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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 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 was 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 horseracing:

  Discovered that stress remodeling precedes and precipitates proximal sesamoid
     bone fractures (the most common cause of catastrophic fetlock injury) in 
     racehorses.
  Characterized the nature of pre-existing pathologic changes at sites of stress
     fractures and enhanced methods for detection of early signs of impending injury.
  Demonstrated that the nature of layup periods in racehorses may affect risk for
     bone fracture.
  Measured and compared forces between the hoof and dirt, synthetic and turf race
     surfaces.
  Developed techniques for assessing the behavior of different surface materials
     for equestrian sports in the field and in the laboratory.

CEH
Focused
Research
Initiatives

These initiatives were 

founded by the generous 

contributions of private 

individuals and/or

organizations concerned 

with the health and 
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  Characterized a devastating bone fragility disease (silicate-associated osteo-
     porosis) that is associated with inhalation of silicate particles from soil and lung 
     disease.
  Discovered osteoarthritis in the back and pelvis of over 25% of racehorses.
  Developed new, improved techniques for sampling and treating the
     fetlock and pastern joints.
  Improved methods for fracture repair.
  Improved understanding of joint cartilage inflammation 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 horseracing 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)752-7438 (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 difficult challenge.

The BBCDL employs an innovative approach to accomplish its goals.  Instead of 
studying specific 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.
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Some major accomplishments to date include:

  Conducted studies of hemorrhagic fever viruses (responsible for bluetongue
     virus and African horse sickness) to try to distinguish the relative contributions 
     of viral and host factors to vascular injury with a long-term goal of designing 
     strategies for therapeutic intervention.
  Determined that host-macrophage-derived cytokines induced by bluetongue
     virus infection are most likely critical to enhanced paracellular permeability 
     and increased vascular permeability, rather than direct effects of the virus itself 
     on endothelium.
  Evaluated the pathogenesis of hemorrhagic fevers in bluetongue-infected
     sheep in South Africa to assess temporal alterations in coagulation and 
     production of cytokine mediators relative to onset of clinical signs of vascular 
     injury.
  Found that data were consistent with a pathogenesis that centers on a virus-
     induced "cytokine storm", where it is the host's protective response to the 
     virus, not the direct effects of the virus, that ultimately causes these 
     catastrophic diseases.
  Began field epidemiological investigations of Culicoides insect vectors in
    California to address concern that orbiviral diseases could become even more 
    widely distributed and to define the potential vector species that currently are 
    present in California and what viruses they transmit.

To contact the Bernice Barbour Communicable Disease Laboratory, visit their 
website 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 specific infectious 
disease research has been provided recently by the Harriet E. Pfleger Foundation, 
the Bernice Barbour Communicable Disease Laboratory and the Center for Equine 
Health.  The mission of the Equine Viral Disease Laboratory is to promote equine 
health by undertaking research on diseases of the horse caused by viruses.  
Specific 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.

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.

g
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Some major accomplishments since the laboratory’s inception include:

  Pioneering work in the characterization of Equine Viral Arteritis (EVA),
     including development of improved assays to expedite accurate 
     diagnosis of EVA infection in horses and a new-generation vaccine for 
     immunizing horses against EVA.
  Comprehensive epidemiologic studies to examine the impact of West
     Nile Virus on horses in California.
  Extensive study of herpesvirus-induced respiratory disease of young
     Thoroughbred horses to determine the precise role of these viruses in 
     the occurrence of respiratory disease in yearlings.
  Development of a recombinant 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 identification 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).

Because the athletic demands of performance horses have traditionally required 
a high level of veterinary orthopedic intervention to maintain or re-establish 
soundness, equine medicine has rapidly surged to the forefront of regenerative 
medicine research at UC Davis.  Established in 2007,the Center for Equine 
Health’s Stem Cell Regenerative Medicine Group began as a team of research 
and clinical faculty dedicated to developing stem cell methodologies for treating 
equine injuries.  Very soon, however, the need for other types of stem cell 
therapies in other animal species and the role veterinary medicine could play in 
the translating these biological cures to humans resulted in the expansion of the 
CEH program.    The group established collaborative partnerships with other stem 
cell scientists from the university’s College of Biological Sciences, Department of 
Biomedical Engineering, and Institute for Regenerative Cures (School of Medicine).

Under the guidance of Dr. Gregory Ferraro, the Stem Cell Regenerative Medicine 
Group has made great strides in developing the therapeutic potential of 
mesenchymal stem cells for bone healing, tendon and ligament repair, and 
ophthalmic diseases in several animal species and for laminitis in horses.  More 
recently, the group has expanded its research focus to include many other facets 
of stem cell therapy, from refining treatment protocols for organ disease, to 
tracking the location of stem cells in the body, the use of allogeneic (non-self ) 
stem cells, development of induced pluripotent stem cells, and development of 
neural cells for treating spinal cord injuries.  Each of these areas of research will 
have a major impact on the health and medical care of animals and humans in the 
near future.   

For more information on the CEH-Stem Cell Regenerative Medicine Group, contact 
Dr. Ferraro at (530)752-6433 (e-mail:  glferraro@ucdavis.edu).

g
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CEH
Awards

The CEH has adopted an

active role in the recruit-

ment and development of 

the next generation of

veterinary scientists.  The 

equine industry will need 

many highly skilled and 

talented individuals to 

advance the medical

management and care 

of horses.  The CEH has 

stepped forward to meet 

this challenge by 

developing programs that 

will attract and support 

individuals who have 

demonstrated their affinity 

and dedication to equine 

medicine.

Louis R. Rowan Fellowship  

Louis R. Rowan Fellowships were awarded to Dr. Carrie Finno and Dr. Jamie Textor 
for 2009 and 2010, respectively.  Each fellowship provides a $5,000 stipend for a 
veterinarian pursuing a PhD in an equine-related medical science at the UC Davis 
School of Veterinary Medicine.

The Center for Equine Health’s Director nominates candidates to the California 
Thoroughbred Foundation (CTF) Board of Trustees, who then selects the award 
recipient.  This fellowship was established by the CTF in honor of its cofounder, 
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.

Dr. Finno earned her veterinary medicine degree 
from the University of Minnesota College of 
Veterinary Medicine in 2004.  Since 2007, she has 
been a United States Equestrian Federation (USEF) 
official veterinarian, performing drug testing at 
USEF-recognized horse shows.  She is a resident 
in large animal internal medicine at the William R. 
Pritchard Veterinary Medical Teaching Hospital at 
UC Davis.

Dr. Textor received her veterinary 
medicine degree from Colorado 
State University and completed a 
residency in large animal surgery 
at Cornell University.  She was 
board-certified by the American 
College of Veterinary Surgeons 
in 2003 and has worked as a 
surgeon in New Zealand and 
Australia as well as at UC Davis.  
She is currently pursuing a PhD 
at UC Davis, studying the role of 
platelets in health and disease.Dr. Jamie Textor

 Dr. Carrie Finno
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John P. Hughes Memoral Endowment

The 2009 John P. Hughes Memorial Endowment was awarded to Dr. Monica 
Morganti.  Dr. Morganti will be investigating the role of androgen production by 
the adrenal gland on stallion-like behavior in mares.  Aggressive and/or stallion-
like sexual behavior is frequently cited by mare owners as a behavioral change 
that adversely affects the mare's utility for a variety of uses.  This study will provide 
valuable insight into the endocrine factors responsible for such abnormal 
behavior.

Dr. Morganti earned her Dottore Magistrale in Medicina Veterinaria (DVM) at the 
University of Bologna, Italy.  Her thesis on Use of Dopamine Antagonists for Advanc-
ing the First Ovulation in Deep Anestrous Mares was published in Theriogenology in 
2009.  Her interest in equine reproduction has remained strong and in 2009 she 
started her residency in equine reproduction at UC Davis under the supervision 
of Dr. Barry Ball.  Her current research interests include behavioral problems in the 
mare, improved semen preservation, and subfertility in the stallion.

James M. Wilson Award

The 2009 James M. Wilson Award was presented to 
Dr. Jacob Setterbo for his study of racetrack surface 
characteristics and their effects on Thoroughbred 
racehorses.  The Wilson Award is given each year to 
the most outstanding equine research publication 
authored by a graduate academic student or resi-
dent in the UC Davis School of Veterinary Medicine.  
The award includes a $500 cash prize, $150 in travel 
expenses to a scientific meeting to present research 
results, and a commemorative plaque.  Dr. Setterbo’s 
publication, Hoof Accelerations and Ground Reaction 
Forces of Thoroughbred Racehorses Measured on Dirt, 

Synthetic and Turf Track Surfaces, was honored with the award.

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

Dr. Setterbo received his PhD in Biomedical Engineering from UC Davis in 2010, 
with advisors in both the School of Veterinary Medicine and the Department of 
Mechanical and Aeronautical Engineering.  For his research, he used a laboraatory 
track-testing device to scientifically compare the properties of dirt and synthetic 
racetrack surfaces.  He hopes his work will provide information useful for the 
selection and design of racetrck surfaces that effectively decrease the risk of injury 
to racehorses.

Dr.  Jacob Setterbo
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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 success.  So far, 15 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 and control 
viral diseases of the horse that can affect the international movement, commerce 
and health of competitive equine athletes.

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.
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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 officers 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 officers to conduct clinical research in 
any area of equine medicine or surgery.

Dan Evans Memorial Endowment
This endowment provides funding for VMTH resident house officers to conduct 
research in any area of equine medicine and surgery that is relevant to the 
development of their specialty board certification.

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 Professor level, Lecturers, and MSP Professionals with less than five 
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 cardiopulmo-
nary and metabolic disorders.

William and Inez Mabie Family Foundation Endowment
This is a permanent endowed fund to support the Center for Equine Health in its 
operational, educational and research efforts.  Endowment is distributed at the 
discretion of the CEH Director for advancing the health, well being, performance or 
veterinary care of horses through research and/or education.  The endowment is 
conditional on receiving an additional $1.8 million in private matching gifts within 
six years.  The second endowment is intended to secure the CEH director’s position 
so that future leaders can be recruited and maintained. 
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Simulcast Racing Contributions

2009 – 2010

2008 – 2009

2007 – 2008

2006 – 2007

$588,367$746,722$910,543$886,424

In 1987, the Satellite Wagering Act (Senate Bill 14) desig-

nated 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 simul-

cast 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, rou-

tine 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 racehorse 

performance.  In 2001, the Account Wagering Bill (AB 471) 

was passed, directing simulcast contributions made through 

televised wagering to UC Davis equine research and drug 

testing programs.   Photo by Benoit and Associates courtesy 

of The California Thoroughbred.
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These studies were funded 

by grants from 

Dick and Carolyn Randall,

the Harriet Pfleger 

Foundation, and other 

generous donors. 

Regenerative
Medicine

Clinicopathologic Findings Following Intra-Articular Injection of Autologous 
and Allogeneic Placentally Derived Equine Mesenchymal Stem Cells in Horses

Published in Cytotherapy, 2010 (in press).

This study was a preclinical safety study to determine whether autologous (self-
derived) and allogeneic (non-self derived) mesenchymal stem cells obtained from 
equine placental tissues would cause alterations when injected into the joints of 
healthy horses.  The parameters measured were general physical condition, gait 
and synovial fluid (the lubricating fluid secreted by the membrane lining joints and 
tendons).

We found no adverse systemic response to the injection of allogeneic mesenchy-
mal stem cells (MSCs) as measured by heart rate, body temperature and respiratory 
rate.  Local responses such as joint swelling or lameness were minimal and variable, 
with no significant differences noted between joints that received self vs. non-
self MSCs.  Injection of MSCs directly into the joints caused marked inflammation 
within the synovial fluid, as measured by nucleated cell count, neutrophil number 
and total protein concentration.  However, there were no significant differences 
between the degree or type of inflammation elicited by self and non-self MSCs.

How does this research benefit horses?
This study allowed us to determine that the equine joint responds similarly to a 
single intra-articular injection of autologous and allogeneic MSCs, which is an 
important first step in the development of stem cell therapies.

Investigators:  D. D. Carrade, S. D. Owens, L. D. Galuppo, M. A. Vidal, G. L. Ferraro, F. 
Librach, S. Buerchler, M. S. Friedman, N. J. Walker and D. L. Borjesson
Study ID:  SC-1

Comparison of the Osteogenic Potential of Equine Mesenchymal Stem Cells 
from Bone Marrow, Adipose Tissue, Umbilical Cord Blood, and Umbilical Cord 
Tissue

Published in American Journal of Veterinary Research 71:10, 2010.

The objective of this study was to compare different sources of adult-derived 
equine mesenchymal stem cells (MSCs) to determine which source would yield 
maximally osteogenic cells (cells that produce bone).  MSCs were isolated from 
bone marrow, adipose (fat) tissue and umbilical cord blood and tissue and the 
osteogenic potential of each type was evaluated.  We also sought to optimize 
isolation and post-isolation expansion procedures to yield a maximum number 
of MSCs.  The results of this study are intended to assist clinicians in selecting and 
preparing the ideal source of equine MSCs for fracture repair.

We found that equine MSCs from bone marrow had the highest osteogenic 
potential and that cells from adipose tissue also had robust osteogenic potential.  
The tuber coxae and the sternum were viable sources of bone marrow MSCs 
in yearlings, and 60 ml of bone marrow aspirate was sufficient for culture 

g
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The Center for Equine 

Health's Stem Cell 

Regenerative Medicine 

Group combines the talent, 

skill and knowledge of 

more than two dozen 

research and clinical faculty 

from different academic 

departments within the 

School of Veterinary 

Medicine, the College of 

Biological Sciences, the 

College of Engineering and 

the School of Medicine's 

Institute for Regenerative 

Cures.  Together, the 

knowledge and experiencve 

of all these scientists 

represent leadership, 

creativity and optimism 

for developing stem cell 

therapies to treat not only  

horses, but humans and 

other animals.

and expansion.  Expanding the bone marrow MSCs in the horse’s own serum 
(autologous serum) to avoid potential immunologic reactions decreased the total 
yield because these cells grew significantly slower than they do in fetal bovine 
serum.  Additional studies are needed to determine the best culture and expansion 
conditions, including the timing and use of growth-factor-supplemented 
autologous serum. 

How does this research benefit horses?
In horses with limb fractures, implant failure before bone union is a common 
problem.  In addition, it is not uncommon for the affected horse to develop 
laminitis in the support limb.  Therefore, an important goal in equine fracture 
repair is to expedite bone healing to help prevent these fatal complications.  
The injection of adult-derived MSCs directly into the fracture site represents a 
promising means to accomplish this.

Investigators:  Chrisoula Toupadakis, Alice Wong, Damian Genetos, Whitney 
Cheung, Dori Borjesson, Gregory Ferraro, Lawrence Galuppo, Kent Leach, Sean 
Owens and Clare Yellowley

Betacellulin Inhibits Osteogenic Differentiation and Stimulates Proliferation 
through HIF-1 Alpha

Published in Cell Tissue Research 340:81-89, 2010.

The skeleton continually undergoes alterations in size and shape in response to 
stimuli from body fluids, movement and hormonal changes.  Degradation of pre-
existing bone and replacement with new bone by osteoblasts (bone-forming cells) 
require concerted activity in order to maintain skeletal stability and to prevent 
pathologic conditions such as osteoporosis.

Osteoblast numbers are partially governed by the production of mesenchymal 
stem cells (MSCs) and their differentiation into bone-forming stem cells.  Therefore, 
stimuli that enhance MSC numbers and osteogenic differentiation would serve as 
an ideal method to combat bone loss from drug treatments or natural aging.

In this study, we evaluated the influence of betacellulin (BTC) on MSC and pre-
osteoblast differentiation and proliferation.  We found that BTC decreases the 
expression of osteogenic markers in MSCs and pre-osteoblasts, but that increases 
in proliferation require hypoxia-inducible factor-alpha.  These are the first data that 
demonstrate an influence of BTC on MSCs and the first to implicate HIF-alpha in 
BTC-mediated proliferation.   

How does this research benefit horses?
MSCs offer a promising solution to the treatment of bone loss in humans and 
fractures in horses.  Methods to promote and increase the rate of bone healing will 
significantly contribute to successful treatment of these conditions.
 
Investigators:  D. C. Genetos, R. R. Rao and M. A. Vidal
Study ID:  SC-3

g
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Osteogenic Comparison of Expanded and Uncultured Adipose Stromal Cells

Published in Cytotherapy, Early Online, 2010.

Adipose stromal cells (ASCs, obtained from fat) are a promising alternative to 
cells from other sources because of their multipotential and capacity to retrieve a 
greater number of progenitor (parent) cells.  Initial cell samples are heterogeneous 
and contain a collection of cells that may contribute to tissue repair, but the 
sample becomes more homogeneous with each passage.  [In the process of cell 
expansion, the cells eventually outgrow the dish in which they were placed.  For 
growth to continue, cells are “passaged” or divided into new culture plates.]

With the observed increase in homogeneity with each passage, we hypothesized 
that the bone-forming potential of these ASCs would differ from uncultured 
or freshly isolated ASCs.  We tested this hypothesis in this study and found that 
expanded ASCs are advantageous for bone healing and neovascularization 
(formation of new blood vessels) in our experimental model compared with 
uncultured ASCs.  These results provide additional evidence of the utility of ASCs in 
bone repair. 

How does this research benefit horses?
ASCs are an exciting tool for promoting bone repair because they may provide a 
source for nearly all cell types involved in bone formation.  Compared with stromal 
cells and mesenchymal stem cells isolated from bone marrow, ASCs offer a number 
of advantages:  they can be obtained via liposuction or other minimally invasive 
tissue collection, they require minimal tissue manipulation to recover the ASCs, 
and they have an increased yield and ready culture expandability.  A comparatively 
large number of ASCs can be isolated with minimal intervention, potentially 
decreasing the time to clinical treatment with these cells.

Investigators:  Whitney Cheung, David Working, Larry Galuppo and Kent Leach
Study ID:  SC-4

Supplementation of Fibrin Gels with Sodium Chloride Enhances Physical 
Properties and Ensuing Osteogenic Response

Published in Acta Biomaterialia, 2010.

Tissue engineering approaches in stem cell therapy have focused on the 
development of biodegradable cell-polymer systems as alternatives for a 
temporary extracellular matrix (ECM).  The ECM is the fabric of the tissue that 
provides structural support to the cells in addition to performing many other 
important functions.  The ECM instructs cells to grow at a particular rate, migrate, 
and form specific tissues such as bone.

The selection of an ECM for bone tissue engineering is critical because the matrix 
will guide and direct proliferation and differentiation of encapsulated cells toward 
the appropriate lineage.  Natural protein-based polymers such as collagen and 

g
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g
Oxygen Tension Differentially Influences Osteogenic Differentiation of 
Human Adipose Stem Cells in 2D and 3D Cultures

Funded by the AO Foundation (J. K. Leach)

Published in Journal of Cellular Biochemistry 110:887-96, 2010.

Adipose stem cells (ASCs) represent a promising cell source for the repair and 
regeneration of bone due to their ease of accessibility, capacity to differentiate 
into multiple cell types, and robust secretion of tissue-inducing proteins. The 
investigation into the bone-forming ability of ASCs and other cells is commonly 
pursued under ambient conditions (21% oxygen), thereby neglecting the level 
of oxygen within bone defects (1-2% oxygen) and native bone (5% oxygen). 
Furthermore, the great majority of these studies are performed with cells in 
monolayer culture (2D culture), hence neglecting the important interactions that 
occur in 3-dimensions once implanted.

In this study, we hypothesized that the capacity of ASCs to differentiate toward 
bone-forming osteoblasts would be affected by both oxygen tension and 
culture dimension. ASCs were cultured on tissue culture plastic (TCP) or porous, 
biodegradable, 3D polymer scaffolds (as a model vehicle for cell delivery and bone 
repair) in 1%, 5%, or 21% oxygen. The bone-forming potential of human ASCs was 
then examined.

fibrin offer several benefits over synthetic materials because their properties 
mimic those found in the ECM of the damaged tissue.  For bone regeneration, 
fibrin represents an exciting alternative for use as an ECM compared with matrices 
formed from other natural polymers.

In this study, we hypothesized that increasing the gel ionic strength during 
fabrication through supplementation with sodium chloride would provide 
an improved approach for tailoring the physical properties of fibrin gels and 
maintaining the viability and osteogenic potential of entrapped cells.  Fibrin gels 
were formed by mixing fibrinogen, thrombin and calcium chloride with varying 
masses of sodium chloride.  The bone-forming potential of entrapped human 
mesenchymal stem cells (MSCs) was then examined.

We found that varying the salt concentration of the pre-gel solution can modulate 
the material properties of fibrin constructs without additional fibrinogen 
or thrombin, thereby offering a new approach for generating improved cell 
transplantation vehicles for use in bone tissue regeneration.  

How does this research benefit horses?
MSCs offer a promising solution to the treatment of bone loss in humans and 
fractures in horses.  Methods to promote and increase the rate of bone healing will 
significantly contribute to successful treatment of these conditions.
 
Investigators:  H. E. Davis, S. L. Miller, E. M. Case and J. K. Leach
Study ID:  SC-5
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We found that ASCs in 21% oxygen, regardless of culture dimension, exhibited 
the greatest markers of osteogenic differentiation, while cells in low oxygen and 
3-dimensional culture possessed lower levels of these same markers. Expression of 
osteogenic markers revealed temporal changes under different oxygen conditions 
with peak expression occurring earlier in 3D. In addition, the increase of most 
osteogenic markers was significantly higher in 2D compared to 3D cultures 
at 1% and 5% oxygen. These results suggest that oxygen, in conjunction with 
dimensionality, affects the timing of the differentiation program in ASCs.

How does this research benefit horses?
These findings offer new insights for the use of ASCs in bone repair while 
emphasizing the importance of the culture microenvironment.

Investigators:  J. He, D. C. Genetos, C. E. Yellowley, and J. K. Leach
Study ID:  SC-6

g

Osteogenesis and Trophic Factor Secretion are Influenced by the Composition 
of Hydroxyapatite/Poly(lactide-co-glycolide) Composite Scaffolds

Funded by the AO Foundation (J. K. Leach)

Published in Tissue Engineering, Part A, 2010. 

The use of composite biomaterials for bone repair capitalizes on the beneficial 
aspects of individual materials while tailoring the mechanical properties of 
the composite.  Although implants formed entirely of bioceramics are highly 
osteoconductive, they are brittle, resorb slowly, can be difficult to fabricate, and 
commonly do not exhibit the necessary porosity to facilitate the invasion and 
residence of host cells to form new bone.  Synthetic polymers are highly tailorable 
with regard to degradation time, mechanical properties, and porosity, yet these 
materials are far too weak to bear the weight of most bones.  Therefore, the 
combination of bioceramics and resorbable polymers in a controlled manner may 
provide superior tools for clinical use as implants for cell delivery and bridging 
bone defects.

In this study, we hypothesized that substrate composition would modulate 
the osteogenic response and secretion of potent trophic factors by human 
mesenchymal stem cells (hMSCs). Composite scaffolds were prepared by 
combining nanosized hydroxyapatite (HA) and microspheres formed of poly(lactic-
co-glycolic acid) (PLG) at varying mass ratios between 0:1 and 5:1.  Scaffolds 
were seeded with hMSCs for culture in osteogenic conditions or subcutaneous 
implantation into nude rats.  Compressive stiffness increased with HA content in a 
near-linear fashion.  The osteogenic differentiation of hMSCs increased in a dose-
dependent manner.  Eight weeks after implantation, scaffolds with higher HA:PLG 
ratios exhibited greater vascularization and more mineralized tissue.  These data 
demonstrate that the mechanical properties, osteogenic differentiation, as well 
as the timing and duration of trophic factor secretion by hMSCs can be tailored 
through controlling the composition of the polymer-bioceramic composite.

Adipose stem cells (ASCs) 

are an exciting tool for 

promoting bone repair 

because they may provide 

a source for nearly all cell 

types involved in bone 

formation.  Compared 
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mesenchymal stem 

cells isolated from bone 

marrow, ASCs offer a 

number of advantages.



Research Review 2010  g  Center for Equine Health    25

How does this research benefit horses?
MSCs offer a promising solution to the treatment of bone loss and fracture 
stabilization in humans, horses and other animals.  Methods to promote and 
increase the rate of bone healing will significantly contribute to successful 
treatment of many unstable or slow-healing fractures.

Investigators:  J. He, D.C. Genetos, and J. K. Leach
Study ID:  SC-7

g

The Effect of Oxygen Tension on the Long-Term Osteogenic Differentiation 
and MMP/TIMP Expression of Human Mesenchymal Stem Cells

Published in Cells Tissues Organs 191:175-184, 2010

The use of mesenchymal stem cells in tissue engineering to augment the repair of 
a variety of tissues including bone is a rapidly growing and exciting field.  Although 
oxygen tension is a powerful stimulus for cells both in vitro and in vivo, the oxygen 
environment in which such cells would undergo differentiation is commonly 
overlooked. For example, the fracture site is hypoxic for days and sometimes weeks 
following fracture due to traumatic disruption of the vasculature.

In this study, we examined the effect of low oxygen tension (1, 2 and 5%) on the 
osteogenic differentiation and matrix metalloproteinases (MMPs) expression of 
human mesenchymal stem cells (MSCs).  MMPs are a class of proteolytic enzymes 
that are capable of degrading the extracellular matrix to facilitate cell migration, 
wound healing, angiogenesis, and tissue remodeling.  Our data suggest that 
MSCs undergo osteoblastic differentiation most rapidly under 21% oxygen, while 
oxygen tensions below 5% have an inhibitory effect.  In addition, our data suggest 
that oxygen tension affects the expression of individual MMP and TIMPs differently.  
Low oxygen tension has an inhibitory effect on MMP-13 and TIMP-1 expression, 
which are involved in extracellular matrix remodeling and potentially vascular 
invasion.  In contrast, MMP-2, a metalloproteinase involved in cell migration, was 
not affected by oxygen tension. 

How does this research benefit horses?
The results of our study suggest that low oxygen tension may slow osteogenic 
differentiation, cell migration and revascularization at sites of injury.  This 
highlights the importance of early vascularization at sites of orthopedic injury.  By 
augmenting the neovascularization process, it may be possible to facilitate more 
rapid differentiation of progenitors and thus the repair process.

Investigators:  L. F. Raheja, D. C. Genetos and C. E. Yellowley
Study ID:  SC-8
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Identification of Variables that Optimize Isolation and Culture of Multipotent 
Mesenchymal Stem Cells from Equine Umbilical Cord Blood

Published in American Journal of Veterinary Research 70:12, 2009.

The purpose of this study was to optimize techniques for isolating and culturing 
mesenchymal stem cells (MSCs) from equine umbilical cord blood, identify critical 
variables that predict successful MSC isolation, and determine whether shipping, 
processing and cryopreservation (freezing) alter MSC viability, recovery and 
expansion.  We were interested in evaluating strategies similar to those used for 
human and rodent MSCs.

We found that the number of nucleated cells determined after the cord blood 
samples were processed was the sole variable that predicted successful MSC 
expansion.  The cord blood-derived MSCs and nucleated cells were successfully 
cryopreserved and thawed with no decrease in cell recovery, viability or MSC 
expansion.  The use of fibronectin-coated culture plates and reduction of incubator 
oxygen tension from 20% to 5% improved the MSC isolation rate. 

How does this research benefit horses?
Mesenchymal stem cells have the ability to differentiate into various tissues such 
as bone, cartilage, tendon and muscle.  Refinement of isolation and expansion 
techniques such as we have done in this study will result in substantial progress in 
clinical trials of tissue regeneration using MSCs.

Investigators:  Elizabeth Schuh, Michael Friedman, Danielle Carrade, Junzhi Li, 
Darren Heeke, Sivan Oyserman, Larry Galuppo, Dorian Lara, Naomi Walker, Gregory 
Ferraro, Sean Owens and Dori Borjesson
Study ID:  SC-10

g

Collection of Equine Cord Blood and Placental Tissues in 40 Thoroughbred 
Mares

Published in Equine Veterinary Journal 41(1), 2009.

Stem cells derived from umbilical cord tissue and cord blood in humans and in 
horses can be obtained in a minimally invasive manner with successful expansion 
of mesenchymal stem cells (MSCs).  Currently, there are no detailed protocols 
documenting a procedure to harvest cord tissue and blood safely for equine stem 
cell propagation.

In this study, we developed a standard and safe protocol for cord tissue and blood 
collection and compared foal and mare health between groups of animals where 
tissue was and was not collected.  We found no significant differences in time 
to stand to nurse for foals or time to pass the placenta for mares between the 
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experimental and control groups.  There were no clinically relevant differences 
identified in hematological data obtained from foals with and without cord blood 
collection. 

How does this research benefit horses?
This study demonstrated that umbilical cord tissue and blood samples can be 
collected in an inherently contaminated environment and successfully disinfected 
and transported with minimal bacterial overgrowth for use in cell culture to isolate 
mesenchymal stem cells.  These MSCs can then be used to treat horses for a variety 
of conditions.  The collection of cord blood at birth proved safe, with no adverse 
effects to either the foal or its dam.

Investigators:  S. Bartholomew, S. D. Owens, G. L. Ferraro, D. Carrade, D. J. Lara,
F. Librach, D. L. Borjesson and L. D. Galuppo
Study ID:  SC-12
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The research studies described in this publication are driven by ideas and 
by the researchers who pursue them:  individual scientists who pursue 
hypotheses and are dedicated to following rigorous research methods 
that eventually lead to a new discovery.  The research takes time—
sometimes many years—but ultimately the results can restore health 
and improve the quality of life.  In the area of regenerative medicine, 
intensive research has resulted in real-life application of stem cells to heal 
injured tendons, as exemplified by Lukimbi's story.

As a young Thoroughbred training with Paddy 
Gallagher at Santa Anita Park, Lukimbi had 
shown promise for the racetrack and indeed 
in all his early races had been very consistent.  
While preparing for his sixth race, Gallagher 
discovered some swelling in Lukimbi’s right 
front limb.  Since Lukimbi had not overtly 
injured himself, Gallagher suspected that 
it may have occurred during the course of 
routine exercise, possibly while galloping or by 
hyperextending during a sudden change of path.

At Del Mar, Dr. Gregory Ferraro performed a physical exam on the horse 
and ordered an ultrasound scan on Lukimbi’s forelimb.  Upon reviewing 
the ultrasound scan, Dr. Ferraro diagnosed him with an acute bowed 
tendon--one of the worst injuries for a racehorse to overcome.  Because 
the injury was so severe, Lukimbi was referred to the regenerative 
medicine group at UC Davis for work-up and management.  Ultrasound 
examination confirmed a moderate to severe tear of the superficial 
digital flexor tendon.

In an injury such as Lukimbi’s, if left to natural processes, the tendon 
would heal by creating scar tissue.  Since scar tissue is inelastic and 
cannot stretch, it does not usually withstand the extreme forces a tendon 
must be able to tolerate.  The goal of stem cell therapy in this case was 
to produce a tissue that was as close as possible to the original tendon 
structure so that the injury would be replaced with new tendon rather 
than with scar tissue.

As part of ongoing studies at UC Davis to determine the safety and 
effectiveness of allogeneic (from another animal, or non-self) stem cell 
therapy as well as to track the injected cells, Lukimbi’s injured tendon 
was injected with 10 million allogeneic stem cells labeled with iron oxide.  
The labeling allowed attending veterinarians to monitor the cells using 
magnetic resonance imaging (MRI) to show that the cells remained at the 
site of injury.  The stem cells were mesenchymal stem cells obtained from 
another horse’s bone marrow and expanded in the laboratory to achieve 

a sufficient quantity for treatment.  
MRI confirmed the presence of the 
iron-oxide-labeled stem cells at the 
injection site.  In addition to the 
stem cell injection directly into the 
injured tendon, Lukimbi received 
two regional limb perfusions with 
10 million stem cells each at one-
month intervals.  These perfusions 
were administered through a local 
vein.

Following his treatment 
period, Lukimbi was placed on 
a standardized rehabilitation 
program at the Center for Equine 
Health, with daily walking in a 
Eurociser.  His walking time was 
increased at weekly intervals over 
the next four months.  Lukimbi 
was then taken to Circle Oak 
Ranch in Petaluma, CA, where 
he was exercised in an Aquatred 
for one month to help improve 
cardiovascular and muscular 
conditioning before his return to 
active training.  Recheck ultrasound 
exams were performed at 1, 2, 3, 
5-1/2 and 8-1/2 months.  The results 
showed steady improvement, with 
an improving fiber pattern as the 
tendon responded to both therapy 
and increasing physical demands.

Lukimbi returned to Southern 
California to continue his 
rehabilitation and training with 
Gallagher.  He spent his first six 
weeks there trotting, followed by 
three weeks of galloping.  He has 
moved steadily toward faster work.  
Gallagher is optimistic.

Be on the lookout for Lukimbi to 
make a full return to racing!

How DOES This Research Benefit Horses?
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Development of a Genetic Test for Hereditary Bleeding Predisposition in 
Thoroughbred Horses

Thoroughbred horses have bleeding tendencies ranging from mild to severe that 
can result in diminished performance or death.  We identified a congenital platelet 
defect in three Thoroughbred horses that is characterized by reduced fibrinogen 
binding in response to thrombin activation.  As a result of screening a discrete 
population of California Thoroughbreds for this disorder, we estimate that the 
frequency of genetic abnormality is approximately 1:150.

In this study, our goal was to confirm preliminary data from our laboratory 
indicating that a defect exists in the thrombin signaling pathway that normally 
causes platelets to coagulate.  Having confirmed the signaling defect in an 
affected horse, 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.

This study provided genetic and biochemical evidence that PKC function is 
normal in horses with the reduced fibrinogen binding platelet dysfunction.  
The equine genome was publicly released during this study, and our results 
contribute both sequence that was unavailable in the release and several single 
nucleotide polymorphisms that will be broadly useful to the research community 
in future equine genetic studies.  Importantly, this study contributed significant 
fundamental understanding of fibrinogen binding disorder in equine platelets.

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

Investigators:  Fern Tablin, Danika Bannasch and Jeffrey Norris
Study ID:  07-04

g
A Scan of the Equine VEGFR3 Gene to Look for Changes in the DNA Sequence 
That Cause a Debilitating Skin Disease in Draft Horses

Chronic progressive lymphedema (CPL) in draft horses causes swelling and 
thickening of the skin on the lower legs.  It results in the development of large, 
painful nodules and repetitive skin infections that do not respond to treatment.  
The disease causes disfigurement, limited mobility of the limbs and often leads 
to euthanasia due to severe lameness and debilitation.  Since it has a late age of 
onset and a biopsy is the only method of diagnosis, affected horses are often bred 
before being diagnosed.  Determining the genetic cause of CPL in draft horses 
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would enable breeders to avoid producing affected animals.  This would decrease 
the suffering endured by affected horses and lessen the financial and emotional 
impact this disease has on draft horse owners and breeders.

In this study, our aim was to determine the sequence of the VEGFR3 gene in 
horses, to compare the sequences between affected and unaffected draft horses 
and identify any DNA changes associated with the disease.  Our overall goal is to 
find a causative mutation and develop a DNA test for CPL.  

How does this research benefit horses?
Based on similarities to known diseases in humans, the FOXC2 and VEGFR3 
genes have appeared to be the most obvious candidates for CPL in horses.  The 
determination from this study that neither of these genes causes CPL is an 
important step in the investigation of the genetics of this disease.  Our results 
indicate that other genetic approaches will need to be taken to determine the 
underlying genetic predisposition for CPL.  This study also resulted in sequencing 
information that fills in gaps in the available equine genome sequence and may 
be of use to other researchers investigating the involvement of this gene in other 
equine health issues.

Investigators:  Danika Bannasch, Amy Young, Verena Affolter, Hilde De Cock and 
Gregory Ferraro
Study ID:  08-09

g
Characterization of the Activity of An Enzyme in the Immune System of the 
Horse and the Role It Plays in the Effective Immune Response to Rhodococcus 
equi

Foal pneumonia caused by Rhodococcus equi infection can be an expensive, 
devastating and even fatal disease.  The two available preventive treatments both 
have disadvantages.  Administration of hyperimmune plasma to all foals on a farm 
before the onset of the disease is very labor intensive and expensive, costing more 
than $400 for each foal.  Administration of an antibiotic to all foals on a farm for the 
first two weeks of life poses a very real risk of increasing the antibiotic resistance 
of R. equi.  The best preventive method for R. equi infection of the foal would be an 
effective vaccine, the development of which requires more information about the 
early immune response of horses than we currently have.

In this study, we examined the enzyme indoleamine-2,3-dioxygenase (IDO) to 
determine its level of activity in the immune system of the horse and foal with the 
idea that activity of this enzyme influences the outcome of R. equi infection.  We 
found evidence that IDO is involved in the immune response to R. equi and are 
continuing to study whether IDO activity can be inhibited or enhanced during 
critical risk periods for infection, at the time of natural exposure or in combination 
with vaccination against R. equi.

How does this research benefit horses?
The best preventive method for R. equi infection of foals would be an effective 
vaccine, which will require a more in-depth understanding of the host immune 
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response to R. equi.  This study and others to follow will help provide the necessary 
missing information for successful vaccine development.

Investigators:  Johanna Watson, Meera Heller and Kenneth Jackson
Study ID:  07-02

g
Investigation of Why Some Horses Develop Allergy to Vaccines

Some horses develop an allergic immune response to proteins in vaccine 
components (carrying agents) that are 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 think that the horses exhibiting these allergic responses may 
lack a certain type of cell that normally suppresses an allergic response.

In this study, we looked at the immune profile of horses over a period of four years 
and found that some develop an IgE response to bovine serum albumin (BSA), 
which is a component of most viral vaccines.  We also evaluated sera from client-
owned horses that had previously been shown to have clinical signs of vaccine 
reaction, such as acute anaphylaxis, local injection site swelling, and colic.  IgE was 
detected in very high levels in some but not all of these horses.  However, because 
timing of the serum sampling is a critical factor for this evaluation, these horses 
may also be affected.

How does this research benefit horses?
The ability to test for potential vaccine reactions before giving a horse a 
vaccine can save its life.  Alerting vaccine companies to the problem of vaccine 
component sensitivity will assist them in development of newer, “cleaner” vaccines.  
Presentation of this work at the International Veterinary Vaccine symposium in 
Madison, Wisconsin, in July 2009, has already enhanced awareness by vaccine 
companies in attendance.

Investigators:  Laurel Gershwin, Chunbo Wang and Kristina Netherwood
Study ID:  07-08

g
How Horses Living on a Farm with High Seroprevalence to Agents of Equine 
Protozoal Myeloencephalitis Become Exposed

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 be caused less 
commonly by infection with Neospora sp.  We recently diagnosed a draft horse 
foal with neurologic neosporosis, which led us to investigate the seroprevalence 
to both protozoal pathogens at the farm of origin.  The seroprevance of S. neurona 
(65%) and N. hughesi (14%) was among the highest ever recorded by our research 
group.  The farm of origin represents a unique site to investigate several aspects of 
the epidemiology/ecology of EPM.
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In this study, 75 brood mares were included and the seroprevalence among them 
before giving birth was 41% (2006) and 72% (2007) against S. neurona and 48% 
(2006) and 6.5% (2007) against N. hughesi.  All foals were born seronegative to S. 
neurona and 34 to 55% of the foals passively acquired colostral antibodies from 
their dams.  Colostral antibodies decreased in the foals over the first 6 months of 
life, and a few foals seroconverted thereafter as an indication of natural infection.  
Foals had evidence of passive transfer of specific antibodies against N. hughesi 
(43% in 2006 and 4.2% in 2007) and the colostral antibodies persisted for 3 to 
5 months.  No new exposures to N. hughesi were recorded for all resident foals 
during the entire study period.  One foal born in 2006 and two born in 2007 
had colostral antibodies pre-nursing, indicating transplacental infection.  These 
two identified mares continued to give birth to healthy foals with evidence of 
transplacental infection in 2008 and 2009.

How does this research benefit horses?
This study has shown that one-eighth of foals born between 2005 and 2009 from 
N. hughesi latently infected mares eventually developed EPM.  Any concurrent 
stress factor could potentially lead to a return of a latent N. hughesi infection with 
development of neurological signs.

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.  Seroprevalence to S. neurona 
is high in horse populations, reflecting the continuous exposure of the horses to 
this organism.  Natural exposure to N. hughesi via the feces of as yet unidentified 
reservoir host is low, but N. hughesi persists in horse populations via transplacental 
infection.  The incidence of disease of a latently infected horse with N. hughesi 
should be further investigated.

Investigators:  Nicola Pusterla, W. David Wilson, Carrie Finno, Patricia Conrad, Ian 
Gardner and Bradd Barr
Study ID:  07-03

g
Determining the Cause of Headshaking in Horses:  Evaluation of the 
Trigeminal Nerve and Factors That May Alter Pain Sensations Resulting in 
Headshaking

Headshaking is a distressing condition of horses that is manifested in 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 produce signs of nerve pain felt 
as burning, tingling, itching or electric-like sensations to the horse’s head.  We do 
not know what causes this nerve pain.

In this study, we measured various parameters in both affected and healthy 
horses to determine whether abnormalities in the trigeminal nerve cause the 
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headshaking.  Electrical activity in the trigeminal nerve and the brain were 
recorded following nerve stimulation.  In addition, we examined hormone levels 
to determine whether seasonal changes of the hormones FSH and LH in geldings, 
which do not have normal testosterone feedback, produce chemical changes in 
the trigeminal nerve resulting in nerve pain and headshaking signs.

This study revealed that horses with headshaking syndrome may have altered 
regulation of the trigeminal nerve.  However, further studies are needed.  A 
method developed in this study for recording trigeminal nerve stimulation has 
been developed, which will aid in those future studies.  We also found that horses 
with headshaking syndrome have the same levels of gonadotrophins as do healthy 
horses.  Finally, affected horses treated with a vaccine to lower the hormones FSH 
and LH did not result in long-term improvement in headshaking.

How does this research benefit horses?
This research has clarified some of the mysteries surrounding headshaking 
syndrome.  However, further studies are clearly needed.  A piece of the puzzle 
of the cause of headshaking continues to revolve around abnormalities in the 
trigeminal nerve.  Future studies should focus on the regulation of the trigeminal 
nerve.

Investigators:  John Madigan, Kirstie Dacre, Monica Aleman, Terry Holliday and 
Robert Brosnan
Study ID:  07-05

g

Evaluation of Post-Transfusion Red Blood Cell Survival in Thoroughbred 
Horses

Blood transfusions in horses are an essential part of veterinary care and have 
become indispensable for the support of increasingly sophisticated surgical 
procedures.  However, a few 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.

In this study, we validated a nonradioactive RBC labeling technique (biotin) in the 
horse and then compared the post-transfusion RBC survival of nonstored blood 
versus blood stored over time using current blood-banking protocols.  We found 
that biotin can be used successfully to label equine RBCs, that the post-transfusion 
lifespan of autologous (self-derived) RBCs was 99, 89, 66 and 58 days after 0, 1, 14 
and 28 days of storage, respectively.  This study demonstrated that storage did not 
result in significant alterations in RBC lifespan.

How does this research benefit horses?
Blood transfusions in horses are an essential part of veterinary care and has 
become indispensable for the support of increasingly sophisticated surgical 
procedures.  This study has increased our knowledge of transfused horse red blood 
cells and provides some evidence that autologous equine RBCs stored in blood 
bags containing CPDA-1 for up to 4 weeks is acceptable for transfusion.  These 
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findings support our hypothesis that post-transfusion autologous RBC survival in 
horses is greater than what has been reported previously.  Autologous RBCs stored 
under routine blood bank conditions appears to have a similar, though slightly 
decreased, post-transfusion half-life and lifespan compared with other companion 
animal species.   

Investigators:  Sean Owens, Dori Borjesson, Fern Tablin and K. Gary Magdesian
Study ID:  07-11

g
Does Perfusion Pressure to the Equine Hoof Determine Blood Flow to the 
Equine 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 vessels in the hoof.  This in turn could decrease the driving 
pressure for blood flow into the foot and predispose horses to laminitis.

In this study, we measured blood flow to the hoof laminae in anesthetized horses 
under conditions where digital perfusion pressure is altered.  We then tested for a 
correlation between digital perfusion pressure and hoof laminae blood flow.  We 
found that increases in digital perfusion pressure actually decreased flow through 
capillaries in hoof laminar tissue.  This phenomenon could be because increased 
digital perfusion pressure causes preferential blood flow through shunt vessels 
between arteries and veins in the hoof wall, thereby bypassing and reducing flow 
through capillaries of the hoof dermal laminar tissue beds.

How does this research benefit horses?
The knowledge gained from this study will be useful in treating horses with 
laminitis.  This study showed that, contrary to our hypothesis, increases in digital 
perfusion pressure actually decreased flow through capillaries in hoof laminar 
tissue.  Thus, dermal laminar blood flow in the horse hoof is not solely governed 
by passive pressure flow relationships that determine blood flow to many other 
peripheral tissues such as skin.  Moreover, the systemic hypertension—as may 
occur with pain and stress—can actually reduce dermal laminar blood flow in 
horses and thus may have the potential to exacerbate laminitis.

Investigators:  Robert Brosnan, Eugene Steffey, Alejandro Vico, Irwin Liu and
Betsy Vaughan
Study ID:  07-12
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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

Equine herpesvirus-1 (EHV-1) infection is widespread in horse populations 
throughout the world and produces well-documented outbreaks of respiratory 
disease, abortion and myeloencephalopathy, as recently experienced at riding 
schools, racetracks and veterinary hospitals in North America.  Several aspects 
of this disease still need to be investigated, including the prevalence of the virus 
in specific horse populations, the molecular characteristics of the virus, and the 
causes of reactivation of the virus from its latent state.  This information is essential 
to establish appropriate biosecurity policies to prevent the spread of this disease.

In this study, we collected data from healthy horses undergoing long-distance 
transportation and found a low level of EHV-1 infection.  We found no evidence 
of nasal shedding of EHV-1 or the presence of the virus in the bloodstream of 
hospitalized critically ill horses with acute abdominal disorders.  In submandibular 
lymph nodes and trigeminal ganglia that we tested, 3.3% were PCR positive for the 
gB gene of EHV-1, while of the trigeminal ganglia 12% tested PCR positive for the 
gB gene of EHV-1.  These structures have been suspected as sites for subclinical 
harboring of the virus.

Finally, four horses latently infected with EHV-1 through corticosteroid 
administration showed transient molecular detection of EHV-1 in blood and nasal 
secretions but only one horse developed a fever.  Three showed an increase in 
antibody levels against EHV-1 after reactivation of the latent virus.  Viral cultures 
remained negative for all four horses and none developed clinical signs, evidence 
of virus in the bloodstream, viral shedding or seroconversion. 

How does this research benefit horses?
The epidemiology and risk factors associated with reactivation of EHV-1 in adult 
horses are poorly understood and this study has helped to clarify some aspects of 
the behavior of EHV-1.  It appears that reactivation of EHV-1 following the stress 
of transport or acute abdominal disorders is uncommon and that latent infection, 
determined by molecular testing for EHV-1 in submandibular lymph nodes and 
trigeminal ganglia, is low—in agreement with the reported low incidence of 
reactivation.  

Investigators:  Nicola Pusterla, W. David Wilson, John E. Madigan and
N. James MacLachlan
Study ID:  08-01
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Validation of Diagnostic Tests for Fibrotic Lung Disease Associated with 
Equine Herpesvirus-5 and Evaluation of the Antiviral Efficacy of Valacyclovir

Equine herpesvirus-5 (EHV-5) infection has recently been associated with a 
debilitating chronic progressive respiratory disease of horses, known as equine 
multinodular pulmonary fibrosis (EMPF).  However, several other lung diseases 
of horses have a similar presentation to EMPF.  Therefore, a validated diagnostic 
test for detection of EHV-5 in a sample such as bronchoalveolar lavage fluid (a 
small sample of fluid squirted into the lung and then aspirated for testing for lung 
disease) would be very helpful clinically.  In addition, in vitro data to demonstrate 
suppression of EHV-5 growth by antiviral drugs—in this study the antiviral drug 
valacyclovir—would provide support for treatment of clinical cases of EMPF with 
such agents.

This study was conducted to demonstrate our hypotheses that EHV-5 will rarely 
be detected from nasal secretions and bronchoalveolar lavage fluid from healthy 
adult horses, that EHV-5 detected in bronchoalveolar lavage fluid and nasal 
secretions will be associated consistently with EMPF, and that valacyclovir will 
inhibit the growth of EHV-5.

We found that all healthy horses tested negative by PCR and cell culture for EHV-
5.  Five of seven horses diagnosed with EMPF during the study tested positive for 
EVH-5 in nasal secretions, bronchoalveolar lavage fluid and lung tissue analyzed 
by PCR.  Finally, propagation of EHV-5 in cell culture was successfully inhibited by 
valacyclovir. 

How does this research benefit horses?
This pilot study showed that the molecular detection of EHV-5 in bronchoalveolar 
lavage fluid from horses with interstitial pneumonia was highly suggestive of 
EMPF.  The detection of EHV-5 in nasal secretions and bronchoalveolar lavage fluid 
of healthy adult horses and in horses with lung diseases other than EMPF occurred 
rarely, further highlighting the strong relationship between EHV-5 and EMPF.

PCR detection of EHV-5 will become a routine diagnostic tool to strengthen the 
diagnosis of equine multinodular pulmonary fibrosis.  In addition, this study 
demonstrated the in vitro efficacy of valacyclovir, an antiviral drug, against EHV-5.  
Valacyclovir may become an additional treatment option for horses affected by 
EMPF.

Investigators:  Nicola Pusterla, Stephanie Bell and N. James MacLachlan
Study ID:  08-02
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How Common Is Selenium Deficiency in Endurance Horses?  Do Selenium 
Levels Decrease with Racing Exercise and Is This Associated with 
Performance?

Funded by the Suhr Endowment

Selenium levels in California soils are frequently low and lead to the production of 
selenium-deficient forage.  This causes a high prevalence of selenium deficiency 
in horses living in California.  Selenium is an important antioxidant that supports 
healthy metabolism during exercise.  Over-supplementation with selenium does 
not have a positive impact on performance in human athletes, but whether 
selenium deficiency negatively affects performance is unknown.

In this study, we examined endurance horses to determine whether they were 
deficient in selenium and measured selenium levels after exercise to determine 
whether levels decreased with racing exercise.  We found that out of 56 horses, 
only one horse had a whole blood selenium concentration that was considered 
to be deficient.  Whole blood selenium levels increased following exercise and no 
correlation was found between improved performance and an increased selenium 
concentration.  Furthermore, no association was found between predominant 
dietary forage type (grass, oat, alfalfa) and selenium concentrations.

How does this research benefit horses?
Selenium deficiency is known to have an adverse effect on horse health, including 
muscle injury and cardiac problems.  This study showed that selenium deficiency 
was less common than anticipated in endurance horses, possibly due to the high 
rate of supplementation and owner awareness.

Investigators:  K. Gary Magdesian, Emily Haggett, John Maas and Judy Edman
Study ID:  08-13
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g
Comparison of Different Racetrack Surfaces Using a Track-Testing Device

Racetrack surfaces have long been blamed for causing injuries, but epidemiologic 
studies of race surfaces have been inconclusive because the effects of the multiple 
factors that affect injury are difficult to separate.  The racehorse industry has 
recognized the potential for injury reduction through racetrack surface changes, 
as demonstrated by the replacement of dirt surfaces with synthetic materials at 
several racecourses in the country over the last three years.  However, the selection 
of synthetic surface materials has been based largely on empirical evidence 
as there is a lack of information regarding the scientific properties of existing 
racetracks.

In this study, we conducted a scientific comparison of the surface properties of 
different dirt and synthetic surfaces through laboratory testing and mathematical 
modeling.  We found that hoof impact forces differed markedly between 
different racetrack surface materials, cushion depths, base properties and surface 
maintenance.  We also found that surface maintenance methods also affect surface 
properties.  
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How does this research benefit horses?
This study provided a characterization of racetrack surface properties as an 
important first step toward more detailed studies in the laboratory under 
controlled conditions.  This effort is likely to improve racetrack surface engineering 
to minimize injuries to racehorses.   

Investigators:  Susan Stover, Shrinivasa Upadhyaya, Mont Hubbard and
Jacob Setterbo
Study ID:  08-07
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How Does Training Regimen and Layup Affect Likelihood for Stress Fracture?

Racehorses are most susceptible to a fatal fracture of the humerus (bone in the 
front limb between elbow and shoulder) soon after return to training from a layup 
period.  We believe that such fractures could be prevented by specific training 
regimens and layup periods designed to promote an injury-free return to training.

It is possible that stress fractures and associated fatal fractures are caused by 
infrequent and long high-speed workouts and races and short layup periods.  If 
this is true, then breaking up works into shorter distances that occur more often 
and extending the length of layups may help prevent humeral fractures.

The objective of this study was to gather data to support this hypothesis by 
examining and comparing the microscopic events that occur in bones with stress 
fractures and in normal bones.  We found that

  Bone strength increases with high speed (races and timed works) distance
    accumulation over time.   

The horses were instrumented with an acceleration measurement package (a tri-axial 
piezoelectric-based accelerometer) and a force measuring shoe (a dynamometric, force- 
measuring horseshoe).  Acceleration and force signals were recorded using custom software.
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  More recent high-speed events have greater influence on strength of humeral
     bone material than less recent events.
  Bone material strength was greater for  horses that had more days between
     races and fewer days between works.
  Bone mechanical properties were lower for horses that spent a greater
     proportion of their career in layup.
  Bone mechanical properties were higher with less porous bone material.

How does this research benefit horses?
This study provides evidence that training programs can be managed for injury 
prevention.  Bone stiffness and strength increase with increasing distance trained.  
Stronger bone material was found in horses that raced less frequently (had more 
days between races) and worked more frequently (fewer days between works).  
This avenue of research merits further investigation.

Investigators:  Susan Stover, Christopher Ryan and Sarah Sammons
Study ID:  08-12

g

Betacellulin Inhibits Osteogenic Differentiation and Stimulates Proliferation 
Through HIF-1a

Funded by the Talbot Clinical Trial Endowment

Postoperative complications in horses with long bone fractures leading to laminitis 
have recently been highly publicized through Barbaro’s demise after his tragic 
injury in the 2006 Kentucky Derby.  Due to the weight and size of the horse, 
rapid bone healing requires new tissue engineering approaches to help speed 
bone formation.  One strategy to address this problem is to implant cell-seeded 
scaffolding materials into the fracture.  Because these scaffolds require seeding 
with large amounts of stem cells, suitable growth factors are required to enhance 
cell growth in culture with the purpose of seeding these scaffolds and to enhance 
new bone formation once the cell-scaffold construct has been implanted into the 
long bone defect.

Recently, an experimental model of transgenic mouse overexpressing the EGF-
like ligand betacellulin (BTC) showed increased cortical bone deposition.  (EGF, 
or epidermal growth factor, is a protein that is thought to be involved in cell 
growth and wound healing.)  However, the identity of cells affected by BTC and 
responsible for increased cortical bone thickness was unknown.

The objective of this study was to examine the influence of BTC on mesenchymal 
stem cells (MSCs) and on their ability to differentiate into bone-forming cells 
and proliferate.  We found that BTC had an inhibitory effect on osteogenesis for 
both bone marrow-derived stem cells and the bone precursor cells (osteoblasts).  
However, while BTC inhibited osteogenic differentiation, it appeared to increase 
cell proliferation and may therefore be of use for future research aimed at 
optimizing seeding of scaffolding materials for fracture healing. 
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How does this research benefit horses?
New tissue engineering approaches to speed the formation of new bone are 
needed to prevent postoperative complications in horses with long bone fractures.  
If BTC in fact has cell proliferative properties, then this growth factor may have 
benefits in enhancing fracture repair or in more rapid seeding of appropriate 
scaffolds used in fracture repair.

Investigators:  Damian Genetos, Rameshwar Rao and Martin Vidal
Study ID:  08-15
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The Efficacy of a Genetically Cloned Equine Follicle Stimulating Hormone 
(eFSH) to Promote Superovulation and Increase Embryo Production in the 
Mare

A horse’s own eFSH is difficult to obtain in large amounts as a drug for breeding 
management.  Other drugs that are used to stimulate follicle growth for 
superovulation and other reproductive technologies are problematic.  We 
have cloned two equine hormones in sizeable quantities:  recombinant equine 
luteinizing hormone (reLH) and reFSH.  We have found that reFSH increased 
follicular development in cycling mares.

In this study, we found that reFSH can be used to superovulate cycling mares 
and increase the number of ovulations and the number of embryos that can be 
retrieved for embryo transfer.  The number of ovulations and embryos were higher 
but the embryo:ovulation ratio was lower than expected, suggesting that all 
the eggs being released from the ovary were not becoming embryos.  Repeated 
injections of reFSH appeared to abnormally decrease circulating luteinizing 
hormone--a hormone that is necessary to induce egg maturation and ovulation.  
This decrease may have contributed to the low embryo:ovulation ratio observed.  
Further research is needed to clarify this, however.

How does this research benefit horses?
Performance mares and reproductively unsound mares are often presented to 
veterinarians as candidates for embryo transfer.  Typically without treatment, only 
one eggs is ovulated and one embryo available for transfer, thus reducing the 
success rate.  By increasing the number of embryos in the mare using reFSH, we 
hope to increase the efficacy of the embryo transfer.

Investigators:  Janet Roser and Geraldine Meyers-Brown
Study ID:  07-06
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The Role of Heat Shock Proteins in the Survival of Cryopreserved Equine 
Spermatozoa

The fertility of frozen semen is poor compared with that of freshly collected or 
cooled, shipped semen.  During spermatogenesis, heat shock proteins are a class 
of cell proteins that protect sperm from adverse conditions.  It is unknown whether 
these proteins play any role in the survival of sperm after cyropreservation, 
although they are present within sperm in several species.  Two heat shock 
proteins (HSP)—HSP 70 and 90—have been identified in ejaculated stallion sperm 
by immunocytochemistry and by Western blot assay.

In this study, our aim was to identify the mechanism by which these proteins 
become activated during the various stages of cyropreservation and 
whether activation of HSP 70 and 90 is necessary for sperm cell survival after 
cryopreservation.  We determined, for the first time, that HSP 70 and 90 are present 
in detectable quantities in equine sperm before and after cryopreservation.  We 
found that HSP 70 and 90 are activated during a simulation of the cryopreservation 
process.  Using an HSP 90 inhibitor (geldanamycin), we determined that tyrosine 
phosphorylation rates of sperm HSP 70 are profoundly changed.  This indicates 
that HSP 90 is a controller for the function of HSP 70, and this has not been 
demonstrated for any other cell system.

How does this research benefit horses?
With an understanding of how sperm cells respond to cryopreservation-related 
stress, we can begin to explore treatments for stallion semen to improve 
cryopreservation success for a significant number of stallions.  As an initial step in 
this process, we have found that the antibiotic geldanamycin can be used to alter 
the effects from HSP 90 during cyropreservation.  Our results demonstrate that this 
semen treatment is achievable, though not without some technical problems, and 
may allow aging or debilitated proven sires to participate in breeding programs 
longer than currently possible. This study will benefit a variety of breed registries in 
the United States and abroad as improvement in preservation of stallion genetics 
will allow more stallions within breeds to contribute to breeding programs and 
progeny production.

Investigators:  Stuart Meyers and Julie Shacoski
Study ID:  08-08

Bacterial Changes in the Horse Gut Due to Elective Surgical Procedures

Diarrhea is a significant complication of healthy horses undergoing surgical 
procedures and can result in devastating consequences.  It can lead to laminitis 
or death or necessitate euthanasia of the animal.  The exact cause of diarrhea is 
frequently undetermined despite efforts to culture specific bacterial pathogens .  
This suggests that other changes may be occurring in the gut bacterial population.
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The objectives of this study were to establish the normal bacterial populations 
of horses entering the hospital for elective orthopedic procedures and to learn 
what changes occur during hospitalization when the horses undergo surgery and 
are given preventive antibiotic therapy.  A secondary objective was to determine 
whether changes were associated with infection during hospitalization by bacteria 
that cause diarrhea, such as Salmonella or C. difficile.

This study was able to confirm that there are major changes in the microbial flora 
of the gastro-intestinal tract of horses when undergoing surgical procedures and 
administered antibiotics.  These changes may be the initiating factor for diarrhea, 
though not sufficient for development of diarrheal disease.  These initial studies 
serve as the basis for future work to understand the changes that predispose 
horses to development of diarrhea post-surgery.

How does this research benefit horses?
This study has helped increase our understanding of how elective procedures 
affect the bacterial population in the equine gut and was an essential first step to 
understand how to prevent and treat diarrhea in hospitalized horses.

Investigators:  Barbara Byrne, K. Gary Magdesian and Nadira Chouicha
Study ID:  07-07





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

Funded by the Patterson Foundation

Centrifugation of sperm across density gradients such as 
EquiPure® offers the opportunity to greatly enhance the 
quality of sperm present in an insemination dose of frozen-
thawed equine semen.  By enhancing the sperm population 
used for artificial insemination (AI), lower numbers of cells 
can be used and dead or damaged sperm, which have 
adverse effects on the remaining normal sperm population, 
can be removed.

In this study, we evaluated the use of EquiPure® for gradient 
separation of frozen-thawed equine sperm intended for AI.  
Total sperm motility, progressive motility, morphology, DNA 
integrity, mitochondrial membrane potential and plasma 
membrane alteration of sperm were evaluated before and 
after centrifugation. Our results showed that the use of 
EquiPure® improved the quality of the sperm based on the 
above measured parameters.

Benefits to the Horse Industry
The use of EquiPure® single-layer gradient centrifugation 
appears to be beneficial particularly for stallions whose 
sperm does not readily survive freezing and thawing.  
Further studies are needed to compare pregnancy rates 
of frozen-thawed sperm before and after density gradient 
centrifugation of stallions with good and poor post-thaw 
sperm quality.

Investigators:  Anja Stoll, Barbara Stewart, Irwin Liu, and 
Barry Ball
Study ID:  07-16R 
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Analysis of Equine Herpesvirus-2 Field Strain Variation 
Using DNA Sequencing

Funded by the Peray Memorial Endowment

Equine herpesvirus-2 (EHV-2) has been implicated as the 
cause of keratoconjunctivitis, malaise, fever, pharyngitis, 
and enlarged lymph nodes in young horses.  However, 
because of the widespread nature of EHV-2 infection, a 

direct relationship between EHV-2 and disease has been 
difficult to establish.  The identification of EHV-2 strains 
associated with respiratory disease in foals would be helpful 
in understanding and treating the disease.

In this study, we used DNA sequencing to analyze the 
glycoprotein B gene of North American field strains of EHV-
2 from nasopharyngeal secretions of foals and their dams 
to see whether the antigenic groupings were similar and 
whether respiratory disease in foals could be associated with 
specific strains of EHV-2.

Benefits to the Horse Industry
These findings are important to the future development of 
methods to control transmission of EHV-2 among foals.  We 
found that positive selection may be responsible for the 
wide variation that occurs within the EHV-2 strains present 
in nasal secretions of foals.  This is an exciting possibility 
since positive selection in DNA viruses like herpesviruses 
is a relatively novel finding.  Although EHV-2 was detected 
in all foals in this study up to 5 months of age, the viral 
load decreased significantly after 3 months of age, as 
did the number of distinct virus genotypes found in the 
nasal secretions.  The dramatic reduction in virus load and 
heterogeneity is likely attributable to the development of a 
robust immune response in the foals at that time. 

Investigators:  Stephanie Bell, N. James MacLachlan, Udeni 
Balasuriya and Brian Bird
Study ID:  07-17H

Effect of Weight-Bearing Forces on Blood Flow in the Hoof

Funded by the Patterson Foundation

Horses with severe lameness bear excess weight on the 
opposite limb.  Excess weight bearing on the uninjured 
limb often results in a painful, devastating condition known 
as support limb laminitis.  The causative factors are not 
well understood, but changes in hoof blood flow are likely 
important.  Understanding the relationship between blood 
flow to the hoof and increased weight bearing is essential for 
prevention and treatment of this condition.

g
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This pilot study was intended to establish an experimental 
model to apply measurable, repeatable, physiologic loads to 
the equine foot and to measure blood flow and permeability 
(vascular leakiness) in the lamina of the hoof at varying 
loads using contrast enhanced computed tomography.  We 
observed a trend toward increasing laminar permeabililty 
with increasing hoof loads.  These results have provided 
"proof of concept" to allow the investigators to apply for 
additional funding to establish blood flow and permeability 
measurements in additional horses.

How does this research benefit horses?
Although advances in emergency stabilization, surgical 
technique, implant technology, antibiotic administration 
and anesthesia recovery have dramatically improved the 
options for treatment and management of horses suffering 
limb injuries, affected horses still frequently succumb to 
laminitis.  This research along with planned future studies 
will provide valuable insight into the vascular changes that 
occur within the laminae of horses with severe lameness 
and compensatory excessive weight bearing.  By identifying 
the underlying mechanisms of damage in the support limb 
lamina, methods for prevention and treatment of laminitis 
can be developed.

Investigators:  Derek Cissell, Sarah Puchalski, Larry Galuppo, 
Susan Stover and Rachel Pollard
Study ID:  07-18R 
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A Study Investigating Blood Clotting Function in Normal 
and Sick Newborn Foals

Funded by the John Hughes Memorial Endowment

Sick neonatal foals are in a functional state of heightened 
blood clotting, which puts them at risk for thrombosis of 
major arteries, leading to fatal consequences.  There is 
no effective test to enable clinicians to make an accurate 
prognosis or determine the most effective therapy to address 
this problem.  Thromboelastography is a tool that is new to 
veterinary medicine, which allows the study of all aspects of 
clotting from start to finish.

In this study, we used thromboelastography to measure 
grossly altered clotting parameters in sick neonatal foals 
and correlated those determinations with clinical signs, 
complications and prognosis.  We also developed normal 
blood clotting values for foals.

How does this research benefit horses?
This study determined normal values for blood clotting 
parameters for healthy neonatal foals, which will 
be used in an ongoing study to determine whether 
thromboelastographic abnormalities may be used as a tool 
for the diagnosis and treatment of critically ill neonatal 
foals with clotting disorders.  Our goal is to provide a more 
accurate prognosis and allow more targeted therapy for sick 
newborn foals. 

Investigators:  Hugo Hilton and K. Gary Magdesian
Study ID:  08-16H

g

An Investigation Into the Use of Keyhole Thoracic Surgery 
to Diagnose, Treat and Determine Outcome in Horses 
with Severe Pneumonia

Funded by the Peray Memorial Endowment

Pleuropneumonia is an infection of the lungs and pleural 
space.  In most instances, it develops secondary to bacterial 
pneumonia.  Horses with pleuropneumonia may present with 
fever, depression, lethargy, and loss of appetite.  Clinical signs 
specific to pleuropneumonia include pleural pain evident as 
short strides, guarding, and flinching on percussion of the 
chest; shallow respiration; and endotoxemia.  Horses with 
pleural pain have an anxious facial expression, stand with 
their elbows abducted, and are reluctant to move, cough, or 
lie down.

Despite advances in our understanding and management 
of equine pleuropneumonia, this condition is difficult to 
diagnose and treat.  We believe that early interventional 
thoracoscopy offers the possibility of significant 
improvements in diagnosing, treating and managing horses 
with pleuropneumonia.

Thoracoscopy is the insertion of an endoscope, a narrow-
diameter tube with a viewing mirror or camera attachment, 
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through a very small incision in the chest wall.  This 
technique makes it possible to examine the lungs or other 
structures in the chest cavity without making a large incision.  
It can be used to take biopsies to determine the cause of fluid 
in the chest cavity, to introduce medications directly into the 
pleural space to treat infection in the lungs.  

In this study, we were able to evaluate just one horse that 
was admitted to the Veterinary Medical Teaching Hospital 
and diagnosed with pleuropneumonia on the basis of 
other diagnostic tests including thoracic ultrasound and 
radiographs.  We found that the use of thoracoscopy 
identified abnormalities that were not evident using classical 
diagnostic imaging. We also provided a description of the 
hand-assisted technique used for thoracoscopy in the horse.

How does this research benefit horses?
The technique used in this study may be used to visualize 
abnormalities in the thorax of horses suffering from severe 
pneumonia that are not evident following routine diagnostic 
imaging such as thoracic radiographs and ultrasound.  By 
directly visualizing the lung surface via thoracoscopy, we 
were able to effectively rule out the possibility of necrotic or 
infarcted lung tissue, the presence of which would negatively 
impact prognosis for this horse.  Veterinarians treating 
horses with severe or chronic pleuropneumonia may use 
this technique to better direct therapy and provide a more 
accurate prognosis to their clients. 

Investigators:  Hugo Hilton, Monica Aleman, Larry Galuppo, 
Sarah Puchalski and Mary Beth Whitcomb
Study ID:  08-17H

g

Retrospective Evaluation of Cribbing and Windsucking 
Behaviors and Owner-Perceived Behavioral Traits as Risk 
Factors for Colic in Horses

Cribbing is an oral stereotypy (repetitive behavior) associated 
with colic and stress.  Because the role of repetitive behaviors 
and other behavioral traits on different types of colic has not 
been investigated, this study was designed to investigate the 
relationship between these behaviors and different types of 
colic.

We found that cribbing was associated with increased colic 
risk but was not associated with a particular category or 
severity of colic.  There was no association between colic risk 

and other repetitive behaviors, and horses characterized as 
anxious were not at increased risk for colic.

Benefits to the Horse Industry
Studies such as this could allow for the development of 
management strategies to improve equine welfare and 
reduce the risk of disease.  The information could also 
contribute to the development of more effective and 
humane treatment modalities for cribbing.

Investigators:  Rachel Malamed, Jeannine Berger, Sharon 
Spier, Melissa Bain and Philip Kass
Study ID:  08-20R 

g

Evaluation of Errors in Measurement of Bone Thickness 
with Magnetic Resonance Imaging

The thickness of bone is known to change with exercise and 
disease processes such as arthritis.  Magnetic resonance 
imaging (MRI) has great potential for allowing noninvasive 
visualization and assessment of bone thickness, but errors 
in construction of the image due to different properties 
between fat and water within the animal’s body may result in 
inaccurate representation of the anatomy.
 
In this study, we compared the measured bone thickness 
of multiple bones of the lower equine limb obtained by 
MRI with the thicknesss measured from limbs after thin 
sectioning of equine cadavers.  We found differences in the 
apparent thickness of the bone when measurements were 
made from MRI acquired with differences in specific imaging 
parameters.  When specific MRI parameters were used, 
measurements of apparent bone thickness were also found 
to differ from measurements of bone thickness made from 
thin-section radiographs.  The magnitude of this difference 
was predictable based on the imaging parameters used.

How does this research benefit horses?
Recognition of the influence of some of the parameters used 
for imaging will allow future investigators and clinicians to 
design MRI protocols that avoid or account for this error in 
measurement.  This will allow for noninvasive but accurate 
assessments of the anatomy of equine limbs, which can 
potentially impact the assessment of orthopedic disease.

Investigators:  Abigail Dimock and Mathieu Spriet
Study ID:  08-21R
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Effect of Decreasing Gastric Acid Production on the 
Absorption of Calcium in Normal Horses

Funded by the Kelly Foundation

Lower calcium absorption has been associated with an 
increased risk of bone fractures in humans.  Moreover, a 
recent study found that a one-week course of an anti-ulcer 
medication significantly decreased calcium absoprtion in 
a human patient.  These facts are of interest in light of the 
reported increase in flat racing of horses in the past 23 years 
and the high prevalence of gastric ulcers for Thoroughbred 
racehorses (80 to 90%).  Omeprazole is a proton pump 
inhibitor that blocks gastric acid production and is commonly 
used for treating or preventing gastric ulcers in horses.  
We hypothesize that the extensive use of Omeprazole in 
racehorses could decrease calcium absorption and lead 
to decreased bone density, thereby increasing the risk of 
catastrophic fractures.

In this study, our objective was to determine whether 
Omeprazole has an effect on different parameters associated 
with calcium metabolism in normal horses.  We found that 
it had no effect on blood levels of total calcium, ionized 
calcium, calcitonin and PTH.  Omeprazole produced higher 
levels of gastrin in the blood compared with placebo 
administration, but it did not have an effect on the fractional 
absorption of strontium.

How does this research benefit horses?
The results of this study show that administration of 
Omeprazole did not affect calcium levels or hormones 
related to calcium metabolism in normal horses.  In contrast 
to studies conducted in elderly female humans where 
Omeprazole decreased calcium absorption, no supplemental 
administration of calcium appears to be required for healthy 
horses receiving Omeprazole, provided they are given a diet 
with an adequate amount of calcium.

Investigators:  Ohad Levi, Jorge Nieto, Monica Aleman, 
Gregory Ferraro and Jack Snyder
Study ID:  08-23R

Evaluation of the Absorption of Ceftiofur Administered 
Under the Skin in Newborn Foals

Funded by the Patterson Foundation

Infection following inadequate colostrum intake is one of 
the leading disease conditions resulting in hospitalization 
of neonatal foals.  Foals identified by referring veterinarians 
as being at risk for infection are often placed on 
antibiotics, including Ceftiofur, as a precaution.  Traditional 
administration requires a venous catheter, whereas 
administration under the skin requires less technical skill and 
would be easier to administer on a farm by an owner.

In this study, we determined the level of absorption of 
Ceftiofur sodium following single administration under 
the skin compared with single intravenous administration.  
We then evaluated the efficacy of Ceftiofur at preventing 
bacterial infections following inadequate colostrum 
ingestion.  We found that plasma concentrations of Ceftiofur 
administered under the skin were similar to concentrations 
found after intravenous administration.  Both methods 
of administration provided sufficient protection against 
common bacterial infections in neonatal foals.  No adverse 
effects were produced by either method.

How does this research benefit horses?
Subcutaneous administration of Ceftiofur sodium is easy 
to perform on a farm and is expected to be tolerated 
better than intravenous administration.  Further, plasma 
levels achieved are adequate to provide protection against 
neonatal pathogens.  Subcutaneous administration provides 
an alternative route of administration when referral and 
intravenous administration is not practical.

Investigators:  Tiffany Hall, Nicola Pusterla and Scott Stanley
Study ID:  08-24R





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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The Potential Role of Equine Gamma-Herpesviruses in 
Foal Illness

Herpesviruses are associated with several disease syndromes 
in horses.  For example, equine herpesvirus-1 (EHV-1), in the 
alpha-herpesvirus subfamily, is the well-established cause 
of abortion, neurological disease and respiratory disease.  
In contrast, the relationship of the gamma-herpesviruses 
EHV-2 and EHV-5 with disease is poorly defined.  However, 
the symptoms of infectious mononucleosis (IM) in human 
adolescents caused by the gamma-herpesvirus Epstein-Barr 
Virus (EBV) seem similar to a febrile syndrome commonly 
recognized in foals.

The objectives of our study were to define the immune 
response of foals to primary infection with EHV-2 and EHV-5 
and to compare these parameters with those seen in humans 
who develop IM as a result of EBV infection.

How does this research benefit horses?
The results of our research provides exciting preliminary 
data supporting the role of EHV-2 infection in febrile illness 
of foals in that these foals seem to have a more exaggerated 
immune response to EHV-2 than foals that are not febrile. 
The fact that these viruses might directly cause illness in 
foals is clearly important in that further research into the 
development of vaccines and other control measures may 
be warranted.  In addition, gamma-herpesvirus infections are 
known to lead to immunosuppression in their hosts, possibly 
predisposing foals to Rhodococcus equi pneumonia and 
other diseases. 

Investigators:  Stephanie Bell, N. James MacLachlan, Udeni 
Balasuriya and Ian Gardner
Study ID:  07-01M

Evaluation of Inflammatory Gene Activation in Horses 
Undergoing Colic Surgery

Endotoxemia is a common and potentially life-threatening 
condition in horses with colic due to the excessive activation 
of inflammatory responses, which can damage organ 
systems throughout the body.  Inflammatory markers 
(cytokines) expressed in the blood and abdominal fluid cells 
can provide early recognition of inflammatory processes and 
allow early treatment and management of horses.

In this study, we determined the gene expression of several 
inflammatory proteins in the blood and abdominal fluid 

g

from horses with surgical colic problems for comparison 
with that from healthy, normal horses to see if the level of 
inflammatory gene expression is higher in sick horses.

How does this research benefit horses?
This study provides a greater understanding of the 
cellular responses to surgical colic problems and systemic 
inflammation.  The three genes expressing the cytokines and 
mediators of IL-8, IL-10 and HIF-1, found to be differentially 
expressed in response to disease, may be useful markers 
to evaluate in future studies as prognostic indicators or 
potential therapeutic targets.  

Investigators:  Julie Dechant and Nicola Pusterla
Study ID:  07-02M

g

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

Equine anesthesia is associated with an extraordinarily high 
risk of injury or death compared with dogs, cats or humans.  
Recovery from inhaled anesthetics accounts for a significant 
proportion of adverse events, largely because of prolonged 
recumbency or excitement and uncoordinated attempts to 
stand.  If inhaled anesthetics were eliminated more quickly 
after discontinuation of general anesthesia, horses might be 
able to stand more quickly with fewer undesirable effects 
on behavior and balance, thus improving the safety of these 
drugs.

In this study, we compared anesthetic elimination, recovery 
time and recovery quality in horses for various combinations 
of oxygen, carbon dioxide and anesthesia.  We found that 
inhalation of carbon dioxide shortened recovery time from 
the anesthetics sevoflurane and isoflurane.  We also found 
that the benefit of inspired carbon dioxide on recovery time 
was greater than the effects of using sevoflurane versus 
isoflurane.

How does this research benefit horses?
Inspired carbon dioxide administered to healthy horses with 
good respiratory system function may be useful to hasten 
inhaled anesthetic washout, shorten recovery times, and 
possibly reduce injury from prolonged recumbency during 
recovery from anesthesia.

Investigators:  Stephanie Bell, N. James MacLachlan, Udeni 
Balasuriya and Ian Gardner
Study ID:  07-01M



Newly Funded 
             R E S E A R C H  S T U D I E S
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Can Horses Be Infected with Bartonella spp.?

Bartonella are emerging pathogens that have been isolated 
or identified in a wide range of domestic animals and 
wildlife and are sometimes transmissible to humans.  These 
pathogens cause various clinical syndromes including 
fever, lymphadenopathy, central nervous system disorders, 
vasculitis and an often fatal endocarditis.

Until recently, Bartonella had never been detected in horses, 
but now it appears that horses can be infected naturally with 
Bartonella species based on a preliminary serological study in 
France and the detection and isolation of Bartonella henselae 
in two sick horses in the southeastern United States.

In this study, we will determine the presence of bacteremia, 
seroconversion and induction of clinical signs in horses 
that have been experimentally inoculated with Bartonella 
henselae.

How will this research benefit horses?
This study will provide a better understanding of the 
pathogenesis of disease from exposure to Bartonella spp.
 
Investigators:  Joanie Palmero, Nicola Pusterla and Bruno 
Chomel
Study ID:  08-19R

Investigation of the Relationship Between Cribbing 
Behavior and Temperament in Horses with a History of 
Abdominal Pain (Colic)

Previous research has shown that cribbing behavior is inter-
related to gut function/motility, diet and stress.  Two specific 
forms of colic have been identified as factors associated with 
cribbing, but the relationship to other forms of colic has not 
yet been investigated and is not understood.  The correlation 
between  cribbing, colic and the horse’s behavioral traits have 
not been studied and need further investigation to better 
understand the relationship between medical problems, 
stereotypic behaviors and types of personalities in horses.

In this study, we will investigate a possible relationship 
between cribbing and different forms of colic.  We will also 
evaluate a horse’s behavioral traits (as observed by the 
owner) and a possible correlation to cribbing and colic.

How will this research benefit horses?
This study will allow us to determine if there is a relationship 
between cribbing, different forms of colic and temperament.  
The presence or absence of such a relationship will provide 
clinicians and owners with a means of identifying animals 
that are at high risk for colic and to implement preventive 
measures.  This information will also allow us to design future 
studies to further investigate the underlying cause and 
pathogenesis of cribbing. 

Investigators:  Rachel Malamed, Jeannine Berger, Sharon 
Spier, Melissa Bain and Philip Kass
Study ID:  08-20R

g

g

Evaluation of Errors in Measurement of Bone Thickness 
with Magnetic Resonance Imaging

The thickness of bone is known to change with exercise and 
pathological processes such as arthritis.  Magnetic resonance 
imaging (MRI) has great potential for allowing noninvasive 
visualization and assessment of bone thickness, but errors 
in construction of the image due to different properties 
between fat and water within the animal’s body may result in 
inaccurate representation of the anatomy.
 
In this study, we will use bones from equine cadavers 
euthanized for reasons unrelated to orthopedic pathology 
for MRI imaging.  We will then compare the measured 
bone thickness of multiple bones of the lower equine limb 
obtained from MRI using different imaging sequences as 
well as to the thickness measured from the limbs after thin-
sectioning. 

How will this research benefit horses?
Recognition of the influence of some of the parameters used 
for imaging on the apparent thickness of bone will allow 
future investigators and clinicians to design MRI protocols 
that avoid or account for errors in measurement.  This will 
enable noninvasive but accurate assessment of the anatomy 
of equine limbs, which can potentially impact the assessment 
of orthopedic disease.

Investigators:  Abigail Dimock and Mathieu Spriet
Study ID:  08-21R
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Field Evaluation of an Intrarectally Administered 
Lawsonia intracellularis vaccine in the Protection Against 
Equine Proliferative Enteropathy

Equine proliferative enteropathy (EPE) caused by Lawsonia 
intracellularis has been identified in the last decade and 
gained special attention as an endemic and emerging 
disease in several regions of the United States, Europe, 
Australia and South Africa.  No preventive measures have 
been identified yet.  Previous research from this study 
group showed that the intrarectally administered Lawsonia 
intracellularis vaccine created detectable immune response 
in healthy weanling foals, which may be compatible with 
protection.

In this study, we will determine the protective effect of 
intrarectally administered avirulent live vaccine of Lawsonia 
intracellularis in the prevention of EPE in foals residing on 
endemic farms in central Kentucky.

How will this research benefit horses?
EPE has been diagnosed more and more frequently in 
the past few years in endemic areas of the United States.  
Treatment of this disease is costly and requires long-term 
antibiotic administration.  An effective vaccine could 
potentially decrease the occurrence of EPE. 

Investigators:  Nicola Pusterla, Nora Nogradi, Connie 
Gebhart and Nathan Slovis
Study ID:  08-22R

g

Pre-Existing Lesions and Race Characteristics of 
Racehorses That Have Died Due to a Scapula Fracture

Musculoskeletal injuries are the primary cause of death in 
79% of California racehorses.  Scapula fractures account 
for 2% of Thoroughbred and 6% of Quarter Horse 
musculoskeletal injuries.  There are no reports that describe 
scapular fracture characteristics, evidence of pre-existing 
bone pathology and/or analysis of race characteristics for 
racehorses.

We hypothesize that scapular fractures occur in predictable 
sites (that apparently are due to repetitive stress) and are 
secondary to pre-existing bone pathology that may be 
related to the racing history of affected horses.  In this 
study, we will examine the appearance of fractured and 

nonfractured scapula of Thoroughbred and Quarter Horse 
racehorses observed through visual examination and 
computed tomography.  We will also describe the racing 
history of horses that have died of a scapular fracture to 
identify factors that may increase risk for scapular fracture. 

How will this research benefit horses?
Knowledge of the location and description of pre-existing 
injury will enhance the ability of veterinary practitioners 
to diagnose and appropriately treat scapular injuries and 
prevent catastrophic scapular fractures.  This study is 
expected to contribute additional evidence that racing 
musculoskeletal injuries are a potentially preventable hazard 
of racing.

Investigators:  Stuart Vallance, Mathieu Spriet, Jim Case and 
Susan Stover
Study ID:  08-25R

g
Evaluation of Clotting Abnormalities in Horses with Acute 
Diarrhea

Acute diarrhea in horses is associated with severe 
inflammation of the gut wall, which leads to activation of 
the coagulation cascade.  This can create life-threatening 
complications such as laminitis and venous thrombosis.  
Current measures of coagulation are insensitive and do not 
allow for early detection of disease.

We hypothesize that thromboelastography may enable 
earlier detection of coagulation abnormalities than standard 
measures of coagulation.  In this study, we will validate the 
thromboelastogram in normal adult horses and measure 
thromboelastograms in horses with acute diarrhea.  We will 
then compare thromboelastography with standard measures 
of coagulation in horses with acute diarrhea. 

How will this research benefit horses?
The coagulation abnormalities that occur in horses with 
acute diarrhea can lead to life-threatening complications.  
Earlier detection of coagulation abnormalities by 
thromboelastography will allow treatment to begin earlier, 
thereby preventing complications such as laminitis and 
thrombosis.

Investigators:  Tiffany Hall, Monica Aleman, Emily Haggett, 
Sean Owens and Hugo Hilton
Study ID:  08-26R
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Abdominal Fluid Analysis in Adult Horses with Acute 
Diarrhea

It is often difficult to assess the severity of damage to the 
colon in horses with acute diarrhea (colitis) solely based on 
the clinical presentation and routine blood work results.  
Analysis of abdominal (peritoneal) fluid has been useful as a 
diagnostic and prognostic aid in horses with colic.  However, 
its role in horses with colitis has been overlooked.

We hypothesize that horses who do not survive acute colitis 
have significant abnormalities in the biochemical parameters 
of peritoneal fluid and that such abnormalities are associated 
with the severity of colonic damage and secondary 
peritonitis.  In this study, we will evaluate the association 
between biochemical parameters in the peritoneal fluid and 
survival in horses with acute colitis.  We will also evaluate 
D-lactate as a potential marker for bacterial translocation due 
to colonic damage.

How will this research benefit horses?
Equine practitioners are in need of better diagnostic and 
prognostic parameters in evaluating patients with colitis, and 
such tools may ultimately impact patient management and 
predict survival.

Investigators:  Seika Hashimoto-Hill, Monica Aleman, Sharon 
Spier and Jorge Nieto
Study ID:  08-27R
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CEH
Researchers

The strength of any

research program lies 

in the quality of its 

researchers.  The CEH has 

some of the best in the 

world in their fields.

Verena Affolter, DVM, PhD, VM: Pathology, Microbiology and Immunology
Monica Aleman, MVZ, PhD, DACVIM, VM: Surgical and Radiological Sciences
Melissa Bain, DVM, MS, DACVB, VM: Medicine and Epidemiology
Udeni B.R. Balasuriya, BVSc, PhD, Gluck Equine Research Center, University of 
       Kentucky
Barry A. Ball, DVM, PhD, DACT, VM: Population Health and Reproduction
Danika L. Bannasch, DVM, PhD, VM: Population Health and Reproduction
Bradd C. Barr, DVM, PhD, California Animal Health and Food Safety Laboratory
Stephanie A. Bell, DVM, VM: Surgical and Radiological Sciences
Jeannine Berger, DVM, DACVB, VM: Medicine and Epidemiology
Brian H. Bird, DVM, PhD, VM: Pathology, Microbiology and Immunology
Dori L. Borjesson, DVM, PhD, DACVP, VM: Pathology, Microbiology and Immunology
Robert J. Brosnan, DVM, PhD, VM: Surgical and Radiological Sciences
Barbara A. Byrne, DVM, PhD, DACVIM, VM: Pathology, Microbiology and 
       Immunology
Jim Case, DVM, PhD, California Animal Health and Food Safety Laboratory
Bruno Chomel, DVM, PhD, VM: Population Health and Reproduction
Nadira Chouicha, PhD, VM: Pathology, Microbiology and Immunology
Julie Cole Shacoski, DVM, DACT, VM: Anatomy, Physiology and Cell Biology
Patricia A. Conrad, DVM, PhD, VM: Pathology, Microbiology and Immunology
Kirstie Dacre, BVMS, MSc, Cert EM, PhD, VM: Medicine and Epidemiology
Hilde De Cock, DVM, PhD, University of Antwerp, Belgium
Julie E. Dechant, DVM, MS, DACVS, VM: Surgical and Radiological Sciences
Abigail Dimock, DVM, MS, VM: Large Animal Medicine
Judy Edman, VM: Medicine and Epidemiology
Rachel C. Entwistle MS, JD, VM: Wheat Veterinary Orthopedic Research Laboratory
Gregory L. Ferraro, DVM, VM: Center for Equine Health
Carrie J. Finno, DVM, VM: Medicine and Epidemiology
Larry D. Galuppo, DVM, DACVS, VM: Surgical and Radiological Sciences
Ian A. Gardner, BVSc, MPVM, PhD, VM: Medicine and Epidemiology
Connie Gebhart, DVM, PhD, Department of Veterinary and Biomedical Sciences, 
       University of Minnesota
Damian C. Genetos, PhD, VM: Anatomy, Physiology and Cell Biology
Laurel J. Gershwin, DVM, PhD, DACVM, VM: Pathology, Microbiology and 
       Immunology
Emily F. Haggett, BVSc (Hons), MRCVS, VM: Medicine and Epidemiology
Tiffany L. Hall, DVM, DACVIM, William R. Pritchard Veterinary Medical Teaching 
       Hospital
Meera C. Heller, DVM, VM: Medicine and Epidemiology
Hugo G. Hilton, BVM&S, DACVIM, William R. Pritchard Veterinary Medical Teaching 
       Hospital
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Terry Holliday, DVM, PhD, VM: Medicine and Epidemiology
Mont Hubbard, PhD, Mechanical and Aeronautical Engineering
Kenneth A. Jackson, MS, VM: Medicine and Epidemiology
Philip Kass, DVM, PhD, DACVPM, VM: Medicine and Epidemiology
Irwin K. Liu, DVM, PhD, VM: Population Health and Reproduction
John Maas, DVM, MS, DACVN, ACVIM, Veterinary Medicine Extension
N. James MacLachlan, BVSc, PhD, VM: Pathology, Microbiology and Immunology
John E. Madigan, DVM, MS, DACVIM, VM: Medicine and Epidemiology
K. Gary Magdesian, DVM, DACVIM, DACVECC, DACVCP, VM: Medicine and 
       Epidemiology
Rachel Malamed, DVM, VM: Behavior Medicine
Stuart A. Meyers, DVM, PhD, DACT, VM: Population Health and Reproduction
Geraldine Meyers-Brown, MS, PhD, Animal Science
Kristina Netherwood, Undergraduate student
Nora Nogradi, DVM, VM: Large Animal Medicine
Jeffrey W. Norris, PhD, VM: Anatomy, Physiology and Cell Biology
Sean D. Owens, DVM, DACVP, VM: Pathology, Microbiology and Immunology
Joanie Palmero, DVM, VM: Large Animal Medicine
Sarah M. Puchalski, DVM DACVR, VM: Surgical and Radiological Sciences
Nicola Pusterla, DrMedVet, DrMedVetHabil, DACVIM, VM: Medicine and 
       Epidemiology
Rameshwar R. Rao, BS, VM: Surgical and Radiological Sciences
Janet F. Roser, PhD, Animal Science
Christopher S. Ryan, Student, VM: Surgical and Radiological Sciences
Sarah Sammons, Student, VM: Surgical and Radiological Sciences
Jacob J. Setterbo, PhD, Biomedical Engineering
Nathan Slovis, DVM, DACVIM, Hagyard-Davidson-McGee, Kentucky
Sharon Spier, DVM, PhD, DACVIM, VM: Medicine and Epidemiology
Mathieu Spriet, DVM, MS, DACVR, DECVDI, VM: Surgical and Radiological Sciences
Scott Stanley, PhD, California Animal Health and Food Safety Laboratory
Eugene P. Steffey, VMD, PhD, VM: Surgical and Radiological Sciences - Emeritus
Barbara L. Stewart, MS., VM: Population Health and Reproduction
Anja Stoll, Dr. med. vet., VM: Population Health and Reproduction
Susan M. Stover, DVM, PhD, DACVS, VM: Anatomy, Physiology and Cell Biology
Fern Tablin, VMD, PhD, VM: Anatomy, Physiology and Cell Biology
Shrinivasa K. Upadhyaya, PhD, Biological and Agricultural Engineering
Stuart A. Vallance BVSc (Hons), VM: Large Animal Medicine
Betsy Vaughan, DVM, VM: Surgical and Radiological Sciences
Alejandro Vico, DVM, VM: Population Health and Reproduction
Martin A. Vidal, BVSc, MS, PhD, DACVS, VM: Surgical and Radiological Sciences
Chunbo Wang, MD, PhD, VM: Pathology, Microbiology and Immunology
Johanna L. Watson, DVM, PhD, VM: Medicine and Epidemiology
Mary-Beth Whitcomb, DVM, VM: Surgical and Radiological Sciences
W. David Wilson, BVMS, MS, MRCVS, VM: Medicine and Epidemiology
Amy E. Young, MS, VM: Population Health and Reproduction

Scientists who submit 

research proposals know 

that all projects will have 

to compete equally with 

many others based on 

their scientific merit and 

importance to the equine 

industry.  This nonbiased 

merit system has resulted 

in submissions of ever-

increasing quality.
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CEH
Donor

Honor Roll*

* July 1, 2009–June 30, 2010

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

is a unique equine 

organization.  It provides 

the Center for Equine Health 

with financial support 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 

veterinary care. 

Membership is open to 

associations, clubs and 

individuals who contribute 

$1,000 or more annually 

to the CEH.  Lifetime 

memberships are offered to 

donors of larger gifts and 

bequests of $25,000 

or more.  

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

MAJOR GIFTS - $1,000 TO $9,999
Duncan Alexander
John and Marsha Anderson
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Baileys Foundation
Karen H. Neubauer Bertrand
California Dressage Society
California Thoroughbred Farm Managers Association
Donald and Carole Chaiken Foundation
Marler Clark
John J. Etchart, DVM
Murray Gardner
Mr. and Mrs. C. J. Gonsalves
Great Basin Equine Medicine & Surgery, Inc. - Gardnerville, NV
Gail Gregson
Don T and Scarlett Hibner
Larry and Mary Jent
Large Animal Veterinary Associates - El Cajon, CA 
Ron and Sara Malone
Elsa H. Mikkelsen
Ruth V. Sobeck, DVM - Palos Verdes, CA
Sonoma-Marin Veterinary Service - Petaluma, CA
Western Career College
Warren B. Williamson

DONORS - $999 OR LESS
Barbara Abate
Kristi Abrams and David Rubcic
American Horse Council
Lyn S. Anderson
Frances Anderson
Animal Medical Center - Auburn, CA
Anonymous
Antelope Large Animal Veterinary Services - Potter Valley, CA
Karryn Arthur
Rho Bailey
Linda Barone, DVM - Encinitas, CA
Barbara C. Bartlett
Jean Batteux
Juanita Beaupre
Richard Bender
Dexter and Paulette Bergounous
Robert Booton
Louise and Linda Boyd
Dr. Steve L. Boyer - San Francisco Equine
Gordon and Nancy Brown
Louis Brusatori and Mary Jane Anderson
Gail Bullard
California State Horsemen’s Association
Thomas E. Casselberry, DVM
Richard and Teresa Castanias
Morton and Jean Cathro
Patricia R. Cheney
Mary D.  Christopherson - Oakley Equestrian Center
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Comstock Large Animal Hospital - Reno, NV
Steven and Kimberly Cook
Cortaro Equine Hospital, P.C. - Tucson, AZ
Dan and Linda Cox
Anne Coy
Becky Crafts
Teresa Cummings
Lauren Dachs
Frank Deluca
Diablo Horse Clinic - Alamo, CA
Robert and Sylvia Dickinson
Ellen Disparte
Fred and Carol Doss
Robert and Beth Dovi
Bert and Lola Drouin
Bob and Tammy Dunn
Peter and Dorothy Dykema
Elite Equine Veterinary Services, Inc. - Monrovia CA
Empire Equine Hospital - Santa Rosa, CA
Equine Veterinary Associates - Anaheim, CA
Lynette M. Erlach
Essex Veterinary Services - Gazelle, CA
Esterella Equine Clinic - Paso Robles, CA
Margo Evans
Mike and Deborah Faaborg
Lorie Fee
Gregory L. Ferraro, DVM
Thomas Fischer
Edwin Fleming
Joyce Forbes
Mrs. William Foy
Craig R. Fravel
Fremont Hills Stables, Inc.
Lynn Galeazzi - Redwood Empire Wine Storage, Inc.
Joan Glase
Rita S. Godward
Barrie Grant, DVM
Katharine D. Graves
Sandy Greenblat
Hagenridge Stables
Marsha Hamm
John H. Harris and Lisa Palermo
Rochen C. Heers, DVM - Henderson, NV
William T. and Barbara S. Hildebrad
Peter Hill
Lathrop Hoffman
Susan Hootkins
Marc A. Horrell, DVM - Cotati, CA
Gerald K. Huff, DVM - Las Vegas, NV
Hukam Maj Arabians
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Fumiko Humberd
Humphrey & Giacopussi Veterinary Group - Somis, CA
Ron and Duffy Hurwin
Lynn Jacobson
Ronald Jensen, DVM
Sue M. Jobe
Celia Johnson
Robert and Victoria Jones
Dwight and Jody Jones
Gail Kautz
Janice Kay
John and Virginia Kraft
Edward and Laura Kulakowski
Eleanor Kussman
Linda Lambert
Large Animal Veterinary Service of Santa Cruz, Inc. - Santa Cruz, CA
Dr. James M. Latham Jr. and Dr. Patty Latham
Joy Law
Joe Leisek
Christine Lekutis
Keith and Gail Leland
Holly and Jeanne LeRoy
Peter Lert
Robin L. Lewis
James Lingel
Harold Liston
Loomis Basin Equine Medical Center - Loomis, CA
Rosa Lopes
Los Caballos Equine Practice, Inc. - Galt, CA
Los Viajeros Riding Club
Dixie Luebcke
Larry and Joan Mack
Kelly Maddox
Donna Martin
Linda Maxwell
Kirk and Jane McAllister
Elizabeth McHugh
Dennis Meagher, DVM
John V. Meek
Paul E. Miller, DVM - Weed, CA
Noel Moody
Sally Moses
Karen Mundwiler
Brigid A. Murphy, DVM - Chino, CA
Irene Murray and Charles DelValle
Napa Valley Veterinary Hospital - Napa, CA 
Harry and Margaret Narducci
Lyndia Nehr
Eugene Ngo
Kelly Nimtz
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North Coast Veterinary Hospital - Arcata, CA
Betty L. Nunes, DVM - Herald, CA
The Nutter‘s
Priscilla O‘Meara
N. and Roberta Overton
Pacific Coast Equine Veterinary Services - Ramona, CA
George Parks
William S. Patrick
Ernest Pegg
Mark and Susan Perry
Michael and Alice Peterson
Neal Phillips
Sharon E. Phillips
Mimi M. Plate
Peter and Janet Politi
Kathy Ponting
Tim and Stefanie Poole
Floyd Powley
Progressive Equine, Inc. - Camarillo, CA
Redwood Equine Practice - Santa Rosa, CA
Dr. Judy Reens
Ray and Lisa Rhead
Joe and Terri Riley
Alan and Jill Rodomsky
Joy Rosales
Joan Roudenbush
Frank and Lynn Ruger
Francis Scarpulla
Susie Schlesinger
Laraine Schwartz
Shady Grove Riding Club
Randall Shannon
Slate Creek Animal Hospital - Placerville, CA
Nancy Smith
Donna L. Stevens, DVM - Vista, CA
Donna Stidolph
Nancy Stiff
Kimberly Sweatt
Sweet River Equine Clinic, Inc. - Waterford, CA
Vernon L. Swenson
Virginia Talucci
Templeton Veterinary Clinic - Templeton, CA
Lynda Thacker
Thomas and Janice Tharsing
Phyllis G. Thomas
TomKat Foundation
Tompkins Investment Services
Sue Tredennick
Donald and Lenore Tsang
Maria L. Valdes
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Marc and Georgette Victor
Keith and Sharon von Haesler
Julie C. vonHennig
Stephen Vudragovich
Laura Waller
Tule West
West Coast Equine - Somis, CA
Ruth M. Wheeler
Wilcox Research Group
Winners Circle Equine Clinic, Inc. - 
Hemet, CA
Betsy Wobus
Larry Wohlford, DVM - Woodside, CA
Margaret Wrensch
Kris Yapp
Roxanne M. Young
Mr. and Mrs. Warren M. Zuckert
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For over 35 years, the Center for 
Equine Health (CEH) has been 
providing California and the 
nation’s horse industry with a 
constant and ever-expanding 
source of equine medical 
information and problem 
solving.  The Center’s research, 
educational and public service 
activities have proven invaluable 
to the health and welfare 
of horses and served their 
caretakers well.

Although organizationally part 
of the School of Veterinary 
Medicine, the CEH receives no 
budgetary support from the 
University of California.  Its 
operations and activities depend 
solely on financial support 
from the equine industry.  
Traditionally, the most prominent 
contributor to that support has 
been California’s Thoroughbred 
racing industry, with the major 
portion of funding coming from 
simulcast and advanced deposit 
wagering statutorily mandated 
to the Center.

The decline in racing attendance 
and handle over the past few 
years has had a major impact on 
the ability of the CEH to carry out 
its core mission.  Severe cutbacks 
in revenues from simulcast 
wagering and other industry 
sources have significantly 
affected the Center’s ability to 
conduct important research, 
provide educational activities 

and public service programs, and 
carry out other operations.

As a result of these new realities, 
CEH director Dr. Gregory Ferraro has 
been seeking new and permanent 
revenue streams to ensure that the 
Center’s contributions to the horse 
can continue.  That effort recently 
resulted in a historic $3 million 
endowment from the William and 
Inez Mabie Family Foundation 
to support the Center’s ongoing 
research and teaching efforts.

The gift establishes one endowment 
to help support operational costs 
and offers a challenge to other 
prospective donors to provide an 
additional $1.8 million in private 
matching gifts within six years to 
establish an endowment for the 
CEH director’s position.  The second 
endowment will enable the Center to 
recruit exemplary future leaders to 
carry on its long-standing mission on 
behalf of horses.

The Mabie Family Foundation, 
directed by San Francisco attorney 
Ron Malone, is dedicated to 
providing philanthropic support 
to worthy causes in the areas of 
education, medicine and agriculture.  
William and Inez Mabie were 
longtime residents of Santa Clara 
and San Benito counties where they 
had extensive ranching, farming 
and real estate interests.  The couple 
established the foundation during 
their lifetimes to facilitate their 
charitable giving.  The foundation is 

a longtime supporter of UC Davis 
and has provided significant gifts 
in recent years to the School of 
Law and School of Veterinary 
Medicine.  The Mabie Law 
Library at UC Davis is named in 
recognition of the foundation’s 
support for the law school.

Aristotle said, “To give away 
money is an easy matter and in 
any man’s power.  But to decide 
to whom to give it and how large 
and when, and for what purpose 
and how, is neither in every man’s 
power nor an easy matter.”  As 
Director of the Mabie Foundation, 
Ron Malone’s personal and 
professional lives merged when 
he made the decision to award 
an endowment to the Center for 
Equine Health.  A cutting horse 
aficionado, Malone was well 
acquainted with the CEH and the 
School of Veterinary Medicine.  
He had funded several research 
studies through the CEH in the 
past and had the opportunity 
to review their conduct from 
beginning to end.  He learned 
firsthand about the quality 
of work conducted and was 
impressed.

Although an attorney by 
profession, Malone’s personal 
interest and curiosity led him 
to attend the recent inaugural 
North American Veterinary 
Regenerative Medicine 
Conference held in March 2010.  
Malone’s participation as an 

Portrait of an Endowment
Never doubt that a small group of thoughtful, committed citizens can change the world

Indeed, it is the only thing that ever has.  —Margaret Mead
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audience member gave him 
an appreciation for the work 
being done through the 
melding of clinical knowledge 
and laboratory experience.  He 
witnessed the excitement of all 
the participants for a field that 
holds so much potential for 
curing untreatable conditions 
in horses and other animals as 
well as humans.

In Malone’s view, it was exactly 
this kind of collaboration—one 
that brought the best and the 
brightest together in pursuit 
of a common goal —that made 
UC Davis, Greg Ferraro and 
the Center for Equine Health 
stand out.  With this knowledge, 
Malone realized the far-
reaching impact an endowment 
would have on the horse world.

A Challenge to Horse 
Owners and the Horse 
Industry

The Mabie Foundation’s gift 
to support the Center for 
Equine Health’s operations 
is conditional on receiving 
an additional $1.8 million in 
private matching gifts within six 
years.  The second endowment 
is intended to secure the CEH 
director’s position so that future 
leaders can be recruited and 
maintained.  

Because the Center depends 
on financial support from the 
equine industry and from 
individual horse owners, 
the success of achieving the 
conditional second endowment 
will depend on the generosity 
of our friends and supporters.  
Small contributions can make a 

Horses and dogs are at the forefront of veterinary stem cell research at UC Davis.  
Veterinary researchers are working with the School of Medicine's Institute for 
Regenerative Cures to develop induced pluripotent stem cell lines (adult stem 
cells) for both equine and canine species, as well as humans.  The induced pluri-
potent stem cells from the different species are now being grown and banked by 
the lab at the UC Davis Medical Center in collaboration with the UC Davis veteri-
nary medicine team for use in future spinal cord injury repair for dogs. 

difference and all gifts will help ensure 
the long-term viability of the CEH and 
its mission on behalf of horses.

If you are interested in participating 
in the Mabie Foundation’s challenge, 
or if you would like to support a 
special area of research, please send a 
contribution to the Center for Equine 

Health in the envelope included 
with this publication or contact 
Dr. Gregory Ferraro at glferraro@
ucdavis.edu, telephone (530)752-
6433.
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