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“No one portrays the world of 

horses quite like Katey Barrett.  

Indeed, if she has a signature, 

it is the wondrous sense of 

movement she gives to many 

of her equine subjects.  Her 

work has adorned scores of 

publications, depicting every-

thing from the riotous world of 

racing, to the grace and beauty 

of hunters and jumpers, to the 

travails of the precious Ameri-

can mustang.  Barrett has con-

tributed her work generously 

through the years, especially 

to the efforts of the Center for 

Equine Health at the University 

of California, Davis.  She asks 

for no special thanks, but she 

deserves eternal gratitude—for 

her time, her talent, and for her 

dedication to the horse.”

 —Jay Hovdey, 2003
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The Center for Equine Health has established several focused 
research initiatives to concentrate resources, expertise, cutting-edge 
technology and state-of-the-art equipment in certain areas of scientific 

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

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

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

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

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

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

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

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

fracture.

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

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

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

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

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

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

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

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

— Continued on page 10

ú
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Some major accomplishments to date include:

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

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

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

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

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

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

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

Research Initiatives—Continued

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

Some major accomplishments since the laboratory’s inception include:

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

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

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

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

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

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

virus.

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

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

 

 



12     Research Review 2007  g  Center for Equine Health

James M. Wilson Award

This year’s James M. Wilson 
Award was presented to Mr. 
Robert Tryon for his work on 
hereditary equine regional 
dermal asthenia (HERDA).  
The Wilson Award is given 
each year to the most out-
standing equine research 
publication authored by a 
graduate academic student 
or resident in the UC Davis 
School of Veterinary Medi-
cine.  The award includes a $500 cash prize, $150 in travel expenses to a 
scientific meeting to present research results, and a commemorative plaque.  
Mr. Tryon’s publication, Homozygosity Mapping Approach Identifies a Mis-
sense Mutation in Equine Cyclophilin B (PPIB) Associated with HERDA in 
the American Quarter Horse, 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.

Mr. Tryon received his B.S. in Biology from the California Institute of 
Technology in Pasadena, spent two years at the Oregon Health Sciences 
University in Portland, OR, and became a full-time graduate student in 
genetics at UC Davis in the fall of 2003.

Dan Evans Memorial Endowment

Dr. Hugo Hilton is the recipient of this 
year’s Dan Evans Memorial Endowment.  
His research will investigate three topical 
drug preparations to determine the most 
effective treatment for cannon hyperkera-
tosis in horses.  Cannon hyperkeratosis is 
a poorly defined condition that affects the 
distal hindlimbs of horses.  Occasionally 
it affects the forelimbs.  No underlying 
cause for the condition has been identi-
fied.  This study will also serve 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 of 
the trial drugs.

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 develop-

ing programs that will at-

tract and support individu-

als who have demonstrated 

their affinity and dedica-

tion to equine medicine.

Robert Tryon with his friend Torc

Dr. Hugo Hilton with Astra
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Louis R. Rowan Fellowship

This year’s Louis R. Rowan Fellowship was 
awarded to Ms. Chrisoula Toupadakis.  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.

Ms. Toupadakis completed her undergraduate studies in Art Studio and 
Biological Sciences at UC Davis and is pursuing a DVM degree and a PhD 
in Molecular, Cellular and Integrative Physiology at UC Davis.

John P. Hughes Memorial Endowment

This year’s John P. Hughes Memorial 
Endowment was awarded to Dr. Carrie 
Finno.  Dr. Finno’s research will focus on 
studying the cardiovascular and respiratory 
effects of the sedative xylazine in horses 
with fevers.  Xylazine is a sedative 
commonly used in equine practice.  Equine 
practitioners have observed that intravenous 
administration of this sedative causes a 
rapid increase in respiratory rate, shallow 
respirations, and nostril fl are in horses with 
fevers.  With administration of yohimbine, 
a xylazine antagonist, the increased 
respiratory rate will resolve, indicating that 
the respiratory effects are due to the xylazine.  Dr. Finno’s research will 
help to  increase understanding of the mechanisms behind this reaction and 
allow veterinarians to prevent this side effect in the future.  

Dr. Carrie Finno

Chrisoula Toupadakis
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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.
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Photo by Katey Barrett, 2005
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Simulcast Racing Contributions

2006 – 2007

2005 – 2006

2004 – 2005

2003 – 2004

$886,424$946,248$844,954$888,686

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 
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Medicine
and

Epidemiology

Establishing Normal Ranges of Commonly Analyzed Blood Values for Draft 
Horses (05-12)

Investigators:  Joseph Zinkl and Gregory Ferraro

Reference ranges for blood analytes of draft horses differ from those of 
light-breed horses.  Reliable reference ranges for hematology and serum 
chemistry analytes do not exist at the UC Davis Veterinary Medical 
Teaching Hospital (VMTH) or in the literature.  As draft horses are 
becoming popular and veterinarians treat them for health problems, there is 
need for reference ranges from healthy draft horses in order for veterinarians 
to evaluate them.

The objectives of this study were to obtain reference ranges for hematology 
and serum chemical analytes for Clydesdale, Percheron and Shire draft 
horses.  Blood samples were obtained from such horses at cooperating 
ranches in order to prevent stress from transportation and unfamiliar 
environment, which can alter some values.  Parameters were obtained 
for 25 horses of each breed using methods established at the VMTH.  For 
comparison purposes, approximately 20 analyses were performed on light-
breed horses.  Additionally, a subset of values were determined using the 
i-Stat® portable clinical analyzer.

In this study, normal values for complete blood counts and blood chemistry 
in draft horses were established.  The values obtained were similar to but 
not the same as those for light-breed horses.  This material was presented 
at the Tahoe Equine Medicine Conference in 2007 but has not yet been 
published in a peer-reviewed journal.

Draft horses are surging in popularity among horse enthusiasts around the 
country.  Since most all veterinary schools use light-breed horses as the 
primary source of equine medicine teaching material, many practicing 
veterinarians have expressed concern regarding the interpretation of tested 
blood values when treating draft horses.  The normal values established by 
this project can now provide veterinarians with the information necessary to 
make informed judgments regarding their draft horse patients’ health status.

Many practicing veterinarians 

have expressed concern 

regarding the interpretation 

of tested blood values when 

treating draft horses.  The 

normal values established 

by this project can now 

provide veterinarians with 
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make informed judgments 

regarding their draft horse 
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The fibrinogen binding 
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Medicine
and

Epidemiology

Screening of Thoroughbred Racehorses for Abnormal Platelet Function and 
Related Clinical Disease by a Unique Platelet Function Assay (05-14)

Investigators:  Fern Tablin, Ian Gardner, Jeffrey Norris and Jeanne Bowers

Thoroughbred racehorses suffer from bleeding tendencies ranging from mild 
to catastrophic that can result in diminished performance and even death.  
We have characterized a congenital platelet defect in a Thoroughbred 
mare, similar to a human bleeding disorder, which is genetically transmitted 
and occurs with higher frequency in closely related populations. In this 
disorder, platelet function is greatly impaired.

A new assay developed in our laboratory—the fibrinogen binding assay 
(FBA)—identifies this disorder in horses.  The goal of this study was to 
use this assay to test the platelet function of Thoroughbred horses from a 
breeding and training farm in California.  From the information obtained, 
we would estimate the prevalence of platelet disorders in Thoroughbred 
horses.

In this study, we

•  Established normal platelet fibrinogen binding in this population of 
horses and determined that alterations (both increases and decreases) in 
fibrinogen binding could be detected.

•  Identified three Thoroughbred horses that had diminished fibrinogen 
binding.  If this diminished binding correlates with clinical signs, this 
platelet function defect would be 30 times more prevalent than human 
hemophilia A.

The fibrinogen binding assay can provide valuable prospective information 
on platelet function, such that racing Thoroughbreds could be evaluated 
prior to extensive training and racing.  The test may also be useful if there 
is past evidence of bleeding in any breeding lines. The assay is highly 
replicable, specific and sensitive.  In addition, samples shipped overnight 
can be evaluated the following day, making this test more accessible to 
owners, trainers and veterinarians.

Is Ciprofloxacin Absorbed After Oral Administration to Adult Horses?(06-
07)

Investigators:  Torill Yamarik, Valerie Wiebe, W. David Wilson and
Mark Papich

Ciprofloxacin, a fluoroquinolone antibiotic effective for treating infections 
in humans, has recently become available as an inexpensive generic tablet 
formulation, making it a potential cost-effective alternative treatment in 
horses.  A poultry liquid formulation of enrofloxacin (Baytril®), a veterinary 
labeled prodrug of ciprofloxacin, has previously been used in adult horses 
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Medicine
and

Epidemiology

Due to the poor oral 

absorption and risk of severe 

side effects we cannot 

at this time recommend 

ciprofloxacin as an oral 

therapy for horses.  Therefore, 

the results of this study should 

be widely disseminated to 

equine veterinarians and 

horse owners.

to treat severe infections caused by gram-negative bacteria. However, the 
recent withdrawal of Baytril® liquid formulation from the market, and 
adverse local reactions from oral administration of the liquid injectable 
cattle formulation (Baytril-100®) in horses has left veterinarians with few 
alternatives.  Because ciprofloxacin is absorbed orally in other species, our 
hypothesis was that ciprofloxacin should be sufficiently well absorbed after 
oral administration in horses to make it valuable for treating gram-negative 
infections. 

In this study, we determined the extent of absorption of ciprofloxacin 
in healthy adult horses after administration of a single oral dose either 
intravenously or orally, and whether blood concentrations were high 
enough to treat important diseases such as pneumonia.  We found that:

•  There were large unexplained fluctuations in drug concentrations 
following both routes of administration and only 10% of the drug was 
absorbed orally.

•  The maximum ciprofloxacin concentration (CMAX) following intravenous 
dosing was 27 µg/ml (5-10 minutes) and only 1 µg/mg (1-2 hours) after oral 
dosing.

•  Using a desired AUC/MIC ratio of >100 for optimal therapeutic success 
and a MIC value of 0.1 µg/ml, an AUC of >10 would be needed to predict 
therapeutic success.  This was not achieved in any horse following oral 
dosing.  Likewise, an optimum CMAX/MIC ratio of >10 is necessary for 
therapeutic success, which was only achieved in one animal.

•  Side effects were observed after the second dose, which included one 
case of severe colic that resulted in the horse being euthanized and two 
other cases of milder colitis with laminitis.

Although ciprofloxacin is well absorbed orally in other species, the results 
of our study showed that it had only 10% absorption orally in horses.  
Furthermore, the concentrations we used were below those needed to treat 
most bacterial infections in horses.  The fact that only 10% of drug was 
absorbed suggests that 90% was retained in the intestine.  This may have 
led to colic via disruption of the intestinal bacterial flora or potential direct 
toxic injury to the GI mucosa.

These results are beneficial to the equine industry since many veterinarians 
are tempted to use this drug orally. Oral administration is unlikely to 
achieve therapeutic plasma concentrations and may indeed produce severe 
adverse effects.

Due to the poor oral absorption and risk of severe side effects we cannot 
at this time recommend ciprofloxacin as an oral therapy for horses.  
Therefore, the results of this study should be widely disseminated to 
equine veterinarians and horse owners.
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Although standard bone 

screws usually produce 

adequate healing of the 

fractured bone, complications 

can occur if the screws lose 

strength in the soft bone.  The 

design of the Acutrak Equine 

screw provides greater bone-

to-screw contact, which may 

provide increased holding 

power in the soft bone.

OrthopedicsLaboratory Comparison of the Repair Strength of Two Different Screw 
Types for Fixing Fractures of the Long Pastern Bone in Horses (05-01)

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

Fractures of the long pastern bone (P1) in racehorses are normally repaired 
by internal fixation using standard bone screws.  Although this method 
usually produces adequate healing of the fractured bone, complications can 
occur if the screws lose strength in the soft bone (Figure 1).  The design of 
the titanium, headless, tapered compression screw (Acutrak Equine screw, 
AE, Figure 2) provides greater bone-to-screw contact, which may provide 
increased holding power in the soft bone.

Figure 1.  Radiographs showing the failure of a fracture repair at the proximal joint surface 
using cortical bone screws. The fracture was stable immediately after surgery (left) but failed 
due to screw pullout 4 days after repair (right).

Figure 2.  The Acutrak Equine screw 
has a tapered variable pitch design 
that allows the screw to generate 
compression as it is inserted across 
a fracture. Because the screw has 
bone-to-screw contact along its entire 
length it has the potential to increase 
the fixation strength in the soft bone of 
the proximal aspect of the equine first 
phalanx (P1).
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Orthopedics

The Acutrak screw has 

the potential to produce a 

stronger fixation, avoid soft 

tissue impingement from a 

screw head, and increase 

the chances for achieving 

previous performance levels.

The goal of this study was to determine whether the Acutrak screw could be 
successfully inserted into the long pastern bone of horses and to compare its 
fixation strength with that of the standard lag screw.

The results of this study showed that:

•  Acutrak screws could be inserted successfully in the equine proximal 
phalanx.  None of the constructs failed at the implant bone interface (Figure 
3).

•  The measuring devices used to compare fixation strength of each method 
provided valuable information to study interfragmentary motion in a 
clinically representative fracture model.

•  There was no significant difference in gap displacement between screw 
types before or after cyclic loading of 500 cycles.

•  There was a significant difference in gap displacement between the 
proximal and distal measuring devices before cyclic testing for cortical 
bone screws but not for Acutrak screws.

 

Figure 3.  Radiographic images of two equine first phalangeal bones (P1) illustrating the 
simulated fracture model that was repaired with two Acutrak Equine headless tapered 
compression screws (left) or two cortical bone screws (right).

In summary, this study showed that the Acutrak screw provided similar 
fixation strength as standard bone screws inserted in lag fashion.  However, 
further research regarding the mechanical properties of the Acutrak screw is 
necessary before it can be recommended as the sole fixation technique for 
complete equine phalangeal fractures.  The Acutrak screw has the potential 
to produce a stronger fixation, avoid soft tissue impingement from a screw 
head, and increase the chances for achieving previous performance levels.
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This is the first study to 

characterize abnormal 

changes in bones of 

horses affected with this 

osteoporotic bone disease 

of unknown cause.  Study 

findings provide supporting 

evidence for a potential cause 

of the disease and provide 

information needed to pursue 

further studies of potential 

causes, treatments and 

preventive measures for the 

condition.

Orthopedics

Investigation of a Chronic, Debilitating Bone Disorder Affecting Horses in 
Geographic Regions with Soils High in Silicate (06-05)

Investigators:  Susan Stover, Bradd Barr and Amanda Murray

Additional Collaborators:   Jonathan Anderson, Larry Galuppo, Sarah Puchalski, 
Melinda MacDonald, Gary Magdesian, Clifton Drew, Maureen Kelleher and 
referral veterinary practitioners Matt Durham and Coral Armstrong

A recently reported condition characterized by chronic lameness, body 
stiffness, subtle incoordination, and multiple areas of bone inflammation 
has been identified by referring veterinary practitioners as a problem that 
needs investigation.  The condition has affected 4- to 22-year-old horses 
of various breeds and gender in specific geographical regions of northern 
California.  Severe disease results in death because of catastrophic bone 
fractures due to systemic bone loss or humane euthanasia.  Many affected 
horses live in geographic locations with soils known to be high in silicate.  
Bone loss has been experimentally induced in rodents by exposure to 
silicate particles.  Our goals were to characterize the bone condition in 
affected horses and to seek evidence for a relationship to silicate exposure.

In this study, we characterized the abnormal features of bones from 9 
affected horses, including bone shape and strength, presence or absence of 
fractures, and soft tissue abnormalities.  We also examined tissue specimens 
for silicate particles. We found that:

• The pathological abnormalities associated with the disease primarily 
included:

 – Skeletal deformations and fractures of scapulae, ribs and pelvis
 – Lung changes associated with chronic inflammation
 – Lymph node changes (enlargement, mineralization) associated
     with chronic stimulation and abnormal calcification
 – Crystals in macrophages in lung tissue and in some lymph nodes
    that drain the lungs

• Bones from affected horses exhibited generalized osteoporosis (loss of 
bone) in both trabecular (inner) and cortical (outer) bone tissues. 

• Bones from some severely affected horses were 25 to 30% weaker than 
normal.

• Silica dioxide crystals in the form cristobalite were present in affected 
lung tissue.  This compound has been associated with pulmonary silicosis in 
humans and horses.

This is the first study to characterize abnormal changes in bones of horses 
affected with this osteoporotic bone disease of unknown cause.  Study 
findings provide supporting evidence for a potential cause of the disease 
and provide information needed to pursue further studies of potential 
causes, treatments and preventive measures for the condition.
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Reproduction

We are currently identifying 

the gene structure of 

Mullerian-inhibiting 

hormone and anticipate that 

once developed we will 

be able to develop a more 

reliable and sensitive test 

for these common abnormal 

conditions in horses.  

Utilization of Mullerian-Inhibiting Hormone in the Diagnosis of 
Granulosa-Theca Cell Tumors in the Mare and Undescended Testes in the 
Stallion (05-08)

Investigators:  Irwin Liu and Alan Conley

Mares with granulosa-theca cell tumors (GTCTs) and cryptorchid stallions 
have increased serum concentrations of Müllerian-inhibiting hormone 
compared with their normal counterparts.  Diagnostic tools currently used 
for diagnosing granulosa-theca cell tumors in the mare include the use 
of inhibin as a tumor marker, but this method has not been completely 
satisfactory.  Similarly, hormone stimulation testing in the diagnosis of an 
undescended testicle in an animal that has been castrated may not be as 
sensitive as desired.  

The objective of this study was to develop a specific clinical diagnostic 
application for Müllerian-inhibiting hormone (MIH) for both of the 
aforementioned conditions.  Identification of this hormone in horses is 
critical in that it will distinguish between normal and some abnormal 
conditions.

In this study, we found that:

•  MIH was present in equine granulosa-cell tumors, ovarian and testicular 
tissue.

•  The ovaries of GTCT mares produced one of the key enzymes in 
testosterone production (P450 c17).

•  The presence of MIH can indeed distinguish between normal and 
cryptorchid horses.

•  Our attempts to clone the MIH gene were partially successful.

•  Once cloned, the equine MIH gene can be used to develop a more 
reliable and sensitive test than currently available.

The development of a laboratory blood test for MIH is ongoing.  We are 
currently identifying the gene structure of MIH and anticipate that once 
developed we will be able to develop a more reliable and sensitive test for 
these common abnormal conditions in horses.  



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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Predicting Regrowth of Sarcoid Tumors (04-16R)

Investigators:  Sandra Taylor, Alain Theon, Stephen 
Griffey and Christian Leutenegger

Sarcoid tumors are the most common skin tumor in 
the horse.  The development of sarcoids has been 
unequivocally linked with bovine papillomavirus, 
which is always detected in these tumors and in 
the surrounding skin.  However, no correlation has 
been documented between histologic findings in 
tissues surrounding tumors and viral infection.  This 
may explain why 20% of sarcoids that have been 
completely removed by surgery grow back.

In this study, we determined the value of a new 
molecular test to predict the risk of tumor regrowth 
after surgery in horses with sarcoids.  The test is based 
on the detection of bovine papillomavirus genetic DNA 
in normal-appearing tissue surrounding the tumor.

Bovine papilloma virus DNA was found at high levels 
in sarcoid tumors and at much lower levels in surgical 
margins.  Although the amount of virus DNA was lower 
in margins of tumors that did not recur after surgery 
than in tumors that had recurrences, the different was 
not significant in this small study.

The test developed in this study will help to increase 
confidence in the accuracy of a complete resection 
(removal of the tumor) based on histopathologic 
examination of surrounding tissues.  However, a larger 
number of tumor samples needs to be analyzed to 
confirm the preliminary findings of this study.

Studies of a New Propofol Formulation in Horses (05-
15R)

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

Propofol is an injectable anesthetic that is rarely used 
in horses due to its high cost and low concentration.  
A new formulation that promises low cost and is 
potentially available in multiple concentrations has 
been developed but requires validation.  A previous 
pilot study done in our laboratory demonstrated similar 
anesthesia results between the new and the currently 
available formulations, supporting further studies to 
validate its clinical use in horses.

In this study, we determined the pharmacokinetic, 
cardiovascular, respiratory and anesthesia recovery 
properties of the new propofol formulation in horses.  
The anesthetic was used to induce and maintain 
anesthesia for 3 hours in spontaneously breathing 
horses.  We found that:   

• The high clearance, short elimination half-life and 
mean residence time of propofol support its use in 
horses by continuous infusion.

• Induction quality was variable.  Most horses went to 
sternal recumbency quite smoothly, but muscle stiffness 
and “galloping” movements were frequently observed 
when the horses were allowed to reposition in lateral 
recumbency.

• Heart rate and blood pressures (systolic, diastolic and 
mean) remained within normal limits during the 3-hour 
anesthesia.

• Hypoventilation occurred in all horses.

• Arousal was observed during prolonged propofol 
anesthesia and was characterized by nonvoluntary 
movements and myoclonus (random twitching of 
muscles).  These effects were dose-dependent and 
independent of formulation.

• Recovery quality was considered excellent after a 
single bolus of propofol for all horses.  After prolonged 
infusion, there was greater variation in recovery among 
horses.

• Even after prolonged propofol administration, no 
clinically significant alterations in serum biochemical 
values were observed.

Recovery is the most dangerous part of equine 
anesthesia for both patient and personnel.  The 
currently available propofol has shown excellent-
quality recoveries in horses, but its cost, concentration 
and shelf-life has limited its use. With the new propofol 
formulation, very good recovery quality also was 
observed, similar to that of the original formulation.  
Our study showed that the new formulation is suitable 
for use as continuous infusion in horses, which would 
allow for prolonged procedures, and the low cost of 
production, availability in higher concentrations and 
longer shelf-life represent a substantial improvement 
over the currently available formulation.  These 
findings support further clinical studies of the new 
propofol formulation in horses.  

ú
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Detection of EHV-1 in a Population of Thoroughbred 
Horses Residing on an Endemic Stud Farm Over a 6-
Month Period (05-16R)

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

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

We hypothesize that nasal shedding from reactivated, 
latently infected horses on an endemic EHV-1 breeding 
farm is a major source of infective virus for unexposed 
horses.  Real-time polymerase chain reaction (PCR) and 
type-specific enzyme linked immunoassay (ELISA) are 
highly sensitive and specific assays that would allow 
the molecular detection of EHV-1 (PCR) and specific 
antibody production (ELISA) following a new infection 
or reactivation of the virus.

In this study, we used PCR and ELISA assays to monitor 
for the presence of EHV-1 in nasopharyngeal swabs 
and peripheral white blood cells in groups of horses 
on a local endemic stud farm.  We also determined 
the incidence of abortion and neonatal mortality 
attributable to EHV-1 at the stud farm during the study 
period.  We found that:

• No abortions due to EHV-1 occurred on the farm 
during the study period.

• Four out of a total of 1,330 samples collected (590 
whole blood samples, 590 nasopharyngeal swabs, 30 
placentas and 30 colostrum samples) were PCR positive 
for EHV-1 DNA.

• EHV-1 was detected in nasal secretions of 3 horses 
(pregnant mare, stallion and racehorse) and in the 
placenta of a full term mare.

• Seroconversion was detected in 3 out of 27 foals 
within the first month of life.

• A low level of EHV-1 nasal shedding in adult horses 
and new infections in foals less than one month. 

of age was determined in the study population of 
Thoroughbred horses residing on this breeding farm.

• Due to the low incidence of shedding and /or 
infection, no temporal association between infected 
horses could be determined.

Nasal shedding of EHV-1 is an important source of 
virus for the establishment of new infections in adult 
and young horses. The identification of reactivated 
or newly infected horses and the implementation of 
strict quarantine measures are critical management 
strategies for limiting the spread of EHV-1, particularly 
on breeding farms where abortion can occur.  This 
research demonstrated a low incidence of reactivation 
and/or new infection in the absence of EHV-1 abortion 
in the vaccinated population of horses studied. In 
addition, we were able to demonstrate infection of 
foals within the first month of life, which supports 
the hypothesis of a silent perpetual cycle of infection 
between mares and foals. The findings of the study 
contribute significant knowledge with respect to the 
viral kinetics of EHV-1 on breeding farms, which has 
direct application to the horse industry.

ú
Studies Further Suggesting Evidenced-Based Pain 
Management in Newborn Foals (05-17R)

Investigators:  Eva Eberspaecher, Scott Stanley, Marlis 
Rezende and Eugene P. Steffey

Foals commonly present for painful and surgical 
conditions like traumatic injury or ruptured urinary 
bladder. However, there is a limited choice of 
analgesics for relieving moderate to severe pain in 
horses.  The use of opioids to treat pain is standard 
practice in some animal species including humans.  
One such opioid is fentanyl.  Fentanyl patches have 
been used to provide continuous pain relief over days 
in several species including adult horses.  However, 
no studies had been done previously to determine the 
efficacy and safety of fentanyl patches in foals.
 
Previous studies with fentanyl patches provided 
information about the pharmacokinetics and safety 
in adult horses (age 4 to 10 years).  Based on this 
information, we hypothesized that fentanyl applied 
by a skin patch in foals would lead to consistently 
predictable time-related plasma levels and provide pain 
relief.
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In this study, we characterized the pharmacokinetic 
actions, behavior and tolerance of fentanyl patches in 
foals.  We found that:

• Fentanyl was detected in the plasma of the foals as early 
as 20 minutes after patch placement.

• Peak plasma concentrations of fentanyl were variable 
from very low to fairly high concentrations despite the 
“controlled” release of drug from the patch in human 
patients.

• Peak plasma concentrations were reached after about 
14 hours and returned to baseline levels 12 hours after 
patch removal.

• The fentanyl patch was easily applied and stayed in 
place for three days on the inner foreleg.

• Some foals showed a moderate increase in temperature.  
However, all foals satisfactorily tolerated the fentanyl 
patch administration and no significant side effects were 
observed.

• The results of all blood biochemical analyses were 
within normal limits.

The results of this study provide one more piece of 
information regarding the challenge of pain management 
in horses. The information gained encourages further 
research with the same drug in foals to be able to improve 
patient comfort early in life and facilitate healthy growth.

ú

Preliminary Clinical Evaluation of Three Different 
Methods of Surgical Hand Preparation For Use In 
Equine Surgery (05-18H)

Funding provided by the Hughes Memorial Endowment

Investigators:  William A. Symm, Melinda MacDonald, 
Barbara A. Byrne, Julie E. Dechant and Larry D. 
Galuppo

Optimal surgical hand preparation should provide 
substantial reductions in bacterial counts for the 
duration of surgery. Despite extensive research in 
the human surgical field and the currently accepted 
use of alcohol-based antiseptic hand rubs in clinical 
veterinary practice, no studies have been conducted 

to evaluate the use of these products in the equine 
surgical setting. Furthermore, there are no standard 
recommendations for surgical team preparation at the 
UC Davis Veterinary Medical Teaching Hospital where 
a variety of scrub techniques are currently being used.  

We hypothesize that the combined use of traditional 
aseptic hand scrubbing and alcohol-based hand rubs 
will be superior to traditional scrubbing techniques 
alone.  In a preliminary study, we determined the 
feasibility of completing a full efficacy evaluation of an 
alcohol-based hand-rub alone and in combination with 
a traditional scrub technique in equine practice.  We 
found that:

• The combination technique performed the best, scrub 
technique alone performed the worst, while Avagard 
was nearly as effective as the combination technique.

• Chloroxylenol did not perform effectively compared 
with Avagard (lotion) and was eliminated from clinical 
use based on this study.

• Avagard lotion improves the reduction of bacteria 
on the surgeons’ hands when used immediately post-
scrub.

• There is a residual reduction in bacterial counts with 
both the combination and lotion techniques compared 
with scrubbing only.

The results of this pilot study have confirmed that 
the combination technique is best.  However, to 
adequately compare these techniques, a full study 
should be performed using chlorhexidine scrub.  
Such a study would allow us to make definitive 
recommendations regarding the use of Avagard lotion. 

Preliminary Evaluation of a New Clinical Method to 
Screen for Endotoxemia in Equine Colic Patients (05-
19H)

Funding provided by the Peray Memorial Endowment

Investigators:  Amy E. Poulin, Melinda H. MacDonald, 
Jorge Nieto and Jill K. Giri

Horses are extremely sensitive to endotoxins, which are 
potentially toxic natural compounds found in bacteria. 

ú
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In fact, the high morbidity and mortality rates detected 
with colic have been attributed to endotoxin exposure 
and subsequent elevation of systemic tumor necrosis 
factor-α* (TNF-α) levels.  Other disease conditions 
causing endotoxemia with resultant increases in 
serum TNF-α are associated with a high frequency of 
complications and a poor prognosis for survival unless 
heroic therapeutic measures are undertaken early.

It is not possible to accurately measure endotoxin in 
a clinic setting because the traditional bioassay used 
for determining TNF-α levels takes over 24 hours 
to complete. Timely identification of patients with 
elevated endotoxin and TNF-α levels could facilitate 
better case management and provide a more accurate 
prognosis for owners.  A commercially available 
equine enzyme-linked immunosorbent assay (ELISA) 
may provide a sensitive and specific test for TNF-α 
that could be used to screen equine colic patients for 
endotoxemia.  This study was a pilot investigation of 
the clinical applicability of the ELISA to measure TNF-α 
in colic patients.
 
In this pilot investigation, we developed an accurate 
standard curve using the ELISA kit and recombinant 
equine TNF-α.  We found that:

• TNF-α concentrations obtained from endotoxic and 
healthy horses were highly variable between the two 
groups. 

• Control serum and plasma samples were primed with 
a known concentration of TNF-α and, along with a 
sample of serum and plasma from an endotoxic patient, 
were used to determine percentage recovery of TNF-α 
with the ELISA kit.  To be considered accurate, a test 
should recover ≥90% of sample TNF.  This criterion 
was not met.

• Results from the ELISA kit were not comparable to the 
standard cell based bioassay or quantitative RT-PCR.

• Results from clinical and control samples were highly 
variable, and dilution methods suggested that the 
results were unreliable.

This pilot study clearly demonstrated that the ELISA 
assay we evaluated is not reliable for clinical use with 
equine serum or plasma samples.  In contrast, both the 
standard bioassay and PCR techniques used to analyze 
equine samples in a parallel study were effective 
in detecting TNF-α.  Nevertheless, we have not 
abandoned the idea of identifying a more rapid ELISA 

assay appropriate for clinical practice.  Further studies 
are needed to develop an accurate ELISA technique for 
testing equine serum or plasma samples.

* Tumor necrosis factor-α belongs to a group of 
proteins and peptides that are used in organisms as 
signaling compounds. These chemical signals are 
similar to hormones and neurotransmitters and are used 
to allow one cell to communicate with another.

Analysis of Equine Semen for Equine Herpesvirus-DNA 
Using Taqman PCR (05-21H)

Fundng provided by the Hughes Memorial Endowment

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

Equine Herpesvirus-1 (EHV-1) is of considerable 
economic importance to the equine breeding industry 
as a leading cause of infectious abortion in mares. The 
virus has been shown to be present and active in the 
genital organs of stallions under both experimental and 
natural conditions.  Little attention has been given to 
the possible role of virally infected semen to equine 
infertility and transmission of the virus. In other species, 
herpes viruses are known to be present and transmitted 
via semen and to cause abnormalities in the ejaculate.  
We hypothesize that EHV-1 DNA can be detected in 
the semen of some stallions using molecular analysis.  
The Taqman PCR system has been shown to be a faster, 
more sensitive and more efficient method for detecting 
the presence of viruses in semen than conventional 
techniques. 

In this study, we examined equine semen for 
the presence of EHV-1 DNA and determined 
the percentage of virus present that was actively 
replicating.  We found that:

• EHV-1 viral DNA was not detected in any of the 
seven samples analyzed

• EHV-1 mRNA was not detected in any of the seven 
samples analyzed

• The absence of EHV-1 in any of the samples 
examined precluded the comparison of sperm cell 

ú
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Determination of How Various Degrees of Blood 
Contamination of a Cerebrospinal Fluid Sample 
Influence Indirect Fluorescence Antibody Test Results 
for Sarcocystis neurona and Neospora hughesi (05-
22R)

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

Equine protozoal myeloencephalitis (EPM) is a 
debilitating disease of the central nervous system in 
horses caused by the protozoa Sarcocystis neurona 
and, less commonly, Neospora hughesi.  The diagnosis 
of EPM is extremely difficult because many horses have 
serum antibodies against S. neurona. Confirmation 
of clinical disease when serology is positive requires 
testing cerebrospinal fluid.  An indirect fluorescence 
antibody test (IFAT) has been developed to determine 
antibody titers against both protozoa in the serum 
and cerebrospinal fluid (CSF). The most common 
approach to collecting CSF is to perform a lumbosacral 
tap; however, blood contamination is a common 
complication with the procedure and the CSF result 
may be falsely positive.    

Information regarding the amount of RBCs at a certain 
serologic titer that can cause a false positive CSF result 
would aid in diagnosis and determination of agreement 
between serum and CSF results would provide more 
information on the specificity of CSF testing in horses 
with high serologic titers.

In this study, we determined the amount of blood 
contamination required to convert an IFAT negative 
CSF sample to an IFAT false positive sample using 
whole blood from seropositive horses with different 

titers against S. neurona and N. hughesi.   An additional 
component of this study was to determine if clinically 
normal horses with a high serum titer remain negative 
in the CSF. We found that: 

• There was no effect of blood contamination on IFAT 
results for S. neurona or N. hughesi at any serologic 
titer when the CSF was contaminated with <10,000 
RBCs/µL CSF.

• At concentrations of 10,000 to 100,000 RBCs/µL of 
CSF, positive IFAT results at a titer of ≥5 were detected 
only when serum titer in the contaminating blood was 
≥160 for S. neurona.  A correlation that approached 
significance was found between the seven serum 
titer values and the percentage of positive samples 
(Spearman’s rho = 0.74, p = 0.05).

• At concentrations of 10,000 to 100,000 RBCs/µL of 
CSF, positive IFAT results at a titer of ≥5 were detected 
only when the corresponding serum titers were ≥80 
for N. hughesi.  Although there was a strong trend for 
higher titer values in contaminating blood to generate a 
higher percentage of IFAT-positive CSF samples within 
the range of N. hughesi IFAT titers of <40 to 320, this 
trend did not reach significance (Spearmans rho = 0.95, 
p = 0.06).

When sampling cerebrospinal fluid for testing via the 
IFAT for EPM, if the serum titer and amount of RBC 
contamination are known, the likelihood of obtaining a 
false positive result can be determined based upon this 
study, which will greatly aid veterinarians in arriving at 
a diagnosis.

Detection of Equine Herpesvirus-1 DNA in Equine 
Semen Using Taqman PCR and Comparison of Sperm 
Cell Morphology and Cell Types Between Infected and 
Noninfected Semen (05-23R)

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

Equine herpesvirus-1 (EHV-1) is of considerable 
economic significance to the equine breeding industry 
as a leading cause of infectious abortion in mares. 
Although the importance of herpesvirus contamination 

morphology and cellular composition of the sample 
between virally infected and noninfected semen

While the number of stallions involved in this study 
was small (7), no evidence of EHV-1, either dead or 
actively replicating, was detected in any of the semen 
samples examined. These results suggest that EHV-1 
is not present in the semen of stallions under routine 
management conditions and therefore is unlikely to be 
involved in the transmission of the virus.  Therefore, 
examination of semen during the investigation of 
disease attributed to EHV-1 is not likely to be of value.

ú

ú
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of semen is well established in other species, there is 
little information available concerning EHV-1 in equine 
semen.  Since EHV-1 has been shown to be present 
and active in the genital organs of stallions under both 
experimental and natural conditions, we hypothesized 
that EHV-1 DNA would be detected in the semen of 
some stallions based on the real-time Taqman PCR 
assay.  Taqman PCR systems have been shown to be 
a faster, more sensitive and more efficient method 
for detecting the presence of viruses in semen than 
previously used techniques.

In this study, we examined equine semen for the 
presence of EHV-1 using Taqman PCR and planned to 
correlate the presence and level of activity of virus with 
sperm morphology and other somatic cells present in 
semen.  However, we found no evidence of EHV-1 in 
any of the semen samples examined. The results of this 
study suggest that EHV-1 is not present in the semen of 
stallions under routine management conditions or the 
incidence of infection is very low.

Based on the results of this study, it is unlikely that 
semen is involved in the transmission of EHV-1. 
Examination of semen during the investigation of 
disease attributed to EHV-1 is therefore not likely to be 
of value.
 

ú

Nuclear Scintigraphic Characterization of a Chronic, 
Debilitating Bone Disorder Resulting in Persistent 
Lameness and Fractures in Northern California (05-
27R)

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

A previously unreported disease in horses has been 
identified by referring veterinary practitioners.  The 
condition limits the working career of affected horses 
and has a high likelihood of resulting in catastrophic 
fractures.  It is manifested by a persistent chronic 
lameness, stiffness or neurological signs and is 
characterized on bone scan by multiple regions of 
reactive bone.  Affected horses have had catastrophic 
cervical, scapular and rib fractures.  Necropsy of 
these horses has revealed marked bone weakness, 
pathological fractures in multiple bones and the 

presence of unusual mineral aggregates in lymph 
nodes.  At this point, the link between clinical signs, 
bone inflammation and necropsy findings is unknown.

This study was undertaken as a first step toward 
describing and characterizing this disease in 16 
affected horses. The horses were of all ages, a variety 
of different breeds and from specific geographical areas 
in northern California.  The results of our investigation 
yielded the following:

• Horses had cervical stiffness (32%) and/or ataxia 
(16%).
  
• Skeletal deformities included scapular bowing (16%) 
and swayback (21%).
  
• Respiratory signs and exercise intolerance were 
evident in 21%.
  
• Ultrasonography and radiography confirmed bone 
remodeling or degeneration in 20-75% of affected 
bones.

• Clinical pathology was unremarkable.
 
• Bone biopsies showed nonspecific reactive bone.
  
• Nuclear scintigraphic examination (16 
horses) revealed multiple regions of increased 
radiopharmaceutical uptake (IRU).

• The scapula, ribs, sternum, and pelvic bones as well 
as cervical vertebrae were most commonly affected.
 
• Remodeling or degenerative changes were seen 
ultrasonographically in 58% of scapulae with IRU and 
radiographically in ribs (40%), scapulae (20%) and 
cervical vertebrae (75%).
 
• Although conservative treatment resulted in an 
initial improvement in clinical signs in 8/17 horses, 
worsening of clinical symptoms was seen in all cases 
necessitating euthanasia after 0.5 to 7 years in 76% of 
horses affected.
 
• Necropsy of the 9 most severely affected horses 
revealed marked remodeling, deformation or fractures 
of affected bones. 

This study provides the groundwork for current research 
being performed to investigate the underlying cause and 
ultimately a treatment for this disease.
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Evaluation of Three Methods of Hand Washing For Use 
In Equine Surgery (06-15R)

Investigators:  William Symm, Melinda MacDonald, 
Barbara Byrne, Julie Dechant and Larry Galuppo

Optimal surgical hand preparation should provide 
substantial reductions in bacterial counts that are 
sustained for the duration of surgery. Despite extensive 
research in the human surgical field and the accepted 
use of alcohol-based antiseptic hand-rubs in veterinary 
practice, there are no studies evaluating the use of these 
products in the equine surgical setting. Furthermore, 
there are no standard recommendations for surgical 
team preparation at the UC Davis Veterinary Medical 
Teaching Hospital, and a variety of scrub techniques 
are currently used based on personal biases.

Our hypothesis is that the higher concentration alcohol-
based, scrubless hand-rub will be superior to scrubbing 
techniques alone and the lower concentration alcohol-
based, scrubless hand-rub. Nine surgeons from the 
equine surgery staff were recruited to participate in this 
study, and every surgeon was evaluated using each of 
the three surgical hand preparation methods.  Hand 
cultures were then analyzed and compared between 
techniques to analyze reductions in colony forming 
units immediately after preparation and to assess 
sustained bacterial suppression during surgery.  We 
found that:

• All surgical hand preparation techniques significantly 
reduced bacterial counts from the pre-antiseptic 
sample.  This effect was significant both immediately 
after application of the surgical hand preparation 
technique and later after the end of surgery.  

• There was no significant difference in the 
performance of the surgical hand techniques prior to 
the beginning of surgery or after the end of surgery.  
This finding was not affected by the duration of surgery.

• The bacterial counts prior to application of the 

Determining the Optimal Daily Dose of Oral Vitamin E 
Supplementation to Protect Neurologic Tissue Against 
Oxidative Damage (06-14R)

Investigators:  Jamie Higgins, Nicola Pusterla and Birgit 
Puschner

Vitamin E is a proven antioxidant used routinely in 
the human medicine to treat many neurologic and 
neuromuscular conditions.  Equine veterinarians 
also use Vitamin E for its antioxidative properties 
in treating equine neurologic and neuromuscular 
conditions.  It has been shown that horses are capable 
of absorbing oral supplementation of Vitamin E and 
that supplementation will lead to a corresponding 
increase in serum Vitamin E levels.  However, it has not 
been proven that oral Vitamin E supplementation will 
increase Vitamin E levels in the cerebral spinal fluid. 

To our knowledge, there is no research showing the 
dose necessary for significant elevations in Vitamin E 
levels in the targeted area of the cerebral spinal fluid 
(CSF).  Since this therapy is usually long term and is 
costly to a client, we would like to show that daily 
supplementation of Vitamin E at high doses will result 
in increased Vitamin E levels in the CSF.

The purpose of this study was to evaluate whether 
oral Vitamin E supplementation is capable of raising 
Vitamin E levels in the CSF and, if so, what dose was 
required to see this effect. We found that:

• There were increases in both serum and CSF Vitamin 
E concentrations following daily oral Vitamin E 
supplementation.

• There was a dose-dependent correlation between 
Vitamin E supplementation dose and serum Vitamin E 
concentration.

• Daily oral Vitamin E supplementation will cross an 
intact blood-brain barrier and enter the CSF.

The results of this study have shown that Vitamin 
E administered orally is absorbed and crosses the 
blood-brain barrier, and that daily oral Vitamin E 
supplementation leads to increased concentrations 
of Vitamin E in the cerebral spinal fluid.  Oral 
supplementation of Vitamin E in neurologic horses is 
expected to yield similar results, with possible higher 
CSF Vitamin E levels in patients with a compromised 
blood-brain barrier.  Therefore, the use of this therapy 
in horses with neurologic disease is warranted.  There 

ú

were increases in the Vitamin E CSF levels with both 
doses used in our study, but substantially higher serum 
levels were reached with the higher dose (10,000 IU).  
Therefore, 10,000 IU of Vitamin E should be used for 
maximum antioxidant effect.  
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surgical hand preparation techniques did not affect the 
efficacy of the technique in reducing bacterial counts.

• There was no significant difference between surgical 
hand preparation techniques.  Alcohol-based, scrubless 
hand-rub techniques were as effective as traditional 
scrubbing techniques.

This project shows that, in a clinical setting, alcohol-
based, scrubless hand-rubs work as effectively as  
traditional scrubbing techniques in a large-animal 
surgical setting. The equine industry will benefit 
from the use of a less expensive and time-consuming 
surgical scrub technique.





Marcia MacDonald Rivas 
             R E S E A R C H  G R A N T S

The Marcia MacDonald Rivas Grant program has been in existence for over 20 years 

in the UC Davis School of Veterinary Medicine.  Recently, this program was trans-

ferred to the Center for Equine Health for oversight and management of the selec-

tion of projects.  These grants are awarded to new teaching and research personnel 

(less than 5 years in the School of Veterinary Medicine).
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Microbial Community Structure in Equine Fecal Flora 
(04-01M)

Investigators:  Barbara Byrne and Meri Stratton-Phelps

Diarrhea and gastrointestinal disease in horses 
can occur subsequent to changes in feed or stress 
from transport or other medical causes.  Proper 
gastrointestinal function is dependent on the presence 
of a large and diverse population of “good” bacteria.  
The identity of very few of these bacteria are known 
and there are few tools to evaluate their presence.  The 
development of diarrhea and other gastrointestinal 
disturbances likely result from perturbation of the 
bacterial populations.

We hypothesize that a molecular biology technique—
polymerase chain reaction (PCR) analysis—can be 
used to evaluate bacterial populations in the equine 
gut and that horses on similar feeds will have similar 
populations.  In this study, we collected manure from 
normal horses on the same diet and extracted the total 
DNA for analysis by PCR.  We found that:

• Horses on a similar diet had similar populations of 
bacteria as expected and these populations did not 
change markedly over several days.

• We were able to use this technique to evaluate the 
bacterial populations in multiple levels of the gut and 
showed that the bacterial population in feces can 
reflect the make-up in the large colon although they 
are not identical.  This suggests that feces may be used 
to evaluate the bacterial populations in horses with 
clinical disease.

• The bacterial populations in feces are different in 
horses on different diets and these populations are 
altered when a horse’s feed is changed.

From this study, we developed a tool that could 
be used to evaluate the make-up of the bacterial 
population in the horse gastrointestinal tract.  It is faster 
and less expensive than traditional bacterial culture 
methods.  This technique can be used to examine 
the gastrointestinal bacteria in healthy animals and 
evaluate how bacterial populations change with 
different stresses such as antibiotic treatment, travel, or 
performance.  Once it is established what bacteria are 
present in a healthy gut, the technique can be used to 
evaluate horses with diseases such as diarrhea so that 
treatments can be directed toward re-establishing a 
healthy bacterial population.

Chronic Progressive Lymphedema in Draft Horses: 
Evaluation of Elastin Metabolism and Cytokine Milieu 
(04-02M)

Investigators:  Verena Affolter, Hilde De Cock, Christian 
Leutenegger and Gregory Ferraro

A condition characterized by chronic progressive 
swelling, hyperkeratosis and fibrosis of the distal 
legs has been recognized in Shires, Clydesdales 
and Belgian Draft horses.  Starting at an early age, it 
progresses throughout life and results in disfigurement 
and disability of the legs. Previous studies identified 
morphologically altered elastin fibers in the skin, an 
important component for appropriate function of 
lymphatic vessels. We hypothesize that progressive 
lymphedema is induced by an altered elastin 
metabolism. A primary altered elastin production, 
elastin degradation secondary to chronic inflammation 
or a combination of both may be the initiating 
mechanism involved in this disease.

In this project, we conducted studies to determine 
whether elastin production might be altered and to 
identify inflammatory processes that may be initiating 
progressive elastin degradation.  We found that:

• Desmosine levels (an element of elastin fibers) are 
increased in horses with progressive lymphedema and 
the levels increase with disease progression. This is 
consistent with increased elastin production, increased 
elastin degradation or a combination thereof.

• mRNA of factors involved with elastin degradation 
is increased with progressive lymphedema and the 
inhibiting tissue factors are not increased. Indicates 
increased elastin degradation.

• Anti-elastin antibodies can be measured in the 
serum of horses. Affected horses have higher levels of 
circulating antibodies, and the antibody titers increase 
with severity of the disease. Consistent with increased 
elastin degradation.

• Pro-inflammatory factors (COX2, IL6, IL8) are 
increased in horses with progressive lymphedema and 
inhibitory factors are not identified. The presence of 
inflammation supports the persistence of tissue factors 
degrading elastin.

• Several tissue factors supporting elastin synthesis are 
not activated. The elastin pathway appears arrested.
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• Collection of tissue lymph fluid suitable for use in 
cell cultures has not been successful to date. 

These results confirm the progressive degradation of 
elastin in horses affected with progressive lymphedema.  
Chronic inflammation is a contributing factor to 
the progressive degeneration of the elastin, as pro-
inflammatory tissue factors are increased.  A reparative 
renewal of elastin fibers would be the expected 
response to the increased degeneration observed.  
However, there is preliminary evidence that affected 
Draft horses do not respond as expected, because some 
genes responsible to initiate the production of tissue 
factors involved in new elastin production are not 
activated.  This suggests the possibility of an underlying 
genetic component in these breeds.  Evaluation of 
a possible genetic predisposition will be addressed 
in future studies.  Meanwhile, the use of anti-elastin 
antibody levels as an indicator of subclinical stages of 
disease in affected horses will be evaluated as tool for 
improved management of the disease within breeding 
herds.

ú

ú

Detailed, Three-Dimensional Imaging of Extracted 
Equine Upper Cheek Teeth by High-Resolution 
Computed Tomography: Pulp Cavity Anatomy and Its 
Age-Related Changes (05-01M)

Investigators:  Helena Kuntsi-Vaattovaara, Andres Laib, 
Thomas Farver, Riitta-Mari Tulamo and Frank Verstraete

Equine dental disease is common but is difficult to treat 
due to a poor understanding of the inner structures 
of the teeth. Tooth extraction is often traumatic and 
complicated, whereas root canal treatment may save a 
functional tooth.  Because the anatomy of upper cheek 
teeth is complex and undergoes age-related changes, 
there is a need for improved understanding of the root 
canal system for diagnosing and treating dental disease 
through root canal therapy.

This project was undertaken as a preliminary study 
to obtain essential information on the morphology of 
the cheek teeth and specifically the pulp cavity. The 
cheek teeth of one quadrant of a small group of horses 
of different ages were imaged using a modern, high-
resolution, three-dimensional computed tomography 
technique.  The images would reveal the number and 
shape of root canals and pulp horns, their architectural 

complexity and communication with each other at 
different ages.  We learned the following:

• The cheek teeth images had 2 to 6 root canals 
and 5 to 9 pulp horns.  In 5- and 7-year-old horses, 
all pulp horns communicated.  In other horses, the 
communication varied with no trend according to tooth 
or age.

• Closure of apices was not assessable.

• Volume of pulp cavity (% of total volume of the 
tooth):  Pulp cavity became smaller in older horses.  
The mean pulp cavity volume for P3 was larger than 
that for M1, and P4 had a larger volume than any of the 
molars.

• Distance from the most coronal pulp horn to the 
occlusal surface:  The distance was longest (mean 8.31 
mm) in the youngest horse and shortest (mean 5.72 
mm) for the oldest horse.  In other horses, the mean 
distance was constantly about 6 mm.  One tooth had 
an exposed pulp.

This study provides essential information in 
understanding the morphology of the cheek teeth, 
which plays an important role in diagnosis and 
clinical decision-making. This study is especially 
helpful in planning the technical aspects of root canal 
treatments and during floating. Based on this study, 
in root canal treatments, the veterinarian/technician 
must be prepared to find variable morphology, to not 
count on separation of pulp compartments, and to 
choose flowable materials to succeed in obturation.  
In floating, great care must be taken to not remove 
excessive amount of tooth material.  A safe distance 
would be 5 mm.

Investigation of the Severity of Sepsis in Equine 
Neonates by Determining the Bacterial Load and 
Selected Molecular Markers Using TaqMan PCR (05-
02M)

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

Despite advances made in the care of neonatal foals, 
sepsis remains the principal cause of death in these 
young patients.  Sepsis is often diagnosed based 
on clinical signs, blood abnormalities and positive 
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Can Abdominal Pressure Measurements in Horses with 
Colic be Used to Predict Treatment and Outcome? (05-
03M)

Investigators: Julie E. Dechant, Jorge E. Nieto and Sarah 
S. Le Jeune

The presence of a distended abdomen often indicates 
increased abdominal pressure, although serious 
increases in abdominal pressure can also occur 
without signs of abdominal distension.  Increased 
intra-abdominal pressure can compromise blood flow 

bacterial culture of blood, even though infected foals 
may have minimal or nonspecific signs.  This makes 
a definitive diagnosis of sepsis difficult.  Furthermore, 
bacterial culture is time-consuming and sometimes 
does not provide an answer, especially if the foal 
has been pretreated with antimicrobials.  Molecular 
techniques such as quantitative real-time TaqMan 
PCR would provide a better method for detecting and 
quantitating the bacterial load as well as markers of 
inflammation.

In this study, we investigated fast and reliable 
molecular markers of sepsis—namely, tumor necrosis 
factor-α (TNF-α), transforming growth factor-β (TGF-
β), and interleukin (IL)—in foals presented at the 
Veterinary Medical Teaching Hospital.  We found that:

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

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

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

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

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

to critical organs, resulting in organ malfunction and 
failure and increasing the absorption of bacteria and 
bacterial toxins from the intestinal tract.  It is thought 
to be a common occurrence in colic, and the severity 
of the increased pressure is likely to indicate the 
severity of the colic.  Although measurements of intra-
abdominal pressure have not been performed routinely 
in horses, we believe it could significantly improve the 
monitoring and treatment of critical equine patients.

In this study, we validated the procedure for measuring 
intra-abdominal pressure by measuring pressure on the 
urinary bladder in mares and comparing it with direct 
pressure measurements during standing laparoscopic 
surgery.  We also measured intra-abdominal pressure in 
normal adult mares and in horses with medically and 
surgically treated colic.  We found that:

• The technique to indirectly measure intra-abdominal 
pressure was simple to perform in mares; however, the 
measurement was affected by patient respiration and 
movement, amount of ingesta in the large colon (gut 
fill), and variations in catheter positioning.

• Indirect intra-abdominal pressure measurements 
from the bladder correlated, but did not equal, direct 
pressure measurements obtained during laparoscopic 
procedures.

• In normal mares, indirect intra-abdominal pressure 
measurements had a mean pressure of -2.3 mmHg, 
with a 95% confidence interval of -6.3 mmHg to 1.7 
mmHg.

• One-quarter of colic patients had intra-abdominal 
pressure measurements slightly greater than the upper 
limit of the 95% confidence interval for normal horses.  
However, these measurements did not correlate 
with treatment decisions or the development of 
complications.  

The technique for indirectly measuring intra-abdominal 
pressure in mares was easily adapted from similar 
techniques used in other species.  Characteristics 
of the equine patient and the equine abdomen 
made it difficult to obtain consistent and repeatable 
measurements, even in controlled situations.  
Measurement of intra-abdominal pressure may lack 
the sensitivity or specificity to detect changes that 
indicate a need for surgery or predict the development 
of complications.   Although markedly elevated 
values may be predictive of a need for surgery or the 
development of complications, it is unlikely that this 
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information will add to the clinical interpretation of 
colic patients.  Intra-abdominal pressure measurements 
may be more informative when used to monitor trends 
in abdominal pressure over time, and less useful for 
measurement at a single point in time.  Further research 
is needed to determine the utility of intra-abdominal 
pressure measurement in the management of equine 
colic.    

The Effect of Head-Down Positioning on Central Nervous 
System Blood Flow in Anesthetized Horses (06-02M)

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

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

This study was undertaken to answer several questions 
concerning the effect of head-down positioning. Does 
head-down positioning decrease brain or spinal cord 
blood flow in horses?  Are brain areas responsible for 
motor function more affected by head-down tilting?  
How does blood vessel resistance change in response 
to increased intracranial pressure?  Measurements of 
brain blood flow were made in horses anesthetized 
with isoflurane in both a horizontal body position and 
a clinically relevant head-down tilt position.   

We found that:

• Head down positioning caused a large increase in 
intracranial pressure and a 20% reduction in blood 
flow to most regions of the brain.

• Spinal cord blood flow was unaffected by body 
position, but was very low compared with other 

nervous system tissues.  This suggests that the spinal 
cord could frequently exhibit marginal blood flow 
during general anesthesia that, in turn, could contribute 
to incoordination during recovery and provide a 
mechanism for a specific type of post-anesthetic spinal 
cord injury in horses.

This information will be used by veterinarians to 
improve blood pressure management during head-
down positioning in anesthetized horses.  In addition, 
our results suggest that horses could be predisposed 
to spinal cord injury during anesthesia (either overt 
or subclinical).  This work also suggests that a re-
evaluation of current blood pressure management 
techniques in anesthetized horses is warranted in order 
to minimize risk of neurologic injury and improve 
outcomes following recovery from anesthesia.





Newly Funded 
             R E S E A R C H  S T U D I E S
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Ability of a Progestin (5α-Dihydroprogesterone) 
to Produce Uterine Changes and Maintain Early 
Pregnancy in the Mare (07-01)

Investigators:  Alan  Conley, Barry Ball and Elizabeth 
Scholtz

Numerous progestins besides progesterone are 
produced in the mare during pregnancy.  In fact, low 
circulating levels of progesterone found during most of 
gestation in the mare and undetectable progesterone 
levels in other species such as the elephant have 
led researchers to speculate that other progestins 
may be responsible for maintaining pregnancy.  The 
bioactivity of many of these progestins, in particular 
5α-dihydroprogesterone (DHP), is unknown and so the 
relative importance of these progestins in maintaining 
pregnancy remains unclear.

In the proposed study, we will determine whether 5α-
DHP has progestagenic effects on the endometrium 
in the mare and whether it has the ability to maintain 
early pregnancy.  This study may provide new 
insights into diagnostic tools predictive of pregnancy 
loss.  Furthermore, if 5α-DHP is found to play a 
major role in the maintenance of early pregnancy, its 
administration could be of therapeutic benefit in high-
risk pregnancies.

ú

ú

Characterization of the Activity of an Enzyme 
(Indoleamine-2,3-dioxygenase) in the Immune System 
of the Horse and Its Role in the Immune Response to 
Rhodococcus equi (07-02)

Investigators:  Johanna Watson, Meera Heller and 
Kenneth Jackson

Foal pneumonia caused by Rhodococcus equi infection 
can be an expensive, devastating and sometimes 
fatal disease. Two choices are currently available for 
preventive treatment, but each has drawbacks.  One 
treatment is the administration of hyperimmune plasma 
to all foals on a farm prior to any onset of disease.  This 
option is very labor-intensive and expensive (>$400 per 
foal).  The second treatment is the administration of an 
antibiotic to all foals on a farm for the first two weeks 
of life.  This option poses the very real risk of increased 
antiobiotic resistance of R. equi.

Determine How Horses Living on a Farm with 
Seroprevalence to the Agents of Equine Protozoal 
Myeloencephalitis (Neospora sp., Sarcocystis neurona) 
Become Exposed to These Apicomplexan Protozoa (07-
03)

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

Equine protozoal myeloencephalitis (EPM) is a 
debilitating protozoal disease of the central nervous 
system that is typically caused by infection with 
Sarcocystis neurona, although recent reports have 
suggested that it may also but less commonly be caused 
by infection with Neospora sp.  We recently diagnosed 
a draft horse foal with neurologic neosporosis, which 
led us to investigate the seroprevalence to both of 
these protozoal pathogens at the farm of origin.  
The seroprevalence (the number of individuals in a 
population who test positive for a specific disease 
based on blood serum samples) of S. neurona (65%) 
and N. hughesi (83%) was among the highest ever 
recorded by our research group.

Based on previous research, we hypothesize that the 
mode of transmission of Neospora sp. is likely to be 
transplacentally, whereas S. neurona exposure is likely 
to occur after birth.  Additionally, we believe that the 

The best preventive method for R. equi infection of the 
foal would be an effective vaccine, but past attempts 
at vaccine development have not produced a viable 
product and future development of a vaccine will 
require a more in-depth understanding of the host-
immune response.

There are many proteins involved in the immune 
response that could be inhibited or enhanced during 
critical risk periods for infection at the time of natural 
exposure to or in combination with vaccination against 
R. equi.  One of these proteins is indoleamine-2,3-
dioxyenase ( IDO).  In the proposed study, we will 
determine the expression of IDO and its activity in the 
horse and foal and characterize the effect of loss of 
IDO function on R. equi infection.

This study and others will help provide the 
necessary missing information for successful vaccine 
development.  
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ecology and epidemiology of both protozoal parasites 
will be determined by monthly serological monitoring 
of the resident horse population.

Many important aspects of the epidemiology/ecology 
of N. hughesi and S. neurona are unknown.  These 
pathogens are difficult to study in the field because 
their prevalence in the horse population is so 
variable.  The farm of origin cited above offers a 
unique opportunity to investigate several aspects of the 
epidemiology/ecology of EPM so that ultimately we can 
determine the mode(s) of infection in a population of 
resident horses.

Development of a Genetic Test for Hereditary Bleeding 
Predisposition in Thoroughbred Horses (07-04)

Investigators:  Fern Tablin, Danika Bannasch and Jeffrey 
Norris

Thoroughbred horses have bleeding tendencies ranging 
from mild to severe that can result in diminished 
performance and health risk.  In a previous study, 
we identified a congenital platelet defect in three 
Thoroughbred horses that is characterized by reduced 
fibrinogen binding in response to thrombin activation.  
We also screened a discrete population of California 
Thoroughbreds for this disorder and from this screening 
estimate that the disease frequency is approximately 
1:150.
 
We hypothesize that this bleeding problem results from 
a specific defect in the thrombin signaling pathway that 
normally causes platelets to coagulate.  In the proposed 
study, we will confirm preliminary data from our 
laboratory indicating that a defect exists in this pathway 
using platelets from an affected horse.  After confirming 
the signaling defect, we will identify the gene mutation 
associated with the defect in the signaling pathway 
and design a genetic test that can be used to identify 
affected animals.

The development of a genetic test for horses with 
a predisposition to bleeding will  provide a tool for 
breeders, trainers and owners to reduce their risk when 
balancing the complicated factors of speed, talent 
and pedigree.  Such a test can be applied not only to 
breeding healthier horses but also toward the informed 
use of pre-race medications for prevention of bleeding.  

Although this study targets Thoroughbreds, other gene 
mutations have been found that cross breed lines and 
this test will be of value beyond our target population.   

The Efficacy of a Genetically Cloned Equine 
Follicle-Stimulating Hormone (eFSH) to Promote 
Superovulation and Increase Embryo Production in the 
Mare (07-06)

Investigators: Janet Roser and Geraldine Meyers-Brown

The horse’s own  follicle-stimulating hormone (native 
eFSH) is difficult to obtain in large amounts as a drug for 
breeding management.  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 project, we studied the effects of reFSH and 
found that it increased follicular development in cycling 
mares.  We are currently investigating its efficacy in 
the transitional mare. The ability of reFSH to stimulate 
multiple ovulations is yet to be established.

We believe that recombinant eFSH (reFSH) stimulates 
superovulation in the mare and is suitable for use in 
assisted reproductive technologies.  In this study, we 
propose to determine the ability of reFSH to stimulate 
multiple ovulations and increase embryo production in 
cycling mares.

At the present time, purified eFSH is not available to 
veterinarians as a drug to stimulate follicle growth.  
Embryo recovery is approximately 50% from single 
ovulating mares per estrus cycle.  Other drugs that 
promote FSH activity such as gonadotropin releasing 
hormone, equine chorionic gonadotropin or pituitary 
extracts are problematic.  Bioactive, purified reFSH 
could be extremely useful  for manipulating reproductive 
function in the mare for increasing embryo recovery or 
to improve reproductive technologies such as gamete 
intra-fallopian transfer, intracytoplasmic sperm injection 
and oocyte retrieval.
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Bacterial Changes in the Horse Gut Due to Elective 
Surgical Procedures (07-07)

Investigators:  Barbara Byrne, K. Gary Magdesian and 
Nadira Chouicha

Diarrhea is a significant complication of healthy 
horses undergoing surgical procedures.  It can have 
devastating consequences leading to laminitis or death.  
The exact cause of diarrhea is frequently undetermined 
despite efforts to culture specific bacterial pathogens, 
suggesting that other changes occur in the gut bacterial 
population.  A better understanding of how elective 
surgical procedures affect the bacterial population in 
the equine gut is essential to understand how to prevent 
and treat diarrhea in hospitalized patients.

We hypothesize that the gastrointestinal bacterial 
population in horses undergoing elective surgical 
procedures receiving preventive antibiotic therapy 
is inevitably altered during hospitalization.  In the 
proposed study, we will establish the normal bacterial 
population of horses entering the UC Davis Veterinary 
Medical Teaching Hospital for elective orthopedic 
procedures and determine the changes that occur 
during hospitalization when horses undergoing surgery 
are given preventive antibiotic therapy.  A secondary 
objective will be to determine whether changes during 
hospitalization are also associated with infection by 
bacteria that cause diarrhea such as Salmonella or C. 
difficile.

The long-term goal of this work is to allow veterinarians 
to understand the changes in equine gut bacteria 
that occur with diarrhea and how they cause 
gastrointestinal tract disturbances.  The results of the 
studies could eventually be used for development and 
evaluation of preventive methods and therapies for 
diarrhea in hospitalized equine patients.  

ú

Investigation of Why Some Horses Develop Allergy to 
Vaccines (07-08)

Investigators:  Laurel Gershwin and Hiyoshi Suzuki

Type I hypersensitivity reaction to vaccine components 
and environmental antigens causes clinical disease 
in some horses.  We have shown that some horses 
develop an allergic immune response to proteins in 

vaccines that are contaminants (not required for disease 
protection).  It is not clear why this occurs in some 
horses and not in others or how it relates to clinical 
vaccine reactions.

We hypothesize that some horses, like some humans, 
become allergic to pollens and other environmental 
allergens and that those horses are more likely to 
exhibit an allergic response to a vaccine. It is possible 
that those horses lack a certain type of cell that 
normally suppresses an allergic response.  In the 
proposed study, we will measure the production of 
cells that normally suppress allergy and the molecules 
that they produce. This will be done before and after 
routine vaccination.  Horses with an allergic response 
will be compared with those that do not. 

Determination of the mechanisms involved in 
development of allergic responses of horses to vaccine 
components will make it easier to prevent such 
occurrences.  It will also make it possible to screen 
vaccines for those lacking proteins that induce allergic 
reactivity in individual horses.
 

Simulation of Hoof Interaction with Different Racetrack 
Surfaces to Understand Surface Effects on Fetlock 
Biomechanics (07-09) 

Investigators:  Susan Stover, Shrinivasa Upadhyaya, Mont 
Hubbard, Jacob Setterbo, Michael Peterson and Chris 
Kawcak

During the last 15 years, more than 3,200 California 
racehorses died because of a severe musculoskeletal 
injury.  Over 25% of these deaths were attributed to 
fetlock injuries.  Racetrack surfaces have long been 
blamed for causing injuries, but epidemiologic studies 
of racetrack surfaces have been inconclusive because 
the effects of multiple, confounding factors that affect 
injury are difficult to separate.  Because racetrack 
surfaces are likely to affect risk for injury, and surfaces 
can be managed, specific knowledge of the relationship 
between surface characteristics and limb biomechanics 
is needed.

We believe that race surfaces can be specifically 
engineered to reduce fetlock injuries because 
knowledge of racetrack surface material properties 
can be used to minimize fetlock hyperextension.  The 

ú
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Linda Starkman
Research Grant Award

This study to determine the 
cause of headshaking in horses 

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

2003, the grant recognizes
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of the Center for Equine Health, 

its research and education
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the School of Veterinary
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acknowledge Linda Starkman 
for her dedication to the welfare 
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Linda Starkman
Determining the Cause of Headshaking in Horses:  Evaluation of the 
Trigeminal Nerve and Factors Which May Alter Pain Sensations Resulting 
in Headshaking (07-05)

Investigators:  John Madigan, Kirstie Dacre, Craig Johnson, Alan Conley and 
Monica Aleman

Headshaking in horses is a distressing condition in which there is violent 
and uncontrollable shaking and flipping of the head.  Once affected, the 
horse has the condition for life.  Although some treatments have been 
partially helpful, there is no known cure for this disease.  Headshaking is 
believed to be caused by abnormalities in the trigeminal nerve, which then 
produces signs of neuropathic (nerve) pain that is felt as burning, tingling, 
itching or electric-like sensations to the horse’s head.  The mechanism by 
which horses develop this neuropathic pain is not currently understood.

It is our hypothesis that seasonal changes of the hormones FSH and LH in 
geldings, which have no normal testosterone feedback, produce chemical 
changes in the trigeminal nerve resulting in neuropathic pain sensations and 
headshaking symptoms.

In the proposed study, we will obtain measurements and recordings 
of trigeminal nerve and brain electrical activity (called SEP and EEG, 
respectively) following stimulation of the trigeminal nerve in horses 
to determine what is normal.  We will measure these brain recordings 
in response to trigeminal nerve stimulation and compare LH and FSH 
hormone levels at various times of the year to determine whether and 
how they are related to changes in SEPs and EEG responses to trigeminal 
nerve stimulation in both normal and headshaking horses.  We will also 
investigate the presence of LH and FSH receptors in the trigeminal nerve 
ganglion of headshaking horses. 

Currently, horses are treated with medication in an attempt to dampen 
nerve firing.  All available medications have side effects and many owners 
cannot afford the daily medications needed. Understanding the cause of 
headshaking is vital for developing more effective treatments to treat this 
distressing and painful condition.
 

hypothesis of this proposal is that the interaction of the hoof with synthetic, 
dirt, and turf surfaces can be modeled to understand risks for fetlock injury 
because model simulations of lower limb motion can determine the degree 
of fetlock hyperextension under different racetrack surface conditions.

In the proposed study, we will model the hoof-racetrack surface interaction 
and simulate lower limb motion during race-speed gallop for use in 
understanding the effects of typical synthetic, dirt, and turf surfaces on 
fetlock biomechanics.  This research would enable scientific comparison 
of different surfaces for the specific design of surfaces to prevent the largest 
cause of racehorse attrition—fetlock injuries.

ú
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Study the Presence of Equine Herpesvirus-1 in Sick 
and Healthy Horses and Investigate the Dormant State 
of Equine Herpesvirus-1 in Horses Using Molecular 
Technology (07-10)

Investigators:  Nicola Pusterla, W. David Wilson, John  
Madigan and N. James MacLachlan

Equine herpesvirus-1 (EHV-1) infection is 
widespread in horse populations throughout the 
world.   It produces respiratory disease, abortion, 
and neurological symptoms (myeloencephalopathy), 
as recently experienced at riding schools, racetracks 
and veterinary hospitals throughout North America. 
Several aspects of this disease are not well understood 
and should be investigated, such as the prevalence of 
the virus in specific horse populations, its molecular 
characterization, and viral kinetics associated with 
reactivation of the latent state.  This information is 
essential to establish appropriate biosecurity policies to 
prevent the spread of this disease.

To better understand the role of individual horse 
populations in the transmission biology of the virus, 
we propose to study and characterize EHV-1 in 
populations of healthy and immuno-compromised 
horses. We will determine the prevalence of EHV-1 
in these horses by analyzing whole blood and nasal 
secretions for the presence of EHV-1 by polymerase 
chain reaction (PCR).   We will determine and 
characterize the viral state of EHV-1 in peripheral 
lymph nodes of healthy and sick horses using 
molecular tools and study the viral kinetics of EHV-
1 in healthy horses following corticosteroid-induced 
reactivation of latency.

The results generated from this study will provide 
answers to some of the basic epidemiologic questions 
regarding the biology of EHV-1.  This information 
is crucial in order to better protect specific horse 
populations from exposure to EHV-1 and also to 
institute scientifically based biosecurity policies to 
prevent outbreaks.

Evaluation of Post-Transfusion Red Blood Cell Survival 
in Thoroughbred Horses (07-11)

Investigators:  Sean Owens, Dori Borjesson, Fern Tablin 
and K. Gary Magdesian

Blood transfusion in the horse is an essential part of 
veterinary care and has become indispensable for 
the support of increasingly sophisticated surgical 
procedures. However, a few small studies have shown 
that transfused horse red blood cells (RBCs) have very 
short survival in the recipient horse compared with 
RBC survival in transfused humans, dogs, cats and 
rabbits.  Post-transfusion RBC survival in the horse 
using current blood banking protocols has not been 
evaluated.

We hypothesize that biotin-labeling of RBCs is a valid 
method for determining post-transfusion RBC survival 
in horses, that post-transfusion RBC survival in adult 
horses is similar to that of other species, and that post-
transfusion survival of equine RBCs is dependent on 
the length of storage in citrate-phosphate-dextrose 
preservative solution with supplemental adenine 
(CPDA-1).

The objectives of this study will be to validate a 
nonradioactive RBC-labeling technique in the horse 
and to compare post-transfusion RBC survival of 
nonstored blood vs. blood stored over time using 
current blood banking protocols.  Successful 
completion of this pilot study will lead to further studies 
to better define appropriate blood storage conditions 
and blood typing and cross-matching procedures in the 
horse.

Does Perfusion Pressure to the Equine Hoof Determine 
Blood Flow to the Equine Hoof? (07-12)

Investigators:  Robert Brosnan, Eugene Steffey, 
Alejandro Vico and Irwin Liu

Laminitis is a very painful condition that may result 
from increased pressure inside the hoof.  The equine 
hoof receives its blood supply from capillaries that 
travel between hoof wall tissue and bone.  Because 
vessels are enclosed within a semi-rigid space, 
increases in blood or fluid volume in the foot may 
dramatically increase pressure surrounding blood 

ú
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vessels in the hoof.  This in turn could decrease the driving pressure for 
blood flow into the foot and predispose horses to laminitis.

Digital perfusion pressure is defined as the difference in pressure between 
the arteries in the leg and the tissue pressure in the hoof wall.  It is predicted 
to be the driving force for blood flow to the horse hoof.  We hypothesize 
that decreasing digital perfusion pressure will decrease blood flow to the 
hoof lamina.

The purpose of this study is to measure blood flow to the hoof laminae 
in anesthetized horses under conditions where digital perfusion pressure 
is altered.  We will then test for a correlation between digital perfusion 
pressure and blood flow to the hoof laminae.  If this correlation is correct, 
then digital perfusion pressure measurement may be useful for predicting 
the onset of laminitis, for monitoring disease progression, and for evaluating 
treatment efficacy in standing, awake horses.

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

Evaluation of Three Methods of Hand Washing For Use In Equine Surgery 
(06-15R)

Investigators:  William Symm, Melinda MacDonald, Barbara Byrne, Julie 
Dechant and Larry Galuppo

Optimal surgical hand preparation should provide substantial reductions 
in bacterial counts that are sustained for the duration of surgery. Despite 
extensive research in the human surgical field and the accepted use of 
alcohol-based antiseptic hand-rubs in veterinary practice, there are no 
studies evaluating the use of these products in the equine surgical setting. 
Furthermore, there are no standard recommendations for surgical team 
preparation at the UC Davis Veterinary Medical Teaching Hospital, and a 
variety of scrub techniques are currently used based on personal biases.

Human medical literature provides conflicting data regarding the 
effectiveness of scrubless alcohol-based hand-rubs, and there is no 
published research to support the exclusive use of these products in the 
veterinary surgical environment. In fact, it has been suggested that there 
may be unique concerns associated with use of these products in equine 
practice related to routine contamination of surgical personnel immediately 
prior to surgery. Our hypothesis is that the combined use of traditional 
hand scrubbing and alcohol-based hand-rubs will be superior to scrubbing 
techniques alone.

The objective of the proposed study is to determine whether alcohol-based 
hand-rubs are an effective adjunct or possibly a replacement for traditional 
scrubbing techniques. If hand-rubs alone are found to be effective, surgeon 
hand preparation time can be decreased.

Tremendous effort and expense must be invested to prevent surgical 
infections. One source of intra-operative contamination is the surgeon, and 
many different techniques and commercial products have been developed 
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to aseptically prepare the surgical staff. Recently, 
alcohol-based hand-rubs have been used in both 
human and veterinary medical settings. However, these 
products have not been demonstrated to be effective 
in veterinary practice in which surgeons are routinely 
exposed to significant contamination immediately prior 
to surgery. Evaluating a scrubless hand-rub in clinical 
practice will allow us to determine if its use is effective 
alone or in combination with traditional scrubbing 
techniques.

ú

Evaluation of a Novel Drug for Treatment of Endotoxemia 
in Horses (06-16R) 

Investigators:  Amy Poulin, Melinda MacDonald, Jorge 
Nieto, Michael Bruss, Scott Stanley and Shri Giri

Endotoxemia is a condition characterized by the 
presence of endotoxins in the blood.  Endotoxins (the 
term itself means inner poisons) are toxic components 
of gram-negative bacteria that reside in the
intestines of all animals. These toxins are always 
present, contained within the lumen of the intestine.  
Conditions that cause inflammatory response in the 
gut wall (such as colitis) can cause the bacterial toxins 
to enter the bloodstream, resulting in endotoxemia 
which can lead to serious consequences including 
shock and death.  In previous studies, pirfenidone 
has been studied in animal models for the treatment 
of endotoxemia with promising results.  Earlier 
work performed in our laboratory documented the 
pharmacokinetic profile of this medication following 
intravenous administration in horses.

We hypothesize that pirfenidone will demonstrate 
protective effects in an induced endotoxemia model 
in horses.  Specifically, we propose that intravenous 
administration of this medication to horses, after 
they are given a low dose of endotoxin that is known 
to induce mild clinical signs of endotoxemia, will 
minimize clinical signs, prevent associated leucopenia 
(lower-than-normal white blood cells) and inhibit 
production of TNF-α.  TNF-α is a measurable cytokine 
present in the blood that is most closely correlated 
to the severity of disease and survivability with 
endotoxemia. 

Drugs that are currently available to treat endotoxemia 
in horses are of limited clinical benefit and have 

numerous adverse side effects.  There is a substantial 
and well-documented need to identify safe and 
effective medications to treat endotoxemia in horses, 
and this study is designed to evaluate whether 
pirfenidone will be a valuable medication for that 
purpose.

ú

Effects of Xylazine on the Respiratory and Cardiovascular 
Function of Horses with Fevers (06-17H)

Funding provided by the Hughes Memorial Endowment

Investigators:  Carrie Finno and K. Gary Magdesian

Xylazine is a sedative commonly used in equine 
practice.  However, equine practitioners have observed 
that intravenous xylazine administration to horses 
with fevers commonly causes a rapid increase in 
respiratory rate (tachypnea) with shallow respirations 
and a nostril flare.  Yohimbine is a xylazine antagonist 
used in veterinary medicine to reverse anesthesia from 
xylazine.  When yohimbine is administered to these 
horses, the respiratory rate returns to normal, indicating 
that the respiratory effects are due to the xylazine.  A 
similar phenomenon has been reported in sheep, with 
a significant decrease in blood oxygen concentrations 
(hypoxemia) occurring after xylazine administration.

We hypothesize that the hypoxemia that occurs in 
horses with fevers and results in a profound increase 
in respiratory rate is due to xylazine administration.  In 
this study, we will investigate the mechanism behind 
the xylazine-induced increase in respiratory rate in 
horses with fevers by assessing both the cardiovascular 
and respiratory responses after administration.  

Although the adverse effects of xylazine are reversible, 
the respiratory effects are pronounced and concerning 
for both the client and practitioner.  By achieving a 
better understanding of the mechanism behind the 
reaction, practitioners may be able to prevent this side 
effect in the future when administering xylazine to 
horses with fevers.
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An Investigation into Which of Three Topical Drug 
Preparations is Most Effective as a Treatment of Cannon 
Hyperkeratosis in a Horse (06-18H)

Funding provided by the Evans Memorial Endowment

Investigators:  Hugo Hilton, Stephen White and Verena 
Affolter

Cannon hyperkeratosis is a poorly defined condition 
that affects the distal hindlimbs (and occasionally 
the forelimbs) of horses. Hyperkeratosis results when 
an excess of proteins called keratins are produced, 
resulting in a thickening of the skin. The lesions are not 
itchy or painful. No underlying cause for the condition 
has been identified, and the hyperkeratosis recurs if 
manually removed. 

We hypothesize that local treatment with one of three 
preparations will provide effective treatment for this 
condition.  In the proposed study, we will test three 
topical drug preparations to determine which should be 
tested in a more in-depth study with a larger population 
of affected horses.

Cannon hyperkeratosis is a frustrating and costly 
condition in affected horses. Although it does not 
appear to be painful, the condition is unsightly and 
the lesions may become infected with bacteria. Any 
information gained about the underlying cause of the 
condition may help in the prevention and early control 
of this condition.

ú

Clinical Comparison of Two Drugs for Postoperative 
Recovery in Horses (06-19R)

Investigators:  Kerry Robinson and Robert Brosnan

Following inhalation anesthesia, horses experience 
excitement and uncoordinated attempts to stand that 
can lead to injury.  Xylazine and romifidine are used to 
sedate horses during anesthetic recovery and improve 
recovery quality.  However, there are currently no 
studies to compare these two sedative drugs or their 
dose effects in clinical equine anesthetic cases. We 
hypothesize that romifidine will be associated with 
better recovery quality than an equipotent dose of 
xylazine, and that there is a dose-dependent effect on 
recovery quality for both drugs.

In this study, we will compare xylazine and romifidine 
in horses during postanesthetic recovery at the UC 
Davis Veterinary Medical Teaching Hospital and 
determine optimal doses for each of these drugs. 
Because the anesthetic recovery period represents the 
greatest risk to equine patients, improvements in the 
selection of sedative drugs and doses during recovery 
will decrease postanesthetic morbidity and mortality in 
horses.

The Effects of Continuous Infusion of Lidocaine on 
Gastrointestinal Tract Function and Transit Time in Six 
Healthy Horses (06-20R)

Investigators:  Karen Rusiecki, Jorge Nieto and Jack 
Snyder

Lidocaine is one of the most commonly used drugs to 
stimulate motility in horses after colic surgery.  It has 
also some analgesic and anti-inflammatory properties 
and is commonly used in medical colics to reduce pain 
and inflammation.  However, its effect on increasing 
intestinal motility in horses is still unproven.

A recent study showed no evidence of lidocaine 
increasing intestinal motility in normal horses after 
abdominal surgery and in fact showed evidence that it 
might decrease propulsive motility.  We hypothesize 
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 the proposed study, we will determine whether 
continuous infusion of lidocaine has a beneficial or a 
deleterious effect on the gastrointestinal tract function 
of normal horses.  This study will provide information 
on whether lidocaine can truly be classified and 
used as a prokinetic (motility stimulant) to increase 
intestinal motility/transit time.  If lidocaine shows 
prokinetic effects, it will be safely recommended in 
cases of resection and anastomosis (the connection 
of normally separate parts) of the small intestine to 
prevent postoperative ileus (paralysis of the intestine).  
If lidocaine causes reduced gastrointestinal function, 
clinicians should be aware that it may have deleterious 
effects in some types of colics.

ú
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Preliminary Evaluation of Magnetic Resonance Imaging 
(MRI) for the Characterization of Early Fetlock Injury 
Including Bone Bruising or Edema of Thoroughbred 
Racehorses in Training (06-21R)  

Investigators:  Ryan Schultz, Sarah Puchalski, Larry 
Galuppo and Susan Stover

Magnetic resonance imaging (MRI) can be used 
to identify specific imaging characteristics, termed 
bone edema, that precede stress fractures induced by 
excessive training in human athletes.  Similar to human 
athletes, racehorses are subjected to repetitive forces 
that induce bone remodeling and can eventually lead 
to stress fractures or fetlock breakdown injuries.  MRI 
has not yet been used for identifying early bone injury 
in racehorses.  

We hypothesize that bone edema occurs in the 
distal cannon bone of racehorses in the acute stage 
of repetitive, exercise-induced injury and can be 
detected using MRI because similar changes have 
been documented in human athletes.  In the proposed 
study, our objective is to optimize MRI sequences 
for evaluating the fetlock joints and identifying third 
metacarpal (cannon) bone edema.  We will also 
compare the images obtained in low- and high-field 
standing MRI with high-detail radiographs and gross 
and histopathological findings.  Ultimately, we will 
describe the underlying pathology in regions of bone 
edema as identified using MRI.  

If we can develop a test to identify horses at high risk 
for cannon bone fractures, training for these horses 
can be reduced to prevent breakdown injuries.  These 
preliminary results may justify a larger study to further 
characterize these imaging findings.  Furthermore, 
if MRI accurately depicts pathology, prospective, 
longitudinal studies of horses in training using can be 
performed to identify more specific changes preceding 
fracture.  

Determine the Effect of Omeprazole Paste When 
Administered Rectally to Clinically Normal Horses on 
the pH of Fluid Within the Stomach (07-13R)  
 
Investigators:  Courtney Rand, Nicola Pusterla and Scott 
Stanley

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 the 
treatment of gastroesophageal reflux disease. Equine 
veterinarians also use omeprazole in treating equine 
gastric ulcer syndrome. Use of the oral formulation of 
omeprazole is often not possible in 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. 

We hypothesize that a rectal formulation of 
omeprazole would be useful for increasing gastric fluid 
pH and therefore for treating and preventing gastric 
ulcers in horses with conditions restricting the oral 
intake of medication.  In the proposed study, we will 
evaluate whether omeprazole administered rectally 
is capable of raising the pH of gastric fluid and, if so, 
what dose is required to achieve this effect.  If this 
mode of administration proves successful, a rectal 
formulation of omeprazole will be useful for treating 
horses who cannot tolerate oral medications or feed.

The Potential Role of Equine Gamma-Herpesviruses in 
Foal Illness (07-01M)

Funding provided by Marcia MacDonald Rivas Grant

Investigators:  Stephanie Bell, N. James MacLachlan, 
Udeni Balasuriya and Ian Gardner

Herpesviruses cause several distinct disease syndromes 
in horses.  However, the association of equine gamma-
herpesviruses (EHV-2 and EHV-5) with disease is 
poorly defined.  In humans, the symptoms of infectious 
mononucleosis caused by the gamma-herpesvirus 
Epstein-Barr Virus are similar to a commonly 
recognized syndrome in foals.
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MacDonald
Rivas
GrantsEvaluation of Inflammatory Gene Activation in Horses Undergoing Colic 

Surgery (07-02M)

Funding provided by Marcia MacDonald Rivas Grant

Investigators:  Julie Dechant and Nicola Pusterla
 
Endotoxemia is a common, potentially life-threatening condition in horses 
with colic due to the excessive activation of inflammatory responses that 
can damage organ systems throughout the body.  Inflammatory processes 
can be recognized early by evaluating inflammatory markers called 
cytokines, which are expressed in blood and abdominal fluid cells and 
provide evidence of inflammatory gene activation.  This early recognition 
may allow for prompt treatment and management of horses with early 
signs of endotoxemia and prevent the development of life-threatening 
consequences.

We hypothesize that the level of cytokine expression is higher in the blood 
and abdominal fluid cells of horses with surgical colic than in those of 
healthy horses.  Furthermore, the level of gene expression for each group 
will vary between blood and abdominal fluid.

In the proposed study, we will determine and compare the gene expression 
of several inflammatory proteins in the blood and abdominal fluid from 
horses with surgical colic and from healthy, normal horses.

Recognition of inflammatory gene activation in horses with colic will aid 
in the early and aggressive treatment of endotoxemia and may reduce 
the development of life-threatening complications such as laminitis and 
diarrhea.  Moreover, a better understanding of the gene activation profiles 
in colicky horses will help guide future diagnostic tests and treatment 
approaches. 

We hypothesize that gamma-herpesvirus infection of foals leads to a disease 
analogous to Epstein-Barr-Virus-induced mononucleosis in humans.  The 
different EHV share many common features of pathogenesis, including 
latency and an affinity for lymphoid tissue.  In the proposed project, we 
will define the immune response of foals to primary infection with EHV-2 
and EHV-5 and compare these parameters with those seen in humans that 
develop infectious mononucleosis as a result of Epstein-Barr-Virus infection.  

Knowledge of the biology of the equine gamma-herpesviruses is vital for 
several reasons.  The fact that these viruses may directly cause illness 
in foals is clearly important.  In addition, gamma-herpesviruses lead 
to immunosuppression in their hosts, possibly predisposing foals to 
Rhodococcus equi pneumonia and other diseases.  The approaches and 
molecular tools developed in this study may also be relevant to the better 
characterization of other EHV infections of horses.  Increased understanding 
of the gamma-herpesviruses will provide more insight into the biology 
of other equine herpesviruses such as EHV-1, which is known to cause 
devastating neurologic disease and abortion.

ú
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Brown, James, VM:  Population  Health and Reproduction

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

Chouicha, Nadira, VM:  Pathology, Microbiology and Immunology

Conley, Alan, VM:  Population Health and Reproduction

Conrad, Patricia, VM:  Pathology, Microbiology and Immunology

Dacre, Kirstie, IVABS, Massey University, New Zealand

De Cock, Hilde, University of Antwerp, Belgium

Dechant, Julie E., VM:  Surgical and Radiological Sciences

Drew, Clifton, VM:  Pathology, Microbiology and Immunology

Dykgraaf, Susanne, VM:  Surgical and Radiological Sciences  

Eberspaecher, Eva, Veterinary Medical Teaching Hospital

Farver, Thomas, VM:  Population Health and Reproduction

Ferraro, Gregory L., Center for Equine Health

Finno, Carrie, Veterinary Medical Teaching Hospital

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

Gardner, Ian, VM:  Medicine and Epidemiology

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

Griffey, Stephen, VM:  Comparative Pathology Laboratory

Heller, Meera, VM:  Medicine and Epidemiology

Hodder, Aaron , Veterinary Medical Teaching Hospital

Hubbard, Mont, Mechanical and Aeronautical Engineering

Jackson, Kenneth, VM:  Medicine and Epidemiology

CEH
Researchers

The strength of any research 

program lies in the quality of 

its researchers.  The CEH has 

some of the best in the world 

in their fields.
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The process of developing 

and maintaining a productive 

science-based research 

program in equine health 

care requires the hard 

work and dedication of all 

involved, whether proposing 

a project or reviewing one 

for funding.  The Center for 

Equine Health is fortunate to 

have the best working in both 

capacities.

CEH
Researchers

Johnson, Craig, IVAB, Massey University, New Zealand

Kawcak, Chris, Clinical Sciences, CSU

Kuntsi-Vaattovaara, Helena, VM:  Surgical and Radiological Sciences 

Le Jeune, Sarah, VM:  Surgical and Radiological Sciences

Leutenegger, Christian, VM:  Medicine and Epidemiology

Liu, Irwin K., VM:  Population Health and Reproduction

MacDonald, Melinda H., VM:  Surgical and Radiological Sciences

MacLachlan, N. James, VM:  Pathology, Microbiology and Immunology

Madigan, John E., VM:  Medicine and Epidemiology

Magdesian, K. Gary, VM:  Medicine and Epidemiology

Mama, Khursheed, Colorado State University

Mapes, Samantha, VM:  Medicine and Epidemiology

Meyers-Brown, Geraldine, Animal Science

Murray, Amanda, VM:  Anatomy, Physiology and Cell Biology

Nieto, Jorge, VMTH:  Equine Surgical Emergency and Critical Care

Norris, Jeffrey, VM:  Anatomy, Physiology and Cell Biology

Owens, Sean, VM:  Pathology, Microbiology and Immunology

Peterson, Michael, Mechanical Engineering, University of Maine

Puchalski, Sarah M., VM:  Surgical and Radiological Sciences

Pusterla, Nicola, VM:  Medicine and Epidemiology  

Rezende, Marlis, Veterinary Medical Teaching Hospital

Roser, Janet, Department of Animal Science

Scholtz, Elizabeth, VM:  Population Health and Reproduction

Setterbo, Jacob, VM:  Anatomy, Physiology and Cell Biology

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

Steffey, Eugene P., VM:  Surgical and Radiological Sciences

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

Stratton-Phelps, Meri, VM:  Molecular Biosciences

Suzuki, Hiyoshi, VM:  Pathology, Microbiology and Immunology

Symm, William, Veterinary Medical Teaching Hospital

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

Taylor, Sandra, Veterinary Medical Teaching Hospital
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CEH
Researchers

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.

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

Upadhyaya, Shrinivasa, Biological and Agricultural Engineering Department

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

Vico, Alejandro, VM:  Population Health and Reproduction

Watson, Johanna L., VM:  Medicine and Epidemiology

Wilson, W. David, Veterinary Medical Teaching Hospital/VM:  Medicine and 
Epidemiology

Yamarik, Torill, Veterinary Medical Teaching Hospital 

Zinkl, Joseph, VM:  Pathology, Microbiology and Immunology
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* July 1, 2006–June 30, 2007

CEH
Donor

Honor Roll*

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

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

unique equine organization.  

It provides the Center for 

Equine Health with financial 

supporrt for programs and

activities that cannot be 

funded with current state 

resources.  The Silver Stirrup 

Society also provides a forum 

for shaing new advances in 

equine research and vet-

erinary care.  Membership is 

open to associations, clubs 

and individuals who contrib-

ute $1,000 or more annually 

to the CEH.  Lifetime mem-

berships are offered to donors 

of larger gifts and bequests of 

$25,000 or more.  

Sandy Lerner
Merrilee Lyons
Bernard L. Maas Foundation 
Emilie C. MacKenzie Estate
Mallinckrodt Veterinary Limited
McBeth Foundation
Pem Meyer
Ellen Mojica
Moraga Horsemen’s Association
Jerry and Ann Moss – Moss Foundation
Gary Neil and Anne-Sabine Nooteboom
Northern California Thoroughbred Association
Oak Tree Charitable Foundation
Oak Tree Racing Association
Hal and Fran Oliver
Richard and Elizabeth Paddock
Gerald and Robin Parsky
Patterson Foundation
Madeleine Paulson
Peray Memorial Endowment Fund
Harriet E. Pfleger Foundation
Dick J. and Carolyn Randall
Carolyn Ray
Marcia MacDonald Rivas Estate
Frank and Linda Salas
Bernard and Gloria Salick
Mace Siegel
Jennifer A. Smith
Southern California Equine Foundation, Inc.
The Stans Foundation
Linda Starkman
Mr. and Mrs. Robert Suhr
Sunbeam Farms
Bill and Polly Swinerton Estate
Ms. Lorna Talbot Estate
Thoroughbred Owners of California
Wayne and Gladys Valley Foundation
Linda Von Rotz
Lucy G. Whittier
In Memory of James M. Wilson, DVM
Wrather Family Foundation
Wanda Wright – W.W. Ranch, Reno, NV
Martin and Pam Wygod
Paul and Patricia Yeretzian
Lillian G. Young Estate

MAJOR GIFTS — $1,000 to $9,999 
American Live Stock Insurance Co.
John and Marsha Anderson
Anonymous
Tom Atwood
Edna Bayliff
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Boehringer Ingelheim Vetmedica, Inc.
Elizabeth Busch Burke
California Dressage Society
California State Horsemen‘s Association
Donald and Carole Chaiken Foundation
Diane Flaherty
Gamble Foundation
Gail Gregson
Ronna Hoffman
Larry D. and Mary Jent
Connie Johnson
Ronald K. Kirk
Large Animal Veterinary Associates – El Cajon, CA
Ms. Elisa H. Mikkelsen
Constance Murray 
Pacifi c Coast Horse Shows Association
PFK Partners, L.P.
Rosenthal Ranch Trust
Stanton C. Scott
Smartpak Equine, LLC.
Ruth V. Sobeck, DVM – Palos Verdes, CA
Sonoma-Marin Veterinary Services – Petaluma, CA
Christopher Starkman
Linda Weiss
Dr. and Mrs. Charles E. Wheatley, III

DONORS - $999 OR LESS
Bill and Ellen Abronson
Gary J. Amaral, DVM, V.C.
John Anderson
Mary Jane Anderson
Phillip A. Anderson
Animal Medical Center – Auburn, CA
John Arntz
Christine Baredian
Barkley Fund
Jennifer N. Barrows
Barbara C. Bartlett
Randy Bassett
Lorna Basso
Jean Batteux
Scott Behrens
Richard Bender
Dana Benson
Veronica Berg
Marian Berg and David Wehlitz
Dexter Bergounous
Bessey Arabians
Bishop Veterinary Hospital – Bishop, CA
Lisa Blank
Patricia Bloss
Louise Boyd
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Robert and Susan Brewster
Nancy J and Gordon Brown
C.B. Buller and Amanda Crump
Joanna Bustamante
Linda Butler
Molly Cain and Kris Yapp
California Donkey and Mule Association
Robin Campbell
Canyon Large Animal Clinic – Cotati, CA
Bruce Carlisle, DVM
Ms. Patricia Carnes
Eugene R. Carroll, DVM
Teree and Rick Castanias
Morton and Jean Cathro
Kathie Cheatham
Patricia N. Chism, DVM – Etna, CA
Jack Clancy
Gretchen Clark
Debra Cline
Comstock Large Animal Hospital – Reno, NV
Marci L. Cook
William Coy
Becky Crafts
Bob and Dee Crawford
Suzette Crozier
Terri Cummings
Nancy Davis
Anne Elizabeth De Kock
Catherine De La Cruz
Karen Dean
John and Deborah DeSelle
Ralph and Betty Dever; Honey Bee Arabians
Samuel Di Laura
Diablo Horse Clinic - Alamo, CA
Rober and Sylvia Dickinson
Ellen Nowell Disparte
Ms. Elise Donohue
Fred and Carol Doss
Karen C. Doty
Joseph Dowd, DVM
Joan R. Dowis
Bert and Lola Drouin
Jessica A. Dugan, DVM – Houston, TX
Stephanie Duncan
Bob and Tammy Dunn
Peter and Dorothy Dykema
Bea and Arch Echols
Isabel R. Ehrenreich
Equine Veterinary Services – Encinitas, CA
Equine Veterinary Services, Inc. – El Cajon, CA
Estrella Equine Hospital – Paso Robles, CA
Margo E.R. Evans
Exeter Veterinary Hospital – Exeter, CA
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Mike Faaborg
Catherine Falkenstein
Clement J. Firko and Lynn J. Wyman
Milton and Vicky Fletcher
John C. Fling, DVM
Stephanie Flowers, DVM
Joyce Forbes
Linda Fowler
Bettye C. Foy 
Fremont Hills Stables Inc.
Mark B. and Lolo Mae Frye
Thomas and Roxann Garcia
The Paul Getty Trust
Reyla Graber
Alfred and Tannissee Graichen
Marta E. Granstedt, DVM
Dawn Granthem
Katharine D. Graves
Great Basin Equine Medicine and Surgery, Inc., – Gardnerville, NV
Judith A. Green
Sylvia Greenman, DVM, Inc. – Monrovia, CA
Lisa A. Grim, DVM, Inc. – Rancho Santa Fe, CA
Hagenridge Stables
Linda Hamilton
Marsha Hamm
Dianna Hanson
Dr. Stephen M. Hardy
John H. Harris and Lisa Palermo
Joanne V. Heath
Don and Scarlett Hibner
Patricia J. Hobbs
Larry Homen
Poul and Mary Grace Houlberg
Elissa Houlberg
Rober and Joan Howard
Harry Huey
Gerald K. Huff, DVM, Ltd. – Las Vegas, NV
Fumiko Humberd
Humphrey & Giacopuzzi Veterinary Group, Inc. – Somis, CA
Patrick and Charlotte Hurley
Lisa Illick
Sumiko Iwamoto
Lawrence and Viola Jackson
Lynn B. Jacobson
Mary Jane Jagow
Dr. Ron Jensen
Sue M. Jobe
Kari E. Johnson
Rich Johnston
Jody Jones
Wendy Katz
Janice Kay
Greg and Medley Kelley
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Emily Kenyon and David Lipsky
John and Virginia Kraft
Edward and Laura Kulakowski
Eleanor Kussman
Priscilla Lane
Large Animal Veterinary Services of Santa Cruz, Inc. – Santa Cruz, CA
Joy Law
Holly and Jeanne Le Roy
Luanne Lee
Joe Leisek
Peter J. and Bonnie R. Lert
Ed LeTourneau, DVM
David Leveton
Mr. and Mrs. Norman Lipps
Jeanine Litchfi eld
Priscilla Lohff
Steven and Wendy Lombardi
Rebecca Long
Loomis Basin Equine Medical Center – Loomis, CA
RosaLopes
Los Coches Animal Hospital Inc. – Soledad, CA
Kent Lovelady
Dr. N. James and Lettie MacLachlan
Suzanne S. Magee and Michael Fleming
Violet Manoa
Gilbert and Linda Marriott
Mr. and Mrs. Bruce K. Martin
F. Ned and Lynn Masin
Matilija Veterinary Hospital, Inc. – Ojai, CA
Barbara Matsumura
Matthews Equine Services – Ramona, CA
Linda Maxwell
Mark Maymar
Kirk and Jane McAllister
Michael McClung
Janet McGarvey
Scott McKinster and Michelle Cheever
Dr. and Mrs. Donald L. and Joanne McLean
Mary Ann McLean
Frank and Barbara McNamer
Martha McNear
E. J. McVey
Teresa McWilliams
Dennis Meagher, DVM
Katie Menez
David Menez
Leslie Mikulich, DVM
Robert M. Miller, DVM
Donna M. Minolli
Noel J. Moody
Moon Valley Ranch, E.R.F.
Karen E. Mundwiler
Kerry Murphy
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Brigid A. Murphy, DVM
Napa Valley Veterinary Hospital, Inc. – Napa, CA
Mr. and Mrs. Kelly J. and Janet Nimtz
Gary and Anne-Sabine Nooteboom
North Coast Equine – Santa Rosa, CA
North Coast Veterinary Hospital – Arcata, CA
Rebecca Northan
Dr. and Mrs. Dennis Paul Nutter
Bonnie Lynn O‘Connor
Leticia M. O‘Hara
Catherine O‘neill
Ms. R Overton
Pacifi c Coast Equine Veterinary Services Inc., – Ramona,CA
William S. Patrick Jr.
Carolyn L. Penny
Robin G. Perry, DVM
Pamela Peterson
Peter and Shirley Pfeiler
Norma Pietsch
Janet L. Politi
Kathy Potts
Pride Mountain Vineyards, LLC
Pt. Reyes Station Inn
Gary and Marcie Quigley
Ann Ranlett
Mark G. and Margot Rawlins
Margot Rawlins
Redwood Equine Practice, Inc. – Santa Rosa, CA
Verla K. Regnery Foundation
Lillian and Eskild Reinhold – Sport Horse International
Clara Richert
Joe and Terri Riley
Alan and Jill Rodomsky
Joy Rosales
William and Elaine Rothwell
San Francisco Equine
San Mateo County Horsemen‘s Association
San Mateo County Mounted Patrol Foundation
Tim and Marilyn Sanderson
Dominique G. Scaggs
Paula A. Schafer
Susie Schlesinger
Mary C. Schrader
Steven and Kathleen Schuster
Steven Seiber
Ann E. Senuta
Cindy Shaffner
Don Shields, DVM
Sierra Equine Inc. – Grass Valley, CA
SLO Equine Veterinary Services, San Luis Obispo, CA
Specifi cally Equine Veterinary Service – Buellton, CA
Jim Stenstrom
Kathy C. Stevens
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Jan Stevens and Karen Pedersen
Janet A. Stevenson
Nancy Stiff
Phyllis Stuart
David Stutz and Beth Glosten
Kim Sweatt
Sweet River Equine Clinic, Inc. – Waterford, CA
Sweetwater Veterinary Clinic, Inc. – Agua Dulce, CA
Mr. and Mrs. Vernon L. Swenson
Templeton Veterinary Clinic – Templeton, CA
Jessica Tenpenny
Janice Tharsing
Phyllis G. Thomas
Barbara Abert Tooman
Donald and Lenore Tsang
Margaret M. Tsiang
Candida Tyner
Patricia Usher
Robert and Diane Vaiana
Valley Veterinary Clinic – Red Bluff, CA
Dianne Van De Carr
Marc and Georgette Victor
Mr. and Mrs. M. Vreeburg
Scott West
West Coast Equine – Somis, CA
Douglas and Barbara White
Wayne and Margaret Wilcox
Margaret Wilkinson
Winners Circle Equine Clinic, Inc. – Hemet, CA
Ms. Jenny Winterling
Larry Wohlford DVM, Inc. – Woodside, CA
Lisa Woodard-Mink
Margaret Wrensch
Neva Yarborough
Beverly Yuhause-Becker
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