, Bown K.1, Birtles R.1
1
University of Salford Tick Infections (USALTI) Group, School of Environment and Life Sciences,
Manchester United Kingdom B.M.Adam@edu.salford.ac.uk
2
Global Research & Medical Division, Vetoquinol, Paris, France
3
Centre for Pathophysiology, Infectiology and Immunology, Medical University of Vienna, Austria
INTRODUCTION: Tick-transmitted pathogens (TTPs) impose a serious constraint to livestock health
and productivity in sub-Saharan Africa, including Nigeria. The aim of this study was to assess the
occurrence of TTPs in sheep from North-Western Nigeria, using a sensitive molecular approach.
METHODOLOGY: In July 2016, 257 whole blood samples were collected from sheep in Kachia
grazing reserve in Kaduna State, North-Western Nigeria. Detection of TTPs was conducted by means of
PCR-based reverse line blotting (RLB) targeting six genera of microorganisms, including bacteria and
apicomplexan protozoa.
RESULTS: 75.1 % (193/257) of sampled animals were found to be infected, with 21.7% (42/193) of
them having single infections whilst the vast majority (78.2%, 151/193) had multiple infections.
Theileria equi-like was the most prevalent microorganism detected (42.4%), followed by Rickettsia spp.
(20.2%), Anaplasma centrale (17.5%), Theileria velifera (12.1%), Theileria spp. (11.3%), Ehrlichia sp.
Omatjenne (10.1%), Ehrlichia/Anaplasma spp. (10.1 %), Theileria mutans (8.9%), Theileria sp. MSD4
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(5.8%), Bartonella spp. (3.1%), Babesia bovis (2.7%), Babesia spp. (3.1%), Babesia caballi (0.45%),
Ehrlichia ruminantium (0.4%), and Rickettsia spp. of the “typhus group” (0.4%). Lambs were found to
be significantly less infected than juvenile and adult sheep.
CONCLUSIONS: This survey ascertained the presence of bacterial and protozoal haemoparasites of
veterinary and medical importance, in sheep from North-Western Nigeria. The detection of several
zoonotic agents (i.e. Rickettsia spp. and Bartonella spp.) warrants further characterization studies to
better assess risk for human infections in the area. Overall, this study furthers our understanding of the
prevalence and epidemiology of infections caused by TTPs in Nigerian livestock. Based on this finding,
possible control approaches, suited for the study area, will be discussed.
114
Eprinomectin (5% w/v) Extended-Release Injection (LONGRANGE®): prevention and treatment
of bovine Hypoderma lineatum infestation in Italy
Domenico Otranto1, Riccardo Lia1, Alessio Giannelli1, Katrin Kley2, Becky Fankhauser*3, Steffen
Rehbein1. 1Merial, Inc, Duluth, GA, 2University of Bari, Valenzano (Bari), Italy, 3Boehringer Ingelheim
Vetmedica GmbH, Rohrdorf, Germany
Despite a marked decrease in prevalence or eradication of hypodermosis in many countries, there is
evidence of persistent or recurring bovine Hypoderma species populations from several countries in
North America and Europe (Otranto et al., Parasite Vectors 2016, 9:551).
The study reported here was conducted in the Province of Potenza, Italy in 2016/2017 to confirm the
efficacy of LONGRANGE® in the prevention and treatment of naturally acquired H. lineatum
infestation. Thirty-six local breed cattle, 5 to 8 months in age and tested positive for Hypoderma
exposure by ELISA were included. Animals were assigned to three groups (12 per group) completely at
random: saline (control), once on Day 0 and once on Day 109; LONGRANGE® 1, once on Day 0; and
LONGRANGE® 2, once on Day 109. Treatments were administered per label (on Day 0, when
Hypoderma larvae were expected to be L1 stages, and/or on Day 109, when larvae were expected to be
L2/L3).
Cattle were examined for warbles at intervals starting on Day 41. On Day 109, when warbles were
detected in six or more animals in both the control and LONGRANGE® 2 groups on two previous
occasions, animals were treated with saline or LONGRANGE® as described before. Sufficiently mature
Hypoderma larvae were collected until larvae were no longer emerging (Day 148, study end). The
viability of the larvae was determined and larvae were speciated, when possible.
All larvae collected were identified as H. lineatum or were unidentifiable to species. No live larvae were
collected from any animal treated with LONGRANGE® while live larvae were collected from nine of
the 12 controls (1 to 9 larvae per animal) (p=0.0001 at a=0.05).
In conclusion, LONGRANGE® provided excellent ‘preventive’ and ‘therapeutic’ efficacy against H.
lineatum infestation, i.e. before damage to carcass and skin occurs and when warbles are already
present, respectively.
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Eprinomectin (5% w/v) Extended-Release Injection (LONGRANGE®): efficacy against
gastrointestinal nematodes acquired by young cattle on a sheep-dominated mixed sheep-cattle
farm
Dietmar Hamel1, Martin Visser1, Sandra Mayr1, Renate Rauh1, Stephen Yoon2, Becky Fankhauser*3,
Steffen Rehbein1. 1Merial, Inc, Duluth, GA, 2Boehringer Ingelheim Vetmedica GmbH, Rohrdorf,
Germany, 3Merial, Inc, Duluth, GA
Mixed or alternate grazing of cattle and sheep is practiced worldwide to a variable extent. It is accepted
that transmission of nematode parasites between host species is limited or sporadic only in some species
and, when they establish, it is assumed that they are of lower importance in the less preferred host.
However, there are also reports that some species which are considered more strongly adapted to sheep,
e. g. Haemonchus contortus and Nematodirus battus, can be acquired in numbers which have
detrimental effects on calves.
The study reported here was conducted to confirm the efficacy of LONGRANGE® against naturally
acquired nematode infections including H. contortus. Twenty-nine Brown Swiss calves were allowed to
graze on a sheep-dominated farm for approximately seven weeks after which presence of H. contortus in
the herd was confirmed by necropsy of two calves. Eighteen calves (six to eight months old, weighing
206 to 256 kg) which tested positive for strongylid nematode eggs were selected for the study. The
calves were allocated completely at random to be treated with either saline (control) or
LONGRANGE®. Treatments were administered at 1 mL/50 kg bodyweight by subcutaneous injection
in front of the shoulder. Fourteen days after treatment, all animals were humanely euthanized for
parasite recovery and count.
All animals accepted the treatments well, and no adverse events were observed during the study.
LONGRANGE®-treated calves had significantly (p≤0.0226 at a=0.05) fewer of the following
nematodes than the controls with reduction of parasite counts of >98%: adult H. contortus, Cooperia
curticei, C. oncophora, Chabertia ovina, N. battus, Ostertagia circumcincta, O. ostertagi,
Trichostrongylus axei and T. colubriformis.
In conclusion, LONGRANGE® provided excellent efficacy against a broad range of gastrointestinal
nematodes acquired by cattle grazing in a sheep-cattle mixed operation.
116
Evaluation of a commercial Haemonchus contortus vaccine in non-domestic hoofstock
Michelle Carman*1, David Love2, Priya Bapodra-Villaverde3, Jan Ramer4, Antoinette Marsh1. 1The
Ohio State University College of Veterinary Medicine, Columbus, OH, 2Center for Conservation of
Tropical Ungulates, Punta Gorda, FL, 3Columbus Zoo and Aquarium, Powell, OH, 4The Wilds,
Cumberland, OH
Similar to small ruminant populations, non-domestic hoofstock in human care face significant
challenges with parasite management. Haemonchus contortus (the Barber’s pole worm) is of particular
concern, causing significant morbidity and mortality in non-domestic ungulates within the United States
and abroad, and management of this nematode is often complicated by the high stress nature, unique
social structures and behavior, and particular habitat requirements of these non-domestic hoofstock
species. This study utilized Barbervax®, a vaccine that has shown efficacy in sheep, goats, and, more
recently, alpacas at producing antibodies against the gastrointestinal intraluminal membrane protease
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complex, H11/H-gal-GP, responsible for nutrient metabolism within H. contortus. This vaccine is
further effective in sheep and goats at reducing fecal egg counts (FEC) and lowering mortality
associated with infection. Specific aims of this study were to determine the safety of
Barbervax®administered to Chinese goral (Nemorhaedus griseus) (n=4) and pronghorn (Antilocapra
americana) (n=3) and determine if reduced FECs occurred following vaccination. We also investigated
if vaccination would result in antibody production directed to the protease complex of the parasite that,
under normal infection conditions, is not detected by the host’s immune system. All animals involved
were vaccinated at regular intervals and exposed to parasite challenge on existing H. contortus
contaminated pastures during the summer months. Blood and fecal samples were collected to evaluate
FECs and antibody production. The animals showed no detectable local or systemic indications of an
adverse vaccine reaction. We also investigated appropriate secondary antibodies for optimization of the
non-domestic hoofstock ELISA assay to detect the H11/H-gal-GP specific antibodies. The goral and
pronghorn developed antibodies following vaccination. These results demonstrate potential for
Barbervax®to be a beneficial adjunct for H. contortus management in non-domestic hoofstock in human
care. This work is partially supported by OSU/Columbus Zoo cooperative grant.
117
The NIH-NIAID Filariasis Research Reagent Resource Center
Christopher Evans*, Michael Dzimianski, Bobby Storey, Erica Burkman, Molly Savadelis, Jenna
Bradner, Andrew Moorhead. University of Georgia, Athens, GA
Since 1969, the Filariasis Research Reagent Resource Center (FR3) has provided a central resource of
filariasis reagents, protocols, and technical support for the international NTD research community.
Supported by the National Institute of Allergy and Infectious Diseases (NIAID), the FR3 acquires and
distributes parasites, vectors, and molecular and serological reagents. The FR3 is funded by the Animal
Models of Infectious Disease contract mechanism, which also funds the malaria (MR4) and
schistosomiasis (SR3) repositories. The life cycles of four parasites (Dirofilaria immitis, Brugia malayi,
Brugia pahangi, and Acanthocheilonema viteae) are actively maintained, along with their vertebrate lab
hosts and arthropod vectors. All materials are available free of charge, the only cost to a researcher is
shipping.
118
Evaluation of macrocyclic lactone efficacy on a warmblood stud farm
Martin Nielsen1, Charlotte Manvell*2. 1University of Kentucky, Fredericksburg, VA, 2University of
Kentucky, Lexington, KY
A modern horse breeding farm faces many concerns relating to parasite management; most commonly
reducing the risk of parasitic disease, and preventing weight loss and other adverse effects of high
parasite burdens. The present study aimed to develop a comprehensive parasite management plan by
considering both best management practices, as well as the most proper usage of anthelmintics. In order
to appropriately consider these, a fecal egg count reduction test (FECRT) was performed to test the
efficacy of two macrocyclic lactone type anthelmintics, ivermectin, and moxidectin. The breeding farm
being evaluated contains approximately 75 horses, primarily Warmbloods, as well as a small number of
cattle and sheep. 20 horses aged 2-20 were randomly assigned to treatment of either ivermectin or
moxidectin. A pre- and post-treatment fecal egg count were determined at the day of treatment, and 24
days post deworming, respectively. The FECRT displayed a 100% reduction for ivermectin and a
94.86% reduction for moxidectin. The lower than expected reduction for moxidectin requires greater
130

American Association of Veterinary Parasitologists
63rd Annual Meeting, July 14th – 17th 2018, Denver, Colorado, USA

investigation to determine the cause of this apparent efficacy loss. Recent studies have reported
strongyle egg reappearance as soon as 4 weeks (i.e., 28 days) following moxidectin treatment, so it
cannot be ruled out that findings in this study reflects a similar development. Additional studies
evaluating post-treatment intervals beyond the 24 days observed here are warranted to fully investigate
the efficacy profile of macrocyclic lactones on this farm.
119
Femoral arterial dirofilariosis in a Cane Corso dog
Cassan Pulaski*1, Jeffery Artall2, Mollie Mesman3, Julia Coutin3, Charley Aldridge3, John Malone1.
1
Louisiana State University School of Veterinary Medicine, Baton Rouge, LA, 2Acadia Animal Clinic,
Crowley, LA, 3Baton Rouge Veterinary Specialists, Baton Rouge, LA
In August 2017, the Louisiana Animal Disease Diagnostic Laboratory received a thin, white worm
(approximately 10cm in length) for identification. The parasitic worm was surgically removed from the
distal hindlimb of a two-year-old neutered male Cane Corso dog. The dog was previously diagnosed
with heartworm disease (based on antigen status) in January 2017, but the owners were unable to afford
adulticide treatment. Seven months later, the dog presented to the primary veterinarian for lameness and
a non-healing wound on the ventral surface of the left hind paw. The wound did not improve following
multiple rounds of antibiotics and anti-inflammatories, so an attempt was made to surgically debride the
necrotic tissue. Multiple worms were removed from the subcutaneous tissue in the hind paw and
submitted for identification. The worms had morphological features consistent with Dirofilaria species,
and after further investigation into the case, the dog was transferred to the authors for treatment.
Thorough physical examination and subsequent diagnostic imaging, including the ultrasonographic
findings of parallel hyperechoic thrombi in the femoral arteries, provided supportive evidence of femoral
arterial parasitism as the cause of the hindlimb lameness and digital necrosis. Treatment included
adulticidal therapy and bilateral femoral arteriotomies with worm removal, followed by a hindlimb
amputation. Over 50 worms were removed and identified as Dirofilaria immitis, based on morphology
and molecular sequencing data. There have been fewer than 12 reported cases of femoral arterial
dirofilariosis in dogs, and this case is one of the first to include an extensive pre- and post-op work-up,
along with genetic confirmation of the parasite species. This case illustrates one of several unusual
heartworm disease presentations, and practitioners should include femoral arterial dirofilariosis on their
differential list when evaluating a patient with hindlimb lameness and necrosis, particularly when
clinical signs are not attributable to another obvious cause.
120
Development of a Novel Therapy Against Gastrointestinal nematodes: Bacillus Thuringiensis
Crystal Protein Cry5B
Tasia Kellogg*1, David Gazzola1, Ambily Abraham1, Yan Hu1, Hanchen Li1, Kelly Flanagan1, Gary
Ostroff1, Raffi Aroian1, Martin Nielsen2, Anne Zajac3, Joseph Urban4. 1University of Massachusetts
Medical School, Worcester, MA, 2University of Kentucky, Lexington, KY, 3Virginia-Maryland College
of Veterinary Medicine at Virginia Tech, Blacksburg, VA, 4Unites States Department of Agriculture,
Beltsville, MD
The development of parasite resistance towards current anthelmintics is increasingly becoming a major
worldwide constraint in animal and human health. In light of this growing resistance, the discovery of
novel effective therapies, especially those with different modes of action to the current anthelmintic
compounds, has become imperative. Bacillus thuringiensis (Bt) crystal proteins have been used
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effectively and widely in the agricultural industry for more than half a century for their insecticidal
properties, including use in transgenic plants that we eat. Our lab has pioneered the development of Bt
crystal proteins, in particular Cry5B, as promising new anthelmintic candidates. Cry5B demonstrates in
vivo efficacy against multiple GI nematodes in rodents, pigs, and dogs. Here we will update you on
efficacy studies, including against parasites of sheep and horses, as well as our development efforts to
produce a deployable version of Cry5B that is cheap, safe, scalable, and stable. These efforts have
focused on microbiology, bacterial engineering, expression, and formulation.
121
Tick infestations in different cattle breeds in Lagos State, Nigeria
Olubunmi Otubanjo*, Emmanuel Idowu, Nnaemeka Iriemenam, Ifeoluwa Fagbohun. University of
Lagos, Akoka, Nigeria, University of Lagos, Lagos, Nigeria
Ticks are efficient blood suckers known to transmit parasitic disease agents posing veterinary threats to
livestock. The study determined the prevalence and identified the tick genera infesting six different
breeds of 1,000 cattle and the associated risk factors in two cattle markets in Lagos, Nigeria. Ticks were
handpicked and data on cattle relating to sex, breed, predilection site, and colour were recorded. The
ticks were subsequently identified using standard entomological keys. Tick infestation was recorded in
182(18.2%) of the cattle; four species of tick collected and identified, included: Boophilus microplus
1254(26.7%), Amblyomma variegatum 1948(55.7%), Hyalomma spp. 4068(17.2%) and Rhipicephalus
sanguineous 34(0.5%). Tick infestation was 122(21.3%) in males compared to females 60(13%) but this
was not statistically significant (P>0.05). Prevalence of infestation of 48.3%, 47%, 38.8%, 22.2%,
11.4% and 7.2% were recorded for cattle breeds: Ambala, Bunaji, Gudali, Rahaji, Wadara and Kuri
respectively and showed statistical significance (P<0.05). While ticks were widely distributed across the
body of the cattle, they congregate in the dewlap/neck, perineum, undertail, significantly the
genitals/udder are preferred predilection sites for ticks with a total 3314(42.6%) ticks recovered. This
study revealed the need to discourage wild grazing activities of cattle and adopt cattle management
practices and strategies that will reduce the transmission incidence of tick and tick-borne.
122
Gastrointestinal helminths of goats in south western Nigeria
Emmanuel Idowu*, Olubunmi Otubanjo, Ifeoluwa Fagbohun, Abiola Ogunleye. University of Lagos,
Akoka, Nigeria
Goats are domesticated animals in close proximity with man in rural African communities. A cross
sectional survey was conducted to investigate the prevalence of gastrointestinal helminthes of goats
slaughtered in three abattoirs in Lagos, South western, Nigeria. A total of 100 goat feacal samples were
examined for helminthes eggs using modified Kato Katz method. A high prevalence of 94% was
recorded in the survey however, there was no significant statistically difference (P<0.05) between the
helminthes prevalence in relation to sex of the examined goats. Six (6) helminthes parasites were
recovered namely nematodes: Oesophagostomum columbianum (33%), Strongyloides papillosus (18%)
and Trichostrongylus columbriformis (17%); and cestodes: Teania hydatigena (5%). The low prevalence
of cestodes was statistical significant (P<0.05). Co-infection of at least one nematodes and cestodes was
found in 6% of the goats. Adults and young goats recorded statistically significant higher prevalence of
nematodes infections (P<0.05). Predilection site along the gastrointestinal tract also showed statistical
significance in relation to co-infection of nematodes and cestodes in examined animals. This study
revealed spectrum of helminth infections in goats and probably indicate the quality of goat production.
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The need for proper livestock management, improved hygienic practices and regular deworming of
goats should be put in place for improved animal production.
123
Safety and serologic response to a Haemonchus contortus vaccine in alpacas
Grace VanHoy*1, Michelle Carman1, Greg Habing1, Jeffrey Lakritz1, C. Austin Hinds1, Andrew
Niehaus1, Ray Kaplan2, Antoinette Marsh1. 1Ohio State University, Columbus, OH, 2University of
Georgia, Athens, GA
Haemonchosis in camelids remains a challenging disease to treat, and prevention has become
increasingly problematic due to widespread anthelmintic resistance. Barbervax®is an adjuvanted vaccine
containing natural H-11, H-gal-GP antigens obtained from Haemonchus contortus adults. These parasite
gut mucosal enzymes are involved in digesting a blood meal from the host. The vaccine is approved for
use in Australia after demonstrating safety and efficacy in sheep and goats. There are no published
studies evaluating Barbervax® in camelids. This study monitored the safety profile of Barbervax®in a
group of adolescent alpacas. Although designed into the original study of vaccine efficacy, experimental
infection with viable H. contortus third stage larvae could not be completed due to lack of infection
following experimental challenge. Twelve alpacas were randomized to vaccination with Barbervax®or
no treatment. Three doses of Barbervax®were administered at 3 week intervals and investigators
involved in monitoring and sample collection were blinded. Clinical pathologic parameters were
evaluated before vaccination, and 1 and 2 months post-vaccination. Daily observations and specific
observations regarding injection site and rectal temperatures were monitored twice daily for 1 week
following vaccination. Fecal egg counts, packed cell volume, and total protein were monitored following
challenge with 1,500 H. contortus larvae on days 42, 46, and 50. An increase in rectal temperature for 2
days was observed post-vaccination. Vaccinated alpacas were lethargic for 2-3 days following
vaccination; however, they maintained an appetite and no palpable injection site reactions were
observed. All animals maintained normal clinical pathologic parameters throughout the study.
Vaccinated animals developed titers to the H. contortus antigen as measured by ELISA. In conclusion,
Barbervax®demonstrated safety in this group of young, healthy alpacas, but additional studies are
required to evaluate the efficacy of the vaccine under field conditions in protecting alpacas against preexisting infection with H. contortus.
124
Case Report: A zoonotic parasite, Linguatula serrata, infection in a dog in the United States
Yoko Nagamori*, Akhilesh Ramachandran, Laura Nafe, Carrie Kuzma, Eileen Johnson. Oklahoma State
University, Stillwater, OK
Fecal sample from an approximately 9-month-old, intact female, Collie-mixed dog was submitted to the
parasitology diagnostic laboratory at Oklahoma State University in September 2017 for recheck
evaluation post-treatment against persistent Dipylidium caninum and Sarcocystis spp. infections. The
dog had been rescued and imported from Ethiopia to the United States 3 months prior. She was negative
on heartworm antigen test and on monthly heartworm preventative since August 2017. Centrifugal fecal
flotation with Sheather’s sugar solution was performed and revealed low numbers of Sarcocystis spp.
sporocysts and moderate numbers of oval shaped, amber-colored arthropod egg-like objects that were
approximately 100–150 µm by 60–62 µm with semi-thickened outer wall and hook-like internal
structures. Based on morphological features, a tentative diagnosis of pseudoparasites, most likely mite
eggs, was made. In 2 weeks, a fecal sample was submitted for recheck examination and still showed
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moderate to high numbers of the same arthropod-like eggs and low numbers of Sarcocystis spp.
sporocysts. Based on the morphology of the eggs and history of the dog, Linguatula serrata infection
was suspected. DNA extraction and PCR analysis were performed on the eggs, and nucleic acid
sequence showed 100% homology to L. serrata and L. arctica, which is a parasite of semi-domesticated
reindeer in Norway. In December 2017, the dog was brought to the Boren Veterinary Medical Hospital
for a rhinoscopy and head CT scan to evaluate possible pathological changes caused by L. serrata.
Abnormalities were not observed, and parasites were not detected in the patient. The eggs were not
observed on fecal examination. However, due to the possibility of juvenile stages of the parasite still
migrating in the dog, fluralaner was administered and continuing treatment recommended for at least 6
months. A fecal examination conducted again in January 2018 did not reveal any parasites or eggs.
125
ABC-B transporter genes of Toxocara canis
Jeba Jesudoss Chelladurai*, Matthew Brewer. College of Veterinary Medicine Iowa State University,
Ames, IA
Toxocara canis is a globally distributed zoonotic ascarid nematode of dogs. Somatic larval migration of
Toxocara larvae can occur in humans, immunologically mature dogs and paratenic hosts, while typical
hepato-pulmonary migration is seen in immunologically naïve young dogs. Somatic larvae are tolerant
of commonly used drugs and withstand treatment with the macrocylic lactones. Since ABC-B
transporters have been shown to be important in macrocylic resistance in other nematodes of veterinary
importance, we hypothesized that ABC-B transporters of Toxocara canis may be putatively involved in
macrocylic lactone efflux in the organism. We describe the characterization of complete ABC
transporters from Toxocara canis, to serve as a primer for further studies on the mechanism of ML
tolerance.
126
Prevalence of Trichuris serrata, Platynosomum fastosum, Lynxacarus radovskyi and Dirofilaria
immitis in St Kitts DVM student-owned cats and risk of introduction to US-free areas
Jernea Bustria*, Samantha Connolly, Kaitlyn Jonk, Helle Bork-Larsen, Jennifer Ketzis, Anne Conan.
Ross University School of Veterinary Medicine, Basseterre, Saint Kitts and Nevis
The prevalence of Trichuris serrata, Platynosomum fastosum, and Lynxacarus radovskyi in feral cats is
high in St Kitts, and Dirofilaria immitis microfilaria positive cats are not rare. While these parasites are
present in the U.S., they are geographically restricted, except for D. immitis, and their prevalence is low.
This study aims to evaluate the potential risk of the introduction to US areas free of these parasites due
to importation of owned-cats from St Kitts. The study targeted DVM student-owned cats. A
questionnaire was asked to cat-owning students to obtain demographic data, preventative use and travel
information. Fifty-three students owning 67 cats completed the questionnaire. Male and female cats
were enrolled in similar numbers and the majority of the cats were adopted from St Kitts (75 %). Only
41 cats (61 %) received any endoparasiticide preventative during the last year while 53 (79 %) received
an ectoparasiticide one. Three cats traveled to the US in 2017 and 24 are planned to travel in 2018.
Fifty-nine owned cats were sampled. Sampling included blood sample for D. immitis (IDEXX Snap
Feline Triple Test® and the Heska Solo Step Feline Heartworm Test®), hair samples for L. radovskyi
(adhesive tape sample and slide examination) and fecal samples for T. serrata and P. fastosum (double
centrifugation with Sheather’s sugar floatation solution). Of 45 feces samples, 8 (17.8%, Confidence
Interval CI: 6.6-29%) were positive for P. fastosum and one cat was positive for T. serrata (2.2, CI: 0134
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6.5%). L. radovskyi was observed in two of 57 cats (3.5%, CI: 0-8.2%). None were antibody or antigen
positive to heartworm (52 blood samples). Parasite prevalence was lower than described previously in
feral cats. Prevalence of P. fastosum and the low use of preventatives are of concern for the risk of
parasite introduction to US areas free of these parasites.
127
Evaluation of Fecal DxTM ELISA for the diagnosis of feline hookworm infection in cats
Jinming Geng*1, David Elsemore1, Chele Lathroum2, Jennifer Ketzis2. 1IDEXX Laboratories,
Westbrook, ME, 2Ross University School of Veterinary Medicine, Basseterre, Saint Kitts and Nevis
The two most common species of hookworm in cats are Ancylostoma tubaeforme and A. braziliense. In
addition to being zoonotic, these blood-feeding small intestinal parasites can cause anemia,
inflammation of the small intestine and even death, especially in kittens. Cats tend to harbor fewer
hookworms compared with the numbers found in dogs, making the detection of cat hookworm
infections more challenging with fecal flotation. The Hookworm Fecal DxTM ELISA, designed to detect
an excreted/secreted protein from A.caninum has been successfully available in the market since 2015.
The preponderance of cat field data indicated that the test also detected antigen from other Ancylostoma
species. This poster describes a study to evaluate the performance of the Hookworm Fecal DxTM ELISA
with cat samples characterized by fecal egg counts and enumeration of the infection intensity.
FecalDxTM ELISA results were compared with the data from 30 feral cats. Of these 30 cats, 29 had
worms identified (range = 1-84). Four cats had worms identified but were below the ELISA cut-off. One
of these four was also egg negative. There was one cat that was worm negative but positive for both
eggs and hookworm antigen. The positive agreement to worm was 86.2% (25/29) demonstrating the
utility of the antigen test to detect hookworm infections of the cat. Key words: ELISA, coproantigen,
feline hookworm, fecal flotation.
128
Comparing 2% formalin versus glacial acetic acid in a clinical setting when making modified
Knotts
Jenna Bradner*1, Molly Savadelis1, Thomas Nelson2, Andrew Moorhead1. 1University of Georgia,
Athens, GA, 2Animal Medical Center, Anniston, AL
In a clinical setting when veterinarians are evaluating for presence of circulating microfilariae during
heartworm diagnosis, they will perform a modified Knott test using 2% formalin and methylene blue
dye. With 2% formalin being a harmful carcinogen and a regulated chemical, we evaluated an
alternative approach using glacial acetic acid (GAA), or vinegar. Three different variations of the
modified Knott were evaluated using both 2% formalin and 2% and 5% GAA. For each of the three
conditions, 1 mL of anticoagulated blood from a microfilaremic heartworm-positive dog was added to 9
mL 2% formalin, 5% GAA, or a diluted 2% GAA respectively in a 15-mL centrifuge tube. Blood
samples from experimentally-infected dogs with varying microfilaremias were analyzed. Non-infected
dogs were used as a negative control. Each sample was centrifuged for 10 minutes, the supernatant
discarded, and stained with 2 drops methylene blue dye. Standard thick smears utilizing 20 ml of the
blood being tested, with RBCs lysed with a drop of water, served as positive controls. With each
modified Knott, the whole amount of sediment was evaluated, in order to obtain an accurate reading of
the number of microfilariae each blood sample contained. We observed and recorded the appearance of
the microfilariae for each solution. The number of microfilariae in the thick smears and the Knott tests
were compared. The numerical difference between GAA and thick smears was less when compared with
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formalin and thick smears. Methylene blue staining of microfilariae was darker in the 2% GAA as
compared to the 5% GAA samples. Based on these preliminary results, we would suggest that 2% GAA
is a viable alternative to 2% formalin for the Knott test.
129
Knowledge, attitudes and practices of incoming veterinary students towards Dirofilaria immitis in
St. Kitts
Kaitlyn Jonk*, Jennifer Ketzis, Mary Mauldin Pereira, Anne Conan. Ross University School of
Veterinary Medicine, Basseterre, Saint Kitts and Nevis
Dirofilaria immitis is a vector-borne disease agent that has been reported in St. Kitts. Recently, a spatial
heterogeneity of the parasite was documented on the island and a higher prevalence was found in the
southeast. Although reasons for this heterogeneity have yet to be determined, educating southeast
residents to improve the control in high prevalence areas could aid in elimination of heartworm from the
island. Part of these residents are veterinary students at Ross University School of Veterinary Medicine.
A preliminary study was performed to investigate the knowledge, attitudes and practices of veterinary
students towards heartworm. A 36 question survey was completed by 73 incoming veterinary students,
where 70 were from the USA. Five students (7%) were dog-owners in St Kitts versus 59 back home
(81%). They all reported having some level of experience in veterinary practice. The majority of
heartworm knowledge of participants was gained through clinical experience; however disease specifics
were not well known. Eighty-nine percent of respondents knew that dogs were the carrier but only 8.2%
could name the agent. Additionally, students who are dog owners in the U.S. were more aware of the
efficiency of prevention (p=0.01). Students seem more inclined to provide advice to their neighbor(s),
family or friend(s) when they are in the USA compared to St Kitts (p<0.05). These results highlight the
need for better communication between veterinarians, technicians and staff in high and low heartworm
prevalence areas. Furthermore, new students may not be comfortable passing on knowledge and advice
to St. Kitts community members. These attitudes could change while they are spending more time on the
island and acquiring local dogs. A follow-up survey with the same respondents is planned for September
2018 to determine if knowledge and attitudes have changed and will assess their current practices with
their locally owned dogs.
130
Parasite survey on a captive wolf population using classical techniques and ELISA coproantigen
detection
David Balinsky1, Kelsey Paras*1, Rita Hanna2, David Elsemore2, Guilherme Verocai1. 1University of
Georgia, Athens, GA, 2IDEXX Laboratories, Westbrook, ME
As laws change around the nation, wildlife that was once kept as companion animals are now often
confiscated by local authorities and unless a forever home at a sanctuary can be found, they are
euthanized. Therefore, wolf sanctuaries are becoming increasingly important for conservation and
management. However, little data is available on best practices for the health management of captive
wolves, including parasitic diseases. Our objective was to assess the prevalence of parasites of captive
wolves combining classical coprological techniques and enzyme-linked immunosorbent assays for the
detection of coproantigen of selected parasites. The Wolf Sanctuary of Pennsylvania provides home for
47 wolves and wolfdogs divided into 17 packs of 1 to 8 animals each. Overall, 39 fresh fecal samples
were collected from the ground upon observation of individual animals defecating. All samples were
processed using a coproantigen ELISA for detection of Ascarids, Hookworms, Whipworm, and Giardia
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(IDEXX Laboratories). Thirty-eight and 34 of these samples were also processed using the doublecentrifugation sugar floatation (DCSF) and the Baermann technique, respectively. On the coproantigen
testing, 28 samples (71.8%) were positive for hookworm, and none positive for the other parasites
tested. The DCSF revealed eggs of Ancylostoma sp. (26, 68.4%), Eucoleus boehmi (13, 34.2%), and
Trichuris sp. (2; 5.3%), and sporocysts of Sarcocystis sp. (13, 34.2%). All samples were negative for
metastrongyloid lungworm larvae. The Cohen’s kappa index (0.97) showed excellent agreement
between the coproantigen ELISA for Hookworm detection and the DCSF. Captive wolves seem to be
infected with parasites that commonly infect wild wolves, and also dogs, including parasites with direct
and indirect life-cycles. This study provides a current baseline on the parasites of captive wolves, and
shows that recent innovative diagnostics in veterinary parasitology that have been developed and
optimized for dogs may be used for assessing the health of wolves.
131
Is two better than one? Moxidectin use in combination deworming for double drug resistant
cyathostomins
Libby Wehling*1, Jessica Scare1, Eugene Lyons1, Brittany Jones2, Martin Nielsen1. 1University of
Kentucky, Lexington, KY, 2Lincoln Memorial University College of Veterinary Medicine, Harrogate,
TN
Cyathostomins are pervasive parasites of the horse, and have widespread resistance to the benzimidazole
and tetrahydropyrimidines classes with emerging resistance to the macrocyclic lactones. Combination
deworming products are currently marketed in some countries and used extra-label by veterinarians
elsewhere. A previous study evaluated effects of repeated combination treatments of oxibendazole and
pyrantel pamoate against double-drug resistant cyathostomins but did not find it sustainable, due to the
low starting efficacy. The purpose of this study was to evaluate the efficacy of moxidectin and
oxibendazole in combination against the same cyathostomin population, which had never before been
exposed to macrocyclic lactones. The herd consisted of 21 miniature ponies of 4-21 years of age. Fecal
egg counts (FECs) were determined at the date of anthelmintic treatment and every two weeks posttreatment. Baseline efficacies of oxibendazole (OBZ) and moxidectin (MOX) were first determined.
Then all ponies were treated with both drugs in combination. Treatments were administered when 10
ponies exceeded 100 eggs per gram (EPG) or after 40 weeks post-treatment. A total of two combination
treatments were given during the study. The initial efficacy of OBZ and MOX was 47% and 100%,
respectively, and both combination treatments resulted in 100% efficacy. The egg reappearance period
(ERP) for MOX was 16 weeks, and the ERP of the first combination treatment was 18 weeks. Data is
still being generated at the time of this abstract and the ERP for the second combination treatment will
be presented at the conference. The observed ERP for MOX is within the original established range of
16-22 weeks, and the 100% efficacy against this doubly resistant population suggests absence of cross
resistance between drug classes. The next and final treatment will be to re-test OBZ efficacy and
observe any changes in efficacy which may have occurred due to the combination treatments.
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Anthelmintic efficacy of pelleted cranberry vine against Haemonchus contortus in experimentally
infected lambs
Bailey Chalut*1, Marissa Brummett1, Carly Barone2, Anne Zajac3, Katherine Petersson1. 1University of
Rhode Island, Kingston, RI, 2USDA, Beltsville, MD, 3Virginia Tech, Blacksburg, VA
The discovery that plant secondary compounds, including proanthocyanidins (PAC), suppress
gastrointestinal nematode (GIN) infections has provided promise for alternative methods of GIN control
in small ruminants. Recently a study from our laboratory provided in vitro evidence of anthelmintic
activity of cranberry vine (CV) PAC organic extracts as well as CV aqueous extracts (CV-AqE) against
Haemonchus contortus L1 and adult worm motility and some activity of CV-AqE against egg hatching.
This study aims to expand upon those results to determine anthelmintic efficacy of a CV pellet on
infection in lambs. Cranberry vine prunings were obtained and then dried, ground, and incorporated into
a pellet to be fed to 5-month-old lambs for 6 weeks (n= 7 per group, 600 gram CV offered/day). Lambs
were initially infected with 5000 H. contortus L3, then stratified into two groups (CV and control) based
on fecal egg counts (FEC), sex, and weight. Lambs were subjected to a trickle infection of H. contortus
(1000 L3 3x/week) from weeks 0 to 3 of supplementation. Weekly weight, FEC, and packed cell volume
were determined. After week 6, the lamb’s abomasa were collected from the abattoir post mortem and
abomasal contents were recovered to quantify total worm burden, sex, and stage of development.
Preliminary Results: Palatability of the CV varied greatly between lambs with an average consumption
of 281 ± 14 (mean ± SEM; range 166 to 430) after six weeks of supplementation. There was a
significant decrease in FEC in the CV lambs at week 6 post-infection (p < 0.014). There was no
difference in worm burden between control (3113 ± 554, mean ± SEM, n=7) and CV fed lambs (2687 ±
502, n=7). Further analyses are pending. CV has shown anthelmintic potential but further studies are
needed to improve palatability to increase consumption.
133
Acaricidal efficacy of dog’s hair collected over 1 month after a topical administration of
dinotefuran-permethrin-pyriproxyfen against the deer tick (Ixodes scapularis).
Marie Varloud*. Ceva Santé Animale, Libourne, France
This study allowed to assess the acaricidal efficacy of hairs collected from dogs after administration of a
dinotefuran-permethrin-pyriproxyfen topical solution (DPP) against Ixodes scapularis ticks. The
experiment was blinded. The dogs were allocated to 2 groups. The dogs were placebo treated (n=6;
14.4±1.1kg BW) or administered topically DPP on day 0 (n=6; 16.1±3.5kg BW). The dogs were
observed hourly for 6h after treatment and on a daily basis. Hairs (0.5g) were sampled from the dogs on
days 2, 9, 16, 23 and 30 from different body locations. The hairs from each dog at each time point were
disposed in a Petri dish lined by moistened filter paper. Each dish was immediately infested with 10
Ixodes scapularis nymphs and incubated at <27°C and >50% relative humidity. Mortality of ticks was
assessed 24 and 48h after exposure to the treated hairs. Acaricidal efficacy was calculated. The dogs
tolerated well the treatment. The mean live tick count from the placebo treated dogs ranged from 7.3 to
9.8 while it ranged from 0 to 0.3 for the DPP treated dogs. The 24h efficacy of DPP was 100% at all
time-points except on days 10 and 17 (97.9 and 96.5%, respectively). The 48h efficacy of DPP was
100% at all time-points. The results demonstrated the successful acaricidal action of DPP against
nymphs of Ixodes scapularis ticks.
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134
Dirofilaria immitis: cryopreservation for diagnostic teaching
Jessica Shrake*, Sidney Long, Antoinette Marsh. The Ohio State University College of Veterinary
Medicine, Columbus, OH
Proper diagnosis of Dirofilaria immitis is critical as this disease can be fatal, expensive to treat, and
undiagnosed infected dogs serve as a source of infection. Diagnostics is confounded by antibody-antigen
blocking causing false negative antigen testing; therefore, detection of microfilaria is an important
diagnostic skill. However, finding a supply of blood containing microfilaria when scheduled to teach the
technique presents a challenge. To address this issue, we evaluated the use of cryopreserved microfilaria
infected blood in two standard diagnostic tests, Modified Knott’s and carbonate filter tests. The specific
aims included 1) determine if cryopreserved D. immitis microfilaria could be detected in the assays and
2) compare the morphology of the microfilaria following cryopreservation over time. With this
information, teaching laboratories could substitute cryopreserved microfilaria infected blood in lieu of
freshly collected microfilaria containing blood. Two isolates of whole blood containing microfilaria
were used. One aliquot of fresh blood was removed, designated as a baseline and immediately processed
using the two diagnostic techniques. The remaining blood was mixed with 1:1 with Glycerolyte 57
solution, divided into aliquots and froze at -20 C for later processing on days, 7, 21, and 70. The quantity
and morphology of the microfilaria were compared. After freezing, the microfilaria could be detected in
lower yields. Interestingly, the Glycerolyte also preserved the red blood cells, making the cells more
difficult to lyse, resulting in a more difficult slide to read due to the intact cells. These results provide
evidence that using cryopreservation to store blood containing microfilaria for teaching diagnostic
techniques will work; the overall concentration of microfilaria on the slide will be less; and individual
microfilaria will be more difficult to see. Despite the changes in slide quality, students correctly
identified samples with cryopreserved microfilaria although the microfilaria measurements did not
match reference values.
135
The effect of season upon the life cycle and development of Haemonchus contortus in
experimentally infected lambs
Marissa Brummett*1, Bailey Chalut1, Amy Vigneau1, Carly Barone2, Anne Zajac3, Katherine Petersson1.
1
University of Rhode Island, Kingston, RI, 2Agricultural Research Service, USDA, Beltsville, MD,
3
Virginia Tech, Blacksburg, VA
Haemonchus contortus eggs and larvae are routinely used in studies involving anthelmintic research to
combat gastrointestinal nematode infection in small ruminants. Although it is known that Haemonchus
contortus larvae arrest their development within the host during the winter months, it is unknown how
season or age of the adult worm affects the hatchability of eggs or the efficiency with which the larvae
artificially exsheath in vitro or in vivo within the rumen. The objective of this study is to determine the
role of season and age of adult H. contortus on hatchability of eggs and ability of resulting infective
larvae to exsheath artificially in vitro or in vivo within the rumen. Two lambs will be experimentally
infected (10,000 L3) at the start of each season (autumn equinox, winter solstice, vernal equinox,
summer solstice; n=2/season). Feces will be collected monthly for up to six months following each
infection. Egg hatchability will be tested and L3 will be subjected to in vitro exsheathment using CO2
and in vivo exsheathment within ruminally fistulated ewes. Results: Fall cycle: Egg hatchability was
>95% for each month of testing (4 months). The average in vitro exsheathment for months one and four
of the fall cycle was 70 ± 9% (mean ± SEM) and 22 ± 2% respectively and in vivo exsheathment was 70
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± 4% and 70 ± 8% respectively. The fecal egg count dropped from 5575 to 475 eggs/g from the
beginning to the end of the cycle. Sampling is ongoing. Statistical analysis is pending. Results of this
study could identify constraints posed by seasonal changes in using H. contortus eggs and L3 in in vitro
and in vivo assays.
136
Comparing the use of Immiticide and Diroban in the 3-dose adulticidal canine heartworm
treatment protocol
Molly Savadelis, Michael Dzimianski, Andrew Moorhead*. University of Georgia, Athens, GA
With the difficulty in manufacturing and shortage of the previously single melarsomine dihydrochloride
product available, Immiticide® (Boehringer Ingelheim), the addition of Diroban® (Zoetis Animal
Health) has provided veterinarians more options for adulticidal canine heartworm treatment products. As
part of a larger study analyzing the effect of doxycycline and minocycline during canine heartworm
treatment, the overall efficacy as well as additional data has been collected on the use of Immiticide and
Diroban. Of the 32 dogs enrolled in the study, 15 dogs received Immiticide, 12 dogs received Diroban,
and 5 dogs received both Immiticide and Diroban. Administration of each product followed the
recommendation of the American Heartworm Society’s protocol detailing the use of 3 dosages of 2.5
mg/kg along with 30 days of a tetracycline and monthly macrocyclic lactone treatment. 84.4% of the 32
dogs which were tested at or before 6 months post-melarsomine treatment tested negative for the
presence of heartworm antigen. Pneumonia in one dog was diagnosed post-melarsomine treatment. This
dog was successfully treated with BID Clavamox for 7 days. Immiticide and Diroban were both well
tolerated by all dogs. According to these clinical trial results, there appears to be no difference between
the adulticidal efficacy or time to testing negative for the presence of heartworm antigen between these
two melarsomine dihydrochloride products.
137
Variability in larval shedding associated with Aelurostrongylus abstrusus positive cats
Ariel Carruth*1, Janice Liotta2, Jessica Sieger2, Alice Lee2, Alexandra Kravitz2, Sofany Montoya2,
Dwight Bowman2. 1Cornell University, Ithaca, NY, 2Cornell University College of Veterinary Medicine,
Ithaca, NY
The globally-distributed lungworm, Aelurostrongylus abstrusus, infects the lower respiratory tract of
cats and can cause feline infectious bronchitis and pneumonia. The diagnostic gold standard Baermann
method detects larval shedding in feces but its limited use in the United States poses a challenge to
accurately estimating the prevalence of lungworm infections in domestic cats. In situations where
epidemiological data is lacking, information concerning the variation in which lungworm infections
present in cats can be useful to clinicians. The goal of this study was to quantify the cat-to-cat variability
in active larval shedding over time within a cohort of cats infected with A. abstrusus. Twenty-five cats,
aged 12-14 weeks, and two cats, aged two years, were orally infected with 100-317 A. abstrusus Atari or
Polly strain third-stage larvae. Cats were housed in American Association for Laboratory Animal
Science approved facilities at Cornell University under an approved Institutional Animal Care and Use
Committee (IACUC) protocol. Imidacloprid and moxidectin therapy (Advantage Multi; Bayer) was
introduced in six actively shedding cats at 89 days post infection (dpi) while the other cats received
therapy when shedding ceased. Baermann tests were performed on fecal samples at one-week intervals
and a larval shedding rate was calculated for each cat. All cats commenced shedding from 29-63 dpi
with 92% of cats producing larvae within seven weeks of infection. Peak shedding of Atari strain
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infected cats occurred from 43-86 dpi with the maximum shedding rates varying from 1,650-149,000
larvae. Peak shedding of Polly strain infected cats occurred from 44-111 dpi with maximum shedding
rates of 14-20,300. The Atari strain produced significantly more larvae than the Polly strain (p<0.005).
This study demonstrates the temporal and larval load variability of A. abstrusus infections in felines.
Increased awareness of this variability could help improve the ability of veterinary clinicians to identify
suspect cases.
138
Patterns of cross-reactivity in a commercial heartworm ELISA kit using serum of Dirofilaria
repens experimentally infected dogs
Molly Savadelis*, Guilherme Verocai. University of Georgia, Athens, GA
There is growing evidence that heat-treatment of serum samples may reverse false-negative antigen
results in dogs infected by Dirofilaria immitis by disrupting antigen-antibody complexes. Despite being
highly sensitive and specific, commercial ELISA kits may also produce false-positive results when dogs
are infected by other nematodes, including Dirofilaria repens. It is not clear, however, whether heattreatment of serum will impact the occurrence of such false-positive results. Herein, we assessed the
patterns of cross-reactivity in serum of dogs experimentally infected with D. repens throughout infection
and the effect that heat-treatment would have on antigen results. A total of 17 serum samples from 3
dogs experimentally infected with D. repens from day -9 until day +403 post-infection (dpi) where
tested using a commercially available heartworm ELISA test kit, DiroCHEK®Heartworm Antigen Test
Kit (Zoetis, Parsippany, NJ). Heat-treatment was performed by heating the sample to 103 °C for 10 min,
and centrifuging at 1,818×g for 20 min. All non-heat-treated samples remained negative throughout the
study, whereas heat-treated samples consistently tested positive starting from day 136 dpi until necropsy
(for 9 months). The pre-patent period (PPP) was determined using the modified Knott at 164, 178, and
256 dpi. Therefore, false-positives appeared as early as 4.5 months after infection, a month to four
months prior to the PPP. The only data on cross-reactivity of D. repens in such ELISA tests come from
naturally infected dogs in regions of Europe where these two species co-occur. Therefore, co-infections
with D. immitis cannot be ruled out. Our results suggest that the appearance of false-positives due to D.
repens infections is unlikely when serum samples aren’t heat-treated, however, false-positives may be
common after heat-treatment, including in non-patent, early infections. The results of heat-treatment
should be carefully interpreted in areas of co-occurrence of D. immitis and D. repens.
139
Optimizing the recovery of infective stage larvae from mosquitoes fed microfilariae obtained from
the peritoneal cavity of a Mongolian gerbil intraperitoneally infected with Brugia malayi
Michael Dzimianski*1, Andrew Moorhead1, Erica Burkman1, Christopher Evans2, Molly Savadelis1,
Bob Storey1. 1College of Veterinary Medicine, University of Georgia, Athens, GA, 2College of
Veterinary Medicine, Athens, GA
Brugia malayi microfilariae (BMµf) were obtained by peritoneal lavage from an IP-infected gerbil and
washed in phosphate buffered saline (PBS). Ten distinct feeding regimens were produced with the
washed microfilariae, each having a final concentration of 105BMµf per ml. Feeding regimens included
whole dog blood incubated at 28C for 0, 3, 6, or 24 hours after addition of BMµf, and dog serum, dog
plasma, washed dog RBC reconstituted to original volume with PBS (RBC+PBS), PBS, and RPMI-1640
incubated at 28C for 24 hours. One additional feeding regimen was made by concentrating microfilariae
incubated in RPMI-1640 for 24 hours and then adding it to whole dog blood (RPMI+Blood). At the end
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of the incubation periods, each regimen was fed to one of 10 cartons of approximately 500 female Aedes
aegypti mosquitoes (Liverpool strain) using artificial membrane feeders for at least 2.75 hours. Fourteen
days after feeding, 96 female mosquitoes from each carton were individually crushed with forceps and
teased apart in 24 well plates containing RPMI-1640 to enable infective stage larvae (L3) to migrate out
of mosquito tissues. L3 obtained from each mosquito was counted. Prior to feeding, the microfilariae
incubated for 24 hours in blood, serum, plasma, and RPMI-1640 had excellent motility, whereas, the
microfilariae in RBC+PBS had weak motility and those in PBS were immotile. Eleven, 48, 78, and 20
percent of mosquitoes fed whole blood regimens incubated for 0, 3, 6, and 24 hours, respectively, had
L3 of malayi. Twenty-two and 6 percent of mosquitoes fed RPMI+Blood and RBC+PBS, respectively,
had L3. Only 2, 1, 1, and 0 percent of mosquitoes fed serum, plasma, RPMI-1640, and PBS regimens,
respectively, had larvae. The number of L3 recovered from mosquitoes fed the 6 hour incubation blood
regimen was significantly greater (p<0.01) than the other regimens.
140
Experimental transmission of Cytauxzoon felis to domestic cats by Amblyomma americanum
nymphs acquisition fed as larvae on a C. felis donor cat.
Megan Wohltjen*1, Kelly Allen1, Mason Reichard1, Jennifer Thomas2. 1Oklahoma State University,
Stillwater, OK, 2Texas A&M, College Station, TX
Cytauxzoonosis is a highly fatal disease of domestic cats in the United States that is caused by the tickborne apicomplexan Cytauxzoon felis. Dermacentor variabilis was a suspected vector of C. felis when
cytauxzoonosis was first described, but subsequent experimental and epidemiologic survey data
demonstrated Amblyomma americanum as the natural primary vector. Successful experimental
transmission studies in domestic cats were documented using adult A. americanum acquisition fed as
nymphs. Here, we evaluated D. variabilis and A. americanum nymphs acquisition fed as larvae for
transstadial transmission and competence to transmit C. felis to naïve cats. Separate groups of three cats
were each infested with 66 A. americanum or 66 D. variabilis emerged nymphs fed as larvae on a C.
felis donor cat. Cytauxzoon felis infections in principal cats were determined by clinical signs, detection
by PCR amplifying a 296 base pair region of C. felis 18S rDNA, and microscopic visualization of
piroplasms in stained blood films. Twenty nine, 9, and 22 replete A. americanum nymphs and 23, 32,
and 22 replete D. variabilis nymphs were collected from infested cats. Clinical signs of cytauxzoonosis
including pyrexia, lethargy, depression, and enlarged lymph nodes were observed in cats infested with
A. americanum nymphs beginning 12–15 days post-infestation. The same cats were positive for
circulating parasite by PCR 12–14 days post-infestation; piroplasms were evident in blood smears on
day 16 post-infestation, and macrophage schizonts were observed in stained spleen impression smears at
necropsy. Cats infested with acquisition fed D. variabilis nymphs did not develop clinical signs or have
detectable parasite in circulation as determined by PCR or blood smear evaluation. Results from the
present study documented successful transstadial transmission of C. felis from acquisition fed A.
americanum larvae to nymphs, and the competence of emerged nymphs to transmit parasite to healthy
domestic cats.
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141
First-in-Kind in vitro Three-Dimensional (3-D) Canine Dermal Organoid Microenvironment: An
Investigative Platform in the Organogenesis of Dirofilaria immitis Filarids, Missouri Strain.
Miguel Suderman*1, Thomas Craig2, Courtney Browne1, Kayla Walzer1, Bill Meyers1. 1Cell Systems3D, LLC, Kemah, TX, 2Texas A & M College of Veterinary Medicine, College Station, TX
Current in vitro investigative modalities for Dirofilaria immitis filarids involve multiple laboratory
animals, months of incubation time, high costs for suitable animal procurement, maintenance and labor,
necropsy and collection of clinical data. All of which are unable to provide opportune solutions to filarid
specific life stage investigations. Our hypothesis: three-dimensional (3-D) platforms of canid dermis
organoids in vitro microenvironments co-incidence with defined host cell and filarid medium support
organogenesis and viability controlled investigations of D. immitis immature filarids. In vitro 3-D canine
dermal organoid microenvironments support organogenesis and viability of developing immature
filarids. 3-D cellular organoids were bioengineered on synthetic nanofiber disk scaffolds in 12-well
culture plates. L4 filarids were maintained in semipermeable Transwell inserts proximal to dermal
organoids. Human, canine dermal organoids and L4 filarids were sustained with dermal cell-type
specific and an innovative filarid media in a 37oC, 5% CO2 humidified incubator. In a control cohort,
human dermis organoid microenvironment, L4 filarid linear and circumference development was
observed to increase from 0.470 - 1.050 mm; 0.005 - 0.020 mm respectively, with a longevity of 32 days. A second control cohort, cell-free, filarid - only media microenvironment, L4 filarid length
increased from 0.447 - 0.490 mm; circumference from 0.005 - 0.025 mm and were viability for 21 days. In the experimental cohort, canine dermal organoid microenvironment, L4 filarid length increased
from 0.438 - 1,905 mm; circumference 0.005 - 0.040 mm with a 54 - day viability. This first - in - kind
canine dermal 3-D organoid microenvironment provided qualitative, quantifiable data of filarial
organogenesis. viability and behavior. Further advancements in canine dermal 3-D cellular composition,
medium formulations and microenvironment will provide necessary analytics in filarid development,
behavior and evaluation of next generation prophylactic and therapeutic anthelmintics.
142
Moxidectin and Glc-2. A novel inhibitory response to a broad spectrum drug
Kaji, MD.1*, Beech, RN.1, Geary, TG.1 1Institute of Parasitology, McGill University. 21,111 Lakeshore
Road, Ste Anne de Bellevue QC, H9X 3V9
Pentameric glutamate-gated chloride channels (GluCls) have long been described and characterized as
the primary targets of the macrocyclic lactone (ML) family of anthelmintics. Efficacy of these drugs is
achieved by directly and irreversibly activating GluCls in a binding site allosteric to that of glutamate.
This activation causes a hyperpolarization-induced flaccid paralysis of muscle cells innervated by GluCl
signalling, leading to the death of the parasite. Two structurally similar classes of ML drugs
(avermectins and milbemycins) have been developed, exhibiting great potency and a very broad
spectrum of activity. Because of their similarity in chemical structure, protein targets, and efficacy, it is
widely accepted that these drugs occupy the same binding site and operate with the same mechanism of
action. To this date, the only GluCl receptor expressed that displays insensitivity to MLs is a
homopentamer of the subunit, Glc-2. However, a ML modulatory effect on the GluCl orthosteric
binding and activity of glutamate has not been studied; whereas, MLs have a well characterized capacity
for positive allosteric enhancement of GABA-gated chloride channel activation. To address this
deficiency of knowledge, we have used in silico homology modelling and two-electrode voltage clamp
electrophysiology to investigate the ability of Ivermectin and Moxidectin to modulate glutamate143
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activated chloride currents of the Caenorhabditis elegans Glc-2 receptor expressed in Xenopus laevis
oocytes. Our results indicate that a maximal 10 µM concentration of Moxidectin inhibits 80 % (±15 %)
of an EC50 concentration of L-glutamate (380 µM), with a preliminary IC50 of 1.3µM. This inhibition
appears to be irreversible, non-competitive with Ivermectin or glutamate, and specific to Glc-2. To the
best of our knowledge, this appears to be the first report of a ML exhibiting an antagonist profile against
a GluCl and suggests a novel binding site and mechanism of action for Moxidectin.
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Brooke Pace
Pfizer Animal Health
812 Springdale Dr.
Exton, PA 19341
USA
610-968-3369
866-590-1149
brooke.pace@pfizer.com
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Durham, NC 27713
USA
Dana Pollard
919-206-7223
dpollard@cvm.tamu.edu
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Manish Rai
c/o Nitin Raj, 128/13-C 3rd Fl.
New Delhi, 110014
IN
11 26348328
nibp@hotmail.com
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USA
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USA
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USA
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USA
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Douglas Ross
Bayer Health Care
Animal Health Division, 12809
Shawnee Mission Parkway
Shawnee Mission, KS 66216
USA
913-268-2828
913-268-2541
douglas.ross.b@bayer.com
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