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For never man had friend

More enduring to the end,

Truer mate in every turn of time and tide.

Could I think we’d meet again

It would lighten half my pain?

At the place where the old horse died.

—G. J. Whyte-Melville
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“No one portrays the world of 

horses quite like Katey Barrett.  

Indeed, if she has a signature, 

it is the wondrous sense of 

movement she gives to many 

of her equine subjects.  Her 

work has adorned scores of 

publications, depicting every-

thing from the riotous world of 

racing, to the grace and beauty 

of hunters and jumpers, to the 

travails of the precious Ameri-

can mustang.  Barrett has con-

tributed her work generously 

through the years, especially 

to the efforts of the Center for 

Equine Health at the University 

of California, Davis.  She asks 

for no special thanks, but she 

deserves eternal gratitude—for 

her time, her talent, and for her 

dedication to the horse.”

 —Jay Hovdey, 2003
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Director’s
Message

The need for quality 

research never ceases 

because the demand for 

better health care is ever 

present.

Dr. Gregory Ferraro and Liam

This issue of our 2006 Research Review (formerly called Research 
Report) marks a significant change in format from previous years.  
In the past, we prepared two separate publications:  the Research 

Preview outlined new projects selected for funding in the current year, 
while the Research Report presented the results of completed studies 
funded in previous years.  Beginning this year, we are combining those 
two publications into one.  With the growing number and widening scope 
of other types of CEH publications, this change allows us to make more 
efficient use of our resources and provides an all-in-one catalog of our 
research program.  Now you can see what’s happened and what’s coming 
all in one place.

In addition to that change, you may also note a marked change in reporting 
style for both the newly funded and completed research projects.  As 
even scientists will admit, reading research documents can be like eating 
a dried cracker.  Got milk?  To counter the cracker effect, we have edited 
the descriptions of our funded research projects more stringently, with the 
goal being apple pie à la mode!   We hope these changes will enable you 
to enjoy reading the material from start to finish instead of falling asleep 
halfway through the second report.

Our efforts to make the reporting of research studies more reader-friendly 
should not be taken to mean that the science is any less serious.  The need 
for quality research never ceases and the demand for improved equine 
health care is ever present.  This is a job that the Center for Equine Health 
and its faculty scientists take very seriously.  Submitted research proposals 
are written, reviewed, critiqued and occasionally redesigned before funding 
is awarded.  Once projects are funded, long hours of diligent, sometimes 
arduous investigative work are expended to ensure that the results produced 
are accurate and reliable.  At the completion of a project, data must 
be analyzed and critiqued and scientific manuscripts prepared.  These 
manuscripts are then submitted to peer-reviewed scientific journals where 
they can be shared with the greater scientific community.

After this long process, our editorial staff becomes involved in the 
democratization of this information.  We take these finely written, in-depth 
scientific manuscripts and translate them into the language of horse owners, 
riders and animal lovers.  I hope you find that we have succeeded by some 
measure in accomplishing that task.   As someone once said, Words are as 
beautiful as wind horses, and sometimes as difficult to corral.
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CEH
Advisory

Board

The CEH Advisory Board 

serves as a conduit for 

industry concerns and 

research priorities.

Individual members help 

develop new programs and 

support ongoing research 

by identifying potential 

funding sources.  Members 

function as ambassadors 

for the CEH by directing 

public attention to the

contributions made to 

equine welfare resulting 

from CEH’s research and 

educational activities.

Joseph W. Harper, Chair
President/General Manager
Del Mar Thoroughbred Club
Thoroughbred Racing Ambassador

Jerry T. Amerman
Thoroughbred Racing Ambassador
Emeritus Member

Rick Arthur, DVM
Equine Veterinarian
Thoroughbred Racing Ambassador

Linda Starkman
Performance Horse Ambassador

Rosemary R. Ferraro
Thoroughbred Racing Ambassador
Emeritus Member

M. Fentress Hall
Performance Horse Ambassador

John C. Harris
Thoroughbred Racing Ambassador

Douglas J. Herthel, DVM
Equine Veterinarian
Performance Horse Ambassador

Jack K. Robbins, DVM
Vice President, Oak Tree Racing Association
Thoroughbred Racing Ambassador

Carol Anderson Ward
Thoroughbred and Cutting Horse Ambassador
Emeritus Member

Howard Weiss
Quarter Horse Ambassador
Emeritus Member

Lucy G. Whittier
Arabian Horse Ambassador
Emeritus Member
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CEH
Scientific
Review

Committee

E. Robert Atwill, DVM, MPVM, PhD  
VM: Population Health and Reproduction

Barbara Byrne, DVM, PhD 
VM: Pathology, Microbiology and Immunology

Patricia A. Conrad, DVM, PhD 
VM: Pathology, Microbiology and Immunology

Joseph Dowd, DVM, PhD 
Equine Veterinarian

Gregory L. Ferraro, DVM, PhD
Director, Center for Equine Health

Irwin K. M. Liu, DVM, PhD 
VM: Population Health and Reproduction

Kent Lloyd, DVM, PhD
VM: Associate Dean, Research

Melinda MacDonald, DVM, PhD, Dipl. ACVS 
VM: Surgical and Radiological Sciences

N. James MacLachlan, DVSc, MS, PhD, Dipl. ACVP 
VM: Pathology, Microbiology and Immunology

K. Gary Magdesian, DVM, PhD, Dipl. ACVIM 
VM: Medicine and Epidemiology

Stuart Meyers, DVM, MS, PhD, Dipl. ACT 
VM: Anatomy, Physiology and Cell Biology

William E. Plummer, BS, MS, PhD 
California Polytechnic State University, San Luis Obispo

Fern Tablin, VMD, PhD 
VM: Anatomy, Physiology and Cell Biology

Johanna L. Watson, DVM, PhD, Dipl. ACVIM 
VM: Medicine and Epidemiology

Steven J. Wickler, DVM, PhD 
California State Polytechnic University, Pomona

The Scientific Review 

Committee evaluates all 

research proposals

submitted for funding, 

critiquing and occasion-

ally suggesting redesign of 

a study before funding is 

awarded.
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The Center for Equine Health has established several focused 
research initiatives to concentrate resources, expertise, cutting-edge 
technology and state-of-the-art equipment in certain areas of scientific 

research.  These initiatives are conducted under the auspices of the CEH 
and were founded by the generous contributions of private individuals 
and/or organizations concerned with the health and well-being of animals, 
especially horses.

Established in 1988, the J. D. Wheat Veterinary Orthopedic Research 
Laboratory focuses on equine musculoskeletal diseases.  In 1997, the Dolly 
Green Research Foundation of Southern California provided a $1 million 
endowment in Dr. J. D. Wheat’s name.  Dr. Wheat is a professor emeritus 
and a founding faculty member of the UC Davis School of Veterinary 
Medicine whose visionary leadership helped develop this orthopedic 
research laboratory.  The Dolly Green Foundation, having recognized 
the orthopedic laboratory’s contribution to the welfare and protection of 
the equine athlete, wanted to protect the work of ensuing generations of 
scientists and to honor one of its founding scientists.

Performance horses incur a wide variety of athletic injuries that are 
unique to their particular athletic pursuit.  Scientists are working hard to 
discover risk factors, preventive measures and effective treatments for each.  
The orthopedic laboratory has expanded its scope to include companion 
animals, livestock, and wildlife species.  Under the direction of Dr. Susan 
Stover, the orthopedic laboratory’s vision is to (1) improve sport horse and 
companion animal welfare, (2) understand causes of injury and disease, (3) 
develop better methods for diagnosing, treating, and preventing injury and 
disease, and (4) provide education to ensure that equestrian sports, pleasure 
riding and companion animals may be safely enjoyed.

Over the past few years, researchers in the J. D. Wheat Veterinary 
Orthopedic Research Laboratory have achieved some major 
accomplishments that will significantly benefit horse-racing:

t Discovered that stress fractures precipitate catastrophic fractures.
t Discovered new sites, now routinely examined, for stress fractures.
t Advocated bone scan (scintigraphy) installation at Santa Anita 

Racetrack.
t Developed new bone scan views to enhance detection of stress 

fractures.
t Associated high-intensity exercise with increased risk for skeletal 

injury.
t Determined that high-intensity exercise increases risk for lay-up.
t Determined that lay-up increases risk for catastrophic humeral 

fracture.

CEH
Focused
Research
Initiatives

These initiatives were 

founded by the generous 

contributions of private 

individuals and/or

organizations concerned 

with the health and well-

being of animals,

especially horses.
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t Associated horseshoe toe grabs with increased risk for injury, 
especially suspensory apparatus failure (fetlock breakdown).
t Discovered osteoarthritis in the back and pelvis of over 25% of 

racehorses.
t Developed new, improved techniques for sampling and treating the 

fetlock and pastern joints.
t Improved methods for fracture repair.
t Improved understanding of joint cartilage infl ammation and function.

Great strides have been made in discovering the causes of catastrophic 
injury in racehorses.  We now have a better understanding of the events 
leading to bone fracture and better techniques to detect stress fractures in 
live horses.  We can identify exercise factors that place horses at increased 
risk for catastrophic injury and provide horseshoe recommendations to 
prevent suspensory apparatus injury.  But the challenge continues in order 
to make horse-racing a safe sport for horses and people.

    To contact the J. D. Wheat Veterinary Orthopedic Research Laboratory, 
visit their Web site at www.vetmed.ucdavis.edu/vorl, or telephone
Dr. Susan Stover at (530)752-8388 (e-mail:  smstover@ucdavis.edu).

In January 2001, the Bernice Barbour Communicable Disease 
Laboratory (BBCDL) was established to conduct research devoted to 
investigating the mechanisms by which infectious diseases are produced.  
The Bernice Barbour Foundation, Inc., was established by the late Bernice 
Wall Barbour of New Jersey, who devoted her life to making the lives of 
animals happier and healthier.  The Foundation’s trustees are concerned 
that the increasing voracity of infectious agents poses a serious threat to 
the well-being of all creatures.  The BBCDL was established to address this 
problem.

Infectious communicable diseases pose one of the major threats 
to worldwide health in the 21st century.  Currently, the capacity of 
many infectious oganisms to adapt and mutate far exceeds the medical 
community’s ability to respond with new strategies for control.  The 
resilience of these pathogenic microbes, combined with the rapidity with 
which humans and animals currently circumvent the globe, present today’s 
biomedical scientists with a most diffi cult challenge.

The BBCDL employs an innovative approach to accomplish its goals.  
Instead of studying specifi c diseases in isolation, the laboratory provides 
a research umbrella under which scientists from varying disciplines work 
together as a team to study disease-causing microbes throughout the world.  
The BBCDL’s work focuses on three critical areas of infectious disease 
research:  (1) the microorganism’s life outside the host, (2) the pathogenic 
mechanisms used by microorganisms to invade the host and cause disease, 
and (3) the defense mechanisms used by hosts against microorganisms.

— Continued on page 10

ú
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Some major accomplishments to date include:

t Acquisition of new information on Cryptosporidium parvus, the 
waterborne protozoal disease, which remains a signifi cant public 
health threat in the United States.  Specifi cally, researchers conducted a 
comprehensive evaluation of the hydrological transport of C. parvus oocysts 
in groundwater and riverine systems.
t Development of predictive models on the rate of environmental 

inactivation of infective C. parvum oocysts for use in improving 
environmental regulations for livestock grazing on watersheds and in 
ensuring water quality.
t Development of methods to study disease outside of the horse—the 

“horse in the Petri dish.”  We are now able to study the cells involved in 
infections in the horse in laboratory cultures.  We use monocytes from 
blood, alveolar macrophages from the lung, endothelial cells that line 
the blood vessels, and dendritic cells (the fi rst and most important cells 
that need to interact with an invader) to study disease virulence and host 
immune response.  These cell culture systems, which allow us to study 
the interactions of pathogens in the horse without the need to use whole 
animals, are a signifi cant boost to advancing the study of equine infectious 
diseases.
t This lab supports one full-time cell biologist specializing in disease 

infection and host response.
t Training the next generation of scientists in the area of waterborne 

zoonotic diseases, environmental health assessment, and host/pathogen 
interactions.

To contact the Bernice Barbour Communicable Disease Laboratory, visit 
their Web site at www.vetmed.ucdavis.edu/ceh/BBCDL, or telephone 
Dr. Gregory Ferraro at (530)752-6433 (e-mail:  glferraro@ucdavis.edu).

Viral diseases of humans and animals are becoming increasingly 
important to the maintenance of worldwide health.  The changing 
demographics of the horse industry, particularly the international movement 
of sport performance horses, clearly places horses in an especially high-risk 
category for both infection and transmission of any new and/or emerging 
viral disease.  With initial funding support provided by Dr. Bernard and 
Mrs. Gloria Salick, the Equine Viral Disease Laboratory was dedicated in 
April 1999 to facilitate the diagnosis, control, and study of the global spread 
of viruses that have the potential to cause disease in horses and humans.  
Subsequent core laboratory support for specifi c infectious disease research 
has been provided by the Harriet E. Pfl eger Foundation over the past fi ve 
years.  The mission of the Equine Viral Disease Laboratory is to promote 
equine health by undertaking research on diseases of the horse caused 
by viruses.  Specifi c objectives are to provide state-of-the-art diagnostic 
expertise, reagents, and technology dedicated to the horse and to facilitate 
transfer of this technology and expertise to appropriate partners within this 
and other universities, in the state government, federal government, and 
international health organizations.

Research Initiatives—Continued

ú
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Under the direction of Dr. N. James MacLachlan, the Equine Viral 
Disease Laboratory is leading the international effort to develop better 
diagnostic technology to identify diseases.  The laboratory is working to 
improve vaccines to prevent these diseases and is coordinating efforts to 
better monitor and control them.  It disseminates information on a regular 
basis and provides a facility that is a global hub for the interaction of 
scientists involved in the study of disease.

Some major accomplishments since the laboratory’s inception include:

t Pioneering work in the characterization of Equine Viral Arteritis (EVA).
t Development of improved assays to expedite accurate diagnosis of 

EVA infection in horses.
t Development of a new-generation vaccine for immunizing horses 

against EVA.
t Initiation of comprehensive epidemiologic studies to examine the 

impact of West Nile Virus (WNV) on horses in California.
t Continued work with molecular studies of WNV to identify key 

genetic determinants of phenotypic properties, including virulence of 
fi eld strains and the role of reservoir hosts (mosquitoes, birds) in fostering 
evolution of WNV in the fi eld.
t Initiation of an extensive study of virus-induced respiratory disease of 

young Thoroughbred horses in Southern California to determine the precise 
role of viruses in the occurrence of respiratory disease in yearlings.
t Progress in the development of a vaccine for African Horse Sickness 

virus.

Future goals for the Equine Viral Disease Laboratory are to broaden 
diagnostic capabilities through strategic partnering with pre-eminent 
groups nationally and internationally in order to address every major viral 
disease of the horse.  The laboratory will continue cutting-edge research 
on viral diseases of the horse that are important to the regional industry.  
There will be a focus on new diagnostic and immunization technologies, 
characterization of the epidemiology and pathogenesis of important viral 
diseases of the horse, and identifi cation of new and emerging viral diseases 
of the horse.

To contact the Equine Viral Disease Laboratory, visit their Web site at 
www.vetmed.ucdavis.edu/evdl, or contact Dr. James MacLachlan at 
(530)752-1385 (e-mail:  njmaclachlan@ucdavis.edu).
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CEH
Awards

The CEH has adopted an

active role in the recruit-

ment and development of 

the next generation of

veterinary scientists.  The 

equine industry will need 

many highly skilled and 

talented individuals to ad-

vance the medical

management and care 

of horses.  The CEH has 

stepped forward to meet this 

challenge by developing 

programs that will attract 

and support individuals who 

have demonstrated their 

affinity and dedication to 

equine medicine.

James M. Wilson Award

    This year’s James M. Wilson 
Award was presented to Dr. Jeffrey 
Norris.  The Wilson Award is given 
each year to the most outstanding 
equine research publication authored 
by a graduate academic student or 
resident in the UC Davis School of 
Veterinary Medicine.  The award 
includes a $500 cash prize, $150 in 
travel expenses to a scientific meet-
ing to present research results, and a 
commemorative plaque.  Dr. Norris’s 
publication, Investigation of a Novel, 
Heritable Bleeding Diathesis of Thoroughbred Horses and Development of 
a Screening Assay, was honored with the award.

    The award was established in memory of Dr. James M. Wilson, a respect-
ed equine practitioner from Northern California who passed away in 1994.  
Dr. Wilson’s family and friends provided an endowment so this award 
could be an annual event in honor of Dr. Wilson.  

    Dr. Norris received his PhD in Biophysics from the University of Califor-
nia, Davis, and is now a Postdoctoral Fellow in the laboratory of Dr. Fern 
Tablin.

Louis R. Rowan Fellowship

    Dr. Clifton Drew is once again the 
recipient of the 2006–2007 Louis R. 
Rowan Fellowship in Equine Studies.  
He also received last year’s award.  
The fellowship provides a $5,000 
stipend for a veterinarian pursuing 
a PhD in an equine-related medical 
science at the UC Davis School of 
Veterinary Medicine.

    The Center for Equine Health’s 
Director nominates candidates to the 
California Thoroughbred Foundation 
(CTF) Board of Trustees, who then selects the award recipient.  This fellow-
ship was established by the CTF in honor of its co-founder, Louis R. Rowan, 
a well-known California breeder who raced Thoroughbred horses through-
out the United States.  He was one of the founding directors for the Oak 
Tree Racing Association and a well-respected and progressive horseman.

    Dr. Drew is a graduate of Oklahoma State University CVM, Stillwater, 
OK, and is just completing his third year of residency in anatomic pathol-
ogy at the UC Davis School of Veterinary Medicine.  He is also pursuing a 
PhD in the Department of Veterinary Pathology, Microbiology and Immu-
nology.

Dr. Jeffrey Norris

Dr. Clifton Drew
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Dan Evans Memorial Endowment

    Dr. Susanne Dykgraaf is the recipient of 
this year’s Dan Evans Memorial Endowment.  
Her research will examine the hypothesis that 
sampling of fl uid from the equine digital ten-
don sheath and injection of a commonly used 
antibiotic can cause elevations in synovial fl uid 
parameters that may resemble values currently 
used to indicate sepsis.  Because the sampling 
plays a crucial role in deciding on the course of 
treatment, it is important to understand the
effect of the antibiotic on the fl uid.  

John P. Hughes Memorial Endowment

    This year’s John P. Hughes Memorial Endow-
ment was again awarded to two researchers 
conducting two very different studies: 
Dr. Aaron Hodder and Dr. William Symm.

    Dr. Hodder’s research will focus on examin-
ing equine semen for the presence, incidence, 
and level of activity of equine herpesvirus-1
using real-time Taqman PCR assay.  Taqman 
PCR assay systems have been shown to be a 
faster, more sensitive method for detecting the 
presence of viruses in semen than previously 
used techniques.

    Dr. Symm’s research will investigate three 
different methods of handwashing in prepar-
ing for equine surgery based on the hypothesis 
that combined use of traditional hand rubs will 
be superior to traditional scrubbing techniques 
alone.  Optimal surgical hand preparation 
should substantially reduce bacterial counts for 
the duration of surgery.

Peray Memorial Endowment

    Dr. Amy Poulin is the recipient of this year’s 
Peray Memorial Endowment.  She will be con-
ducting a preliminary evaluation of a new clinical 
method to screen for endotoxemia in equine colic 
patients.  This new method uses a commerically 
available equine enzyme-linked immunosorbent 
assay (ELISA), which is thought to provide a sensi-
tive and specifi c test for Tumor Necrosis Factor-α, 
an indicator of endotoxemia.  The method also 
would provide the needed information much more 
rapidly, thereby improving the timely identifi cation 
of patients with elevated endotoxin levels. 

Dr. Susanne Dykgraaf

Dr. Aaron Hodder

Dr. William Symm

Dr. Amy Poulin
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CEH
Focused
Research

Endowments

Through the University of California’s managed endowment system, 
the Center for Equine Health has established perpetual funding 
sources for specific areas of equine research.  These endowments 

are essential to the CEH’s current and long-term successs.  So far, 13 such 
endowments have been established, ranging from $10,000 to more than
$1 million.  The endowments are described below.

    Individuals interested in supporting the CEH may contribute to one or 
more of these endowments or work toward creating a new one in an area 
of equine medicine that is of interest to them personally.  The minimum 
amount required to establish an endowment under this system is $10,000.  
For more information regarding the endowment programs, contact
Dr. Gregory Ferraro at (530)752-6433 or send an e-mail to 
glferraro@ucdavis.edu.

Director’s Endowment
    Provides general funding for CEH research, educational or welfare 
activities most critical to the needs of the horse in any given year.  This 
endowment also provides the foundation for all future CEH endeavors.

Performance Horse Endowment
    Focuses on the medical problems of the mature show and event horse.  
Also funds long-term, in-depth studies of problems that preclude horses 
from performing athletically as they age.  Areas of study include colic, 
nutrition, cardiopulmonary health, degenerative orthopedic processes and 
infectious disease.

Equine Athletic Performance Laboratory
    Provides for the development of analytical methods for accurately 
evaluating the athletic conditioning and performance capability of 
individual horses.  Once these analytical techniques are fully developed, 
the goal of the program will be to provide an objective evaluation of the 
ability of drug agents and training methods to enhance performance and 
decrease the risk of injury in competitive horses.

J. D. Wheat Equine Orthopedic Research Laboratory
    Provides for investigation of the underlying causes of bone fractures, their 
prevention, and new methods of fracture repair.  (Originally established by 
the Southern California Equine Foundation, Inc., with funds provided by the 
Dolly Green Research Foundation.)

Bernard and Gloria Salick Equine Viral Disease Laboratory
This endowment supports a program dedicated to international scientific 

investigations of emerging equine viral diseases.  Its goal is to identify 

Perpetual funding sources 

for specific areas of equine 

research are essential to the 

current and long-term

success of the CEH.

mailto:glferraro@ucdavis.edu
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and control viral diseases of the horse that can affect the international 
movement, commerce and health of competitive equine athletes.

Animal Rescue and Disaster Medicine Endowment
Focuses on developing improved techniques for the rescue of large 

animals during natural disasters.  The fund also supports research into 
various medical conditions of the animals and the development of 
improved treatment regimens.

Lucy G. Whittier Endowment for Equine Perinatal and Infectious Disease
Dedicated to improving the health and medical treatment of newborn 

foals and their dams and to conduct research on infectious diseases 
associated with foals.

Polly and Bill Swinerton Director’s Endowment
This fund supports the activities of the CEH Director to advance the 

facility’s teaching, research and service missions.

Peray Memorial Endowment
Provides funding for resident house offi cers of the UC Davis Veterinary 

Medical Teaching Hospital (VMTH) to conduct equine respiratory disease 
research.

John P. Hughes Memorial Endowment
Provides funding for VMTH resident house offi cers to conduct clinical 

research in any area of equine medicine or surgery.

Dan Evans Memorial Endowment
This endowment provides funding for VMTH resident house offi cers 

to conduct research in any area of equine medicine and surgery that is 
relevant to the development of their specialty board certifi cation.

Equine Enduring Legacy Endowment
This fund provides for the development of new treatment methods and 

techniques in equine medicine or surgery.  It supports the application 
of experimental treatments to horses that may have untreatable or life-
threatening conditions, as well as the conduct of clinical research trials to 
aid in the development of new therapies.

Marcia MacDonald Rivas Research Endowments
These funds are available to teaching and research personnel, including 

all faculty at the Assistant level, Lecturers, and MSP Professionals with less 
than fi ve years of employment in the School of Veterinary Medicine.  New 
and junior faculty members are preferred, as are equine-related projects.
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Photo by Katey Barrett, 2005
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Simulcast Racing Contributions

2004 – 2005

2003 – 2004

2002 – 2003

2001 – 2002

$844,954$888,686$798,717$791,694

In 1987, the Satellite Wagering Act (Senate Bill 14) 
designated one-tenth of one percent of California’s 

simulcast racing handle to be used for equine research.  
In 1994, Senate Bill 518 was passed, designating the 
redistribution of the simulcast racing percentage.  One-
third of the simulcast money is now designated for
research, while the other two-thirds is designated for 
the Equine Analytical Chemistry Program which has 
three components: (1) a full-service, routine drug testing 
program, (2) a forensic toxicology program, and (3) a 

pharmacology research and methods development
program.  The latter includes the development of new 
tests and documentation of drug testing effects on race-
horse performance.  In 2001, the Account Wagering 
Bill (AB 471) was passed, directing simulcast contribu-
tions made through televised wagering to UC Davis 
equine research and drug testing programs.   Photo by 
Benoit and Associates courtesy of The California
Thoroughbred.
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Genetics Progress Toward Development of a DNA Test for HERDA, an Inherited 
Skin Disease

Search for the precise chromosome location of an inherited skin disease in 
the American Quarter Horse Breed*

Investigators:  Danika Bannasch, Stephen White and R. C. Tryon

Hereditary equine regional dermal asthenia (HERDA) is an inherited skin 
disease characterized by skin lesions that develop under the saddle area 
in affected horses.  Horses are not normally diagnosed with the disease 
until they are about two years old and being broken to ride.  Currently, 
there is no treatment for HERDA and horses that are diagnosed are usually 
euthanized.

HERDA is the most difficult type of disease to control without a DNA test 
for carriers.  Breeders who produce foals with the disease may never find 
out that their horses are carriers, since the offspring typically do not show 
signs of the disease until they are about two years old.  By that time, the 
offspring usually have been sold.  Our goal is to develop a DNA test to 
identify the mutation that causes this disease and provide breeders with the 
ability to avoid producing affected animals.

In this study, we found that

• HERDA was localized to a specific location on ECA 1.

• Evidence for the localization is highly statistically significant.

Based on this study, we know which chromosome harbors the disease 
allele and we know the specific location on that chromosome of the gene.  
Using genetic analysis, we know that the HERDA locus is contained within 
a specific stretch of DNA.  Now we need to test those genes to identify the 
one that causes the disease.  Once we have the mutation identified, a DNA 
test for carriers will be developed.

* Funded by the Center for Equine Health and the American Quarter Horse 
Foundation.
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Studies of a Foal from HERDA-Affected Parents During the First Year of 
Life 

Investigators:  Stephen White, Danika Bannasch and Verena Affolter

Hereditary equine regional dermal asthenia (HERDA), or hyperelastosis 
cutis, affects primarily Quarter Horses.  The skin along the horse’s back 
stretches and tears easily, making the horse unfit for riding.  Researchers 
have recently completed a study of 52 horses afflicted with HERDA to 
document the genetic, clinical and microscopic findings.  The reported age 
of disease onset ranged from birth to 4 years, with an average of 1.3 years.  
The hypothesis is that affected horses show signs of disease at birth or soon 
after and that clinical observation and biopsies of the skin taken over the 
first year of life will help to typify the progression of this disease.

In this study, we obtained and compiled data related to the clinical 
presentation, histopathology, and electron microscopy of HERDA during 
the first year of life in a foal with both parents affected by the disease.  We 
found that

• Two HERDA-affected parents produced a foal that developed the 
disease.

• Documented that such foals may live for over a year with minimal 
signs, then precipitously show severe clinical signs that require 
euthanasia.

• Previous work showing the difficulty of diagnosis by 
histopathological examination was substantiated.  Two pathologists 
independently reviewing skin biopsies from the HERDA foal and an 
age-matched normal foal were unable to consistently differentiate 
between the two horses, even when looking at biopsies taken every 
60 days over the 18-month study.

This study provided evidence of the hereditary nature of HERDA.  In 
addition, the affected foal in our study was relatively clinically normal 
until about 18 months of age, when the development of severe lesions 
necessitated her euthanasia.  Thus, we found that the absence of clinical 
signs at birth does not preclude the diagnosis of the disease.  The difficulty 
of diagnosing the disease through histopathology of the skin indicates that 
diagnosis must be made either by clinical signs or, in the future, by DNA 
testing. 

Progress Toward Identifying the Gene Responsible for Equine Cerebellar 
Abiotrophy (CA)

Is Scn8a the gene that causes equine cerebellar abiotrophy?

Investigators:  M. Cecilia T. Penedo and Leah Brault

Cerebellar abiotrophy (CA) is a neurological condition found almost 
exclusively in Arabian horses.  Around six weeks of age, the disease causes 
the death of neurons in the cerebellum of affected foals, leading 
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to head tremors and a lack of balance.  Preliminary data have shown an 
approximate location for CA on the horse genome and the probability that 
a gene exists in this region that could be responsible for CA.  Mutations in 
this gene, known as Scn8a, cause tremors, muscle weakness and a lack of 
balance in mice.  If we can confirm that Scn8a is responsible for CA, we 
may be able to develop a genetic test to identify carriers of the disease.

In this study, we developed “markers” to help us determine if Scn8a is 
associated with CA.  We found that

• While several of the 20 restriction enzymes cut a 5.5-kb piece of 
Scn8a that we amplified by PCR, they cut all horses (normal and 
affected) in the CA families identically.

• Sequencing of the 5.5-kb piece yielded a microsatellite marker.  
We genotyped the CA families for this marker, but all horses had 
the same allele.

• We screened a genomic library for colonies containing the 
Scn8a gene and identified two clones that contained two new 
microsatellite markers.

• One microsatellite was uninformative, but the other was genotyped 
on the CA families.  The marker did not segregate with the 
CA phenotype, strongly suggesting that Scn8a is not the gene 
responsible for CA.

• We are now looking at a region containing a gene similar to Scn8a 
called SCNN1D.  A microsatellite marker in this region shows 
almost complete segregation with CA, although genetic markers 
identified within SCNN1D do not.  We will continue to look for 
other candidate genes in the area.

Although we were not able to identify the gene responsible for CA in this 
study, we have taken several significant steps forward.  In the last year, 
we have identified and collected samples from a fourth family of horses 
segregating for the disease, which has made our mapping data more 
robust.  We have been able to exclude Scn8a and SCNN1D as candidate 
genes for CA, but have pinpointed a region of chromosome 2 as a strong 
potential location for the CA gene.  We are continuing to gather samples 
and planning additional studies to identify the mutation causing CA, 
ultimately leading to the development of a diagnostic test for this disease.

Genetics
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ImmunologyDeveloping New Tests for Early Detection of Lung Allergies in Horses

Equine respiratory allergy:  investigation of the genetic basis for the 
disease*

Investigators:  Johanna Watson, Jeffrey Stott, Joel Bea and Owen Solberg

Horses suffer from two respiratory diseases that have may have an allergic 
component:  inflammatory airway disease (IAD) and heaves (chronic 
obstructive pulmonary disease or COPD).  Conventional testing such as 
a skin test or measurement of the immunoglobulin IgE—an antibody that 
mediates (effects) an allergic reaction by binding to specific receptors 
on cells—may not reflect the true state of local allergy in the lung.  An 
improved method for detecting lung allergies in horses as well as for 
identifying a genetic predisposition to allergy is needed.  

Recently, researchers have identified two host cell surface receptors that 
are extremely important in controlling allergic responses in mammals other 
than horses:  CD23, a receptor for IgE, and interleukin-4 receptor (IL-4).  
These receptors may be useful in the development of new tests for horses.

In this study, we studied these receptors in cells and blood from normal 
horses and from horses affected with COPD and followed performance 
horses over time to identify any correlation  between levels of CD23 and 
the occurrence of allergic respiratory disease.  We also screened horses for 
variations in the IL-4 receptor gene to study its association with respiratory 
allergies.  We found that

• There are 11 positions in the signaling portion of the equine IL4R 
gene that show variation.

• There were significant differences between breeds of horses in the 
specific variations (polymorphisms) in the IL4R sequence.

• In Quarter horses one particular form of IL4R (haplotype) was 
over-represented in horses with heaves, occurring 70% in diseased 
horses and only 30% in healthy horses.

• Using a new test, equine lung macrophage cells cultured in an 
environment to mimic allergy up-regulated the CD23 receptor.

• There is a form of the IL4 receptor that has significant potential for 
the treatment of heaves.

With extensive work on diseased and normal horses of different breed 



24     Research Review 2006  g  Center for Equine Health

Immunology

groups, we expect to identify a gene variation(s) that predisposes horses to 
allergic disease.  Once all these gene types are known, animals could be 
identified early and treated to decrease the likelihood of contracting the 
disease.

* Funds provided by the Center for Equine Health and the Harriet E. Pfleger 
Foundation.

Understanding the Immune Response of Horses to Equine Protozoal 
Myeloencephalitis and Equine Herpesvirus-1 Myeloencephalopathy

Investigation of the immune response to the agents of equine protozoal 
myeloencephalitis (EPM) in brain and spinal cord tissue, blood and 
cerebrospinal fluid of infected horses through measurement of cytokines 
and quantitation of protozoal agent using TaqMan PCR, a novel molecular 
amplification method

Investigators:  W. David Wilson, Nicola Pusterla, Christian Leutenegger, 
Patricia Conrad and Bradd Barr

Equine protozoal myeloencephalitis (EPM) is a progressive neurologic 
disease caused by the protozoal parasites Sarcocystis neurona and 
Neospora hughesi.  It is the most common disorder affecting the nervous 
system of horses in the United States.  Despite extensive investigation, 
the pathologic mechanisms involved in the development of this disease 
and the immune response to infection are still poorly understood.  New 
techniques in molecular biology now make it possible to detect minute 
amounts of parasite antigen in infected tissues and to investigate the 
inflammatory and immune response to infection.

The highly sensitive TaqMan PCR technology will be used to study 
cytokine response to protozoal infection in the nervous system of horses.  
(Cytokines are small secreted proteins produced by different cells in 
response to an immune stimulus.  They mediate and regulate immunity 
and inflammation.)  We hope to improve our understanding of the 
mechanisms underlying EPM and to develop new methods for rapid 
diagnosis.  We will also use this molecular technology to investigate 
the viral load and cytokine response to equine herpesvirus-1 (EHV-1) 
myeloencephalopathy in the brain and spinal cord.

In this study, we determined and characterized the inflammatory and 
immune response to protozoal parasites and EHV-1 in the nervous system 
of infected horses.  We found that 

• The use of archived brain tissue for real-time PCR analysis 
proved sensitive and practical for diagnostic assay of the different 
pathogens and the variety of cytokine responses.

• The TaqMan PCR assays developed for S. neurona, N. hughesi and 
EHV-1 were able to detect and quantitate the pathogen load in 
brain and spinal cord tissues.
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• Positive detection of pathogens at the RNA level indicated the 
presence of viable organisms (S. neurona, N. hughesi and EHV-1).

• Expression of proinflammatory Th1 cytokines and the absence or 
rarity of Th2 cytokines was observed in the immune response to the 
EPM parasite.

• EHV-1 positive neural tissues expressed mainly proinflammatory 
cytokine IL-8 with no IL-10 or IFN-λ and rare TNF-α expression.

The increase in both pro- and anti-inflammatory cytokines in EPM tissues 
indicates the generalized dysregulation (a disruption in normal regulation) 
in the inflammatory pathways.  Further, horses with EPM do not appear 
to be immunocompromised and are able to fight the invading pathogen.  
The pro-inflammatory cytokine IL-8 was the only mediator with elevated 
gene transcription in tissues from EHV-1 horses.  This may be related to 
the acute nature of the disease or associated with the ability of EHV-1 to 
evade the immune system.  These findings provide new insight into the 
immunopathogenesis of EPM and EHV-1 myeloencephalopathy. 

Immunology

Improving Our Understanding of Immune System Development in Foals

Development of the humoral immune system in foals

Investigators:  Peter Moore and Brian Stacy

Horses are susceptible to a variety of diseases during gestation and in the 
first few months of life.  Neonatal diseases are a major cause of financial 
loss to the equine industry due to mortality, costs of medical care, and 
diminished performance later in life.  A mature and functional immune 
system is essential in the defense against common infectious diseases.  
However, we know surprisingly little about the development of the 
humoral immune system in foals.

Humoral immunity, which consists of an antibody response to an antigen 
rather than a cell-mediated or systemic response, is a key element in many 
important diseases that affect foals.  Immunoglobulins, or antibodies, must 
be produced in order to make the immune system fully functional.  An 
improved understanding of the basic processes behind the development of 
these antibodies with regard to age will provide us with new insight into 
the development of competent immune defense.

In this study, we found that

• B-cell development—responsible for humoral immunity—begins 
in fetal liver at 60 days of gestation and consists of sparse cells and 
small aggregates increasing through 150 days.

• Spectacular B-cell follicles (largely grossly visible nodules) develop 
between 150 and 210 days of gestation in the spleen, mesenteric 
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lymph nodes and gut-associated lymphoid tissue (GALT).  These 
follicles contain germinal centers composed of proliferating B-cells.

To measure the breadth of humoral immunity:

• A single IgH Variable (V) segment family and a restricted V segment 
repertoire were used in B-cell development.

• IgH V sequence alignments from liver, bone marrow, spleen and 
GALT were identical through 150 days of gestation.

• Diversification of IgH V sequences was observed in spleen and 
GALT  compared with bone marrow at 210 days of gestation, 
which coincided with the appearance of the large B-cell follicles in 
spleen and GALT at this time.

Based on these findings, we have learned that the development of humoral 
immunity in horses is unique from that of ruminants, especially since it 
uses the spleen to diversify its IgH V genes from mid-gestation onward.  
Moreover, the timing of the spectacular B-cell follicular development 
has been documented.  Pathologists have previously attributed this to a 
response to an in-utero infection of unknown cause rather than a normal 
developmental sequence.
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Analyzing Amino Acids to Improve Diagnosis and Treatment of 
Gastrointestinal Disease

Evaluation of plasma complete amino acids in healthy adult horses, feed-
deprived adult horses, and in adult horses with diarrhea

Investigators:  Andrea Fascetti, Meri Stratton Phelps and Quinton Rogers

Thousands of horses are affected each year with diarrheal diseases, either 
as a primary disease or after colic surgery.  Horses with diarrhea may 
develop protein-calorie malnutrition because they are anorectic and do 
not consume enough energy and protein to meet their metabolic needs, 
and they are not always treated with adequate nutritional support.  Protein-
calorie malnutrition can lead to an extended recovery period, increased 
hospitalization time, and a delay in returning to athletic work.

Changes in the concentration of plasma amino acids can be used to 
evaluate the protein needs of an animal during a time when dietary protein 
intake is decreased and the response of a horse to nutritional therapy to 
ensure that adequate protein and amino acids are included in the diet.  
To this end, we compared the complete amino acid profiles of healthy 
fed horses, healthy feed-deprived horses, and horses with gastrointestinal 
disease and found that

• After 24 hours of feed deprivation, healthy geldings developed 
significant changes in plasma amino acids compared with fed 
horses, most likely due to the catabolism of muscle protein. 

• There were significant differences between the plasma complete 
amino acid profile of adult horses with diarrhea and healthy horses 
deprived of feed for 72 hours.

• The effect of feed deprivation on the plasma amino acid profile of 
healthy adult horses is different than the changes that occur with 
gastrointestinal disease, suggesting that protein metabolism may be 
different in the two conditions.

Pending further research, complete amino acid analysis may someday 
become a diagnostic tool to determine the changes in protein metabolism 
during gastrointestinal disease and be used to monitor a horse’s response 
to nutritional therapy.  Horses with gastrointestinal disease may have 
greater requirements for dietary protein than previously recognized.  If 
these horses can receive appropriate nutritional therapy, it is expected that 
the altered amino acid profile would return to concentrations found in a 
healthy, fed horse.  
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Treatment for Enterocolitis

Evaluation of the nonpathogenic yeast Saccharomyces boulardii as an 
adjunctive treatment for horses with gastrointestinal disease

Investigators:  K. Gary Magdesian, Mary Durando and Ashley Boyle

Equine enterocolitis can be very severe and expensive to treat.  It often 
results in death or humane euthanasia and may result in secondary 
performance-limiting complications such as founder and laminitis.  
These cases are often associated with the use of antibiotics.  Colitis of 
undetermined cause makes specific therapy difficult.  Supportive therapy is 
currently the mainstay of treatment used to combat the primary diarrhea.

Saccharomyces boulardii is a nonpathogenic yeast that has been used 
for the treatment of gastrointestinal disease in Europe since the 1960s 
and more recently in the United States.  It has successfully decreased 
the duration of gastrointestinal disease associated with antibiotic use, 
Crohn’s disease and AIDS.  To our knowledge, there have been no 
published studies to evaluate its use as treatment for enterocolitis in horses.  
Therefore, in this study we evaluated the efficacy of Saccharomyces 
boulardii as an adjunctive treatment for acute antibiotic-associated colitis 
in horses and found that

• The average number of days to normal fecal consistency was 7 
days for the placebo group and 3.4 days for the treatment group.

• The average number of days to normal appetite was 7 days for the 
placebo group and 2.3 days for the treatment group.

• The average number of days to resolution of neutropenia was 7 
days for the placebo group and 2.3 days for the treatment group.

• The average number of days of hospitalization was 7.6 days for the 
placebo group and 8.1 days for the treatment group.

Thus, treatment with Saccharomyces resulted in a reduction in the number 
of days to normal fecal consistency (from diarrhea), to a normal appetite, 
and to a normal white blood cell count.  These findings warrant future 
clinical trials to evaluate this treatment with a larger number of horses.
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Developing an Improved Antibiotic for Horses

Azithromycin:  A new oral antibiotic for use in adult horses

Investigators:  K. Gary Magdesian, W. David Wilson and Mathilde Leclere

Numerous diseases of the horse require long-term antibiotic therapy.  
However, selection of the ideal antibiotic often poses a dilemma for the 
equine practitioner.  The few oral antibiotics available for use in horses 
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combined with the fact that horses have a poor tolerance for repeated 
intramuscular injections means that long-term antibiotic administration 
often requires intravenous catheterization and prolonged and costly 
hospitalization.  There is a critical need for the development of new 
antibiotic alternatives.

Oral antibiotic therapy in adult horses may be associated with serious side 
effects, including diarrhea and fatal colitis.  Azithromycin, a relatively new 
oral antibiotic, has demonstrated broad-spectrum activity, adequate oral 
absorption, and a low rate of gastrointestinal side effects in foals, humans 
and other species.  This study was designed to conduct more detailed 
evaluations of azithromycin in adult horses to provide preliminary data 
related to its safety and efficacy.

In this study, we found that

• Azithromycin had no significant side effects during the experiment 
or for 5 days after the last dose.

• The oral dosage used in this study allowed for adequate blood 
plasma concentrations and could therefore be used for larger safety 
studies.

• The peak plasmatic concentration was 0.46 µg/ml and was reached 
75 minutes after oral administration.  This concentration is slightly 
lower to that used in foals, and the time to peak was also very 
similar.

• The concentration of azithromycin in polymorphonuclear cells 
was 19.22 mg/ml at 12 hours, and 6.5 mg/ml at 120 hours post 
oral administration, which is very similar to concentrations 
found in foals.  This indicates that azithromycin accumulates and 
concentrations within cells and this is consistent with efficacy.

These results show that azithromycin is potentially safe for use in adult 
horses and provides preliminary data for larger pharmacokinetic and 
safety studies.  Azithromycin has the potential to provide an excellent 
alternative to currently available oral antibiotics for the treatment of 
pleuropneumonia, internal abscess, or biliary tract infection—all of 
which require long-term antibiotic therapy.  It could also be used to 
treat infections caused by Streptococcus sp. (including complicated 
forms of strangles) and other bacteria that are resistant to oral antiobiotic 
combinations that are commonly used in equine practice.
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Improving Treatment for Equine Degenerative Joint Diseases

Analysis of substances that inhibit degradation of hyaluronic acid in equine 
synovial fluid

Investigators:  Hilary Benton, Jessica Stokes, Steve Nicholls and Melinda 
MacDonald

Hyaluronic acid (HA) is used widely for treating and preventing 
equine degenerative joint diseases.  When injected into the joint, 
these preparations are rapidly degraded by specific enzymes called 
hyaluronidases, thus decreasing the therapeutic benefit of HA.  In human 
studies, investigators have identified substances (molecules) that inhibit 
these enzymes.  If these inhibitors can be used effectively in combination 
with HA, it may be possible to extend the therapeutic effect of HA in the 
joint and thereby improve the outcome of this form of treatment.

In this study, we identified the presence of specific enzymes that break 
down HA as well as specific molecules that inhibit the concentrations of 
these enzymes.  We found that

• Equine sera and synovial fluids contain enzymes (hyaluronidases) 
capable of breaking down HA.

• These enzymes are active only in an acid environment.

• Equine synovial fluids contain an enzyme inhibitor called inter-
alpha trypsin inhibitor, which has specific ability to inhibit HA 
breakdown.

• Concentrations of this inhibitor are higher in synovial fluid from 
normal joints compared with fluids from inflamed joints.

• The enzyme inihibitor inter-alpha trypsin inhibitor shows promise 
for increasing concentrations of beneficial HA.

An important next step in this line of investigation will be to determine 
how these equine proteins differ from their human counterparts and to 
develop methods to obtain purified enzyme inhibitors suitable for use in 
the treatment of degenerative joint diseases.  
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An Improved Method for Detecting the Presence and Species of the Yeast 
Malassezia on the Skin of Horses

Determination of the presence of the yeast Malassezia on the skin of 
horses, the body areas most likely to be infected, and the species of 
Malassezia involved

Investigators:  Stephen White, Janet Foley, Niki Drazenovich and Sophie 
Vandenabeele

The yeast in the genus Malassezia is both an inhabitant of healthy skin 
as well as a cause of skin disease in humans, dogs, cats and cattle.  
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Large numbers of the organism on cat skin have been linked to serious 
systemic disease, and Malassezia may have the potential to be passed to 
immune-compromised humans.  Mares with Malassezia infections in the 
intermammary region also exhibited severe rubbing at the tail area; anti-
yeast shampoos resolved the itching.

In order to distinguish between normal and abnormal numbers of yeast 
and to advise horse owners on the contagion potential of this organism (as 
is done in cases of dermatophyosis or ringworm), it is important to identify 
the species of Malassezia and determine its incidence and location on the 
body of healthy horses.  However, basic information is lacking about the 
distribution of Malassezia on equine skin and which species are important 
in the horse.  

This study was designed to investigate the occurrence of Malassezia on 
the skin of healthy horses and determine the species through biochemical 
analysis and PCR/DNA testing of the isolated organism.  We limited the 
cultured locations to the intermammary area in mares and the preputial 
fossa (the area right in front of the prepuce) in geldings.  We found that

• Of 44 attempts at culture and identification, five yielded a species 
identified as M. equi and two yielded M. slooffiae (total positive 
cultures per cultures attempted, 15.9%).

• Of 44 cytologic examinations of these horses taken at the same 
time as the cultures, yeast with the morphology of Malassezia spp. 
was seen in 40 samples (90.9%).

Though previously incriminated as a pathogen that causes skin disease, 
healthy horses may carry yeasts of the genus Malassezia.  Despite 
difficulty in culturing the yeast, microscopic examination of cells was an 
effective and relatively inexpensive tool for documenting the presence of 
Malassezia.     

Developing a Test to Identify a Genetic Predisposition for Chronic 
Progressive Lymphedema in Draft Horses

Evaluation of FOXC2 as a Candidate Gene for Chronic Progressive 
Lymphedema in Draft Horses

Investigators:  Amy Young, Leslie Bower, Verena Affolter, Hilde DeCock, 
Gregory Ferraro and Danika Bannasch

Chronic progressive lymphedema (CPL) is a disease that affects the distal 
limbs of some draft horse breeds (Belgians, Clydesdales and Shires).  It is 
suspected that affected horses may have a predisposition for this disease.  
CPL is characterized by thickened skin and a poor ability to combat 
infections in the distal limbs.  The disease can be so severe and difficult 
to treat that animals must be humanely euthanized.  Because severe 
symptoms do not present until later in life, affected horses are often bred 
prior to being diagnosed.
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Improving Anti-Inflammatory Medications for Horses

Investigation of a novel mechanism to inhibit inflammation in horses

Investigators:  Hilary Benton, Kris Simonyi and Clare Bryant

Inflammation is a major problem in equine veterinary medicine, but 
many of the medications currently used for treatment have unavoidable 
side effects, including gastrointestinal damage.  New medications are 
needed to prevent and alleviate inflammation.  In human medicine, a 
novel class of reagents has shown promise for treating inflammation with 
fewer side effects.  Reagents that influence the release and actions of the 
molecule adenosine have been shown to limit damage from infection and 
inflammation.  The potential of these reagents has not been investigated 
previously in the horse.

Three different genes have been shown to cause different inherited forms 
of the disease in humans.  One of these causes the disease in infants, so 
it is less likely as a candidate for similarity in horses.  The second one 
causes additional symptoms not seen in affected horses.  Therefore, we 
are interested in investigating the third gene first.  We have proposed 
to clone and sequence the FOXC2 gene in affected horses in order to 
identify a change in the DNA sequence that might be responsible for 
causing this disease.  The determination of such a change would allow the 
development of a DNA-based genetic test for CPL predisposition, which 
would provide breeders with the tools to eliminate it altogether.

In this study, we found that

• There was one heterozygous single nucleotide polymorphism 
(SNP) (a variation in the DNA sequence) in an unaffected Belgian 
draft horse.  This SNP does not cause an amino acid change and 
therefore does not alter the predicted protein.

• There were two heterozygous SNPs in an unaffected Belgian draft 
horse and one in the control Quarter Horse, which was also found 
in an affected Clydesdale.

• A single SNP was identified in an unaffected Belgian draft horse.

• Since these SNPs were found in unaffected horses, the FOXC2 gene 
could not be linked to susceptibility for CPL.

These results represent progress in identifying a genetic predisposition 
for chronic progressive lymphedema and ultimately the development of 
a DNA diagnostic test.  This is especially important for this disease since 
it may not be diagnosed until after animals have been bred.  Since the 
disease is difficult to treat and there is currently no cure, one way for 
breeders to reduce its incidence may be through selective breeding.
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In this study, we conducted experiments to determine how these classes of 
medications might influence inflammatory pathways in horse macrophage 
cells.  We compared the effects of these reagents with commonly used 
anti-inflammatory medications such as ketoprofen, phenylbutazone and 
flunixin in their ability to inhibit established pathways of inflammation.  
We found that

• Macrophage cells obtained from horses express receptors on their 
surface and that they recognize adenosine and related molecules.

• All four subtypes of adenosine receptors are present (A1, A2A, A2B 
and A3).

• Adenosine is capable of suppressing inflammatory actions of 
lipopolysaccharide and interleukin 1 in equine cells.  This was 
observed in both macrophage cells and chondrocytes derived from 
articular joints. 

Adenosine pathways are now recognized in human medicine as important 
components of the mechanisms controlling inflammation.  Medications 
that modify these pathways are under investigation for treatment of 
a number of conditions, including cardiovascular disease and lung 
inflammation.  Their potential use in horses is promising, but additional 
and more detailed studies will need to be conducted.     

Improving Diagnostic Techniques for Characterizing Sepsis in Neonatal 
Foals*

Investigation of the severity of sepsis (systemic inflammatory response due 
to bacterial infection) in equine neonates by determining the bacterial load 
and selected molecular markers using TaqMan PCR

Investigators:  Nicola Pusterla, Christian Leutenegger and K. Gary 
Magdesian

Despite advances made in the care of neonatal foals, sepsis remains the 
principal cause of death in these young patients.  Sepsis is often diagnosed 
based on clinical signs, blood abnormalities and positive bacterial culture 
of blood, even though infected foals may have minimal or nonspecific 
signs.  This makes a definitive diagnosis of sepsis difficult.  Furthermore, 
bacterial culture is time-consuming and sometimes does not provide an 
answer, especially if the foal has been pretreated with antimicrobials.  
Molecular techniques such as quantitative real-time TaqMan PCR would 
provide a better method for detecting and quantitating the bacterial load as 
well as markers of inflammation.

*This study was supported by a Marcia MacDonald Rivas Research Grant. 
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In this study, we investigated fast and reliable molecular markers of 
sepsis—namely, tumor necrosis factor (TNF) and interleukin (IL)—in foals 
presented at the Veterinary Medical Teaching Hospital.  We found that

• Septic foals had a significantly higher pathogen load than the 
nonseptic and healthy foal groups.

• Expression of TNF-α and TGF-β was significantly lower and that 
of IL-8 significantly greater in the sick-nonseptic and septic groups 
compared with the healthy group.

• There was no significant difference in expression of IL-1β, IL-6 and 
PCT between the healthy group and the sick-nonseptic and septic 
groups.

• Expression of IL-10 was significantly greater in nonsurvivors 
compared with survivors.

The results of this study indicate that the expression of IL-10 may be 
a marker for identifying foals with sepsis, and that the use of PCR for 
detecting bacteremia appears to be a sensitive and early diagnostic tool.

Medicine
and

Epidemiology

Inflammation is a major 

problem in equine

veterinary medicine, but 

many of the medications 

currently used for

treatment have

unavoidable side effects, 

including gastrointestinal 

damage.  New

medications are needed 

to prevent and alleviate 

inflammation.

Improving the Diagnosis of Equine Protozoal Myeloencephalitis (EPM) in 
Horses

Do serum and CSF testing of neurologic horses by indirect fluorescent 
antibody increase the probability of detection of equine protozoal 
myeloencephalitis?

Investigators:  Ian Gardner, Patricia Conrad and W. David Wilson

Equine protozoal myeloencephalitis (EPM) is an important differential 
diagnosis among horses presenting with neurologic signs.  We believe that 
decision analysis, incorporating the magnitude of titer values, can be used 
to evaluate indirect immunofluorescent antibody (IFA) testing strategies for 
EPM diagnosis.  Prior studies have shown that the IFA test for Sarcocystis 
neurona is more sensitive and specific for EPM than the Western blot 
test.  In addition, we showed that results of IFA testing of serum and 
cerebrospinal fluid (CSF) were correlated.  This finding raised questions 
about whether CSF testing would substantially increase the certainty of 
EPM diagnosis given a serum IFA result of a certain magnitude.

In this study, we developed a decision analysis model to determine 
optimal testing strategy for EPM caused by Sarcocystis neurona.  We 
evaluated three testing options (serum only, CSF only, and serum/CSF) in 
the decision-tree model.  We found that

• The largest increases in post-test probabilities occurred when IFA 
serum titers were from 40 to 160 and pre-test probabilities of EPM 
were from 5% to 60%.
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• Post-test probability differences for use of a serum-CSF combination 
and a serum test only were ≤ 19% in 95% of computer simulations.

• In all simulations, the difference between pre- and post-test 
probabilities was greater for a CSF test only compared with a serum 
test only.

• CSF testing after a serum test had limited utility in the diagnosis 
of EPM.  A CSF test alone might be used when CSF is required for 
other diagnostic procedures.

• Ruling out other causes of neurologic disease reduces the necessity 
of additional EPM testing.

The benefits to the equine industry from this study include a potential 
reduction in risk and costs associated with EPM testing because of the 
strong correlation in CSF and serum test results.  CSF testing after a 
serum test had limited utility in the diagnosis of EPM and under certain 
circumstances the use of CSF testing along with the associated risks and 
costs might be avoided.
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Developing Strategies for Preventing Catastrophic Fractures in 
Racehorses

Abnormal findings in fractured sesamoid bones of the fetlock in racing and 
training Thoroughbred horses

Investigators:  Susan Stover, Lucy Anthenill and Kenneth Taylor

Fractures of the sesamoid bones in the fetlock are the most common 
catastrophic skeletal injury in racing and training Thoroughbred horses in 
California.  Most horses with these types of severe fractures are euthanized 
because treatment options do not always result in regaining the ability 
to comfortably use the affected leg.  In other commonly fractured bones 
such as the humerus and pelvis, knowledge of abnormal findings has 
allowed us to develop methods for detecting precursors to fractures as well 
as prevention strategies.  We believe that early detection and prevention 
strategies can also be developed for fractures of the sesamoid bones.

In this study, we determined a number of changes that occur in fractured 
sesamoid bones by comparing them with intact sesamoid bones:

• Midbody fractures were the most common, followed by basilar 
fractures.

• Medial proximal sesamoid bones sustained more basilar and 
abaxial fractures than lateral bones.

• Lateral proximal sesamoid bones sustained more axial fractures 
than medial bones.

• Of 30 axial fractures, 21 occurred with a lateral condylar fracture 
of the cannon bone.

• Bone remodeling and resorption were observed adjacent to some 
fractures.

• Evidence of bone remodeling at the fracture site indicates there 
is opportunity for early recognition and prevention of proximal 
sesamoid bone fracture.

This information serves as the base for another study in which we will 
examine the exercise regimen as a risk factor for proximal sesamoid bone 
fracture.  These findings will ultimately be used to make recommendations 
for the management and training of racehorses to reduce the occurrence of 
these fractures and thus improve the welfare of racehorses.  
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Understanding How Trotting Downhill Affects Muscle Function to Avoid 
Injury

Consequences of trotting downhill:  how trotting downhill affects muscle 
function and force production

Investigators:  Steven Wickler and Donald Hoyt

The number of studies that have been conducted to examine the effects of 
running downhill has been limited by its strong association with muscle 
injury.  We know that metabolism is lower while moving down a moderate 
decline (10%) compared with a level surface, and that this decrease is due 
to changes in the actions of the various limb muscles.  However, we do 
not know the specifics of these changes.  With proper conditioning, we 
believe horses can move downhill without injury and that the decreased 
energetic costs of decline locomotion can be related to a decrease in 
shortening contractions of hindlimb muscles.

This study was undertaken to extend our knowledge of how muscles work, 
how musculoskeletal elements respond to stress, and how an animal’s 
locomotor systems adapt to different environments.  We found that

• A moderate decline (10%) reduces energetic costs and does not 
produce delayed onset muscle soreness.  A major concern of 
athletic trainers has been muscle damage due to downhill training, 
and our study shows that this can be prevented.

• The reduced energetic costs are not associated with hindlimb 
muscles participating in either the swinging of the limbs or the 
support of these limbs during stance.  This provides evidence of the 
importance of co-activation of antagonistic muscles in controlling 
locomotion.

• Breaking forces on the forelimbs are increased dramatically by 
this modest decline while forces on the hindlimb are decreased, 
providing quantitative evidence for the increased concussion on 
the forelimb joints of the horse.

The results of this study show that eccentric* training occurs when 
muscles are stimulated to resist stretching, such as one might experience 
when hiking downhill.  A preliminary study in humans indicates that 
such training can lead to increases in jump height.  The application of 
this information to horses could have a significant impact because of the 
large numbers of equestrian events that feature jumping.  In addition, this 
understanding will extend our knowledge of how the muscles work, how 
musculoskeletal elements respond to stress, and how a horse’s locomotor 
system adapts to different exercise conditions.

* When you lower a weight, as in a biceps curl, your muscle lengthens 
as it works against the force of the weight, and that is an eccentric, or 
negative, contraction.  Other common examples of eccentric muscle work 
are walking downstairs, sitting down, skiing.

Linda Starkman
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Developing a Mathematical Model to More Easily Study Shoulder Bone 
Disorders in Horses 

Validation of a model for laboratory testing of the shoulder bone in horses

Investigators:  Sarah Pollock, Larry Galuppo and Susan Stover

Problems involving the shoulder bones, such as stress fractures and 
complete fractures of the humerus in particular, are common in horses.  
However, because of the vast musculature surrounding the shoulder, 
it is difficult to study all the interactive forces and micromovement of 
the bone that could be involved in generation of these conditions.  A 
fractured humerus is extremely difficult to repair and may be weakened 
when used for harvesting bone graft.  The development of laboratory 
and/or mathematical models would make it easier to study this bone and 
the surrounding muscles.  A mathematical model that calculated stresses 
and micromotion of the humerus would be comparable to a simplified 
laboratory preparation.

This study was undertaken to measure the micromovement of a humerus 
in a simple laboratory (cadaver) model and compare findings from this 
model with a mathematical model of the bone under simulated standing 
conditions.  We found that

• Calculating micromotion (bone strains) in the direction of the 
long axis of the humerus was similar at six of eight strain gauge 
locations.

• Further analysis at these six locations indicated that the formulated 
mathematical model reliably predicted strains at all of these 
locations.

• The mathematical model is useful for predicting strains at the back 
and outside aspects of the middle of the humerus and all four 
aspects of the top of the bone while the horse is standing.

• Experimentally determined longitudinal bone strains at the middle 
of the humerus indicate that tensile strains occur at the front part 
and compressive strains occur at the back part of the shoulder bone 
while the horse is standing.  This information is useful for fracture 
fixation.

This study demonstrated that the mathematical and laboratory models can 
likely predict the micromotion environment in two important regions of 
the humerus in live horses.  The mathematical model can now be used to 
perform preliminary studies to evaluate the stresses and strains that occur 
in various regions of the shoulder bone and may help explain commonly 
occurring shoulder problems.     

Orthopedics/
Performance
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Redesigning Ultrasound Machines to Improve Detection of Injury

Improved ultrasound detection of tendon damage

Investigators:  Susan Stover, Tanya Garcia, William Hornof and Michael 
Insana

Ultrasound imaging is currently the method of choice for detecting and 
evaluating tendon injuries.  However, there are some disadvantages with 
the current technology in that interpretation of ultrasound images is highly 
subjective and is limited by image quality and user expertise.  When 
normal tendon is damaged, ultrasound waves dramatically change in a 
consistent manner that is not detectable with today’s ultrasound machines.  
We believe that quantitative measurements of ultrasound signals scattered 
by equine tendon will directly correlate with tendon injury.  By redesigning 
ultrasound imaging instrumentation to capture ultrasound waves scattered 
by injured tendon we hope to dramatically increase our ability to detect 
tendon injuries and evaluate healing.

This study was designed to correlate ultrasound changes and tendon injury 
by taking ultrasound measurements before and after injury as a basis for 
improving the current technology.  We found that

• Mechanically induced tendon fiber damage showed a relationship 
to ultrasound signal changes.  The signal changes were similar to 
but weaker than seen in the few naturally injured cadaver tendons 
that were available.

• To fully characterize a direct relationship between ultrasound 
signals and degree of tendon injury, naturally injured tendons 
should be evaluated by capturing backscattered ultrasound 
signals recorded at different tilt angles to develop a clinical image 
formation scheme.

The relationship between the characteristic change of ultrasound signals to 
directional tilt can be used to highlight changes due to injury in a clinical 
image.  The relationship determined in this study can be incorporated 
in the design of the next generation of clinical ultrasound machines to 
markedly improve detection of equine tendon injuries and evaluation of 
healing.

   

Improving Repair Methods for Condylar Fractures of the Cannon Bone in 
Horses

A laboratory evaluation of the effects of drill diameter on the holding 
power of a tapered bone screw used to repair a simulated condylar fracture 
of the equine cannon bone

Investigators:  Ryan Carpenter, Larry Galuppo and Susan Stover

Surgical repair of condylar fractures of the cannon bone in horses 
involving insertion of a headless, titanium, tapered compression screw 
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into the cannon bone at the level of the fetlock joint has been described 
previously.  Because the cannon bone is extremely dense, screw insertion 
can be challenging using a standard technique.  With this method, the 
screw may lock in the bone before full insertion and leave a portion of the 
screw protruding in the collateral ligament.

To facilitate insertion of the screw into the bone, it is possible to use a 
dense bone drill which has a larger diameter.  One concern, however, is 
that this may alter the ultimate repair strength when the same screw type 
is used for repairing the fracture.  Nonetheless, we believe that the holding 
power of a headless, tapered compression screw would not be significantly 
lessened when a dense bone drill is used to prepare the hole for insertion 
because the cannon bone is sufficiently dense.

In this study, we compared the repair capabilities using a standard tapered 
bone drill versus a dense bone drill and identical tapered compression 
screws for each method.  We found that

• Drill time was 59% greater for oversize holes than for standard 
holes.

• Variables for screw pushout testing were less for oversize holes 
compared with standard holes.

• Screws could not be completely inserted in one standard and two 
oversize holes.

• Enlarging the diameter of the drill hole facilitated tapping and 
screw insertion but decreased overall holding strength of the 
screws.

• Drilling holes with a standard diameter drill bit is recommended for 
implantation of variable pitch screws whenever possible.

• During screw insertion, clinicians should be careful to ensure that 
screw threads follow tapped bone threads.

This study determined that using a larger size drill bit reduces the holding 
power of the Acutrak Equine screw in the distal aspect of the equine 
cannon bone.  Thus, we recommend using the standard size drill for screw 
insertion to obtain maximum fixation strength.  However, we can infer 
from our study that using the two different drill bits to prepare holes for 
screw insertion may be important depending on the fracture type.   
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ReproductionDeveloping a New Freeze-Dried Method for Storage of Stallion Sperm

An innovative method for preserving stallion sperm:  freeze-drying sperm 
using the sugar Trehalose

Investigators:  Stuart Meyers, John Crowe, Fern Tablin, Josep Rutllant-
Labeaga and Angela Pommer

With the rapid growth of the equine artificial insemination industry, we 
have found that only a relatively small number of sires produce sperm 
that adequately survive conventional cryopreservation.  Alternative 
modes of sperm preservation, beyond refrigeration and cryopreservation, 
are needed.  The storage of equine sperm in the freeze-dried state offers 
advantages over cryostorage at -196ºC, where a constant supply of liquid 
nitrogen must be available and problems must be anticipated with leakage 
or contamination of the liquid nitrogen.  Another advantage to freeze-
dried preservation is that storage at ambient temperatures would facilitate 
domestic and international transport of samples.

Our long-term goal is to develop a freeze-drying method that uses the 
disaccharide trehalose.  Trehalose is found at high concentrations in a 
wide variety of organisms that are capable of surviving almost complete 
dehydration.  It is particularly effective at stabilizing dry cells, thus 
preventing damaging effects during drying.  

In this study, we determined whether freeze-dried stallion sperm could 
result in improved storage of genetic material while maximizing sperm 
fertility.  We found that

• A membrane lipid phase transition of stallion sperm occurs at 
approximately 30ºC and that minor phase transitions occur near 
10ºC.

• The terminally differentiated sperm cell can take up the trehalose.

• The trehalose-loaded sperm cells display motility that is not 
impaired at concentrations below 150 mM.  Levels of trehalose at 
5 mM and 50 mM did not affect either total or progressive sperm 
motility.

• Trehalose was not toxic to stallion sperm.

Although still early in development, this information will form the basis 
for trehalose stabilization experiments with dried sperm membranes.  If 
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Improving Our Understanding of Stallion Reproductive Function

Steroid control of lactoferrin in the stallion epididymis

Investigators:  Janet Roser and Christopher Pearl

The epididymis is an essential component of reproductive function.  
Sperm must travel through the epididymis in order to become motile and 
capable of fertilizing an egg.  The protein lactoferrin is produced by the 
stallion epididymis and is present in large quantities in semen.  It has been 
shown that lactoferrin increases post-thaw semen quality and fertility in 
boars.  Steroids regulate epididymal function and lactoferrin production in 
many animal species, but we do not know whether this is true in horses.  
Research in this area is critical to improving treatment of subfertility and 
the quality of frozen semen.

In this study, we sought to improve our understanding of epididymal 
function in the stallion as it relates to steroid regulation and function of 
lactoferrin.  We found that

• Lactoferrin is present on stallion sperm, primarily the midpiece and 
tail.

• Lactoferrin is produced and secreted by the corpus and cauda 
epididymis in post-pubertal animals.

• Lactoferrin is not produced by the epididymis of pre-pubertal 
animals.

• Androgen receptor and estrogen receptor beta are present in the 
caput, corpus and cauda epididymis of the stallion throughout 
development.

• Estrogen receptor alpha is present in all three epididymal regions 
during puberty and primarily in the caput post-pubertally.

• Estradiol concentrations in the epididymis increase with age, while 
testosterone is similar in all age groups.

• The caput epididymis shows a large increase in lactoferrin 
secretion in response to estradiol in vitro, while the corpus and 
cauda show only minimal increases.

The results of this study have increased our understanding of the steroid 
regulation of epididymal function in the stallion and will prove useful in 
the treatment of subfertility and cryopreservation of semen.  Idiopathic 
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successful, this technology could lead to liquid nitrogen-free sperm 
storage, which will decrease problems associated with contamination of 
samples and costs related to special storage conditions.
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subfertilty may be the result of altered epididymal function and a 
decreased ability of the epididymis to provide the proper environment for 
sperm maturation.  Clinical diagnoses and treatments for subfertile stallions 
have focused on the testis and pituitary, but our work shows that the 
epididymis must now be considered as well.

Improving the Fertility of Cryopreserved Equine Sperm

Characterization of a sperm protein responsible for sperm reservoir 
formation in the oviduct of the mare

Investigators:  Barry Ball and Khalida Sabeur

Sperm survive in mares for several days before fertilization by adhering 
to the initial part of the oviduct.  This adhesion is mediated by protein on 
sperm that recognizes and attaches to a sugar residue expressed on the 
surface of the oviduct.  Adhesion is critical to sperm survival.  Changes 
in the sperm membrane due to freezing and thawing (cryopreservation) 
reduce the ability of sperm to adhere and survive.  This in turn leads to a 
decrease in fertility.  

In this study, we isolated and partially characterized a sperm protein that is 
likely responsible for adhesion in the oviduct.  We found that

• The carbohydrate-binding protein p25 was similar to the human 
sperm protein serine-threonine kinase 31 (STK31).

• Production of STK31 by recombinant DNA techniques showed no 
detectable kinase activity in the recombinant protein.

• No putative carbohydrate-binding domains were identified in the 
full-length equine STK31.

• Expression of STK31 was found only in equine testis and sperm.

• Expression of p25 as localized to the equine sperm head and 
distribution of STK31 changed after sperm capacitation.

We were able to demonstrate that the carbohydrate-binding protein 
p25 is a sperm-specific protein with high similarity to the human sperm 
protein STK31.  The function of this protein has not been defined in any 
species studied to date, although its structure suggests that it is active in 
cell signaling.  Further studies are needed to clarify the role of this sperm-
specific protein in the horse.
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Improving the Quality of Freeze-Thawed Stallion Semen Used in Artificial 
Insemination

Stallion sperm membrane biophysical behavior is sensitive to freezing 
damage:  the effect of cryoprotectants

Investigators:  Stuart Meyers, John Crowe, Fern Tablin, Josette Ricker and 
Jennifer Linfor

The equine artificial insemination industry has undergone rapid 
growth in the last several decades.  Egg yolk-based freezing extenders 
(cryoprotectants) have been used conventionally to preserve sperm, but 
these extenders are often of undefined composition and can be subject to 
microbial contamination.  The industry is in need of a defined product of 
non-animal origin whose mechanism of protection is well understood and 
that can produce equal or better sperm quality after freeze-thawing.  We 
believe that sperm membrane biophysical properties can be assessed to 
identify damage to the membrane or changes in its composition, which 
may result from freezing or exposure to cryoprotectants, respectively.

In this project, we found that

• Freeze-thawing causes massive membrane damage to unprotected 
equine sperm cells, as shown by membrane biophysical properties.

• A defined freezing extender we developed based on soybean 
lipid (soy PC) prevents membrane damage from freeze-thaw and 
performs comparably to a conventional egg yolk extender.

• The soybean lipid protects sperm by strongly associating with 
the plasma membrane of sperm, providing a physical barrier to 
freezing/thawing damage and preserving sperm membrane native 
structure.

• Scanning electron microscopy allowed us to visualize sperm in 
detail and visualize membrane damage directly.

• The soy PC extender is equally effective at preserving sperm 
function and fertility post-thaw compared with the conventional 
egg yolk extender.

These studies have shown that sperm membrane biophysical properties 
can be used to assess sperm quality in the field.  We have developed a 
completely defined extender of non-animal origin for storage and transport 
of semen, which has a reduced risk of microbial contamination and 
pathogen transmission.  Such a product will more easily comply with 
international shipping and biosafety standards, subsequently allowing 
more stallions to participate in breeding programs.  Our future studies are 
aimed at development of an optimal animal-product-free semen freezing 
medium.
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Improving the Quality of Cryopreserved Equine Sperm

Premature cell signaling results in damage to stallion sperm cells during 
freezing

Investigators:  Barry Ball, Stuart Meyers and Alysia Thomas

In horses, cryopreservation of semen has the undesired effect of reducing 
the lifespan and fertility of spermatozoa.  Cellular changes observed during 
the freezing process are similar to those observed during capacitation, 
a process that allows fresh sperm to attain full reproductive potential.  
However, the underlying cellular mechanisms that cause sperm damage 
during freezing are not well understood, and it is not clear whether the 
signaling mechanisms that induce cellular damage during freezing are 
similar to those activated by capacitation.

In this study, we identified the molecular mechanisms of cellular damage 
in frozen stallion sperm cells and found that

• Cyropreservation resulted in an altered membrane structure that 
was different from changes in the membrane during capacitation.

• The expression of scramblase did not differ between cryopreserved 
and capacitated sperm.  (Scramblase is an enzyme that helps 
“reorder” the lipids that make up the sperm plasma membrane in 
preparation for fertilization.)

• Cell signaling events proceed through different pathways during 
cryopreservation and capacitation.

• Exposure to anisosmotic conditions resulted in an increased 
expression of ERK 1/2 (candidate proteins for signaling pathways 
involved in cellular damage during cryopreservation).

• After cryopreservation, ERK 1/2 expression was greater in live 
sperm.

These results indicate that the cell signaling events activated during 
capacitation and cyropreservation are different and may therefore be 
amenable to techniques to block activation of these pathways during 
cryopreservation without adversely affecting sperm capacitation and 
fertilization.  Exposure of sperm to anisosmotic conditions appears to be 
an important factor in activating cell signaling pathways and will be a 
target for future interventional methods to reduce the adverse effects of 
cryopreservation on horse semen.
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Development of a Freezing Extender to Improve the Quality of Stallion 
Sperm

The effects of soybean lipid and cholesterol on low-temperature damage to 
stallion sperm

Investigators:  Stuart Meyers, Josette Ricker and Megan McCarthy

Semen processing for cryopreservation involves the addition of some form 
of lipid, the most common being egg yolk lipids.  Such formulations are 
successful for some stallions and less effective for others.  Moreover, they 
are subject to microbial contamination.  Development of a defined product 
of nonanimal origin may improve sperm quality after cooling or freezing.  
We hypothesize that a chemically defined, soybean phosphatidylcholine 
(soy PC)-based semen extender would significantly improve the quality of 
cooled and cryopreserved stallion sperm.

To test this hypothesis, we determined the effects of extenders containing 
soy PC and soy PC with cholesterol on sperm survival and function relative 
to low-temperature storage.  We found that

• An optimized freezing extender based on soy PC developed in 
our laboratory prevents membrane damage during freeze-thaw, as 
shown by membrane biophysical properties.

• This extender is completely defined and free of animal products 
and therefore not subject to compositional variability and 
contamination.

• The extender is effective at preserving sperm cell integrity and 
function post-thaw.

• Cholesterol supplementation of the extender appears to 
significantly improve post-thaw viability and function and increase 
sperm progressive motility by 100%, based on preliminary results.

The successful development of a defined extender will allow for improved 
international shipment of semen, thereby including more stallions in 
breeding programs.  Future work will focus on improving post-thaw 
function with modulation of cholesterol content in the defined freezing 
medium. 

Reproduction
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Determining the Optimal Method for Storing Whole Equine Blood Used 
for Autologous (Self) Transfusion in Horses During Surgery

Evaluation of different blood storage solutions for the preservation of 
equine blood in a program of preoperative blood donation for transfusion 
during high-risk surgeries

Investigators:  Melinda MacDonald, Margaret Mudge, Fern Tablin and 
Sean Owens

Blood transfusions are often needed in horses when there is excessive blood 
loss during surgery.  Although blood can be transfused from donor horses, 
this can be costly and time-consuming, and the process carries the risk of 
adverse transfusion reactions as well as transmission of disease.  For surgeries 
in which significant blood loss is anticipated, blood may be collected from the 
patient in advance and transfused during surgery.  This procedure is known as 
preoperative autologous donation.  It is commonly used in humans but has not 
been described in the horse.

In this study, we tested four different blood storage methods over a storage 
period of five weeks to determine the optimal storage solution and storage 
container to use, as well as the ideal time to collect blood from a patient prior to 
surgery.  We found that

• There were significant biochemical changes in stored equine blood with 
all storage methods, and that lysis (destruction) of the red blood cells 
was most pronounced in blood stored in glass bottles containing the 
anticoagulant ACD (acid-citrate-dextrose).

• Acid-base and biochemical changes in stored equine blood were similar 
to those changes reported for stored whole blood in other species.

• The storage solution CPDA-1 (citrate-phosphate-dextrose with 
supplemental adenine) was optimal for preserving ATP levels in stored 
equine blood throughout the five-week storage period.

• The solutions CPDA-1 and CPD (citrate-phosphate-dextrose) were 
optimal for preserving 2,3-DPG levels in stored equine blood.

• CPDA-1 is the best storage method for equine whole blood.

The findings of this study indicate that the method traditionally used to store 
equine whole blood is not optimal and have led to a change in the blood-
storage protocol at the Veterinary Medical Teaching Hospital.  However, further 
study is required to determine the length of time stored red blood cells are viable 
after transfusion.



Resident Research Studies
In an effort to encourage residents to conduct equine studies, the Center for Equine Health provides funding 

through specialized endowments for selected research by residents at the UC Davis School of Veterinary

Medicine’s teaching hospital.  These studies help residents learn to design and conduct research studies of 

merit.  In many cases, these pilot studies are later expanded into larger research projects based on the

resident’s results.
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Developing A Novel Technique for Diagnosing 
Lameness in the Heel Region of the Horse

A preliminary study testing the feasibility of computed 
tomography (CT scanning) to quantify blood flow in 
bone and soft tissue structures commonly associated 
with lameness of the heel region in normal horses

Investigators:  Sarah Puchalski, Larry Galuppo and 
William Hornof

Lameness arising from the heel—previously termed 
“navicular syndrome”—is one of the most commonly 
diagnosed lameness conditions in performance and 
pleasure horses.  Because inflammation or damage to 
the tendons and ligaments is difficult to determine, the 
diagnosis of “heel pain” is made based on nerve blocks 
and radiographs and is often nonspecific.  Current 
diagnostic techniques include radiographs, nuclear 
scanning and ultrasound, which often fail to identify 
the specific structure causing pain within the hoof.  To 
improve on our present diagnostic abilities, knowledge 
of the amount and pattern of blood flow delivered to 
the structures of a normal foot as well as measurements 
of the structures within the foot to establish normal 
values would be extremely useful.

In this study, we developed a novel technique to 
evaluate the soft tissue and bone structures of the foot.  
To this end, we

• Developed a technique for the delivery of 
contrast material to the foot of the horse.

• Described normal patterns of contrast 
enhancement within the hoof capsule.

• Obtained normal values for blood flow to 
tendons and ligaments of the foot and the 
lamina.

Since the completion of this preliminary study, we 
have used this technique in numerous cases of horses 
presenting with foot pain to diagnose soft tissue 
and bone injury.  In many of these cases, we were 
able to make a diagnosis that would have remained 
out of reach using traditional imaging techniques 
alone.  In addition, we developed a technique for 
measuring blood flow to the lamina that may aid in the 
management and diagnosis of laminitis.

Improving Oral Antibiotics for Horses

Pharmacokinetics and safety of azithromycin after 
repeated oral administration in adult horses

Investigators:  Mathilde Leclere, K. Gary Magdesian 
and W. David Wilson

Numerous diseases affecting horses require long-term 
antibiotic therapy.  A limited number of oral antibiotics 
are available for adult horses and there is a need for 
the development of new alternatives.  Azithromycin is 
a relatively new oral antibiotic that has been shown to 
be both safe and effective in foals and other species.  
However, because gastrointestinal disturbances have 
been seen with similar drugs (e.g., erythromycin), there 
is a need to evaluate the safety of repeated doses of 
azithromycin in adult horses.  Other study objectives 
include determining the distribution/absorption 
(pharmacokinetics) of the drug over time and acquiring 
preliminary data for a larger, more in-depth study.

In this preliminary study, we found that

• Azithromycin had no significant side effects 
during the experiment or for 5 days after the last 
dose.

• The oral dosage used in this study allowed 
for adequate blood plasma concentrations 
and could therefore be used for a larger 
pharmacokinetic study.

• The peak plasmatic concentration was 0.46 
µg/ml and was reached 75 minutes after 
administration.

These results indicate that azithromycin is potentially 
safe for use in adult horses and provide preliminary 
data for larger pharmacokinetic and safety studies.  If 
proven safe and effective, azithromycin would provide 
an excellent alternative to currently available oral 
antibiotics for the treatment of pleuropneumonia, 
internal abscess, or biliary tract infection, all of which 
require long-term therapy.  Azithromycin also could 
be used to treat infections caused by Streptococcus 
sp. (including complicated forms of strangles) and 
other bacteria that are resistant to oral antibiotic 
combinations that are commonly used in equine 
practice.
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Testing an Improved Drug Formulation for Use in 
Equine Anesthesia

Studies of a new propofol formulation in horses

Investigators:  Pedro Boscan, Eugene Steffey, Tom 
Farver and Khursheed Mama

Propofol is a drug that has specific advantages for 
equine anesthesia.  Most noteworthy are exceptional 
improvements in recovery from anesthesia compared 
with other contemporary general anesthetics.  
However, it is currently available only in dilute 
form and is very expensive—two characteristics that 
severely limit its use in horses.  A new form of currently 
available injectable propofol is being developed that 
shows promise for horses but requires validation.  The 
new propofol formulation can be made in a variety of 
delivery concentrations and is inexpensive to produce.  
We believe that the pharmacodynamic actions in the 
horse of the new and old propofol formulations are 
indistinguishable.

In this project, we compared the two formulations and 
found that

• The new propofol formula was 
pharmacodynamically indistinguishable from 
the commercial formula.

• Anesthetic recoveries were consistently 
excellent with both drug forms.

The new formula will offer the advantages of lower 
cost, smaller anesthetic induction drug volume, and 
prolonged shelf-life after opening.  We are currently 
testing this new formula as a continuous infusion for 
use in horses.

Developing an Improved Method for Freezing and 
Preserving Equine Embryos

Methods to improve survival of day 7 equine embryos 
during rapid freezing

Investigators:  Christina Collins, Barry Ball, Elizabeth 
Scholtz, Gabriel Pereira, Barbara Stewart and Irwin Liu

The use of embryo transfer as a method of equine 
reproduction has increased steadily since the late 
1970s, along with the development of techniques for 
accomplishing this.  However, freezing of 7-day-old 
equine embryos has been relatively unsuccessful to 
date because the freezing process disrupts the embryo 
structure and lowers its viability.   We believe that an 
improved freezing technique using liquid nitrogen to 
rapidly freeze the embryos causes fewer ice crystals 
to form and results in less damage to the embryo.  
This technique involves freezing the embryos rapidly 
in liquid nitrogen—known as vitrification—which 
causes fewer ice crystals to form.  In addition, a 
structural stabilizer, cytochalasin-β, was shown in 
previous studies in other species to prevent disruption 
of the embryo structure by making it more flexible.  
It is possible that the combination of this structural 
stabilizer and a rapid freezing technique will improve 
the viability of 7-day-old equine embryos after freezing.

In this study, we found that

• Out of 10 embryos assessed post-thaw, 3 grew 
after thawing.

• All embryos assessed with fluorescent stain 
were nonviable.

• Some embryos were lost after culture and prior 
to staining.

• Smaller embryos seem more likely to survive 
freezing through vitrification.

These results showed that vitrification of embryos 
that are smaller in size (less than 300 microns) is 
more successful than vitrification of embryos that are 
larger.  We were able to assess only a small number 
of embryos, so it is difficult to make a true conclusion 
from this study.  However, vitrification is a simple 
technique that could easily be applied in the field if it is 
perfected.           
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An Improved Vaccine Against West Nile Virus*

West Nile membrane cleavage defective viruses as a 
vaccine candidate for equines

Investigators:  Aaron Brault and Udeni Balasuriya

Since its North American introduction in 1999, West 
Nile Virus (WNV) has become the leading cause of 
arboviral (transmitted by mosquitoes or ticks) equine 
encephalitis in the United States and Canada.  As 
the virus has moved westward in its transcontinental 
migration, the number of equine cases has increased 
significantly.  The presence of Culex tarsalis mosquito 
vectors, which are highly competent for transmitting 
the disease, has been attributed to this increased 
exposure of horses to WNV.

One type of vaccine currently used for West Nile Virus 
is made from a stock virus that has been formalin-
inactivated; that is, it has been treated with a chemical 
to make it noninfectious.  During this process, there 
is a fine line between killing the virus and destroying 
the efficacy of the vaccine through over-attenuation 
(over-weakening).  Major outbreaks of equine disease 
have resulted from using stocks of Venezuelan equine 
encephalitis that were not properly inactivated.  
Historically, these vaccines are poorly immunogenic, 
require repeated boosts, and do not induce cell-
mediated immunity.  A vaccine for West Nile Virus that 
affords long-term protection is clearly needed.

To this end, we have proposed to engineer a change 
into the virus so that a critical viral protein is not 
cleaved (split) without compromising strong immunity 
in inoculated animals.  This engineered change will 
prevent virus replication and render the vaccine safe 
for use in animals.  In addition, we hope to develop a 
blood test that will allow us to differentiate between 
animals that have been vaccinated with this novel 
vaccine from those that have been infected with the 
virus through its normal route of transmission.

In this study, we found that

• We could generate WNV-like particles that 
were capable of only infecting single cells 
(without spreading beyond the single cell).

• These virus-like particles were immunogenic 
(they evoked an immune response).

• There was no reversion to normal virulence.

• Preliminary studies using specific antibodies 
against specific WNV proteins allowed us to 
identify these constructed viruses as compared 
with unmodified West Nile viruses.

These results are promising and will be used in 
subsequent studies as we continue work on the 
development of an improved vaccine against West Nile 
Virus.

* This study was supported by a Marcia MacDonald 
Rivas Research Grant.
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Improving the Selection of Screw Type for Repairing 
Fractures of the Long Pastern Bone in Horses

Laboratory comparison of the repair strength of two 
different screw types for fixing fractures of the long 
pastern bone in horses

Investigators:  Susanne Dykgraaf, Larry Galuppo, Tanya 
Garcia-Nolen and Susan Stover

Fractures of the long pastern bone (proximal phalanx 
or P1) in racehorses are usually repaired by internal 
fixation using standard compression-type bone screws 
inserted in lag fashion.  Although this method usually 
produces adequate fracture healing, complications can 
occur if the head of the screw interferes with soft tissues 
or if the screws pull out of the typically soft bone of the 
long pastern.  Because a tapered compression screw 
has increased bone-to-screw contact, it may provide 
greater holding power in soft bone.  We believe that 
this screw type will have greater fixation strength than 
the standard repair method.

This study was a pilot study to determine the optimal 
model for evaluating screw repair characteristics in 
the proximal phalanx.  We developed a model using a 
cadaver limb mid-radius preparation repaired with two 
screws and performed cyclic fatigue testing on each 
specimen.  We found that

• Motion between bone fragments at the site 
where the bone was cut surgically (osteotomy) 
was similar for the two different screw types.

• It is feasible to create mid-sagittal osteotomies 
in P1, to insert Acutrak Equine screws in a 
clinically applicable fashion and to measure 
fragment movement during loading of the 
specimens.

This study led to a larger project to investigate the 
behavior of standard cortical bone screws and Acutrak 
Equine screws in the proximal phalanx under different 
loading conditions.  A working model was developed 
for evaluating potential benefits of using the Acutrak 
screw, either as the sole repair or in combination 
with standard screws in proximal phalanx fractures.  
Knowledge of the behavior of both screw types in P1 
will help surgeons decide on the optimal screw type 
and combinations of screws for use in this fracture type.

 

Improving Freezing Techniques for Stallion Semen

Fertility trial of stallion semen frozen in a soy-based 
extender

Investigators:  Elizabeth Scholtz, Barry Ball and Stuart 
Meyers

The artifical insemination industry recognizes a broad 
need for better cryopreservation techniques for equine 
semen.  A primary site for damage of sperm during the 
freezing process is the plasma membrane.  Preliminary 
studies suggest that a soy phosphatidylcholine 
freezing diluent has a stabilizing effect on the sperm 
membrane.  In addition, a soy-based freezing extender 
could replace animal-derived substances for use in 
cyropreservation of equine semen, thus increasing 
biosecurity for the breeding industry and facilities 
processing equine semen for export purposes.

In this study, we conducted a fertility field trial as an 
essential first step toward validating this extender for 
widespread industry use.  We found that

• Four pregnancies were obtained out of 11 
cycles (36%) using semen frozen in the soy-
based extender and 6 out of 11 cycles using the 
conventional extender.  Overall and per-cycle 
pregnancy rates were 46%.

• No significant difference in pregnancy rates 
between the two extenders was found.  
However, the small number of mares used in 
this study limits the power of this observation.

This study showed that semen frozen in a soy-based 
freezing extender can result in pregnancies at an 
acceptable rate.  Pregnancy rates in this initial trial 
were similar using semen frozen in both the soy-based 
and conventional extenders.  However, a larger study is 
needed to further investigate the attainable pregnancy 
rates using semen cryopreserved in the soy-based 
extender and to determine whether this extender may 
improve the outcome for semen that does not freeze 
well using conventional extenders.   
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Investigating a New Drug for Effectiveness in 
Increasing Intestinal Movement in Horses

Effects of a new agent (Zelnorm) that increases motility 
of the bowel in horses

Investigators:  Michelle Delco, Jorge Nieto, Scott 
Stanley and Jack Snyder

Colic is the leading cause of death among horses.  
Post-operative ileus (dysfunction of the intestines) and 
colonic impactions are common causes of colic in 
horses.  Agents that increase motility are often used 
to treat these conditions.  Tegaserod is a recently 
approved medication used to treat constipation in 
women (Zelnorm), and it has been shown safe and 
effective in stimulating bowel motility in other species.

In this study, our aim was to determine whether 
tegaserod increases intestinal movements in isolated 
segments of the bowel in horses, whether it is well 
absorbed after oral administration in fasted horses, 
and how often it needs to be administered to maintain 
blood levels similar to those reported to increase bowel 
motility in other species.  We found that

• Tegaserod is absorbed into the bloodstream 
when administered orally to horses.

• Therapeutic blood concentrations of tegaserod 
can be reached by administering a dose of 0.27 
mg/kg orally with a dosing schedule of twice 
daily.

• Tegaserod increases the motility of isolated 
segments of the equine pelvic flexure, 
indicating that it may have a prokinetic effect 
on the large colon of horses.

• At all doses and routes of administration tested 
(intravenous, oral, rectal), tegaserod was well 
tolerated by all the horses in our study.

This study has given us important information on how 
tegaserod is absorbed and metabolized in the horse—
an important first step toward using this drug in clinical 
cases.  We have shown that it increases the motility 
of the equine colon and that it may prove useful in 
treating dysfunction of the colon, a common cause 
of colic in the horse.  Further study to investigate this 
possibility is worthwhile.

   

Examining Fetlock Joint Injuries in Racehorses to Lead 
to Further Research into Why They Occur and How to 
Prevent Them

Characterization of fetlock joint injury in Thoroughbred 
racehorses

Investigators:  Susanne Dykgraaf and Susan Stover

Musculoskeletal injury is the most common cause of 
loss of horses from Thoroughbred racing.  The fetlock 
joint is frequently affected by performance-related 
injury of varying degrees.

Hyperextension of the fetlock joint of racehorses 
during galloping leads to site-specific injuries of the 
proximal sesamoid bones, cannon bone condyles and 
suspensory ligament.  These injuries are believed to 
be the result of accumulated microdamage sustained 
by musculoskeletal tissues during training and 
racing.  However, the associations between proximal 
phalangeal fractures, (another component of the fetlock 
joint) and other site-specific fetlock joint injuries are 
not known.  We believe that horses that sustain injury 
to the proximal phalanx may have concurrent articular 
cartilage, soft tissue or bony changes of the structures 
of both the affected fetlock joint and the fetlock joint of 
the opposite limb.

In this study, we examined the fetlock joints of 
racehorses that had died on California racetracks for 
injury to the proximal phalanx and other fetlock joint 
structures to determine whether there is a relationship 
between the occurrence of injury to these structures.  
We characterized the types and configurations of 
fractures in these horses and examined the contralateral 
limb for similar pathologic changes.  We found that

• Of 11 limbs from 8 horses that were 
radiographed, dissected and photographed, 
most of the fetlock joints had multiple areas of 
pathologic change to the cartilage, soft tissues 
and bone of the joint.

• The observed pathologic changes ranged from 
mild to severe.  A number of the joints had 
multiple areas of injury identified, examples of 
which are shown in Figures 1 and 2.

This pilot study showed that examining larger numbers 
of limbs is feasible with a system in place to obtain the 
limbs.  The information obtained from a larger study 
would inform us of the types and severity of injuries 
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occurring and allow us to determine why they occur 
and how to prevent them.

Figure 1.  Lateral radiograph of the fetlock joint of 
a horse that sustained a catastrophic breakdown 
injury.  There are multiple problems, including 
comminuted proximal sesamoid bones (arrow 
head) and severe flattening and fragmentation of 
the top of the proximal phalanx (arrow).

Figure 2.  Specimen showing another combination 
of pathology within the fetlock joint involving the 
proximal phalanx and sesamoid bones.  There 
is marked flattening of the top of the proximal 
phalanx (arrow head) and a fracture of the base of 
the sesamoid bone (arrow).

Testing a New Drug for Absorption in Horses

Absorption of Tegaserod, a new agent that increases 
motility of the bowel, after oral administration in horses 
with a clinical motility disorder

Investigators:  Michelle Delco, Jorge Nieto, Arthur 
Craigmill, Scott Stanley and Jack Snyder

Colic is the leading cause of death among horses.  
Post-operative ileus (dysfunction of the intestines) is a 
common complication after colic surgery.  Agents that 
increase motility are commonly used in the treatment 
of ileus.  Tegaserod is a recently approved medication 
used to treat constipation in women (Zelnorm), and it 
has been shown safe and effective in stimulating bowel 
motility in various species.

In this study, our aim was to determine whether 
tegaserod can be absorbed when administered orally 
to horses showing clinical signs of small intestinal ileus 
(i.e., producing gastric reflux).  We found that

• Horses showing clinical signs of ileus were 
able to absorb tegaserod when the drug was 
administered orally, following decompression 
of the stomach.

• In refluxing horses, blood levels of tegaserod 
were similar to normal horses, but the time it 
took to absorb the drug (time to peak blood 
concentration) was highly variable.

To our knowledge, this is the first study that shows 
horses producing gastric reflux may be able to absorb 
drugs when administered orally.  This is important 
information, because some drugs that may stimulate 
bowel motility in horses (including tegaserod) are 
commercially available only in oral formulations.  
This also suggests it may be useful to investigate other 
types of drugs because some oral formulations are 
significantly less expensive or are more effective than 
the intravenous forms.  This study supports the need for 
further research in this area.
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Improving Fertility Rates of Sperm from Subfertile 
Stallions

The effects of increasing the insemination frequency of 
subfertile stallions on sperm numbers in the oviducts of 
mares

Investigators:  James Brown and Irwin Liu

Subfertility in stallions, as evidenced by reduced 
pregnancy rates, is commonly associated with a  
normal percentage of motility and low morphologically 
normal sperm.  When sperm migrate from the uterine 
body to the fertilization site (oviduct), only motile, 
morphologically normal sperm are selected at the 
utero-tubular junction.  Due to the characteristics of 
the subfertile stallion, suboptimal numbers of sperm are 
recovered from the oviduct compared with the fertile 
stallion.  We believe that by increasing the numbers of 
subfertile stallion sperm at the utero-tubular junction 
through increased insemination frequency, more 
motile, morphologically normal sperm will be found 
in the oviduct, thereby optimizing fertilization rates by 
subfertile stallions.

In this study, we compared the number and 
morphology of sperm recovered from the oviduct 
following intrauterine insemination of sperm from a 
known fertile and subfertile stallion in normal mares.  
We also compared sperm numbers in the oviduct from 
single vs. double inseminations.  We found that 

• A total of 171 vs. 810 sperm were recovered 
from the oviducts of normal mares following 
insemination with standard doses of subfertile 
and fertile semen, respectively.

• Of the sperm recovered from the oviducts of 
mares inseminated with fertile and subfertile 
semen, the majority of sperm observed were of 
normal morphology.

These results indicate that sperm of abnormal 
morphology are incapable of entering the oviduct of 
normal mares and that stallions with poor morphology 
of sperm are significantly less likely to participate in the 
fertilization process.  This study suggests that increasing 
the insemination frequency of subfertile stallions with 
poor morphology in the peri-ovulatory period may 
increase conception rates in normal mares.      

Achieving a Better Understanding of Adenoviral 
Infection in Foals

Comparison of the prevalence of adenoviral infection 
in hospitalized and normal foals

Investigators:  Stephanie Bell, Mathilde Leclere and N. 
James MacLachlan

Adenoviral infections are a cause of respiratory infections 
in foals, especially in those with weakened immune 
systems.  A Thoroughbred foal with pneumonia recently 
hospitalized at the Veterinary Medical Teaching Hospital 
(VMTH) had unequivocal evidence of adenovirus on 
lung histopathology and polymerase chain reaction (PCR) 
analysis, which may indicate that adenoviral infections 
are a more significant problem in this population than 
previously thought.  We hypothesized that adenoviral 
infections may be more prevalent in foals hospitalized 
with respiratory disease than in foals hospitalized without 
respiratory disease or in healthy foals.

In this study, we examined different populations of foals 
to compare the prevalence of adenoviral infection among 
them.  We found that

• The prevalence of adenovirus infection in foals 
as evidenced by PCR detection of DNA in nasal 
secretions was not markedly different among sick 
and healthy populations of foals.

• Equine Adenovirus 1 DNA was detected by PCR 
in 7 of 12 control (healthy) foals and in 6 of 15 
NICU foals, half of which had respiratory disease. 

• For PCR-positive samples, virus isolation was 
performed.  Adenovirus was isolated from one of 
the control foals and two of the sick foals.

This study has demonstrated that the prevalence of 
adenoviral infection in foals as evidenced by PCR 
detection of viral genetic material is similar among 
foals requiring hospitalization and intensive care and 
healthy foals.  We have learned that the mere presence 
of adenoviral DNA cannot be used to diagnose clinical 
adenoviral infections in horses.  Similarly, adenoviruses 
can be isolated in cell culture from asymptomatic animals.  
The immune system of the host plays an important role 
in determining viral disease progression after infection.  
In individual cases, adenovirus infection may lead to 
development of clinical respiratory signs, depending on 
the immune status of the animal.  Further work is needed 
to develop and validate testing methods that can reliably 
identify clinical infections. 
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Investigating a Safer Sedative for Use in Foals

Investigation of the distribution, elimination and 
clinical effects of midazolam in newborn foals

Investigators:  Darien Feary, K. Gary Magdesian and 
Scott Stanley

Benzodiazepines are frequently used in newborn foals 
for their centrally mediated sedative, muscle relaxant, 
and anticonvulsant effects.  The benzodiazepine 
diazepam is a commonly used sedative agent and has 
been the first-line drug recommended for the treatment 
of seizures in critically ill newborn foals.  Midazolam, 
a member of the benzodiazepine class of drugs, is the 
first-line drug of choice in critically ill human neonates.  
It has some unique properties such as rapid onset of 
action, increased water solubility, and shorter half-life 
in the body.  We believe it holds promise as a safer and 
more reliable alternative to diazepam in foals.

In this study, we determined the effects of an intravenous 
dose frequently used for other benzodiazepines in 
foals on the cardiorespiratory system of healthy foals 
and measured several other parameters to provide 
information on the safety of midazolam.  We found that

• Peak serum concentrations of midazolam were 
reached one minute following intravenous 
administration.  Concentrations decreased 
rapidly over the following 20 minutes, with a 
gradual return to baseline levels by 24 hours.

• Results of cardiorespiratory system monitoring 
showed that all parameters including blood 
pressure and arterial oxygen concentration 
remained normal throughout the study.

• The sedative effects of midazolam in foals were 
mild to moderate during the first 45 minuts and 
undetectable after 60 minutes.

• Foals showed temporary incoordination when 
attempting to stand unassisted during the first 
90 minutes following drug administration.  The 
muscle relaxant effects of midazolam appear to 
last longer than its sedative effects in newborn 
foals.

The results of this study show that midazolam appears 
to be a safe and effective sedative for healthy newborn 
foals.  The baseline information regarding the effects, 
safety and clearance of a single intravenous dose in this 
study will be useful for further studies in sick foals. 

Improving Test Methods for Determining Sepsis-
Causing Microorganisms in Neonatal Blood

Evaluation of the effectiveness of resins to recover 
microorganisms from blood of neonatal horses

Investigators:  Mireia Lorenzo-Figueras, Nicola Pusterla, 
Barbara Byrne and Eileen Samitz

Blood culture is the current “gold standard” test 
to diagnose sepsis in foals.  However, this test is 
complicated by the fact that these patients often 
receive antimicrobial agents before blood is collected 
for cultures.  A better culture media system may 
shorten the time currently required to detect blood-
borne bacteria in foals with sepsis that are already on 
antimicrobial treatment.  While optimal blood culture 
systems have not been reported in the literature, the 
use of antimicrobial-absorbing resin-containing media 
has not yet been evaluated in the setting of ill neonates 
being treated with antimicrobials and presented at 
a referral hospital.  We believe that resin-containing 
blood culture systems (BCS) may offer a clinical benefit 
to neonatal foals receiving antimicrobial treatment.

In this in vitro (test tube) study, we compared the ability 
to detect bacteria and time to detection in several 
different culture media systems contained in bottles.  
We found that 

• The resin-containing system detected 
Escherichia coli in 61% of the bottles, whereas 
the conventional BCS system detected 30%.

• No E. coli was detected with the lysis-
centrifugation-based system.

• The resin-containing bottles showed a 
significantly greater detection of E. coli than 
the conventional BCS and lysis-centrifugation-
based systems.

• Growth of E. coli was observed on all bacteria 
controls regardless of the media type, whereas 
no growth was recorded from the blood and 
gentamicin controls.

This study showed that broth media containing resins 
is more efficient in the recovery of E. coli from equine 
blood treated with an antimicrobial, compared with 
conventional broth media and the lysis-centrifugation-
based systems.       
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Understanding the Effect of Treatment with Antibiotic 
on Digital Flexor Tendon Sheath Fluid

Does sampling fluid and injecting an antibiotic into 
the digital flexor tendon sheath of horses alter the 
characteristics of the fluid in the sheath?

Investigators:  Susanne Dykgraaf, Julie Dechant, 
Jennifer Johns, Mary Christopher, David Bolt and Jack 
Snyder

Digital flexor tendon sheath injuries are common in 
horses and can lead to life-threatening infection of the 
sheath.  The decision to proceed with surgery is often 
made based on characteristics of the fluid sampled 
from the sheath.  Although it is common practice at the 
time of sampling to inject antibiotics into the sheath, 
we do not know how this affects fluid parameters 
used to make treatment decisions.  To our knowledge, 
there are no published ranges of values for fluid from 
the tendon sheath and the response to injection of 
antibiotic.

In this study, we determined the effect of repeated 
sampling and injection of a commonly used antibiotic 
(amikacin) on the fluid of the digital flexor tendon 
sheath in horses.  We believe that sampling of fluid 
from the equine digital tendon sheath and injection 
of amikacin can cause elevations in synovial fluid 
parameters that may approximate values currently used 
to indicate sepsis.  We found that

• Injection of the tendon sheath with either 
amikacin or a balanced electrolyte fluid 
increased synovial fluid parameters from 
baseline.  These elevations were transient 
and did not result in lameness.  There was 
no difference between antibiotic treatment or 
electrolyte fluid.

• The effects of injection and repeated sampling 
on digital flexor tendon sheath synovial fluid 
values are modest in most horses.  However, 
some animals can develop marked increases in 
synovial fluid values that may be interpreted as 
sepsis.

The knowledge of how tendon sheath fluid responds 
to injection of amikacin and follow-up needle 
sampling can assist surgeons with treatment decisions, 
particularly in cases where infection is suspected and 
that have been evaluated previously in the field or 
at the hospital.  The results of this study can be used 

in combination with a horse’s level of lameness and 
clinical signs to interpret synovial fluid results and 
decide upon appropriate treatment.   



Marcia MacDonald Rivas Research Grants
The Marcia MacDonald Rivas Grant program has been in existence for over 20 years in the UC Davis School of 

Veterinary Medicine.  Recently, this program was transferred to the Center for Equine Health for oversight and 

management of the selection of projects.  These grants are awarded to new teaching and research personnel 

(less than 5 years in the School of Veterinary Medicine).
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Investigation of the Epidemiology of Lawsonia 
intracellularis in Foals from Endemic Farms 

Investigators:  Nicola Pusterla and Samantha Mapes

Proliferative enteropathy (PE) is a gastrointestinal 
infection caused by the bacterium Lawsonia 
intracellularis.  The disease typically affects the small 
intestine, specifically the jejunum and ileum.  It 
is known to infect several species including pigs, 
rodents, rabbits, deer and horses.  It is endemic in 
swine, the species in which it is most often described.  
The incidence of PE in horses is unknown.  To date, 
there have been only eight isolated case reports and 
descriptions of three breeding farms with affected foals 
in North America, Australia and Europe.

In the majority of reported clinical cases, a direct 
source of infection has not been identified, although 
pigs have been suggested as one potential source.  
Two small field investigations performed by our 
research group on two farms with confirmed cases of 
equine PE suggested that exposure to L. intracellularis 
is frequent in foals and that wild mammals may be 
the source of infection.  Based on these preliminary 
results, we hypothesize that foals raised on an endemic 
farm are commonly exposed to L. intracellularis 
without developing clinical disease and that wild 
animals appear to be the most likely reservoir for L. 
intracellularis.

In the proposed study, we will evaluate approximately 
30 foals from two farms previously determined to be 
endemic for L. intracellularis.  We will determine their 
exposure to the bacterium by measuring antibody 
levels as well as the incidence of fecal shedding of L. 
intracellularis.  The information gained from this study 
will provide us with a better understanding of the risk 
of exposure and the likelihood of disease development 
in foals raised on endemic farms.   

The Effect of Head-Down Positioning on Central 
Nervous System Blood Flow in Anesthetized Horses 

Investigators:  Robert Brosnan, Eugene Steffey, Richard 
LeCouteur, Alejandro Vico, Irwin Liu and Betsy 
Vaughan

Some laproscopic procedures performed under 
general anesthesia require tilting of a horse in a head-
down position to allow adequate visualization of the 
operative site.  Previous studies have demonstrated that 
head-down positioning in horses dramatically increases 
intracranial pressure and, in turn, raises concerns that 
blood flow to the brain and spinal cord may become 
compromised.  Inadequate brain or spinal cord blood 
flow during periods of anesthesia could make it more 
difficult for horses to stand in a coordinated manner 
after anesthesia and could contribute to increased risk 
of adverse events (fractures or neuromuscular damage) 
in the postoperative recovery period.

In the proposed study, we will determine whether 
decreases in brain and spinal cord blood flow do 
occur in head-down positioning, whether brain areas 
responsible for motor function are more affected by 
head-down tilting, and how blood vessel resistance 
changes in response to increased intracranial pressure.  
This research will yield insight into improving 
anesthetic and surgical management of these patients.  
Decreased perianesthetic problems, especially during 
recovery, would help decrease neurologic and 
musculoskeletal injury and allow a more rapid return to 
performance.

Studies to Improve Diagnosis of Sepsis in Neonatal 
Foals

Investigation of the mechanisms inducing 
immunosuppression in septic equine neonates and 
development of PCR assays to detect bacteremia as an 
early indicator of septicemia

Investigators:  Nicola Pusterla, K. Gary Magdesian, 
Johanna Watson and Barbara Byrne

Sepsis remains the principal cause of death in neonatal 
foals for several reasons.  First, identifying septic 
neonates is difficult because neonates that show signs 

ú
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Sepsis remains the

principal cause of death in 

neonatal foals.  In order to 

reduce the mortality rate of 

septic foals, we must

improve our understand-

ing of the pathogenesis of 

sepsis and develop more 

reliable diagnostic assays 

to detect bacteremia.

of sepsis may have negative blood cultures.  Moreover, the low survival 
rate of septic foals may be related to immunosuppressive conditions that 
are not completely understood.  In order to reduce the mortality rate of 
septic foals, we must improve our understanding of the pathogenesis of 
sepsis and develop more reliable diagnostic assays to detect bacteremia.  
Our research group recently investigated the profile of selected cytokines 
expressed in the circulating blood from healthy and sick neonatal foals.  
We found that an anti-inflammatory response dominated in septic foals 
based on the increased expression of interleukin-10 (IL-10).

In the proposed study, we will determine whether elevated IL-10 
expression measured in septic foals is associated with a diminished 
antigen presentation capacity on the surface of mononuclear cells, leading 
to immunoparalysis and subsequently to an increase in mortality rate.  
Currently there is no definitive test to diagnose neonatal sepsis because 
even blood culturing techniques have unacceptably low sensitivities.  
Nucleic acid amplification testing, such as polymerase chain reaction 
(PCR), is a rapid, sensitive technique that has been used with success to 
diagnose a wide range of infectious diseases.  As such, we will use the PCR 
assay to validate a molecular bacterial panel (the most common bacterial 
pathogens associated with sepsis) to diagnose bacteremia in septic foals.  
An improved understanding of the immunopathogenesis of sepsis in foals 
along with validation of more sensitive diagnostic assays will better define 
the pathophysiology and treatment options for this syndrome.

Control of Mucus Production in the Equine Lung

Investigators:  Karen Oslund and Reen Wu

Excessive mucus production is a common component of many equine 
lung diseases associated with inflammation.  It impairs lung function in 
performance and pleasure horses.  In the lungs, mucus forms a barrier 
to protect underlying cells from microorganisms and irritants that are 
constantly inhaled.  However, when mucus secretion becomes excessive, 
it impairs lung function and the airways become obstructed.  The 
regulation of mucus production in horses is not understood and is critically 
needed in order to provide treatment options for various lung diseases.

In the proposed study, we will investigate how inflammatory mediators 
regulate equine mucin—5AC, the largest component of mucus—in airway 
epithelial cells.  We will use molecular techniques to determine how 
these mediators act in the cell to lead to increased mucin production and 
whether this control is at the RNA or protein level.  An understanding of 
the mechanisms of mucus production in horses and its regulation at the 
subcellular level is an important step in controlling it therapeutically.

ú



Newly Funded Research Studies
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Linda Starkman
Research Grant Award

Two studies, both related to 
a chronic, debilitating bone 

disorder affecting horses from 
specific geographical regions, 

are being supported by an
honorary grant to acknowledge 
Linda Starkman.  Established in 

2003, the grant recognizes
Ms. Starkman’s contributions

toward the success of the 
Center for Equine Health.  Each 

year, research projects are
reviewed by a Scientific

Advisory Board, and one that is 
most appropriate to the

interests of Ms. Starkman is 
selected in her honor.  The 

awards for 2005 and 2006 are 
two phases of the same project.

Since 1995, Ms. Starkman has 
provided significant leadership, 
guidance and service in support 
of the Center for Equine Health, 

its research and education
mission.  She has also been a 
tireless advocate on behalf of 

the School of Veterinary
Medicine.  We gratefully

acknowledge Linda Starkman 
for her dedication to the welfare 

of horses.

Linda Starkman

Characterization of a chronic, debilitating bone disorder affecting horses 
in geographic regions with soils high in silicates

Investigators:  Jonathan Anderson, Susan Stover, Bradd Barr, Melinda 
MacDonald, Sarah Puchalski, Gary Magdesian and Larry Galuppo

A previously unreported condition manifested by a persistent chronic 
lameness, stiffness or neurological signs and characterized by multiple 
regions of reactive bone on bone scan has resulted in catastrophic cervical, 
scapular and rib fractures in 19 horses.  Many affected horses have been 
found to live in geographic regions that have soils high in silicate.  One 
horse has returned to light riding, while the remaining horses were either 
euthanized or retired until catastrophic fracture dictates euthanasia.  
Necropsy of affected horses revealed marked bone weakness, pathological 
fractures in multiple bones, and the presence of unusual mineral 
aggregates in lymph nodes.  At present, the link between clinical signs, 
bone inflammation and necropsy findings is unknown.

In the proposed study, we will characterize an equine metabolic disease 
syndrome by describing the historical and clinical pathological findings 
of 19 affected horses.  We will develop a protocol that can be used in the 
investigation of the disease and identify specific factors that can be used 
diagnostically to yield an accurate diagnosis.

This syndrome has been reported by referral veterinary practitioners.  As a 
previously unrecorded condition, this study paves the way for investigation 
into a debilitating disease in horses that drastically limits their working 
career and has a high likelihood of resulting in catastrophic fractures.  This 
study will provide the groundwork for further investigations of potential 
causes, treatments, and preventive measures for the condition. 

Investigation of a Chronic, Debilitating Bone Disorder Affecting Horses in 
Geographic Regions with Soils High in Silicate

Investigators:  Susan Stover and Bradd Barr

There is a condition in mature horses of various breeds that is 
characterized by chronic lameness, body stiffness, subtle incoordination, 
and multiple areas of bone inflammation.  The cause of this condition is 
unknown.  Severe disease results in death because of catastrophic bone 
fractures due to bone loss.  Many affected horses have been found to live 
in geographic regions that have soils high in silicate.  We know that bone 
loss has been induced in rodents by exposure to silicate particles.  In this 
study, we will characterize the bone condition in affected horses and seek 
evidence for a relationship to silicate exposure.

This chronic, debilitating disease drastically limits the working career 
of horses and often results in death due to catastrophic bone fractures.  
This study will enable us to better understand the condition and gain 
information that will provide the groundwork for further investigations of 
potential causes, treatments and preventive measures. 
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Study of Equine Herpesvirus-1 (EHV-1) in Horses 
Residing on a Stud Farm

The detection of EHV-1 in a population of 
Thoroughbred horses residing on an endemic stud farm 
over a 6-month period 

Investigators:  James Brown, Nicola Pusterla, Irwin Liu, 
Barry Ball and Aaron Hodder

Equine herpesvirus-1(EHV-1) is a major cause of viral 
abortion in the mare and is associated with significant 
financial implications for breeding farms.  Once the 
virus gains entry into a horse, it remains in a latent 
state.  Reactivation commonly occurs under certain 
conditions such as stress.  It is estimated that over 50% 
of the horse population is latently infected with EHV-
1; however, the incidence of viral reactivation and 
shedding in horses residing on endemic* stud farms is 

Studies of a New Propofol Formulation in Horses

Investigators:  Marlis Rezende, Pedro Boscan, Scott 
Stanley, Khursheed Mama and Eugene Steffey

Propofol is an injectable anesthetic that is rarely used in 
horses because of its high cost and low concentration.  
Yet, work from here and elsewhere has shown that 
propofol offers exceptional advantages in recovery 
from anesthesia.  A new formulation of propofol has 
recently been developed that promises low cost and 
availability in multiple concentrations but requires 
validation.  A pilot study conducted previously in our 
laboratory demonstrated similar anesthesia results 
between the new and existing propofol formulations, 
supporting further studies for clinical use in horses.  
However, before this anesthetic can be used clinically, 
its pharmacokinetic, cardiovascular, respiratory 
and recovery properties must be characterized and 
reported.

In the proposed study, we will determine the 
pharmacokinetic, cardiovascular, respiratory and 
recovery properties of the new propofol formulation.  
Completion of these studies will validate the 
characteristics of this drug and extend our knowledge 
as we study the effects of prolonged administration to 
horses.  We anticipate that the knowledge gained will 
substantiate immediate clinical studies.

ú

largely unknown.  We hypothesize that nasal shedding 
of the virus from reactivated latently infected horses on 
an endemic EHV-1 breeding farm is a major biological 
source of infective virus for unexposed horses.

In the proposed study, we plan to use real-time 
TaqMan polymerase chain reaction (PCR)—a highly 
sensitive and specific assay that will allow molecular 
detection of EHV-1 following reactivation of the virus—
to monitor various groups of horses on a local endemic 
stud farm for the presence of EHV-1 in nasopharyngeal 
swabs and peripheral white blood cells.  We will also 
determine the incidence of abortion and neonatal 
mortality attributable to EHV-1 at the stud farm during 
the study period.

Despite routine vaccination against EHV-1, the 
abortion rate attributable to EHV-1 remains significant.  
By identifying and characterizing of nasal shedding and 
viremia in horses of different ages and reproductive 
states, we hope to gain important information with 
respect to viral kinetics of EHV-1.  This information will 
be directly applicable to the management of EHV-1 
horse farms.

* An infection is said to be endemic in a population 
when that infection is maintained in the population 
without the need for external inputs.

ú
Study to Determine the Safety of a Pain Killer in Foals

Studies further supporting evidence-based pain 
management in newborn foals

Investigators:  Eva Eberspaecher, Eugene Steffey and 
Scott Stanley

Foals sometimes experience painful conditions such 
as from traumatic injury or a ruptured urinary bladder, 
or undergo painful procedures involving surgery.  
However, there is a limited choice of analgesics for 
relieving moderate to severe pain in horses.  The use 
of opioids such as fentanyl to treat pain is standard 
practice in humans and other species.  Fentanyl 
patches have been used to provide continuous pain 
relief over days in several species including adult 
horses.  Previous studies with fentanyl patches in adult 
horses (ages 4 to 10 years) provided information about 
the drug’s pharmacokinetics and safety.
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A Better Method for Detecting Herpesvirus 1 in the 
Semen of Horses

Detection of equine herpesvirus 1 DNA in equine 
semen using Taqman PCR and comparison of sperm 
cell morphology and cell types between infected and 
noninfected semen 

Investigators:  Aaron Hodder, Barry Ball, Irwin Liu, 
Christian Leutenegger, Nicola Pusterla and James 
Brown

Equine herpesvirus 1 (EHV-1) is of considerable 
economic significance to the equine breeding industry 
as a leading cause of infectious abortion in mares.  It 
has been shown to be present and active in the genital 
organs of stallions under both experimental and 
natural conditions, yet little attention has been given 
to the possible role of virally infected semen in equine 
infertility and transmission of the virus.  The importance 
of herpes viruses in the semen of other species is well 
recognized, especially in cattle where infected semen 
can reduce conception rates and fertility.

Taqman PCR has been shown to be a faster, more 
sensitive and efficient method for detecting the 
presence of viruses in semen than previously used 
techniques.  In the proposed study, we will examine 
equine semen for the presence of equine herpesvirus 
1 using Taqman PCR.  If viral DNA is shown to be 
present, we will conduct further tests to determine 
the level of viral activity in order to determine the 
significance of its presence.  We will also correlate 
the presence and level of viral activity with sperm 
morphology and other somatic cells to determine 
the effects of infection.  The information gained from 
this study may assist in fertility evaluations and in the 
formulation of management strategies to minimize 
spread of this virus.

In the proposed study, we will evaluate the 
pharmacokinetics and safety of fentanyl in foals to 
determine whether newborns respond similarly to adult 
horses.  We will characterize the pharmacokinetic 
actions, behavior and tolerance of healthy foals (5 
± 3 days of age) after the application of fentanyl 
patches to demonstrate the drug’s safety.  Appropriate 
pain management can improve patient outcome, 
shorten hospital stay and significantly reduce costs.  
Completion of this study will extend our knowledge 
about the use of fentanyl patches to foals and help 
improve the care of newborn horses.   

ú

Studies to Improve the Diagnosis of Equine Protozoal 
Myeloencephalitis (EPM) in Horses

Investigators:  Carrie Finno, Nicola Pusterla, W. David 
Wilson, Patricia Conrad and Ian Gardner

Equine protozoal myeloencephalitis (EPM) is a 
debilitating disease of the central nervous system in 
horses caused by the protozoa Sarcocystis neurona 
and, less commonly, Neospora hughesi.  The diagnosis 
of EPM is extremely difficult because many horses have 
serum antibodies against S. neurona.  Confirmation 
of clinical disease when serology is positive requires 
testing the cerebrospinal fluid (CSF), which is collected 
by performing a lumbosacral tap.  However, blood 
contamination is a common complication with this 
procedure, and the CSF result may be falsely positive.  
If we had information regarding the amount of red 
blood cells at a certain serologic titer that can cause 
a false-positive CSF result, this would aid in making a 
diagnosis.    

In the proposed study, we will determine how various 
degrees of blood contamination of cerebrospinal fluid 
influences test results for the presence of S. neurona 
and N. hughesi.  That is, what amount of blood 
contamination is required to convert a negative CSF 
sample to a false-positive result?  We will also assess 
the agreement of an indirect fluorescence antibody 
test for serum with cerebrospinal fluid samples from 
clinically normal horses.  The information gained from 
this study will contribute to improving the diagnosis of 
this debilitating disease. 

Measurement of plasma vasopressin concentrations in 
healthy and critically ill neonatal foals

Investigators:  Angela Borchers and K. Gary Magdesian

Humans and animals with septic shock have 
a physiologically inappropriate vasodilation 
characterized by hypotension despite fluid 
resuscitation and poor response to pressor therapy 

ú
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Understanding the Early Immune Response of Foals to 
Rhodococcus equi Infection

The role of the initial immune response to 
Rhodococcus equi infection

Investigators:  Johanna Watson, Kenneth Jackson, 
Meera Heller, Sharon Hietala and W. David Wilson

Foal pneumonia caused by Rhodoccocus equi infection 
can be an expensive, devastating and even fatal 

ú

disease.  The only treatment currently available is 
the administration of plasma to foals before the onset 
of the disease.  This treatment is labor-intensive and 
expensive but is the only option available at present.  
Future development of an effective vaccine will require 
a more in-depth understanding of the early immune 
response to R. equi.

In this study, we will determine the effect(s) in the early 
immune response of foals to R. equi and also determine 
which genes are associated with susceptibility to 
infection.  We will accomplish this by studying cells 
from the lung, alveolar macrophages, and blood, which 
are crucial for the protection of foals from R. equi 
infection.  We will compare cells from adult horses and 
foals to study potential differences.

Once we have identified any defects in the initial 
immune response of the foal, we can investigate how 
to overcome them with vaccination.  Our ultimate goal 
is that these studies will provide the necessary missing 
information for developing a vaccine.  

ú

Development of Novel Wound-Healing Products for 
Horses

Investigators:  Fern Tablin, Jeffrey Norris, Verena 
Affolter and Jorge Nieto

Wounds on the lower limbs of horses are a challenge 
for the practitioner to treat. With minimal skin 
covering, many wounds have prolonged healing 
times and develop complications.  Gels made of fresh 
platelets and plasma have been used to promote 
wound healing in a wide variety of species, including 
horses.  We believe that freeze-dried platelets can be 
used to improve wound healing on the limbs of horses 
and that such a preparation could be packaged on a 
sterile bandage that is stable at room temperature so 
that it could be readily used by field veterinarians.

In this study, we will continue previous work on freeze-
dried human platelets by developing
a method of loading equine platelets with trehalose, 
a sugar that stabilizes cells during freeze-drying.  The 
freeze-dried platelets will be analyzed for quantities 
of growth factors, ability to stimulate cell growth, and 
wound contraction compared with fresh platelets.  We 
will document the characteristics of wound healing, 

with catecholamines.  Evidence in human medicine 
and animal models suggests that plasma vasopressin* 
concentrations rise significantly early in septic shock 
and then decline slowly due to depletion, resulting in 
a relative vasopressin deficiency.  Foals with sepsis 
or birth hypoxia die of multiorgan failure due to 
inadequate tissue perfusion (the ability of fluid to pass 
through the tissues).  We hypothesize that foals with 
vasodilatory septic shock have relative vasopressin 
deficiency contributing to hypotension, as it does in 
human critically ill patients.

In this study, we propose to establish a normal range 
for vasopressin in healthy foals as well as measure 
vasopressin concentrations in critically ill hypotensive 
neonatal foals to see if relative vasopressin deficiency 
observed in septic human patients, dogs and rats also 
occurs in septic foals.  Growing evidence in human 
medicine suggests that low-dose continuous rate 
infusion of vasopressin is safe and effective for the 
treatment of vasodilatory shock.  It has been shown 
that correction of inappropriately low vasopressin 
concentrations with doses close to those concentrations 
found in acute hypotension significantly increases 
blood pressure and tissue perfusion.  However, high-
dose therapy is associated with excessive coronary and 
intestinal vasoconstriction and must be avoided.

This study will provide information to establish a safe 
dose of vasopressin for replacement therapy during 
catecholamine-resistant vasodilatory sepsis in neonatal 
foals.

* Vasopressin is a hormone that is secreted by the 
pituitary gland.  It constricts blood vessels, raises blood 
pressure, stimulates intestinal motility, and reduces the 
excretion of urine.  
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Development and Use of Completely Defined Stallion 
Semen Extenders for Low-Temperature Storage

Investigators:  Stuart Meyers, Michele Magistrini and 
Josette Ricker

In the horse industry, milk-based diluents are used 
routinely for storing cooled (frozen) sperm.  Our 
collaborators at the French National Institute for 
Agricultural Research have identified a highly 
protective milk fraction (native phosphocaseinate, 
NPPC) with which they developed an extender 
for storing cooled semen.  Previous studies in our 
laboratory have led to a defined freezing diluent based 
on soybean phosphatidylcholine (soy PC), but no milk 
products for cryopreservation of stallion semen.  Our 
two laboratories  have begun a collaboration in order 
to develop a new completely defined freezing extender.  
The challenge remains to develop optimal cooling/
freezing diluents that are effective for the majority of 
stallions.  We hypothesize that chemically defined 
soy PC/NPPC extenders will significantly improve 
functionality and fertility of cooled and cryopreserved 
stallion sperm.

These studies will be used to develop completely 
defined extenders for optimal low-temperature 
storage of stallion sperm.  As a result, a universally 
applicable product can be put to use that is free of 
biologically varied ingredients and fulfills national and 
international standards for biosecurity.  In this way, 
more stallions can be used for breeding programs, 
thereby maximizing genetics for a number of breeds in 
the equine industry.  

ú

Development of a Genetic Test for Hereditary 
Bleeding Predisposition in Thoroughbred Horses 

Investigators:  Fern Tablin, Danika Bannasch and Jeffrey 
Norris

Thoroughbred horses have bleeding tendencies ranging 
from mild to severe that can result in diminished 
performance or death.  Based on a screening of a 
discrete population of California Thoroughbreds for 
this disorder, we estimate that the disease frequency is 
approximately 1:300.  We have identified a congenital 
platelet defect in three Thoroughbred horses that 

such as time to first epithelialization (skin growth), 
rate of wound contraction, and days to complete skin 
growth and determine the microscopic characteristics 
of wounds at the completion of healing.

Improved wound healing will benefit the entire equine 
industry by reducing the costs associated with sound 
treatment and loss of limb use.   

Continuing Studies to Understand and Characterize 
Chronic Progressive Lymphedema in Draft Horses

Evaluation of a possible dysregulation of multiple 
factors influencing acellular tissue components in the 
skin of Clydesdales, Shires and Belgian Draft horses 
with chronic progressive lymphedema

Investigators:  Verena Affolter, Hilde DeCock, Christian 
Leutenegger, Gregory Ferraro and Leen Van Brantegem

Chronic progressive lymphedema (CPL) in draft horses 
starts at an early age, progresses throughout their lives 
and results in marked disfigurement and disability 
of the legs.  Similar to the disease’s counterpart in 
humans, equine CPL is not yet well understood.  
Available evidence suggests that CPL is associated 
with generalized low tissue elastin levels, an important 
acellular tissue component supporting the lymphatic 
vessels.  Changes in elastin levels may be the result 
of either insufficient production or increased rates 
of destruction.  We hypothesize that the low elastin 
levels in CPL-affected animals are due to increased 
degeneration due to disruption of the normal cellular 
processes by chronic inflammation.

In this study, we will evaluate elastin levels in horses 
as they relate to patterns of cellular production and 
extracellular matrix levels of growth factors and 
other enzymes that regulate elastin production and 
breakdown.  We will also compare protein expression 
of extracellular matrix factors present in skin samples 
from the neck and pastern areas of affected horses to 
determine whether CPL represents a localized problem 
or a more generalized systemic disease.

In order to develop a successful management and 
prevention program, it is crucial to characterize this 
disease, investigate its pathology, and identify early 
diagnostic tools.

ú
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is characterized by reduced fibrinogen binding in 
response to thrombin activation.  The disorder closely 
resembles coagulation defects seen in a mouse model.  
We believe that this disorder results from a specific 
defect in the thrombin-signaling pathway of platelets.  
In this study, we will investigate this hypothesis and 
ultimately design a genetic test to identify affected 
animals and carriers of the defect.

Development of a genetic test for horses with a 
predisposition to bleeding will benefit the entire equine 
industry.  It will provide a tool for breeders, trainers 
and owners to reduce their risk when balancing the 
complicated factors of speed, talent and pedigree.  
Such a test can be applied not only to breeding 
healthier equine populations, but also toward the 
informed use of prerace medications.  Although this 
study targets Thoroughbreds, other gene mutations 
have been found that cross breed lines, and this test 
will be of value beyond our target population.  

Improving the Quality of Frozen Semen Using a 
Purification Method

Separation of membrane-damaged equine spermatozoa 
by magnetic activated cell sorting

Stuart Meyers and Julie Baumber

Cryopreservation subjects sperm to significant cellular 
stress.  The resulting impact on sperm viability and 
functionality contributes to reduced lifespan and 
fertility post-thaw.  Dead and damaged sperm can 
negatively impact the vitality of normal cells through 
the release of reactive oxygen species.  We believe 
that magnetic-activated cell sorting (MACS), using 
paramagnetic Annexin V-microbeads, can be used 
to purify a population of equine sperm with high 
membrane integrity, motility and viability.  This method 
has been successfully used to purify populations of 
membrane-intact human sperm.  Sperm purified in 
this way would have improved functionality following 
frozen storage.

The fertility of frozen semen is approximately 40% 
that of fresh semen.  Significant cell death and sperm 
damage are important limitations to the application 
of frozen semen in the horse.  Damaged sperm can 

negatively impact the vitality of normal cells.  Magnetic 
cell separation of sperm with disturbed membrane 
integrity offers an exciting opportunity to eliminate 
dead and damaged sperm from a population.  Sperm 
enriched in this way have potential applications in 
semen freezing technology, particularly for poor-quality 
ejaculates or stallions that do not freeze well and 
assisted reproductive techniques.

ú

ú

A Study to Determine How Horses Living on a Farm 
with High Seroprevalence to the Agents of Equine 
Protozoal Myeloencephalitis (EPM) Become Exposed

Evaluation of the risk of exposure to Neospora sp. 
and Sarcocystis neurona, agents of equine protozoal 
myeloencephalitis, in horses originating from a farm 
with high prevalence to both apicomplexan protozoal 
pathogens

Investigators:  Nicola Pusterla, W. David Wilson, Carrie 
Finno, Patricia Conrad, Ian Gardner and Bradd Barr

Equine protozoal myeloencephalitis (EPM) is a 
debilitating disease of the central nervous system 
that is typically caused by infection with protozoa, 
most commonly with Sarcocystis neurona.  Recent 
reports have suggested that it may also be caused by 
infection with Neospora sp., though less commonly 
so.  We recently diagnosed a Draft horse foal with 
neurologic neosporosis, which led us to investigate the 
seroprevalence of both protozoal pathogens at the farm 
of origin.  The seroprevalence of S. neurona (65%) and 
N. hughesi (83%) was among the highest ever recorded 
by our research group.  

A number of important aspects of the epidemiology and 
ecology of N. hughesi and S. neurona are unknown.  
These pathogens are difficult to study in the field, since 
their prevalence in the horse population is so variable.  
Thus, the opportunity to conduct further studies at the 
above farm will allow us to determine the mode(s) of 
infection in a population of resident horses.  We will 
determine antibody levels of N. hughesi and S. neurona 
in mare and foal pairs prior to colostrum ingestion to 
determine whether exposure to the parasites occurs 
transplacentally or after birth.  This study will allow 
us to identify factors that could ultimately lead to 
improved preventive measures.
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ú

Studies of a Genetically Cloned Hormone to Promote 
Fertility in Mares

The efficacy of a genetically cloned equine follicle 
stimulating hormone to promote follicle growth in the 
mare

Investigators:  Janet Roser, Geraldine Meyers-Brown 
and Marci Jennings

The horse’s own follicle-stimulating hormone (eFSH) 
is difficult to obtain in large amounts as a drug for 
breeding management.  Other drugs that are used to 
stimulate follicle growth for superovulation and other 
reproductive technologies are problematic.  We have 
cloned two equine hormones in sizeable quantities:  
recombinant equine luteinizing hormone (reLH) and 
reFSH.  ReLH is available to veterinarians to stimulate 
ovulation.  Our studies show that reFSH has bioactivity 
in laboratory tests but its effectiveness in mares to 
stimulate follicle growth is yet to be established.  In the 
proposed study, we will determine the ability of reFSH 
to stimulate follicle growth in cycling mares, follicle 
growth in transitional mares, and superovulation in 
cycling mares.

If reFSH is found to be effective in these studies, it 
could be extremely useful with or without reLH for 
manipulating reproductive functions in the mare, 
such as early induction of cycling in the spring, 
superovulation for embryo transfer, and induction of 
ovarian activity in noncycling problem mares.

Developing a Better Understanding of Foal Immunity 
from Maternal Antibodies

Can the ability of a foal to respond to vaccination 
against rabies be predicted based on how much 
specific antibody it absorbs from the mare’s colostrum?

Investigators:  W. David Wilson, Judy Mihalyi, Diane 
Rhodes, Susan Moore and Jaymie Noland

Studies that compare the antibody response of foals 
that do or do not absorb any specific antibodies from 
colostrum indicate that maternal antibodies, even when 
present in low amounts, dampen or completely block 
the foals’ ability to respond to vaccination until at least 
6 months of age.  While the duration of this maternal 
antibody interference is thought to be influenced by 
the amount of antibody absorbed from colostrum, this 
hypothesis has not been proven.

In this study, we will determine whether the ability of 
3- and 6-month-old foals to respond to vaccination 
against rabies virus can be predicted based on the 
amount (titer) of specific maternal antibody present 
in the plasma of the foal after nursing.  If the central 
hypothesis is proven, the results of this study will 
allow practitioners and horse owners to implement 
an individualized approach to primary vaccination of 
foals.  This individualized approach would maximize 
the likelihood of inducing protection while minimizing 
waste of vaccines, time, money and effort on foals that 
are not yet capable of responding to vaccination due to 
the interfering effect of maternal antibodies.

ú
Evaluation of Factors Influencing Transmission of 
Sarcocystis neurona, the Primary Causative Agent of 
EPM, from Opossums to Horses

Investigators:  Patricia Conrad, Daniel Rejmanek, Ian 
Gardner, and Nicola Pusterla

The protozoal parasite Sarcocystis neurona is the most 
common cause associated with equine protozoal 
myeloencephalitis (EPM).  The infective stage of the 
parasite is shed by opossums (Didelphis virginiana).  
Two horse farms in northern California were recently 
identified with a high seroprevalence (65%) of S. 
neurona infection, providing us with the opportunity to 

conduct a detailed study of the epidemiology of EPM.  
In the proposed study, we will test the hypothesis that 
opossums living in and around these farms are infected 
with and shed S. neurona parasites in a seasonally 
dependent manner and that this may influence when 
horses at these farms are infected.

This study will help identify key factors such as when 
and how often opossums shed the infective stages 
of S. neurona and how these factors influence the 
transmission of S. neurona to horses.  This information 
will be useful for designing control strategies to 
minimize the risk of infection in horses.  Additionally, 
this is the first study of its kind in the western United 
States, an area with an increasing horse and opossum 
population.
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Development of a Method for Producing Genetically 
Modified Horses

Use of sperm as a method for production of genetically 
modified horses

Investigators:  Barry Ball and Khalida Sabeur

The ability to produce genetically modified 
horses has potential applications in diverse areas, 
including improved disease resistance, improved 
performance, improved fertility, correction of genetic 
diseases, altered coat color genetics, as well as 
research applications.    Because of the potential for 
incorporation of the inserted gene into the germ line 
(progenitors, or direct descendants, of sperm and egg), 
these altered traits could be expressed in the transgenic 
individual* as well as in their offspring.

Equine sperm can serve as efficient vectors (agents 
that transfer genetic material from one cell to another) 
for the introduction of foreign DNA into equine 
embryos as a method of producing transgenic equine 
pregnancies.  This study will serve as a “proof of 
concept” study to establish the efficiency of sperm-
mediated gene transfer for the horse and will lay the 
groundwork to allow the equine industry to use the 
wealth of genetic information that is available.  By 
establishing a relatively inexpensive and efficient 
method for gene transfer in the horse, the information 
gained from this study will serve as a cornerstone for 
genetic manipulation in the horse.

*A transgenic individual is an organism whose genome 
has been altered by the transfer of a gene or genes from 
another species or breed:  transgenic mice; transgenic 
plants.

Determining a Dose of Vitamin E Supplementation to 
Protect Neurologic Tissue Against Oxidative Damage 
in Normal Horses

Investigators:  Jamie Higgins, Nicola Pusterla and Birgit 
Puschner

Vitamin E is a proven antioxidant used routinely in 
the human medical field to treat many neurologic 
and neuromuscular conditions.  Equine veterinarians 
also use Vitamin E for its antioxidative properties in 

ú

treating neurologic and neuromuscular conditions.  
It has been shown that horses are capable of 
absorbing oral supplementation of Vitamin E and that 
supplementation will lead to a corresponding increase 
in serum Vitamin E levels.  However, we do not know 
whether oral Vitamin E supplementation will lead to 
increased Vitamin E levels in the cerebral spinal fluid.  
In the proposed study, we will determine whether 
oral Vitamin E supplementation is capable of raising 
cerebral spinal fluid Vitamin E levels and, if so, what 
dose is required to see this effect.

Horses with neurologic and neuromuscular disease are 
treated with daily oral Vitamin E supplementation.  This 
therapy is used as an antioxidant in the central nervous 
system to help treat neurologic diseases.  However, 
there is no research showing the dose necessary for 
significant elevations in Vitamin E levels in the targeted 
area—the cerebral spinal fluid.  Since this therapy is 
usually long-term and is costly to the client, it will be 
a benefit to establish the dose required for optimal 
therapeutic value. 
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CEH
Researchers

The strength of any

research program lies in 

the quality of its

researchers.  The CEH has 

some of the best in the 

world in their fields.

Verena K. Affolter, VM: Pathology, Microbiology and Immunology

Monica R. Aleman, VM: Medicine and Epidemiology

Alex A. Ardans, California Animal Health and Food Safety Laboratory
System/VM: Medicine and Epidemiology

Edward R. Atwill, VM: Population Health and Reproduction

Barry A. Ball, VM: Population Health and Reproduction

Danika L. Bannasch, VM: Population Health and Reproduction

Bradd C. Barr, VM: Pathology, Microbiology and Immunology

Walter M. Boyce, Wildlife Health Center

Aaron C. Brault, Center for Vector-Borne Diseases/VM: Pathology, 
Microbiology and Immunology

Robert J. Brosnan, VM: Surgical and Radiological Sciences

Barbara A. Byrne, VM: Pathology, Microbiology and Immunology

Gary P. Carlson, VM: Medicine and Epidemiology

Tim E. Carpenter, VM: Medicine and Epidemiology

Patricia A. Conrad, VM: Pathology, Microbiology and Immunology

Julie E. Dechant, VM: Surgical and Radiological Sciences

Holly B. Ernest, Veterinary Genetics Laboratory/VM: Population Health 

and Reproduction

Gregory L. Ferraro, Center for Equine Health

Murray E. Fowler, VM: Medicine and Epidemiology

Larry D. Galuppo, VM: Surgical and Radiological Sciences

Ian Gardner, VM: Medicine and Epidemiology

Laurel J. Gershwin, VM: Pathology, Microbiology and Immunology

Clare R. Gregory, VM: Surgical and Radiological Sciences

Dwight C. Hirsh, VM: Pathology, Microbiology and Immunology

Steven R. Hollingsworth, VM: Surgical and Radiological Sciences

William J. Hornoff, VM: Surgical and Radiological Sciences

James H. Jones, VM: Surgical and Radiological Sciences

Hailu Kinde, California Animal Health and Food Safety Laboratory System/
VM: Pathology, Microbiology and Immunology

Donald J. Klingborg, Associate Dean for Veterinary Extension

Gregory C. Lanzaro, Center for Vector-Borne Diseases/VM: Population 
Health and Epidemiology
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Richard A. Lecouteur, VM: Surgical and Radiological Sciences

Sonia S. LeJeune, VM: Surgical and Radiological Sciences

Christian Leutenegger, VM: Medicine and Epidemiology

Irwin K. Liu, VM: Population Health and Reproduction

Leslie A. Lyons, VM: Population Health and Reproduction

Melinda H. Macdonald, VM: Surgical and Radiological Sciences

Nigel J. MacLachlan, VM: Pathology, Microbiology and Immunology

John E. Madigan, VM: Medicine and Epidemiology

K. Gary Magdesian, VM: Medicine and Epidemiology

David J. Maggs, VM: Surgical and Radiological Sciences

Stanley L. Marks, Veterinary Medical Teaching Hospital/VM: Medicine
and Epidemiology

Dennis M. Meagher, VM: Surgical and Radiological Sciences

Stuart A. Meyers, VM: Anatomy, Physiology and Cell Biology

Peter F. Moore, VM: Pathology, Microbiology and Immunology

Jorge Nieto, VMTH: Equine Surgical Emergency and Critical Care

Timothy R. O’Brien, VM: Surgical and Radiological Sciences

Bennie I. Osburn, Dean, School of Veterinary Medicine/VM: Pathology, 
Microbiology and Immunology

John R. Pascoe, Executive Associate Dean, School of Veterinary Medicine/ 
VM: Surgical and Radiological Sciences

Sarah M. Puchalski, VM: Surgical and Radiological Sciences

Nicola Pusterla, VM: Medicine and Epidemiology

William K. Reisen, Center for Vector-Borne Diseases

Bradford P. Smith, VM: Medicine and Epidemiology

Jack R. Snyder, VM: Surgical and Radiological Sciences

Sharon Spier, VM: Medicine and Epidemiology

Scott D. Stanley, California animal Health and Food Safety Laboratory 
System/VM: Molecular Biosciences

Eugene P. Steffey, VM: Surgical and Radiological Sciences

Jeffrey L. Stott, VM: Pathology, Microbiology and Immunology

Susan M. Stover, VM: Anatomy, Physiology and Cell Biology

Carolyn Stull, Veterinary Extension

Fern Tablin, VM: Anatomy, Physiology and Cell Biology

Alain P. Théon, VMTH: Oncology and Radiation Oncology/VM: Surgical 
and Radiological Sciences

William P. Thomas, VMTH: Cardiology/VM: Medicine and Epidemiology

Maria Cecilia Torres-Penedo, Veterinary Genetics Laboratory

Francisco A. Uzal, California Animal Health and Food Safety Laboratory 
System/VM: Pathology, Microbiology and Immunology

The process of developing 

and maintaining a

productive science-based 

research program in equine 

health care requires the 

hard work and dedication 

of all involved, whether 

proposing a project or 

reviewing one for

funding.  The Center for 

Equine Health is fortunate 

to have the best working in 

both capacities.
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Frank J.M. Verstraete, VMTH: Dentistry and Oral Surgery/VM: Surgical
and Radiological Sciences

Richard L. Walker, California Animal Health and Food Safety Laboratory 
System/VM: Pathology, Microbiology and Immunology

Johanna L. Watson, VMTH: Large Animal Medicine/VM: Medicine and 
Epidemiology

Mary Beth Whitcomb, VMTH: Equine Ultrasound/VM: Surgical and
Radiological Sciences

Stephen D. White, VM: Medicine and Epidemiology

Valerie Wiebe, Veterinary Medical Teaching Hospital

William D. Wilson, VM: Medicine and Epidemiology

Erik R. Wisner, Veterinary Medical Teaching Hospital/VM: Surgical and 
Radiological Sciences

Leslie Woods, VM: Pathology, Microbiology and Immunology

Clare E. Yellowley, VM: Anatomy, Physiology and Cell Biology
Submitting scientists know 

that all projects will have 

to compete equally with 

many others based on 

their scientific merit and 

importance to the equine 

industry.  This nonbiased 

merit system has resulted in 

submissions of ever-

increasing quality.
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CEH
Donor

Honor Roll*

* July 1, 2005–June  30, 2006

Special recognition 

is given to the

Oak Tree Racing Association, 

which has contributed over 

$4.55 million in research

support to the Center for 

Equine Health.

The information you provide will be used for University business and will not be released 
unless required by law.  To review your record, contact Advancement Services, University of 
California, 1480 Drew Avenue, Suite 130, Davis, CA 95616.  A portion of all gifts is used to 
defray the costs of administering the funds.  All gifts are tax-deductible as prescribed by law.

LEADERSHIP GIFTS — $10,000 OR MORE
Kenneth W. and Patricia M. Agid
Anonymous
Anonymous
Barber Family Endowment Trust
Marguerite Bartlett Trust
Beecham Laboratories
Bernice Barbour Foundation, Inc.
Gary E. and Frances B. Biszantz
Richard H. and Jane Brown
California Thoroughbred Breeders Association
Amory J. and Phoebe Hearst Cooke
Sid and Jenny Craig
Cathy Cromwell
Del Mar Thoroughbred Charities
Del Mar Thoroughbred Club
Doc Bar Ranch
Robert and Patti Falkenberg
Madeleine Frincke Estate
Dolly Green Research Foundation, Inc.
M. Fentress Hall
Joe and Barbara Harper
John C. and Carole Harris
William Randolph Hearst Foundation
Dr. Douglas and Susan Herthel
Patricia J. Hobbs
Hoechst-Roussel Agri-Vet Company
Patricia Holmes
Iams Company
International Paper Company Foundation
Palmer G. Jackson
Anne Winship Kelleher Estate
Jon and Sarah Kelly - Kelly Foundation
Dr. Larry H. Kelly and Dr. Donna Fernandez
Mr. and Mrs. Chuck Knowles
Robert M. and Lila M. Kommerstad
Robert B. and Beverly J. Lewis
Sandy Lerner
Merrilee Lyons
Bernard L. Maas Foundation
Emilie C. MacKenzie Estate

Two donor recognition 

plaques are located at the 

School of Veterinary

Medicine honoring those who 

have made significant

contributions to the

Center for Equine Health.
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The Silver Stirrup Society is 

a unique equine organiza-

tion.  It provides the Center 

for Equine Health with

financial support for

programs and activities that 

cannot be funded with

current state resources.

The Society also provides 

a forum for sharing new 

advances in equine research 

and veterinary care.

Membership in the Silver 

Stirrup Society is open to

associations, clubs and

individuals who

contribute $1,000 or more

annually to the Center for 

Equine Health.  Lifetime

memberships are offered to

donors of larger gifts and

bequests of $25,000 or more.

Mallinckrodt Veterinary Limited
McBeth Foundation

Pem Meyer
Ellen Mojica

Moraga Horsemen’s Association
Jerry and Ann Moss - Moss Foundation

Gary Neil and Anne-Sabine Nooteboom
Northern California Thoroughbred Association

Oak Tree Charitable Foundation
Oak Tree Racing Association

Hal and Fran Oliver
Richard and Elizabeth Paddock

Gerald and Robin Parsky
Madeleine Paulson

Peray Memorial Endowment Fund
Harriet E. Pfleger Foundation

Marcia MacDonald Rivas Estate
Frank and Linda Salas

Bernard and Gloria Salick
Mace Siegel

Jennifer A. Smith
Southern California Equine Foundation, Inc.

The Stans Foundation
Linda Starkman
Sunbeam Farms

Bill and Polly Swinerton
Ms. Lorna Talbot Estate

Thoroughbred Owners of California
Wayne and Gladys Valley Foundation

Lucy G. Whittier
In Memory of James M. Wilson, DVM

Wrather Family Foundation
Wanda Wright - W.W. Ranch, Reno, NV

Martin and Pam Wygod
Lillian G. Young

MAJOR GIFTS — $1,000 to $9,999
Thomas Atwood

Barkley Fund
Mrs. Elizabeth Busch Burke

California State Horsemen’s Association
California Thoroughbred Foundation

Calmark Corporation
Donald and Carole Chaiken

Comstock Large Animal Hospital - Reno, NV
Suzette Crozier

Lauren Dachs
C.J. Gonsalves

Great Basin Equine Medicine and Surgery, Inc. - Gardnerville, NV
Gail Gregson

Morris A. Hazan Family Foundation
Sheila Head

Ronna Hoffman, Tailwind Racing, Inc.
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LaVonne A. Hughes
Larry and Mary Jent
Elsa H. Mikkelsen
Constance Murray
Pacifi c Coast Horse Shows Association
Camille Penhoet
Dick J. and Carolyn Randall
Rosenthal Ranch Trust
Tony Scott and Valerie Conway
Mace and Samantha Siegel
Dr. Ruth V. Sobeck
Sonoma-Marin Veterinary Service - Petaluma, CA
Christopher Starkman
Weeden Foundation
West Coast Equine Foundation
Paul and Patricia Yeretzian

DONORS — $999 OR LESS
A.S.G. Stable
Kristi Abrams and David Rubcic
Ken and Lyn Anderson
John K. Anderson
George and Barbara Andreini
Judith K. Archambeau
Nick A. Barbaccia
Richard Barsaleau, DVM
Barbara C. Bartlett
Randall C. Bassett
Jean Batteux
Scott and Laurie Behrens
Richard Bender
Dana Benson
Veronica M. Berg 
Dester and Paulette Bergounous
Cheryl Berner
Karen Bertrand
Bessey Arabians
Lisa Blank
Louise S. Boyd
Dr. Steve Boyer, San Francisco Equine
Dr. Bette Brockman
Nancy J. Brown
Brown Rock International, Inc.
Mr. K. Carrick
Fred W. Carrillo
Maggie Carroll
Rick and Teree Castanias
Kathie Cheatham
Circle D Horsemen’s Association
Royalee Cleveland
Dr. Ashton Cloninger
Charles and Linda Comella
Colleen Conley
Suzi Corda
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Anne Coy
Becky Crafts

William and Betty Currin
Nancy Davis

Desert Arabian Horse Association
Ralph and Betty Dever

Robert V. and Sylvia A. Dickinson
Fred and Carol Doss

Karen Doty
Dr. Joseph Dowd

Kathy Drake
Stephanie Duncan

Robert S. and Tammy Dunn
Dorothy R. Dykema

Eklin Medical Systems, Inc.
Cynthia L. Ellis

Ed and Dora Jean Enos
Equine Hospital and Lameness Center - Meridian, ID

Equine Veterinary Services - Encinitas, CA
Equine Veterinary Services, Inc. - El Cajon, CA

Estrella Equine Hospital - Paso Robles, CA
Stephen Ferraro

Flame Enterprises, Inc.
Milton and Vicky Fletcher

Dr. Michael D. Fling
Mrs. Roy Forzani - Saturday Country Farm

Bettye C. Foy
Fremont Hills Stables, Inc.

Erin Gall
Letizia Gasparetti

Ms. A. Brooke Gerard
Patrick J. Gleason

Tom and Betsy Glikbarg
Kate Gormley
Reyla Graber

Mr. Alfred Graichen
Dawne Granthem

Mr. and Mrs. Elliot W. Gray
Wendell and Judith Green

Sandy Greenblat
Dr. Sylvia Greenman

Dr. Lisa A. Grim
H Bar H. Veterinary Clinic

Otto Hackel
Marsha Hamm 

Carolyn J. Hammill
Cathy Hammond

Dianna Hanson
Melanie Harrington

John Harris and Lisa Palermo
Marilen Hartnett

Ann Y. Hasegawa
Joanne V. Heath

David and Nancy Ann Heilbron
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R. B. Hess
Elisabet Hiatt
Don and Scarlett Hibner
Peter and Alison Hill
Shirley J. Hollar
Homeward Bound Mobile Veterinary Care - Arroyo Grande, CA
Susan Hootkins
Harry Huey
Dr. Gerald K. Huff
Hukam Maj Arabians
Fumiko Humberd
June Hummel
Humphrey and Giacopuzzi Veterinary Group, Inc. - Somis, CA
Ron and Duffy Hurwin
Nancy L. Hutchinson
Lisa Illick
Lawrence R. Jackson
Lynn Benoliel Jacobson
Mary H. Jagow
Robert G. and Joan L. Jamison
Dr. Ron Jensen
Sue M. Jobe
Kari Johnson
George and Celia Johnson
Richard and Jean Johnston
Jennifer D. Jones
Janet Jurian
Martha Kauffman
Gail Kautz
Janice Kay
Alan Kirschenbaum
John and Virginia Kraft
Laura Kulakowski
Hugh and Janet Langford
Large Animal Veterinary Associates - El Cajon, CA
Large Animal Veterinary Service of Santa Cruz - Santa Cruz, CA
Ms. Joy Law
Charles and Elizabeth Lewis
Robin Lewis
Leon and Dolly Lewis, Rancho Yours Mine Ours
Norman and Frieda Lipps
Randy Lloyd
Linda L. Lloyd
Constance Locher
Priscilla Lohff
Loomis Basin Equine Medical Center - Loomis, CA
Los Caballos Equine Practice, Inc. - Galt, CA
Kent and Melissa Lovelady
Robert I. MacDonnell
Larry and Joan Mack
Art and Rahn Maguire
Violet Manoa
Daniel and Virginia Mardesich
Bruce and Connie Martin
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Nancy L. Martin
William and Jim Martin

Ms. Cheryl S. Martin
Sheri Matteroli

E. J. Mc Vey
Kirk and Jane McAllister

Stacey Hart McCarthy
Scott McKinster and Michelle Cheever

Marry Ann McLean
Frank and Barbara McNamer

Paul S. McRoberts
Dr. Dennis Meagher

Michels Family Foundation
Susuan Michelson

Mrs. J.G. Milne
Richard and Donna Minolli

Linda A. Minor
Mrs. Noel Moody

Jeff and Melissa Moorhead
Don Moreda, Jr.
Penrod Morton

Douglas and Brenda Lee Mueller
Karen Mundwiler

Anne Murch
Irene Murray and Charles Del Valle

Suzette Nall
Napa Valley Veterinary Hospital, Inc. - Napa, CA

Harry and Margaret Narducci
Narvick International, Inc.

Nicasio Horsemanship Center
North Coast Equine - Santa Rose, CA

North Coast Veterinary Hospital - Arcata, CA
Dr. Betty L. Nunes
The Nutter Family

Oakley Equestrian Center
Peter Ognibene, Breakthrough Publications, Inc.

Stephen Onderdonk
Susan A. Osborne, Tarabilla Farms, Inc.

Pacifi c Coast Equine Veterinary Services, Inc. - Ramona, CA
Karen Pedersen and Jan Stuart

Mark and Susan Perry
Robert D. and Susan G. Phillips

Dr. Lisa A. Pierson
Cheryl L. Pimentel

Peter and Janet Politi
Kathryn L. Ponting

Tim and Stefanie Poole
Kathy Potts

Kim Price
Pride Mountain Vineyards

Nan M. Rand 
Giovanna B. Ray, Benson Ranch Co.

Redwood Equine Practice, Inc. - Santa Rosa, CA
Dr. Judy Reens
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Michelle Reeser
Clara Richert
Joe and Terri Riley
Paula Roberts
Paul Scott and Jan Robinson
Alan and Jill Rodomsky
Margo E. Rogers
Joy Dreisbach Rosales
Nathan Rubinfeld
A. B. Saconi
Francis O. Scarpulla
Mr. A. Schecter
Susie Schlesinger
John and Sharon Schmidt
Mary C. Schrader
Steve and Susie Seibert
Jon Semper
Ian J. Senio
Richard M. Sereni
Lari Shea
Marci Smith
Stephen and Jennifer Sperry
Sport Horse International
Carol Steppe
Dr. Donna L. Stevens
Nancy Stiff
Suzanne Stone
David Stutz and Beth Glosten
Peter and Sherry Swayne
Sweet River Equine Clinic, Inc.
Sweetwater Veterinary Clinic
Ginny Talucci
Kathryn Taylor
Templeton Veterinary Clinic, Inc. - Templeton, CA
Janice Tharsing
Phyllis G. Thomas
Donald and Lenore Tsang
Margaret M. Tsiang
Marc and Georgette Victor
Stephen and Joyce Ann Vudragovich
Laura Jean Waller
Barbara White
Steven and Nichole Wickler
Larry and Margaret Wilkinson
Kathleen Williams
J. and J. Winterling
Betsy Wobus
Dr. Larry Wohlford
Ted E. Wright
Lynn J. Wyman
Dr. and Mrs. Robert Young
Roxanne Young
D. June Zachmann
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