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Almost as fast as one disease is conquered new ones are

discovered and sometimes created.  We exchange new ones for old.  

The balance is clearly on the credit side and it is a fact that many of 

the old scourges, real or imaginary, are gone or are vanishing.

— Bernard Straus (physician), 1970
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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:

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

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

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

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

CEH
Focused
Research
Initiatives

These initiatives were 
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• Associated horseshoe toe grabs with increased risk for injury, 
especially suspensory apparatus failure (fetlock breakdown).

• Discovered osteoarthritis in the back and pelvis of over 25% of 
racehorses.

• Developed new, improved techniques for sampling and treating the 
fetlock and pastern joints.

• Improved methods for fracture repair.
• 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:

• 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.

• 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.

• 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.

• This lab supports one full-time cell biologist specializing in disease 
infection and host response.

• 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 

ú
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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 and federal governments, and in 
international health organizations.

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:

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

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

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

impact of West Nile Virus (WNV) on horses in California.
• 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.

• 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.

• 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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Louis R. Rowan Fellowship

This year’s Louis R. Rowan Fellowship was awarded to two fourth-year 
veterinary students, Justin McCormick and Alina Vale.  The fellowship 
provides a $5,000 stipend for a veterinarian pursuing a Ph.D. 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 fellowship was established by the CTF in 
honor of its co-founder, Louis R. Rowan, a well-known California breeder 
who raced Thoroughbred horses throughout the United States.  He was one 
of the founding directors for the Oak Tree Racing Association and a well-
respected and progressive horseman.

Justin received his undergraduate degree in veterinary science/microbiology 
an a Master’s degree in pathobiology, both at the University of Arizona.  He 
is interested in performance horses in relation to lameness, orthopedics and 
advanced imaging and would like to specialize in equine surgery.

Alina received her undergraduate degree in veterinary science from UC 
Davis.  She also is interested in performance horses in relation to prevent-
ing and treating lameness and other medical conditions in equine athletes.  
She has a special interest in working with an organization that rehabilitates, 
retrains and finds homes for injured and retired performance horses.

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 

advance the medical

management and care 

of horses.  The CEH has 

stepped forward to meet 

this challenge by devel-

oping programs that will 

attract and support indi-

viduals who have dem-

onstrated their affinity 

and dedication to equine 

medicine.

Justin McCormick (third from right) and Alina Vale (second from right) at the 
awards presentation.  Also pictured (from left to right) are Dr. Gregory Ferraro, Mr. 
Jim Murphy, Mrs. Jeanne Canty and Dean Bennie Osburn. 
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James M. Wilson Award

This year’s James M. Wilson Award was pre-
sented to Dr. Jonathan Anderson for his work 
on a recently recognized disease, bone fragil-
ity disorder.  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 
scientifi c meeting to present research results, 
and a commemorative plaque.  Dr. Anderson’s 
publication, Clinical and Scintigraphic Find-
ings in Horses with a Bone Fragility Disorder:  16 Cases (1980–2006), was 
honored with the award.

This award was established in memory of Dr. James M. Wilson, a respected 
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. Anderson received his veterinary degree from the University of 
Edinburgh’s Royal (Dick) School of Veterinary Studies in 2000.  He 
completed an internship at the San Luis Rey Equine Hospital in California, a 
Large Animal Surgical and Medical Fellowship at Oregon State University, 
and is now completing a three-year residency in equine surgery at UC 
Davis.

Dan Evans Memorial Endowment
John P. Hughes Memoral Endowment

The 2007 Dan Evans Memorial Endowment 
and the 2007 John P. Hughes Memorial Endow-
ment were both awarded to Dr. Emily Haggett.  
Dr. Haggett will be investigating the immune 
system of neonatal foals and their susceptibil-
ity to infectious diseases such as Rhodococcus 
equi.  Infectious disease is a cause of signifi cant 
expense and loss to the equine industry.  By 
fi nding ways to improve immune function in 
the neonate, levels of infectious disease could 
be greatly reduced.

Dr. Haggett attended the University of Bristol in England and graduated 
with a degree in Veterinary Science.  She then worked in general practice 
before completing an 18-month internship at the Liphook Equine Hospital 
in Hampshire.  She is now in her second year of residency at UC Davis.  
She has a special interest in neonatology and is currently undertaking re-
search in neonatal maladjustment and the neonatal immune response.

Dr. Emily Haggett

Dr. Jonathan Anderson
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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 

CEH
Focused
Research

Endowments
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.

Juliette Weston Suhr Fellowship Fund
This fund provides annual fellowships for postgraduate veterinary 

students who are interested in conducting research in the areas of exercise-
related cardiopulmonary and metabolic disorders.

 



16     Research Review 2008  g  Center for Equine Health

Photo by Katey Barrett, 2005
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Simulcast Racing Contributions

2007 – 2008

2006 – 2007

2005 – 2006

2004 – 2005

$910,543$886,424$946,248$844,954

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.





Completed 
             R E S E A R C H  S T U D I E S
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Predicting the Ability of a Foal to Respond to Vaccination Against 
Rabies

Investigators:  W. David Wilson, Judy Mihalyi, Diane Rhodes, Susan Moore 
and Jaymie Noland (06-10)

Maternal antibodies transferred to the foal via colostrum have a profound 
inhibitory effect on the response of foals to rabies vaccines, to the extent 
that foals vaccinated according to label directions at 3 months of age will 
not be protected, and the time and expense associated with administration 
of vaccines will be wasted.  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.

To test this hypothesis, we undertook a study to determine whether it was 
possible to predict the ability of a foal to respond to vaccination against 
rabies based on how much specific antibody it absorbs from the mare’s 
colostrum.    We found that:

•  Three- and six-month-old foals with no detectable rabies antibodies 
in their serum post-nursing responded equally well to one dose of rabies 
vaccine.  A second dose administered one month later stimulated high 
antibody titers, and a third dose at one year of age generated even higher 
titers.

•  Three-month-old foals with high post-nursing antibody titers failed to 
respond to the first two doses of rabies vaccine.  Their response to the third 
dose at one year of age was of similar magnitude to that seen in antibody-
negative foals vaccinated for the first time, suggesting that their immune 
system had not been primed by the first two doses.

•  Six-month-old foals with high antibody titers failed to respond to the first 
dose of rabies vaccine but responded to the second, whereas those with 
low titers post-nursing responded to the first dose and showed a “booster” 
response after the second and third doses of similar magnitude to that seen 
in antibody-negative foals.

Thus, the magnitude of the post-nursing antibody titer determines the 
extent and duration of persistence of the inhibitory effect.  Foals lacking 
rabies antibodies post-nursing can be “primed” successfully with one dose 
of vaccine administered at 3 months of age, whereas foals with high post-
nursing titers need an additional dose of vaccine and cannot be vaccinated 
successfully until they are at least 6 months old.  If the rabies vaccination 
status of the dam is uncertain, practitioners can measure rabies antibody 
titers in post-nursing serum samples from foals in order to customize the 
vaccination schedule necessary to maximize protection of the foal.  This 
method will minimize waste of time, effort and expense associated with 
administration of vaccines that will be rendered ineffective by maternal 
antibodies.

Practitioners can now 

measure rabies antibody 

titers in post-nursing 

serum samples from 

foals to customize an 

optimal vaccination 

schedule for the foal.  This 

method will minimize 

waste of time, effort and 

expense associated with 

administration of vaccines 

that will be rendered 

ineffective by maternal 

antibodies.

Immunology
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Gaining a Better Understanding of the Immune Response of Foals to 
R. equi Pneumonia

Investigators:  Johanna Watson, Kenneth Jackson, Meera Heller, Sharon 
Hietala and W. David Wilson  (06-01)

Foal pneumonia caused by Rhodococcus equi infection can be an 
expensive, devastating and sometimes fatal disease.  Currently, the only 
available treatment is administration of plasma before onset of the disease.  
The development of an effective vaccine will require a more in-depth 
understanding of the early immune response to this bacterium. 

We hypothesize that the initial immune response of foals is different from 
that of the adult horse, and that the initial immune response of foals that are 
susceptible to infection is different from that of foals that resist infection.  To 
test these hypotheses, we designed a study to determine the defects in the 
early immune response of foals to R. equi and to determine which genes are 
associated with susceptibility to R. equi infection.

In this study, we found that:

•  Foals appear to produce fewer important mediators of the immune 
response early in the stage of infection of their cells.

•  Foals produced all the mediators of immune response that were 
measured.

•  Foals may be capable of responding to R. equi in much the same way as 
an adult horse, but with a less vigorous response.

•  We can use our in vitro cell infection system to study strains of R. equi 
that may be used as vaccines to immunize foals.

•  At least 30 new genes appear to be involved in the early infection of 
immune cells by R. equi, and they will be studied in more detail for their 
possible link to immunity and susceptibility.

This research provided new information about the initial events in the 
course of R. equi infection and has given us additional understanding 
needed to investigate how to overcome them with vaccination.  Our 
ultimate goal is to develop an effective vaccine against R. equi.

   

This research provided 

new information about 

the initial events in 

the course of R. equi 

infection and has given us 

additional understanding 

needed to investigate how 

to overcome them with 

vaccination. 
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The product developed in 

this research study can be 

stored dry in a sterile form 

for prolonged periods of 

time.  It could provide 

equine practitioners with 

a simple and relatively 

inexpensive method for 

improved wound healing 

in the field.

Medicine
and

Epidemiology

Developing Novel Wound-Healing Products for Horses

Investigators:  Fern Tablin, Jeffrey Norris, Verena Affolter and Jorge Nieto  
(06-02)

Wounds on the lower limbs of horses are sometimes difficult to manage.  
Because there is minimal skin covering, many wounds have prolonged 
healing times and develop complications.  Gels composed of fresh platelets 
and plasma have been used to promote wound healing in a wide variety of 
species including horses.  However, these gels were freshly produced and 
are not stable for long periods of time.

We hypothesize that freeze-dried platelets can be used to improve healing 
in equine limb wounds similarly to fresh platelets.   We propose to produce 
a freeze-dried platelet product that will have a room temperature shelf-life 
of many months and be available for routine use by field veterinarians for 
treating wounds in horses.

In this study, we developed a method for loading equine platelets with 
trehalose, a sugar that stabilizes cells during freeze-drying.  We analyzed 
freeze-dried platelets for their ability to stimulate cell growth and wound 
contraction and then compared wound healing on the lower limbs of horses 
when treated with platelet preparations vs. conventional treatment.  We 
found that:

•  The freeze-dried platelet product preserves the growth factors TGF-beta 
and PDGF-bb.

•  The product stimulates fibroblast growth in culture when compared with 
standard culture media.

•  The product significantly improves wound healing in culture as well as 
contraction of fibroblast-seeded collagen gels in tissue culture.

•  The freeze-dried platelet product aids in wound closure compared with 
control conditions.

The product developed in this research study can be stored dry in a sterile 
form for prolonged periods of time.  It could provide equine practitioners 
with a simple and relatively inexpensive method for improved wound 
healing in the field.
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Chronic progressive 

lymphedema in draft 

horses starts at an early 

age, progresses throughout 

their lives and results in 

marked disfigurement 

and disability of the legs.   

Large subpopulations 

within the Shire, 

Clydesdale and Belgian 

horse populations are 

affected. 

Continuing Research on Chronic Progressive Lymphedema in Draft 
Horses

Investigators:  Verena Affolter, Hilde DeCock, Christian Leutenegger, 
Gregory Ferraro and Leen Van Brantegem (06-03)

Chronic progressive lymphedema (CPL) in draft horses is associated with 
generalized low cutaneous elastin levels.  A previous study indicated 
dysregulation of transcription (mRNA) of growth factors for acellular tissue 
components (extracellular matrix), including elastin, in the presence of 
inflammation in clinically affected areas of the skin.  We believe that CPL 
is triggered by elastin degradation (partially inflammation-induced) and 
altered production of elastin (possibly due to genetics).

In this study, we compared mRNA levels in affected areas with those 
in nonaffected areas of the skin in order to evaluate the possibility of a 
more generalized condition.  In addition, we evaluated the actual protein 
expression of these factors in the tissues.

In the evaluation of transcription (mRNA), we found that:

•  There were no striking differences in factors that regulate matrix 
production and breakdown, including elastin and collagen, when the 
affected and nonaffected breeds were compared, or when the affected 
and nonaffected animals of an affected breed were compared.  This is 
very striking, especially in view of the extreme fibrosis and elastosis that is 
macroscopically and microscopically visible in the skin of affected horses.
 
•  Affected horses did not exhibit elastin degradation due to high levels 
of MMP-1, MMP-3 or Serpine.  However, elastin degradation was 
documented by higher levels of anti-elastin antibodies in the circulating 
blood.  Therefore other matrix degrading enzymes must be considered as 
possible factors inducing elastin degradation in these horses.

•  Histologic evaluations in affected horses showed marked elastin changes 
characterized by a prominent increase of superficial dermal elastin. In 
response to the increase in elastin, increased levels of mRNA of factors 
supporting elastin production would be expected.  However, most of these 
mRNA levels were in fact decreased in the affected breeds, indicating that 
transcription for elastin synthesis is not induced as a response, at least at 
this time point.

These results suggest that there is a largely similar response in clinically 
normal neck skin compared with clinically affected leg skin.  This suggests 
that CPL is associated with a more generalized underlying condition, not 
restricted to the skin of the legs as previously thought. Other contributing 
factors, such as hydrostatic pressure and repetitive skin infections (pastern 
dermatitis), likely contribute to the clinical features developing on lower 
extremities.

— Continued on next page
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In the evaluation of protein expression (immunohistochemistry), we found 
that:

•  Although transcription (mRNA) is mostly not affected, translation 
of the actual protein may be altered. Hence, detection of the protein 
within the tissue is important.  The tools (cross-reacting antibodies for 
immnohistochemistry) to evaluate the actual expression of the growth 
factors have been identified (FGF1R, FGF2R, TGFbeta, elastase, MMP 13, 
VEGF, VEGFR3).  The expression of these factors at the level of protein 
expression is currently being evaluated in the affected animals.  Antibodies 
and tissue sections have already been prepared.

•  Despite extensive testing of additional antibodies (FGF2, FGF1, MMP1, 
TGF-bR2, TGF-bRI, MMP2, MMP3, TIMP1, TIMP2 and Serpine), no reliable 
cross-reactive antibodies could be identified so far.

Chronic progressive lymphedema in draft horses starts at an early age, 
progresses throughout their lives and results in marked disfigurement 
and disability of the legs.  Similar to its counterpart in humans, equine 
CPL is a poorly understood disorder.  Large subpopulations within the 
Shire, Clydesdale and Belgian horse populations are affected.  In order to 
successfully manage as well as prevent CPL, it is crucial to characterize the 
disease, investigate pathogenic mechanisms and identify early diagnostic 
tools.

This study allowed us to identify dysregulations of tissue growth factors, 
receptors and degrading enzymes at the level of transcription (mRNA) 
as well as at the protein level.  Moreover, clinically affected areas were 
compared with clinically normal skin to identify potential generalized 
dysregulations as well as localized influences.

In order to successfully 

manage as well as prevent 

chronic progressive 

lymphedema, it is 

crucial to characterize 

the disease, investigate 

pathogenic mechanisms, 

and identify early 

diagnostic tools.
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This is the first study to 
show a direct relationship 

between shedding of 
Sarcocystic neurona 

parasites by opossums 
and increased S. neurona 
infection among horses 
at the same location.  

This information alerts 
horse owners to the 

most appropriate season 
in which to protect 

their horses’ feed and 
water sources from 

fecal contamination by 
opossums.

Study of Sarcocystis neurona, the Primary Cause of EPM (Equine 
Protozoal Myeloencephalitis)

Investigators:  Patricia Conrad, Daniel Rejmanek, Ian Gardner and Nicola 
Pusterla (06-11)

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.  Recently, two Percheron horse 
farms in northern California were identified as having a high seroprevalence 
(65%) of S. neurona infection, providing an opportunity for us to conduct a 
detailed study of the epidemiology of EPM.

In this study, we tested the hypothesis that opossums living in and around 
these farms are infected with and shed S. neurona parasites in a seasonally 
dependent manner that may influence when horses at the same farms are 
infected.  We found that:

•  Over a period of two years, 26 opossums were sampled at a farm with a 
high seroprevalence of S. neurona infection among horses.

•  Five opossums were found to be shedding S. neurona, giving an overall 
infection prevalence of 19.2%.

•  Four of five opossums were found to be shedding S. neurona during the 
springtime.

•  S. neurona seroprevalence among horses was found to be consistently 
highest during the springtime as well, indicating a direct seasonal link be-
tween fecal shedding of S. neurona by opossums and infection in horses at 
the same location.

This is the first study to show a direct seasonal relationship between shed-
ding of Sarcocystis neurona parasites by opossums and increased S. neu-
rona infection among horses at the same location.  Springtime (March–June) 
was found to be the time of year when the majority of opossums shed 
infective S. neurona parasites in their feces, and horses at the same farm 
exhibited the highest yearly S. neurona seroprevalence.  This information 
alerts horse owners to the most appropriate season in which to protect their 
horses’ feed and water sources from fecal contamination by opossums.
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Subjective evaluations 

of stallion fertility are 

often inaccurate due to 

varying interpretations by 

evaluators.  Developing 

a more accurate and 

objective method for 

evaluating fertility will 

save breeders time and 

money.

Reproduction

Predicting Reproductive Success by Analyzing Sperm Proteins

Investigators:  Bill Plummer, Peter Sutovsky and Samantha Hollingshead 
(05-07)

Currently, the fertility of stallions is assessed by analyzing semen parameters 
such as sperm concentration, motility and morphology and reviewing 
previous breeding records.  These subjective evaluations are often 
inaccurate due to varying interpretations by evaluators.  A more objective 
method of fertility evaluation is clearly needed.

Preliminary studies from our laboratory have shown that the expression of 
two specific proteins on the surface of sperm cells is correlated with the 
stallion’s reproductive success.  The proteins are platelet activating factor 
receptor (PAFr) and ubiquitin.  Ubiquitin is a “housekeeping” protein 
detected mainly in defective sperm, while PAFr is found in normal sperm 
but is greatly diminished in defective sperm with high ubiquitin content.  
We hypothesize that these proteins can be measured for the purpose of 
predicting fertility in stallions.

In order to evaluate the abundance of these proteins and validate this 
measure as a predictor of stallion fertility, actual breeding records of 
stallions with known fertility will be compared with the estimated fertility 
level calculated based on PAFr and ubiquitin levels.

In this study, we found that:

•  The study gave some surprising results because past research indicated 
that sperm with high ubiquitin levels should be nonfunctional, but 
apparently not all were.

•  Eighty-nine percent of one stallion’s sperm was highly ubiquitinated and 
thus considered abnormal.  However, this stallion had a 100% conception 
rate for 14 mares, with 8 conceiving on first service.

These results were confusing to the investigators and eliminated all 
statistical significance within the data.  However, other studies indicate that 
future research evaluating the two proteins at the same time, rather than 
one at a time, could lead to a more significant result.
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A universally applicable 
product that is free of

biologically variant
ingredients can be put

to use and fulfills national 
and international stan-

dards for biosecurity.  In 
this way, more stallions 
can be used for breed-
ing programs, thereby 

maximizing genetics for a 
number of breeds in the 

equine industry.

Development of Completely Defined Extenders for Storing Stallion 
Semen

Investigators:  Stuart Meyers, Michele Magistrini and Josette Ricker (06-04)

Cryopreservation of sperm reduces both the lifespan and viability of these 
cells.  Semen processing for cryopreservation involves the addition of some 
form of lipid, the most common being egg yolk lipids.  While such formula-
tions are successful for some stallions, they may be less effective for others.  
Moreover, these lipids can be undefined, vary from batch to batch, and be 
subject to microbial contamination.  New and effective agents that protect 
stallion sperm against injury due to freezing are needed.

Milk-based diluents are used routinely in the horse industry for cooled 
sperm storage.  Researchers have identified a highly protective fraction 
known as native phosphocaseinate (NPPC) and developed an extender for 
storing cooled semen.  Previous work in our laboratory led to a defined 
freezing diluent based on soybean phosphatidylcholine (soy PC).

We hypothesize that chemically defined semen extenders containing soy 
PC and/or NPPC may significantly improve the quality of cooled and cryo-
preserved stallion sperm.  In this study, we investigated the effects of soy 
PC/NPPC diluents on sperm survival, functionality, structural integrity and 
fertility relative to low-temperature storage.  We found that:

•  We could substitute soy-based phospholipids for the egg-yolk based 
lipids to commercial-grade stallion freezing extenders that are commonly  
used in the breeding industry in the United States and Europe.

•  Loading cells with these plant-based phospholipids did not have a signifi-
cant negative effect on post-thaw motility, membrane damage, or mem-
brane integrity and in fact supported normal post-thaw sperm cell function.

•  There was a stallion effect across all treatments in that sperm from certain 
stallions appeared to withstand the cryopreservation process better in soy 
formulation, while two other stallions fared better in the egg-yolk based 
extender.

This study, along with our earlier study of fertility with these artificial lipids, 
demonstrates that this type of lipid is certainly no worse for sperm survival 
after freezing than conventional extenders.  Moreover, the use of a nonbio-
logical lipid has significant implications for minimizing disease transmis-
sion through the use of semen transport without potential disease carrying 
biological material such as milk and egg-yolk based semen extenders.
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Magnetic-activated cell 
sorting of equine sperm 

offers promise particularly 
in the use of artificial 
insemination with sex-

selected semen and 
with subfertile stallion 

semen.  This technology 
is achievable and may 

allow aging or debilitated 
proven sires to participate 

in breeding programs 
longer than is currently 

possible.

Improving the Quality of Frozen Stallion Sperm

Investigators:  Stuart Meyers and Julie Baumber (06-08)

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, and 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 purified in this way have improved functionality 
following frozen storage, particularly for poor-quality ejaculates or semen 
that does not freeze well and assisted reproductive techniques (low-dose 
insemination, sexed sperm, oviductal gamete transfer and sperm injection).

In this study, we validated the use of magnetic activated cell sorting as a 
method to purify a population of equine sperm.  We found that:

•  Magnetic-activated cell sorting resulted in a significant increase in live, 
healthy sperm in the negative fraction compared with the unsorted sample.

•  In a subsequent experiment with thawed cryopreserved sperm, magnetic-
activated cell sorting resulted in a significant increase in live, healthy sperm 
in the negative fraction compared with the unsorted sample.

•  Magnetic-activated cell sorting of sperm resulted in an enriched 
population of live membrane-intact sperm.

•  Some technical problems still need to be overcome, including the 
binding buffer which affects sperm motility, the cost of the reagents that 
could limit routine clinical application, and adaptation of the protocol to 
handle higher volumes and cell concentrations.

In general, however, magnetic-activated cell sorting offers promise 
particularly in the use of artificial insemination with sex-selected semen and 
with subfertile stallion semen.  Our results demonstrate that this technology 
is achievable and may allow aging or debilitated proven sires to participate 
in breeding programs longer than is currently possible.
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The ability to produce
genetically modifi ed 
horses has potential

applications in diverse 
areas including improved 

disease resistance,
improved performance, 

improved fertility,
correction of genetic
diseases, altered coat
color genetics, and

research.

Using Sperm for Production of Genetically Modifi ed Horses

Investigators:  Barry Ball and Khalida Sabeur (06-13)

The ability to produce genetically modifi ed horses has potential applica-
tions in diverse areas such as improved disease resistance, improved 
performance, improved fertility, correction of genetic diseases, altered coat 
color genetics, and research.  Because of the potential for incorporation of 
the inserted gene into the germ line (progenitors of sperm and egg), these 
altered traits could be expressed in the transgenic individual as well as in 
their offspring.  (A transgenic animal is one that carries a foreign gene that 
has been deliberately inserted into its genome.)

Equine sperm can serve as an effi cient means for introducing foreign 
DNA into equine embryos as a method of producing transgenic equine 
pregnancies.  This study serves as a “proof of concept” study to establish 
the effi ciency of sperm-mediated gene transfer for the horse and will lay 
the ground work to allow the equine industry to make use of the wealth of 
genetic information that is available.

The objective of this study was to establish a relatively inexpensive and 
effi cient method for gene transfer in the horse.  We found that:

•  Treatment of equine sperm with foreign DNA in the presence of 
liposomes increased the incorporation of the target transgene into equine 
sperm.

•  Incorporation of foreign DNA into equine sperm did not adversely affect 
sperm function or fertility.

•  Liposome-mediated uptake of the transgene by equine sperm resulted in 
incorporation of the transgene into the early equine embryo, although the 
transgene was not expressed by the embryo.

The results reported in this study represent the fi rst demonstration of the 
ability of equine sperm to take up foreign DNA and serve as a method to 
incorporate the DNA into the early equine embryo.  Although the DNA was 
present, it was not expressed.  This work demonstrates the potential of using 
sperm as a means to deliver transgenes into the early equine embryo in a 
simple, cost-effective manner.

The ability to produce
genetically modifi ed 

performance, improved fertility, correction of genetic diseases, altered coat 
color genetics, and research.  Because of the potential for incorporation of 
the inserted gene into the germ line (progenitors of sperm and egg), these 
altered traits could be expressed in the transgenic individual as well as in 

(A transgenic animal is one that carries a foreign gene that 
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Typically without 
treatment, only one egg is 
ovulated and one embryo 

available for embryo 
transfer, thus reducing 
the success rate.  By 

increasing the number of 
embryos in the mare, there 

would be an increase in 
the efficiency of embryo 

transfer and a reduction in 
cost to the owner. 

Promoting Superovulation and Increasing Embryo Production in the 
Mare

Investigators:  Janet Roser and Geraldine Meyers-Brown (07-06)

Embryo transfer is the most common assisted reproductive method for 
mares.  It allows less fertile or reproductively unsound mares and mares 
with nonreproductive health problems to have offspring.  One of the 
most obvious advantages for embryo transfer is an increase in the annual 
reproductive rate from mares because multiple foals can be obtained in 
one year.

Typically without treatment, only one egg is ovulated and one embryo 
available for embryo transfer, thus reducing the success rate.  By 
increasing the number of embryos in the mare, there would be an increase 
in the efficiency of embryo transfer and a reduction in cost to the owner.

Equine follicle stimulating hormone (eFSH) has been used to superovulate 
cycling mares.  However, it 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.  In a previous 
study on the effects of reFSH, we found that it increased follicular 
development in cycling mares.  We hypothesize that reFSH stimulates 
superovulation in mares and is suitable for use in assisted reproductive 
technologies.

In this study, we determined the ability of reFSH to stimulate multiple 
ovuulations and increase embryo production in cycling mares.  We found 
that:

•  ReFSH can be used to superovulate cycling mares and increase the 
number of ovulations (3 to 5 ovulations) and the number of embryos (2 to 
3 embryos) that can be retrieved for embryo transfer.

•  The number of ovulations and embryos are higher but the embryo to 
ovulation ratio (2:3 or 3:5) is lower than expected, suggesting that all the 
eggs being released from the ovary are not becoming embryos.
 
•  Repeated injections of reFSH appear to abnormally decrease circulating 
luteinizing hormone, a hormone that is necessary to induce egg 
maturation and ovulation.

•  The decrease in luteinizing hormone prior to and during ovulation may 
contribute to the low embryo to ovulation ratio observed. Further research 
is needed to elucidate this phenomenon.



Resident 
             R E S E A R C H  S T U D I E S

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 study results.
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ú

Measurement of Plasma Vasopressin 
Concentrations in Healthy and Critically Ill 
Neonatal Foals

Investigators:  Angela Borchers and K. Gary Magdesian 
(05-26R)

Foals with sepsis (infection) or those experiencing 
low oxygen during birth die of multi-organ failure 
due to inadequate tissue perfusion.  We believe that 
these foals are deficient in the hormone vasopressin.  
Decreased vasopressin contributes to low blood 
pressure and a reduced response to stress as it does 
in critically ill humans.  One of the most important 
roles of vasopressin is to regulate the body’s retention 
of water; it is released when the body is dehydrated 
and causes the kidneys to conserve water, thus 
concentrating the urine, and reducing urine volume.  
It also raises blood pressure by inducing moderate 
vasoconstriction.

Humans and animals with shock due to serious infections 
experience inadequate blood flow and oxygen delivery 
to tissues and organs. Evidence in human medicine 
and animal models suggests that blood vasopressin 
levels rise early in septic shock and then decline slowly 
due to depletion, resulting in a relative vasopressin 
deficiency.

Growing evidence in human medicine suggests that 
continuous low-dose infusion of vasopressin is safe and 
effective for the treatment of 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 decreased blood flow to 
the heart and GI tract and must be avoided. 

The objective of this study was to establish a normal 
range for vasopressin in healthy foals and to measure 
vasopressin concentrations in critically ill hypotensive 
neonatal foals to see if relative vasopressin deficiency 
occurs as it does in humans, dogs and rats.  The study 
would also provide information to establish a safe 
dose of vasopressin for replacement therapy during 
catecholamine-resistant vasodilatory sepsis in neonatal 
foals.

We found that:

•  Healthy foals showed a wide range of plasma 
vasopressin concentrations, but individual foals were 
remarkably consistent from day to day and hour to hour 
with only minimal variation.

•  Male foals were found to have lower blood levels of 
vasopressin than females.

•  Critically ill foals, especially the septic foals, 
had significantly lower vasopressin concentrations 
compared with healthy foals, which is very similar to 
the response of critically ill humans.

•  There was no difference in vasopressin levels 
between sick-nonseptic and sick-septic foals.

•  Plasma vasopressin concentrations were significantly 
lower in the sick foal group compared with the healthy 
foal group, indicating possible vasopressin depletion as 
previously observed in human and veterinary medicine 
in other species.

These results support further study of vasopressin in 
critically ill, hypotensive foals.  The effect of gender 
should be taken into account when supplementing 
exogenous vasopressin and warrants further study. 

Investigation of the Potential Protective Effects of 
Pirfenidone in Managing Equine Endotoxemia

Investigators:  Amy Poulin, Melinda MacDonald, Jorge 
Nieto, Michael Bruss and Shri Giri (06-16R)

Horses are highly sensitive to the systemic effects of 
endotoxin, and endotoxemia remains a leading cause 
of death in both adult and neonatal horses.  Currently 
available drugs used to treat endotoxemia in horses are 
of limited clinical benefit and have numerous adverse 
side effects.  There is a significant need to identify safe 
and effective alternative medications for treating this 
condition. 

Studies on the drug pirfenidone have been completed 
in other mammalian species and strongly suggest 
that this medication could be beneficial for treating 
endotoxemia in horses.  This study was designed to 
evaluate whether pirfenidone would be a good drug 
candidate.  We found that:
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•  Horses with mild endotoxemia tolerated treatment 
with pirfenidone well, although there some signs 
of agitation and excitement during the initial 
administration of the drug.

•  Serum chemistry values were normal.

•  Pirfenidone-treated horses had lower temperatures,  
heart and respiratory rates, and TNF-α, and higher total 
white blood cell counts, but these values were not 
statistically significant.

•  No serious or permanent side effects were 
encountered.

The study did not document a beneficial effect of 
pirfenidone for treatment of endotoxemia in horses. 
However, the trends toward improved clinical 
parameters suggests that use of related but more potent 
drugs may be effective.  Further studies are needed.

ú

Study of the Side Effects of Xylazine, a Commonly 
Used Sedative in Horses

Funded by the 2006 John Hughes Memorial 
Endowment Award

Investigators:  Carrie Finno and K. Gary Magdesian  
(06-17H)

Xylazine is one of the most commonly used sedatives 
in equine practice.  However, a common side effect 
in horses with fever consists of rapid breathing 
(tachynpea) and increased respiratory effort.  Although 
these side effects are reversible, they tend to be 
pronounced and are of concern to both the client and 
practitioner.  The same effect has been documented in 
sheep.  Because we do not understand the mechanisms 
underlying this effect, this study was to investigate the 
cardiovascular and respiratory effects of xylazine after 
administration to horses with fever.  A second study 
objective was to evaluate the effects of xylazine when 
given to endotoxemic horses.

We found that:

•  In one out of five horses, tachypnea occurred when 
xylazine was administered following the onset of a 

fever.  There were no change in the arterial blood gas 
(a measure of oxygenation and ventilation) during this 
period of tachypnea.  This means that the tachypnea 
does not appear to be due to low oxygen levels in the 
blood.  Because only one horse developed tachypnea, 
further studies are needed to investigate this drug 
reaction.

•  When xylazine was administered to endotoxemic 
horses, it lowered the fever, decreased heart and 
respiratory rates, and decreased pressures in the 
pulmonary artery without affecting arterial blood gas 
results.

The results of this study indicate that xylazine is safe 
to give to endotoxemic horses in the hospital and may 
actually provide temporary beneficial cardiovascular 
effects in addition to sedation.

Treating Cannon Hyperkeratosis in Horses

Funding provided by the Dan Evans Memorial 
Endowment 

Investigators:  Hugo Hilton, Stephen White and Verena 
Affolter (06-18H)

Cannon hyperkeratosis is a poorly defined condition 
that affects the distal hind (and occasionally fore) limbs 
of horses. The lesions are neither painful nor itchy and 
are characterized by excessive keratin production. 
Biopsy of the affected areas reveals a condition 
known as hyperkeratosis. No underlying cause for the 
condition has been identified and the hyperkeratosis 
recurs if manually removed. 

This project, which focused on one horse with all four 
limbs affected with hyperkeratosis, tested the hypothesis 
that local treatment with one of three preparations would 
provide better histopathological resolution.  We found 
that:

•  The hyperkeratosis improved with treatment with a 
water-based emollient and a tacrolimus ointment.

ú

— Continued on next page
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ú

•  The disease may have an autoimmune pathogenesis 
and may be self-limiting if the overlying skin is well-
hydrated.
 
This study has enabled us to further characterize a 
common and frustrating condition that affects many 
horses and has provided insight into its cause.  Two 
treatments showed encouraging clinical results 
which may provide owners and veterinarians with a 
therapeutic option for this condition.  This project has 
served as a pilot study for future work in which a larger 
population of affected horses will be used to investigate 
the effects of one or more drugs.

Improved Understanding of the Effect of 
Lidocaine on the GI Tract of Horses

Investigators:  Karen Rusiecki, Jorge Nieto and Jack 
Snyder (06-20R)

Lidocaine is commonly used to stimulate gastro-
intestinal motility in horses after colic surgery.  This 
drug also has  some analgesic and anti-inflammatory 
properties and is used to reduce pain and inflammation.  
However, its prokinetic (motility-stimulating) properties 
are still unproven in the horse.  A recent study showed 
no evidence of lidocaine increasing intestinal motility 
in normal horses after abdominal surgery but indicated 
that it might decrease propulsive motility.

Our hypothesis is that continuous infusion of lidocaine 
has no effect on defecation frequency, weight of feces 
produced, fecal moisture content, intestinal transit time 
or borborygmus score (amount of gut sounds).  In this 
study, we determined whether continuous  infusion 
of lidocaine has a beneficial or adverse effect on GI 
function.  We found that:

•  Horses on a lidocaine infusion had decreased fecal 
production in the first 24 hours of infusion.

•  Horses on a lidocaine infusion had a prolonged 
intestinal transit time (the time to pass 50% of barium 
beads) by 9 hours.
 
•  There were no other changes in physical exam 
parameters, fecal moisture content or frequency of 
manure production.

Based on the results of this study, equine veterinarians 
should be cautious when using lidocaine infusions for 
impaction or medical colics, as the drug may prolong 
transit of feces and exacerbate those conditions.  In 
addition, the study results suggest that lidocaine does 
not stimulate motility, as had been generally thought, 
but can help post-operative cases of ileus by other 
means such as by anti-inflammatory or analgesic 
effects.

ú
Determining the Effect of Omeprazole 
Suppositories on Gastric Fluid pH

Investigators:  Courtney Rand, Nicola Pusterla and Scott 
Stanley (07-13R)

Gastric ulcers in horses have been associated 
with stress, prolonged periods of no feed and low 
gastric fluid pH.  Omeprazole is a proven anti-ulcer 
medication used in the human medical field for treating 
gastroesophageal reflux disease.  Equine veterinarians 
also use omeprazole to treat equine gastric ulcers.  
However, it is not often possible to administer the oral 
formulation of omeprazole to horses suffering from 
gastric reflux or neurologic conditions which prevent 
them from swallowing.

The intravenous formulation of omeprazole is 
expensive and can only be administered in a hospital 
environment.  Thus, in horses with conditions 
restricting the oral intake of medication, a rectal 
formulation of omeprazole would be useful for 
increasing gastric fluid pH and treating and preventing 
gastric ulcers.  The objective of this study was to 
evaluate whether omeprazole administered rectally 
would raise gastic fluid pH and, if so, at what dose 
level.  We found that:
 
•  Two horses showed a slight increase in gastric juice 
pH which persisted for 23 hours following final intra-
rectal administration of omeprazole.

•  The maximum plasma concentration of omeprazole 
is approximately tenfold less following intra-rectal 
administration compared with oral administration.
 
Based on the results of this study, a rectal formulation 
of omeprazole would be useful for treating horses who 
cannot tolerate oral medication but require therapy 
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for ulcers.  Experimental work with rectal omeprazole 
suppositories in other species also has proven that this 
route of administration is effective and beneficial.

Physiologic Effects of Crystalloids in Horses

Funded by the Suhr Fellowship

Investigators:  Tiffany Hall and K. Gary Magdesian (07-
14R)

Intravenous fluid administration is a common 
therapy used by equine practitioners for a variety of 
conditions, including use in dehydrated horses with 
colic or diarrhea, as well as endurance horses suffering 
from exhaustion or muscle problems.  A number of 
different fluid types are available to practitioners, 
each with unique physiologic effects on electrolyte 
concentrations, metabolic parameters, and blood 
pressure.  Better characterization of the effects of fluid 
administration on equine physiology will allow equine 
veterinarians to optimize fluid therapy for a given 
medical condition.

The hypotheses of this study are that physiologic saline 
is more acidifying than acetate-containing fluids such 
as PlasmaLyte A, and that acetate-containing fluids 
can temporarily lower blood pressure, which may be a 
disadvantage.  We investigated these effects in horses 
given either physiologic saline or PlasmaLyte A and 
found that: 

•  Physiologic saline significantly reduced blood pH in 
horses, confirming that this fluid choice is acidifying.

•  Blood pH did not change significantly with 
PlasmaLyteA.

•  Blood pressure significantly increased during 
administration of physiologic saline.
 
•  PlasmaLyte A did not alter blood pressure 
significantly and horses maintained a normal blood 
pressure during administration.

Based on the results of this study, equine veterinarians 
will be able to tailor fluid selection to the needs of 
the patient.  Physiologic saline should be avoided in 

horses at risk or suspected of having acidosis, such as 
sick endurance horses previously supplemented with 
oral electrolytes or horses with colic or diarrhea.  In 
addition, practitioners should not be concerned about 
decreasing blood pressure when using commercial 
acetated fluids. The majority of horses presenting with 
dehydration secondary to metabolic diseases associated 
with high-level performance and sweating, or those 
with intestinal diseases would benefit from replacement 
fluid therapy with PlasmaLyte A rather than saline.

ú
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Investigating the Epidemiology of Lawsonia 
intracellularis in Foals from Endemic Farms

Investigators:  Nicola Pusterla and Samantha Mapes 
(06-01M)

The bacterium Lawsonia intracellularis causes 
proliferative enteropathy (PE), a transmissible intestinal 
disease, in a number of animal species.  The disease 
is prevalent in pigs, the species in which it is best 
described. The incidence of proliferative enteropathy in 
horses is unknown and, to date, there have only been 
eight isolated case reports and descriptions of three 
breeding farms with affected foals and weanlings in 
North America, Australia and Europe.

The epidemiology of PE in horses has remained poorly 
investigated.  In the majority of reported clinical cases, 
a direct source of infection has not been identified, 
although pigs have been suggested as a potential 
infection 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 endemic farms are commonly exposed to L. 
intracellularis without developing clinical disease and 
that wild animals are the most likely reservoir for the 
bacterium.   

The objectives of this study were to determine exposure 
to L. Intracellularis in foals from endemic farms, 
determine the incidence of fecal shedding in these 
foals, and investigate the role of wild mammals as the 
reservoir source of the bacterium.

We found that:
 
•  None of the 103 enrolled resident weanlings from 
three endemic farms had clinical signs of PE.

•  All the 103 resident foals had normal total solids 
serum concentrations throughout the study period.

•  The seroprevalence for each farm ranged from 30 to 
76%.

•  Lawsonia intracellularis was not detected in the feces 
of any of the 103 resident horses by real-time PCR.

•  From 172 fecal samples collected from domestic 
(cat, dog, cattle, pig) and wild animals (rabbit, raccoon, 
skunk, coyote, opossum, squirrel, bird), only one dog, 
one coyote, several opossums, skunks and rabbits 
tested PCR positive for L. intracellularis.
 
These results suggest that on farms with diagnosed 
cases of equine PE, additional resident horses 
commonly become exposed to L. intracellularis, with 
exposure rates ranging from 30 to 76%.  It does not 
appear that healthy foals shed L. intracellularis in feces.  
However, the role of diseased foals in the transmission 
of equine PE remains to be investigated. Until then, 
such foals should be isolated from other resident 
weanlings.  Domestic and wild animals may be the 
source of infection to susceptible weanlings.  As for 
one of the study farms, the dog testing PCR positive was 
free-roaming and may have contaminated paddocks, 
feed and water.  However, it is also possible that the 
dog became infected from ingesting L. intracellularis 
containing feces from an undetermined wild animal, 
pig or the index case.  The results also show that L. 
intracellularis is present in the feces of several wild 
animal species, which may act as reservoir hosts or 
intermittent amplifiers.

Development of PCR Assays for Early Detection of 
Septicemia in Horses

Investigators:  Nicola Pusterla, K. Gary Magdesian, 
Johanna Watson and Barbara Byrne (06-03M)

Sepsis remains the principal cause of death in neonatal 
foals.  To reduce the mortality rate of septic foals, 
we need a better understanding of the development 
(pathogenesis) of sepsis and faster and more reliable 
diagnostic assays to detect bacteria in the bloodstream.  
The identification of septic neonates is currently a 
diagnostic challenge because neonates with clinical 
signs of sepsis may have negative blood cultures, 
especially if antimicrobials were administered prior to 
blood culture.

Our research group recently investigated the profile of 
selected cytokines expressed in peripheral 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(IL)-10.  

ú
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Therefore, the low survival rate of septic foals may be 
related to immunosuppressive conditions that have not 
yet been described.

In this study, we investigated the anti-inflammatory 
response observed in septic foals to determine whether 
it leads to immunoparalysis of functional mononuclear 
cells in peripheral blood and subsequently to an 
increase in mortality rate.  We also established 
and validated a molecular bacterial panel to detect 
bacteremia in foals with suspected sepsis.  We found 
that:

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

•  Real-time PCR assays for the detection of Escherichia 
coli, Actinobacillus equuli, Pasteurella spp., Klebsiella 
spp., Staphylococcus spp. and Streptococcus 
zooepidemicus were successfully established and 
validated using cultured microorganisms.
 
•  PCR results correlated well with positive blood 
cultures due to E. coli, A. equuli and S. zooepidemicus.

•  Anaerobic organisms cultured from the blood of 
septic foals were not detected by PCR due to the lack of 
specific molecular assays.

•  PCR was more sensitive than conventional culture 
at detecting E. coli and A. equuli in foals with positive 
sepsis scores and negative culture.

The results of this study indicate that the expression 
of IL-10 may be a marker for identifying foals with 
immunoparalysis, and that the use of molecular assay 
techniques (PCR) to detect common bacteria associated 
with sepsis, such as E. coli and A. equuli, is a sensitive 
and early diagnostic tool.  The use of PCR for the 
detection of common bacteria associated with sepsis 
may be a suitable diagnostic tool for foals with positive 
sepsis scores or foals that have received antimicrobials.

Control of Mucus Production in the Equine Lung

Investigators:  Karen Oslund and Reen Wu (06-04M)

Excessive mucus production is a common component 
of many equine lung diseases associated with 

ú

inflammation, which impairs lung function in 
performance and pleasure horses.  The regulation of 
mucus production is not understood in horses and 
more research is critically needed.  Understanding how 
mucin, the largest component of mucus, is produced 
during disease and its regulation at the subcellular level 
is an important step in controlling it therapeutically.

The objectives of this study were to investigate how 
inflammatory mediators regulate equine mucin in 
airway epithelial cells using molecular techniques.  In 
this study, we:

•  Developed methods to isolate and maintain equine 
airway epithelial cells in the laboratory to simulate in 
vivo conditions. This also included long-term freezing 
and revival of airway cells.

•  Developed new methods to section and perform 
electron microscopy on airway epithelial cells 
maintained on filters.

•  Developed real-time primers for equine MUC5AC, a 
major component of lung mucus.

•  Found that the proinflammatory cytokine TNF-α 
up-regulated equine MUC5AC in a dose- and time-
response manner, and that this up-regulation was 
regulated by the transcription factor NFk-β, a common 
mediator of inflammation.

This study developed and refined techniques to culture 
equine airway epithelial cells in the laboratory and 
used these techniques to investigate the regulation of 
equine mucus production.  It is the first study to grow 
and maintain differentiated airway epithelial cultures in 
the laboratory, demonstrating the presence of ciliated 
and mucus cells derived from equine trachea.  The 
development of these basic but critical techniques 
makes other studies of equine airway epithelial cells 
possible from molecular biology to pharmacologic 
assessments.

The results of this study also showed that in 
inflammatory diseases such as pneumonia or recurrent 
airway obstruction, NFk-β and TNF-α could be 
therapeutic targets to further investigate in controlling 
excessive mucus production.
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Study of Equine Herpesvirus-1 in Sick and Healthy Horses and 
Investigation of the Dormant State of the Virus in Horses Using 
Molecular Technology

Investigators:  Nicola Pustera, W. David Wilson, John Madigan and N. James 
MacLachlan (08-01)

Equine herpesvirus-1 (EHV-1) infection is widespread in horse populations 
throughout the world and produces well-documented syndromes and 
outbreaks of respiratory disease, abortion, and myeloencephalopathy.  
The most recent outbreak occurred in 2006 at riding schools, racetracks 
and veterinary hospitals throughout North America.  In order to establish 
appropriate biosecurity policies to prevent spread of this disease, much 
more information on EHV-1 is required.

In this study we will investigate the prevalence of the virus in specific horse 
populations, characterize the viral state of EHV-1 in healthy and sick horses 
using molecular techniques, and determine what factors are involved in 
reactivation of the virus’s dormant state.
 
The results generated from this study will answer some of the basic 
epidemiologic questions regarding the biology of EHV-1 and will provide 
information crucial better protect specific horse populations from exposure 
to EHV-1.

Diagnosing Fibrotic Lung Disease Associated with Equine Herpes-
virus-5 and Evaluation of Two Therapeutic Drugs

Investigators:  Nicola Pusterla, Stephanie Bell and N. James MacLachlan (08-
02)

Equine herpesvirus-5 (EHV-5) has recently been associated with equine 
multinodular pulmonary fibrosis (EMPF), a debilitating chronic, progressive 
respiratory disease of horses.  However, because several other lung diseases 
of horses display a similar radiographic and clinical presentation to EMPF, 
a validated diagnostic test for detection of EHV-5 in a sample such as 
bronchoalveolar lavage fluid would be very helpful clinically.  In addition, 
in vitro data to show that antimicrobial and antiviral drugs suppress EHV-5 
growth would provide support for treatment of clinical cases of EMPF with 
such agents.

In this study, we will validate the use of real-time PCR, immunocyto-
chemistry, and viral isolation of EHV-5 in bronchoalveolar lavage fluid 
and nasal secretions as diagnostic tests for EMPF in horses.  We will also 
determine the efficacy of valacyclovir and doxycycline in controlling 
growth of EHV-5 in cell cultures.

The devastating and typically fatal syndrome of EMPF is an uncommon but 
possibly emerging lung disease of horses.  The development of a validated 

ú
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diagnostic test would be useful in the identification 
and confirmation of clinical cases.  In addition, 
demonstration of in vitro efficacy of valacyclovir and/or 
doxycycline would provide evidence-based treatment 
options for horses with EMPF.

Evaluation of a Novel Reproductive Hormone 
for Diagnosing Ovarian Tumors in Mares and 
Retained Testes in Stallions

Investigators:  Barry Ball, Irwin Liu, Alan Conley and 
Juliana Almeida (08-03)

Granulosa-cell tumors are the most common ovarian 
tumor in mares.  The current method for hormonal 
diagnosis of this tumor fails to detect approximately 
20% of mares with these tumors.  Likewise, the method 
currently used to detect the presence of a retained testis 
in a previously castrated horse relies on multiple blood 
samples for testosterone and may not be as reliable for 
the diagnosis of a retained testis.

In this study, we plan to develop and validate a 
specific radioimmunoassay for determination of anti-
Müllerian hormone (AMH).  We will then determine 
the concentrations of AMH in the blood of mares 
with granulosa-cell tumors and of previously castrated 
stallions with retained testes.  We will also determine 
blood concentrations of AMH in normal mares, 
geldings and stallions as control values.

The currently available assay to detect granulosa-
cell tumors in the mare is based on detection of 
inhibin with a reagent that is no longer available.  
Establishing an assay for anti-Müllerian hormone 
will provide a more sensitive and specific diagnostic 
method for diagnosing granulosa-cell tumors in the 
mare as well as retained testes in previously castrated 
stallions.  Furthermore, characterization of changes in 
circulating AMH in colts and fillies will provide a better 
understanding of development and maturation of the 
reproductive system in both the mare and the stallion.

ú

Immune Response to Vaccination: How Long Do 
Protective Serum Antibody Titers Last in Horses?

Investigators:  Stephanie Bell, Johanna Watson, W. 
David Wilson and Ian Gardner (08-04)

Vaccination against diseases such as rabies, tetanus, 
and viral encephalitis is one of the most important 
practices in equine preventive care.  While annual 
vaccination of horses against these diseases is 
recommended by vaccine manufacturers, the duration 
of vaccine-induced antibody levels in repetitively 
immunized horses is largely unknown.

The goal of this study is to establish the length of time 
that repetitively vaccinated horses in geriatric and 
younger populations maintain serum antibody titers 
correlated with protection against rabies, tetanus, and 
western/eastern equine encephalitis.

The consensus among most equine veterinarians is 
that horses are vaccinated more often than necessary 
against many diseases, but there is little to no data to 
allow evidence-based recommendations for increasing 
vaccination intervals.  Increasing intervals between 
vaccine administrations would minimize potential 
risks to horses and costs to the owner; however, it is 
critical that protective immunity to significant diseases 
be maintained in individual horses.  Information on 
duration of titers in horses that have been repetitively 
vaccinated would be very useful in making better 
recommendations for preventive care of horses.

ú
Investigating the Role of Herpesvirus Infections in 
Horses with Eye Inflammation

Investigators:  Steven Hollingsworth, Stephanie Bell, 
Nicola Pusterla, Philip Kass and David Maggs (08-05)

Herpesviruses are known to cause persistent, painful 
eye disease in humans and animals such as cats, dogs, 
and cattle, and herpesvirus infection is increasingly 
suspected as a cause of similar eye diseases in horses.  
Many conditions can cause painful, inflamed eyes in 
horses; however, the cause of inflammation in many 
horses is rarely diagnosed.  Previous studies of the role 

— Continued on next page
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ú

ú

Investigation of a New Technique for Magnetic 
Resonance Imaging of Equine Tendons

Investigators:  Mathieu Spriet, Erik Wisner and Lucy 
Anthenill (08-06)

Although magnetic resonance imaging (MRI) of 
tendons has many potential clinical applications in 
horses, musculoskeletal MRI has been slow to evolve 
as a mainstream imaging modality. One reason is the 
poor signal obtained from tendons with conventional 
MRI techniques. Recently, several publications in the 
human medical literature have recommended imaging 
tendons at a specific orientation to the magnetic field, 
the so-called “magic angle”, in order to increase 
the signal obtained from the tendons. The increased 
signal intensity results in better visualization of tendon 
anatomical detail, leading to more accurate diagnoses.

The objective of this study is to image normal and 
abnormal tendons with conventional MRI technique 
and with the MRI “magic angle” technique and to 
compare the two techniques.  We believe imaging of 
equine tendons and ligaments at the “magic angle” 
will provide better anatomical detail and improve 
lesion detection and characterization compared with 
conventional MRI approaches.

Comparison of Different Racetrack Surfaces Using 
a Track-Testing Device

Investigators:  Susan Stover, Mont Hubbard, Shrinivasa 
Upadhyaya and Jacob Setterbo (08-07)

Racetrack surfaces have long been blamed for causing 
injuries.  However, epidemiologic studies of race 
surfaces have been inconclusive because the effects of 
the multiple confounding factors involved in injury are 
difficult to separate.

The racehorse industry has recognized the potential for 
reducing injury through racetrack surface changes, as 
demonstrated by the replacement of dirt surfaces with 
synthetic materials at several race courses in the United 
States over the last 3 years.  However, the manufacture 
and selection of synthetic surface materials have been 
largely based on empirical evidence and marketing 
factors; there is a lack of information regarding the 
scientific properties of existing racetracks.

The hypothesis of this study is that the different 
surface properties of dirt and synthetic surfaces can 
be characterized in a laboratory setting using a track-
testing device.  This characterization should be an 
important first step toward a scientific assessment of 
racetrack surfaces.

Large monetary resources are currently being invested 
in installation of synthetic racetrack surfaces, and 
this research would enable a scientific comparison of 
different surfaces.

of herpesviruses in equine eye disease have produced 
conflicting results.  However, these studies did not use 
molecular technology, which would allow calculation 
of viral load and replicative activity, or compare the 
utility of different sampling techniques.

The goals of this study are to determine the role 
herpesviruses play in horses with unexplained corneal 
and conjunctival  inflammation and which sampling 
techniques are the most sensitive for detection of the 
virus in such horses.

Corneal and conjunctival inflammation in horses is 
often painful, persistent, and recurrent and its cause 
is frequently undiagnosed.  Further understanding of 
the possible role of herpesviruses in the etiology of 
this disease would be helpful in developing effective 
treatments and strategies for prevention.

This “magic angle” imaging has the potential to 
improve detection of subtle tendon lesions based on 
increased signal intensity.  The improvement of current 
diagnostic imaging capabilities for equine tendons and 
ligaments would be highly valuable to help identify 
early or subtle lesions, to follow progression of healing, 
and to investigate potential new treatments, such as 
stem cell therapy.
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Mechanisms of Sperm Cell Survival after 
Cryopreservation of Equine Spermatozoa

Investigators:  Julie Shacoski, Stuart Meyers, Alan 
Buckpitt and Barry Ball (08-08)

The fertility of frozen semen is poor compared with that 
of freshly collected or cooled, shipped semen.  During 
spermatogenesis, heat shock proteins protect sperm 
from adverse conditions.  Both Heat Shock Proteins 
(HSP) 70 and 90 have been identified in ejaculated 
stallion spermatozoa by immunocytochemistry and 
by western blot.  However, we do not know if these 
proteins play a role in the survival of sperm after 
cryopreservation.

We hypothesize that HSP 70 and 90 activation is 
necessary for sperm cell survival after cryopreservation 
of equine spermatozoa.  The goal of the proposed 
study is to identify the mechanism by which these 
proteins become activated during the various stages of 
cryopreservation.

The ability to monitor the cryopreservation process 
with a marker for viability and motility would be useful 
in the development of new cryopreservation techniques 
for all forms of germplasm preservation.  This study 
will benefit a variety of breed registries in the United 
States and abroad, as improvement in preservation 
of stallion genetics will allow more stallions within 
breeds to contribute to breeding programs and progeny 
production.

ú

Determining Changes in DNA Sequence As a 
Possible Cause of a Debilitating Skin Disease in 
Draft Horses

Investigators:  Danika Bannasch, Verena Affolter, 
Gregory Ferraro, Amy Young and Hilde DeCock (08-09)

Chronic progressive lymphedema (CPL) in draft 
horses causes swelling and thickening of the skin 
on the lower legs.  It results in the development of 
large, painful nodules and repetitive skin infections 
that do not respond to treatment.  The disease causes 
disfigurement, limited mobility of the limbs and often 
requires euthanasia.  Since it has a late age of onset 

and a biopsy is the only method of diagnosis, affected 
horses are often bred prior to being diagnosed.

Determining a genetic predisposition for CPL in draft 
horses would enable breeders to avoid producing 
affected animals.  This would decrease the suffering 
endured by affected horses and lessen the financial 
and emotional impact this disease has on draft horse 
owners and breeders.

The specific objective of this study is to determine 
the sequence of the VEGFR3 gene in horses, compare 
the sequences between affected and unaffected draft 
horses, and identify changes associated with the 
disease.  Finding a causative mutation would result in 
the creation of a DNA test for CPL.

Identifying the genetic basis for CPL would provide 
breeders with a less invasive and less costly way to 
identify affected animals.  A DNA test would enable 
breeders to make informed breeding decisions to avoid 
producing affected animals and would alleviate the 
financial and emotional stress that owners of affected 
horses currently face.

Equine Bone Fragility Syndrome:  Development of 
Diagnostic Test and Determining Association with 
Inflammatory Lung Disease

Investigators:   Susan Stover, Ian Gardner and Sarah 
Puchalski (08-10)

Collaborators:  Amanda Murray, Tiffany Hall, Matt 
Durham (referral veterinary practitioner) and Coral 
Armstrong (referral veterinary practitioner)

A progressive, debilitating, and ultimately fatal bone 
disease has recently been described in California 
horses. To date, this disease has been definitively 
diagnosed only by bone scan.  There is a need for an 
inexpensive test to diagnose this condition in the field 
so that we can study the progression of disease.  There 
is also circumstantial evidence that the cause of the 
bone disease is the same cause as that of a known lung 
disease.

ú

— Continued on next page
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We predict that blood tests that measure bone activity 
will be elevated in horses with the bone disease and 
that the tests will be useful to diagnose affected horses. 
Secondly, we predict that horses with the bone disease 
will also have the lung disease.

In this study, we will compare the blood concentrations 
of two bone markers—one of bone formation and 
one of bone resorption—between horses with and 
without the bone disease as diagnosed by bone scan.  
Additionally, we will compare the results of a test for 
the lung disease with the results of the bone scan test.

A simple, inexpensive blood test is needed for 
diagnosis of the bone disease in horses and for further 
study of causes, treatment, and preventive measures.  
Evidence that the bone disease is associated with the 
lung disease will narrow future studies into the causes 
and development of the bone disease.

ú
Evaluation of an Important Hormone in the 
Cycling and Early Pregnant Mare

Investigators:  Alan Conley, Barry Ball, Scott Stanley 
and Elizabeth Scholtz (08-11)

The rate of pregnancy loss prior to day 30 of 
gestation is estimated to be as high as 20% in normal 
mares and as high as 80% in subfertile mares.  The 
economic impact of early pregnancy loss in the mare 
is undeniable and progestin supplementation is often 
recommended to prophylactically treat mares who may 
suffer early pregnancy loss, even though studies to date 
have been unable to correlate early embryonic death 
with maternal progesterone levels.

Progesterone has long been accepted as the most 
important hormone during pregnancy in mammals.  
However, by the second half of gestation, progesterone 
becomes undetectable in the mare’s circulation.  
Another progestin, 5α-dihydroprogesterone (5α-
DHP), which binds the progesterone receptor with 
high affinity in the mare, remains in the mare’s 
circulation in high concentrations for all of gestation.  
These observations, coupled with preliminary data 
indicating that 5α-DHP has a direct progestagenic 
effect on the mare’s uterus, suggest that 5α-DHP may 
be more important than progesterone for maintaining 

pregnancy.  Yet little is known about its bioactivity, 
production or metabolism and, therefore, its 
physiological role in pregnancy.

The objectives of the proposed study are to determine

•  Whether 5α-DHP stimulates progesterone responsive 
glandular secretions in the mare’s uterus.

•  Whether the concentration of 5α-DHP in the mare’s 
circulation differs during the nonpregnant estrous cycle 
from that of early pregnancy.

•  Whether 5α-reductase, the enzyme responsible for 
converting progesterone into 5α-DHP, is present in the 
mare’s corpus luteum and which form(s) of the enzyme 
predominates (type 1 or 2) during the estrous cycle vs. 
early pregnancy.

•  The activity of 5α-reductase in luteal and/or 
endometrial tissue by evaluating metabolites of 
radiolabeled progesterone in vitro.

Knowledge of the role of 5α-DHP in early pregnancy 
will improve the current understanding of pregnancy 
recognition and pregnancy maintenance, providing a 
basis for further diagnostic, prophylactic or therapeutic 
options for early pregnancy loss.

ú

How Does Training Regimen and Layup Affect 
Likelihood for Stress Fracture?

Investigators:  Susan Stover, Christopher Ryan and Sarah 
Sammons (08-12)

Racehorses are most susceptible to fatal fractures of the 
humerus (bone in the front limb next to the chest) soon 
after return to training after a layup period.  We believe 
that stress fractures and associated fatal fractures are 
caused by infrequent and long high-speed workouts 
and races and inadequate layup periods.  Therefore, 
breaking up works into shorter distances that occur 
more often and extending the duration of the layup 
period would help prevent humeral fractures.

The objective of this study is to gather data to support 
our hypothesis by examining and comparing the 
microscopic events that occur in bones with stress 
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fracture and in normal bones.  If the hypothesis is true, 
then modifi cation of training and layup programs could 
help prevent humeral fractures in racehorses.

ú

Studies to Promote Effective New Therapies 
for Flexor Tendonitis and Suspensory Ligament 
Desmitis in Horses

Funding provided by Alamo-Pintado Equine Research 
Foundation

Investigators:  Martin Vidal, Robin Bell, Sawson Yamout, 
Sarah Puchalski, Rachel Pollard and Larry Galuppo
(08-50)

Tendon and ligament injuries in horses are a 
therapeutic challenge in equine performance horse 
practice.  Although many treatments have been 
prescribed to promote healing, success rates have 
been variable and the recurrence of injuries remains 
high.  New treatments using stem cell and growth 
factor technologies offer great promise in treating these 
types of injuries.  However, any new therapy must fi rst 
be evaluated objectively before it can be safely and 
effectively prescribed.

The objective of this study is to develop an 
experimental model that closely mimics naturally 
occurring tendon and ligament injuries in horses.  
The model will be developed in forelimbs obtained 
from horses recently euthanized for reasons other 
than musculoskeletal disease.  Histological changes 
observed in the model will be compared with changes 
in horses with naturally occurring tendonitis or desmitis 
to validate the model.

Validation of an experimental model for tendonitis 
and ligament injury in horses will promote objective 
research to study promising new therapies for these 
economically important diseases. 
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Resident Research Grants 

are awarded to residents 

within the equine program 

and are designed to assist 

them in learning their field 

of specialty.  Often these 

small projects provide 

preliminary information 

that leads to larger, more 

in-depth

research studies.

Newly Funded
Resident
Research
Grants

Investigation of the Cause of Neonatal Maladjustment Syndrome

Investigators:  Emily Haggett and John Madigan (07-15R)

Neonatal maladjustment syndrome (NMS) affects neonatal foals in the first 
36 hours of life. Although the exact pathogenesis is unknown, it is thought 
to be caused by birth hypoxia (lack of oxygen) or trauma to the central 
nervous system. We propose that the syndrome is caused by an abnormality 
in the pathway that leads to the conversion of cortisol in the newborn 
neonate.  This causes high levels of neuroactive steroids that suppress the 
central nervous system. These neuroactive steroids are normally present 
in the late-term fetus and suppress the foal’s movement during the birth 
process to prevent trauma to the dam.

We hypothesize that NMS is caused by a failure of the neonatal foal to 
successfully make the transition to a state of readiness for the external 
environment. High levels of inhibitory steroids persist in the blood which 
suppress the foal’s ability to stand and nurse and demonstrate normal 
behavior.

In this study, we will infuse a steroid synthesis inhibitor to normal newborn 
neonatal foals and measure blood levels of cortisol and pregnenolones 
before, during and after the infusion.  We will record foal behavior and 
observe for signs of maladjustment.

Neonatal maladjustment occurs worldwide and is an important cause of 
foal loss. Treatment involves costly and time-consuming supportive care 
to allow time for cerebral and other organ damage to resolve.  If we can 
improve our understanding of the pathogenesis of NMS, we will be able to 
design more specific treatments to reverse the clinical signs earlier on.

ú

Evaluation of Cryopreserved Stallion Semen Before and After Density 
Gradient Centrifugation with EquiPure®

Investigators:  Anja Stoll, Barbara Stewart, Irwin Liu and Barry Ball (07-16R)

The quality of cryopreserved equine sperm, based on sperm motility, 
morphology and flow cytometric analysis, is improved by density gradient 
centrifugation with silane-coated silica particles (EquiPure®). By enhancing 
the sperm population used for artificial insemination, lower number of cells 
can be used and dead or damaged sperm—which have deleterious effects 
on the remaining normal sperm—can be removed.  We hypothesize that 
the removal of dead or damaged sperm will increase chromatin integrity, 
mitochondrial membrane potential, motility and morphology of live sperm 
after thawing of frozen semen.

In this study, we will evaluate EquiPure® for gradient separation of frozen-
thawed equine sperm for use in assisted reproduction.  We will determine 
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total motility, progressive motility, morphology, DNA 
integrity, mitochondrial membrane potential and 
plasma membrane alteration of cryopreserved sperm 
before and after density gradient centrifugation.

Centrifugation of sperm across density gradients, such 
as EquiPure®, offers the opportunity to greatly enhance 
the quality of sperm present in an insemination dose 
of frozen-thawed equine semen.  Specifically, removal 
of sperm that may have damage to sperm membranes, 
DNA or mitochondria, may result in improved fertility 
after insemination with frozen-thawed sperm and may 
also reduce the total number of sperm required for 
insemination.  These factors will improve the efficiency 
of frozen-semen for routine application, particularly 
from stallions whose sperm do not readily survive 
freezing and thawing.

ú

Analysis of Equid Herpesvirus-2 Field Strain Variation 
Using DNA Sequencing

Funded by the Peray Memorial Endowment

Investigators:  Stephanie Bell, James MacLachlan and 
Udeni B.R. Balasuriya (07-17H)

EHV-2 infection has been implicated as the cause of 
keratoconjunctivitis, malaise, fever, pharyngitis, and 
enlarged lymph nodes in young horses.  However, due 
to the widespread nature of EHV-2 infection in horse 
populations, a causal relationship between EHV-2 and 
disease has been difficult to establish.  Identification 
of EHV-2 strains associated with respiratory disease 
in foals would be very helpful for understanding its 
clinical relevance.

Analysis of Australian isolates of EHV-2 has shown 
that the epitope of neutralizing monoclonal antibodies 
can be mapped to a discrete area of glycoprotein B 
(amino acids 29-74), and distinct antigenic groups can 
be elucidated.  We hypothesize that sequence analysis 
of the glycoprotein B gene of North American field 
strains of EHV-2 from nasopharyngeal secretions of 
foals and their dams will demonstrate similar antigenic 
groupings, and respiratory disease observed in foals 
will be associated with detection of specific strains of 
EHV-2. 

In this study, we will use polymerase chain reaction 
(PCR) to amplify the nucleotide sequence of the 
discrete area of the glycoprotein B gene of EHV-2 field 
strains mapping to a neutralizing epitope (amino acids 
29-74) and sequence the resulting PCR products.  We 
will also do a computer analysis of the sequences 
obtained and statistically evaluate the association of 
specific strains with the presence of respiratory disease 
in foals at that collection time point.

Increasing our understanding of the effects of genetic 
heterogeneity on the pathogenesis of herpesviruses will 
also have direct application to studies of EHV-1, in 
which a genetic mutation has recently been shown to 
influence neuropathogenicity.

ú
Effect of Weight-bearing Forces on Blood Flow in the 
Hoof

Investigators:  Derek Cissell, Sarah Puchalski, Larry 
Galuppo, Rachel Pollard and Susan Stover (07-18R) 

Horses with severe lameness bear excess weight on 
the opposite, noninjured limb.  This often results in 
a painful and potentially devastating condition in 
the noninjured limb termed support limb laminitis.  
The exact cause of support limb laminitis is not well 
understood, but we believe changes in blood flow to 
the hoof are likely important.   In order to treat and 
prevent this condition, it is essential that we understand 
the relationship between blood flow to the hoof and 
increased weight bearing.

We hypothesize that blood flow to the laminae of the 
horse’s hoof will decrease and permeability of the 
laminae will increase in response to increasing loads 
applied to the hoof sole (bottom).

This project is intended to be a pilot study to establish 
an experimental model to apply measurable, 
repeatable, physiologic loads to the equine foot.  
During load application, dynamic contrast enhanced 
computed tomography (DCE-CT) will be used to 
measure blood flow and permeability (vascular 
leakiness) in the lamina of the hoof under non weight-
bearing conditions and during weight bearing loads of 

— Continued on next page
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1.0, 1.5, and 2.0 times normal weight bearing load of 
one forelimb.  

Although advances in emergency stabilization, 
surgical techniques, implant technology, antibiotic 
administration, and anesthesia recovery have 
dramatically improved the options for treatment 
and short-term management of horses suffering limb 
injuries, affected horses still frequently succumb to 
support limb laminitis in the opposite hoof.  Our 
ultimate goal is to have sufficient understanding of 
this condition and its causes to treat or prevent this 
condition. 

ú
Can the Adult Immune System be Transferred to 
Neonatal Foals?

Funded by the John Hughes Memorial Endowment

Investigators:  Emily F Haggett and John Madigan (07-
19H)

Infectious disease leads to high mortality and morbidity 
in neonatal foals worldwide. Foals are born with an 
immature immune system that makes them susceptible 
to diseases such as Rhodococcus equi, to which adults 
are immune.  

We hypothesize that the transfer of adult-derived 
equine stem cells and lymphocytes to neonatal foals 
shortly after birth will provide adult levels of immunity 
that will protect foals from infectious diseases including 
Rhodococcus equi. 

In this study, we will administer adult stem cells and 
lymphocytes by both the oral and intravenous route 
to newborn foals.  Foals will be monitored closely for 
signs of adverse effects.  Bronchoalveolar lavage (BAL) 
fluid will be collected at 3 weeks of age and the cells 
harvested.  Rhodococcus equi will be added to these 
cell cultures and cytokine response will be measured to 
assess the adequacy of the foal’s immune response. 

Infectious disease causes significant expense and loss 
to the equine industry. Treatment of diseases such as 
Rhodococcus equi is expensive, challenging and time- 
consuming.  By improving immune function in the 
neonate, levels of infectious disease could be greatly 
reduced and survival rates increased.

Anti-thrombotic Effects of Clopidogrel on Equine 
Platelets

Investigators:  Tania A. Kozikowski,  Fern Tablin and 
Joie L. Watson (07-20R)

Conditions including sepsis and endotoxemia can 
create a hypercoagulable state in equine patients.  
This hypercoagulable state can lead to devastating 
sequela including jugular vein thrombosis, limb artery 
thrombosis, laminitis, and disseminated intravascular 
coagulation.  Currently, veterinarians have a limited 
number of therapeutic options, including aspirin, 
heparin and low-molecular-weight heparin to inhibit 
clot formation.  An additional anti-thrombotic drug 
would benefit equine practitioners.

Clopidogrel is an anti-thrombotic drug used extensively 
in human medicine.  Because it blocks ADP-induced 
platelet aggregation in humans and other animal 
models, we believe it may block ADP-induced platelet 
aggregation in horses.

In this study, we will investigate the effects of 
clopidogrel on aggregation of platelets in plasma 
as well as its interaction with washed platelets and 
fibrinogen as assessed by flow cytometry.  In doing 
this experiment we are assuming that clopidogrel has 
in vitro activity in the absence of protein.  Further we 
assume that clopidogrel will bind to the equine P2Y12 
platelet receptor.  Our hypothesis is that the binding 
of clopidogrel to the  P2Y12 receptor will block ADP 
induced platelet aggregation as measured per flow 
cytometry.  Further we hypothesize that ADP induced 
inhibition of cAMP will be decreased by binding of 
clopidogrel to the P2Y12 receptor. 

Potentially, clopidogrel alone or as part of a 
combination therapy with aspirin will have superior 
anti-thrombotic effects than either aspirin or heparin 
alone.  This study is the first step in identifying whether 
or not clopidogrel will be effective in the horse. 
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These grants are awarded 

to new teaching and 

research personnel (less 

than 5 years in the School 

of Veterinary Medicine.

Newly Funded
Marcia

MacDonald
Rivas
Grants

Does Breathing Carbon Dioxide Plus Oxygen Shorten Recovery Time and 
Improve Recovery Quality From Anesthesia in Horses?

Investigators:  Robert Brosnan and Eugene Steffey (08-01M)

Equine anesthesia is associated with an extraordinarily high risk of injury or 
death (almost 1 in 100 anesthetics) compared with dogs, cats, and humans.  
Recovery from inhaled anesthetics accounts for a significant proportion of 
adverse events, largely as a result of prolonged recumbency or excitement 
and uncoordinated attempts to stand.  If horses could eliminate inhaled 
anesthetics from their bodies more quickly after discontinuation of general 
anesthesia, they might be able to stand more quickly with fewer undesirable 
effects on behavior and balance, thus improving the safety of anesthetic 
drugs.

Carbon dioxide (CO2) stimulates ventilation, and increased ventilation 
increases elimination of inhaled anesthetics during recovery.  We 
hypothesize that horses breathing a mixture of 95% oxygen (O2) and 
5% CO2 will exhibit shorter recovery times and better recovery qualities 
following anesthesia with either isoflurane or sevoflurane than will horses 
breathing 100% O2.

This study will compare anesthetic elimination, recovery times, and 
recovery quality in horses breathing 100% O2 following isoflurane or 
sevoflurane anesthesia; and breathing 95% O2 and 5% CO2 following 
isoflurane or sevoflurane anesthesia.

Improving recovery time and recovery quality following anesthesia is 
critical to the reducing anesthetic risk in horses.  If our hypothesis is correct, 
inspired gas mixtures containing small amounts of carbon dioxide would 
prove an easy and inexpensive tool to reduce equine injury and death 
during anesthetic recovery.
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Study of the Platelet Secretion Defects From Horses With a Hereditary 
Bleeding Problem

Investigators:  Jeffrey Norris, Fern Tablin, Monica Pombo and Meagan 
Drescher (08-02M)

Thoroughbred horses may have bleeding tendencies ranging from mild 
to severe that can result in diminished performance or death.  We have 
identified a congenital defect in the blood clotting cells (platelets) of 
Thoroughbred horses, characterized by reduced platelet binding of the 
major blood clotting molecule (fibrinogen) in response to the major platelet 
activating stimulus (thrombin).  Several protein-mediated cellular events 
associated with the platelet secretion process required for fibrinogen 
binding do not occur normally in platelets from the affected horses.

We hypothesize that platelets from the affected horses fail to undergo the 
normal secretion process induced by thrombin because of a defect in the 
sequential assembly of platelet proteins regulating this process. 

To investigate the defect in secretion, we will characterize protein 
interactions regulating this process in platelets from normal and affected 
horses.  We will also examine the packaging and secretion of three key 
alpha-granule proteins to determine the nature and extent of the secretory 
defect.

The estimated prevalence of horses with this platelet dysfunction is 
approximately 1:150.  Thus, the development of a genetic test for horses 
that carry this disorder will benefit the entire equine industry.  Our ongoing 
genetic studies of this defect will be complemented by a direct analysis of 
the defective protein cascade and a greater understanding of the underlying 
platelet processes associated with the defect.The development of a 

genetic test for horses that 

carry this disorder will 

benefit the entire equine 

industry.
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Bell, Stephanie, VM:  Pathology, Microbiology and Immunology 

Borchers, Angela, VM:  Medicine and Epidemiology

Brosnan, Robert, VM:  Surgical and Radiological Sciences

Bruss, Michael, VM:  Anatomy, Physiology and Cell Biology

Buckpitt, Alan, VM:  Molecular Biosciences

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

Cissell, Derek, Veterinary Medical Teaching Hospital

Conley, Alan, VM:  Population Health and Reproduction

Conrad, Patricia, VM:  Pathology, Microbiology and Immunology

De Cock, Hilde, University of Antwerp, Belgium

Drescher, Megan, VM:  Anatomy, Physiology and Cell Biology

Ferraro, Gregory L., Center for Equine Health

Finno, Carrie, VM:  Medicine and Epidemiology

Galuppo, Larry D., VM:  Surgical and Radiological Sciences

Gardner, Ian, VM:  Medicine and Epidemiology

Giri, Shri, VM:  Molecular Biosciences

Haggett, Emily, Veterinary Medical Teaching Hospital
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CEH
Researchers

The strength of any

research program lies in 

the quality of its research-

ers.  The CEH has some of 

the best in the world in 

their fields.
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productive science-

based research program 
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Hubbard, Mont, Mechanical and Aeronautical Engineering

Jackson, Kenneth, VM:  Medicine and Epidemiology

Kass, Philip, VM:  Population Health and Reproduction

Kozikowski, Tania, Veterinary Medical Teaching Hospital
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Pusterla, Nicola, VM:  Medicine and Epidemiology  
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Rejmanek, Daniel, VM:  Pathology, Microbiology and Immunology
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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.

Rusiecki, Karen, Veterinary Medical Teaching Hospital

Ryan, Christopher, Veterinary Medical Teaching Hospital

Sabeur, Khalida, VM:  Population Health and Reproduction

Sammons, Sarah, Veterinary Medical Teaching Hospital
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Setterbo, Jacob, VM:  Anatomy, Physiology and Cell Biology
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Snyder, Jack, VM:  Surgical and Radiological Sciences

Spriet, Mathieu, VM:  Surgical and Radiological Sciences

Stanley, Scott D., California Animal Health and Food Safety Laboratory  
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Steffey, Eugene P., VM:  Surgical and Radiological Sciences

Stewart, Barbara, Veterinary Medical Teaching Hospital
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Stover, Susan M., VM:  Anatomy, Physiology and Cell Biology  

Sutovsky, Peter, California State University, San Luis Obispo 

Tablin, Fern, VM:  Anatomy, Physiology and Cell Biology
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Watson, Johanna L., VM:  Medicine and Epidemiology
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Young, Amy, VM:  Population Health and Reproduction
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* July 1, 2007–June 30, 2008

CEH
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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 Ser-
vices, 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.
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