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SUMMARY REPORT  
The 2025 Annual Report covering the period of January 1, 2025, through December 31, 2025, is 
provided herein. 
 
For this reporting period, the Harry M. Zweig Memorial Fund for Equine Research Committee awarded 
funding for all five of the submitted projects. All five proposals were new, first-time submissions. The 
total amount allocated for new awards for calendar year 2025 was $525,956 ($391,686 in year 1, 
$134,270 for year 2). This report includes the “lay summaries” for the public website (Appendix A). There 
were also three continuation awards approved for second year funding in the amount of $213,083, 
allocated at the 2023 annual meeting. The Fund further supported a resident grant submitted through 
the CVM Resident Research Grants Program in the amount of $7,570. The abstract is included with the 
lay summaries of the new awards. 
 
Other funding  
 
Harry M. Zweig Early-Career Excellence Award: 
$60,000 went to Dr. Aimee Colbath as the first recipient of the “Harry M. Zweig Early-Career Excellence 
Award”. This award was considered in light of Dr. Colbath’s strong nomination for the Harry M. Zweig 
Professorship.  This award comes with $20,000 a year for three years, or promotion to Associate 
Professor. Whichever comes first.  
 
Dr. Scott Palmer discretionary research funding. 
Dr. Scott Palmer was awarded $100,000 for discretionary research. This money will be used to continue 
Dr. Palmers Research on the topic of studying catastrophic equine injuries related to race track 
conditions.  
 
Small Project for Equine Trainees: 
1. Jan 2025 - $5,000 to Dr. Callum Donnelly for the section for Reproductive Medicine to partner with 

Rhinebeck Equine to provide enhanced training experiences for our clinical residents. This 
experience will be supervised by Zweig committee member Dr. Laura Javsicas and theriogenologist 
Dr. Lauren Pasch. 

2. Mar 2025 - $5,000 to Dr. Barbara Delvescovo and Dr. Taylor Burdett, a second-year Large Animal 
Medicine Resident. Their primary objective is focused on investigating the pharmacokinetics (PK) 
of Ursodeoxycholic Acid (UDCA) in foals. They are looking to determine the ideal dosage and 
dosing frequency for optimal therapeutic use. 

3. Mar 2025 - $5,000 to Dr. Rebecca McOnie and Large Animal Surgery Resident Willow M’Cloud. 
This pilot study aims to describe a minimally invasive endoscopic approach to the orbit in three live 
horses. The pilot study involves three live horses as they assess the safety and efficacy of the 
operation as a viable diagnostic modality.  
 

The Zweig Family hosted the Annual Zweig Memorial Trot on July 3rd, 2025, at the Vernon Downs 
Racetrack in New York.  
 
Additionally, on Wednesday, November 19th, 2025, the Veterinary College hosted an in-person and 
Zoom seminar with scientific talks celebrating the collaboration between the Harry M. Zweig Memorial 
Fund for Equine Research and Cornell University College of Veterinary Medicine by showcasing faculty 
research to the College community and to the Zweig Committee. Presentations can be sent upon 
request – Jek373@cornell.edu  
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RESEARCH AWARDS  
 

CONTINUATIONS 
 

Principal Investigator Project Title 2025 Award 

de Mestre, Amanda Copy number changes in the equine genome 
incompatible with life. 

$99,920 

Todd-Donato, Amy Comparative imaging for the diagnosis and 
monitoring of arthroscopically induced meniscal 
injury in horses. 

$30,982 
 

Wagner, Bettina Unraveling T-cell immunity for EHV-1 protection. $82,181 
 SUBTOTAL: $213,083 

NEW AWARDS 

Principal Investigator Project Title 2025 Award 

Boesch, Jordyn Administration of epidural ropivacaine for the 
treatment of hindlimb pain 

$50,000 

Das, Arunika Identifying Genetic Variants Underlying Equine Early 
Pregnancy Loss 

$100,000 

Donnelly, Callum Mechanisms of Insulin Regulation in Equine 
Pregnancy 

$99,090 

Hayward, 
Jessica 

Determining the genetic risk factors for autopsy-
negative exercise-associated sudden cardiac death in 
racing thoroughbreds 

$42,596 

Mitchell, Katharyn Arrhythmia substrate characterization by 3D electro-
anatomical mapping in horses with mitral valve 
prolapse 

$99,072 

 SUBTOTAL: $390,758 

NEW RESIDENT RESEARCH AWARDS 

Principal Investigator Project Title 2025 Award 

Peters-Kennedy, 
Jeanine 

Investigation into the potential association of equine 
gammaherpesviruses and cutaneous equine 
sarcoidosis 

$7,570 

   
 

$611,411 
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PROGRESS IN 2025  
 

PI Project 
Title 

Term Date Report Type in 
Appendix B 

Antczak, 
Douglas 

A Rosetta Stone for Equine Immune 
System Genotyping 

12/31/2025 Final 

Antczak, 
Douglas 

Factors Affecting Durability in 
Standardbred Racehorses 

12/31/2025 Final 

Araos, 
Joaquin 

Cardiopulmonary effects of a novel 
mechanical ventilation method in 
anesthetized horses 

12/31/2025 Final 

Boesch, 
Jordyn 

Administration of epidural ropivacaine 
for the treatment of hindlimb pain 

12/31/2025 Final 

Campoy, 
Luis 

Refinement of a novel recovery 
enhancing device (RED) and its 
impact on the quality of recovery from 
general anesthesia in adult horses 

12/31/2025 Final 

Cercone, 
Marta 

Evaluation of the celiac plexus block 
in treating paralytic ileus 

12/31/2026 *NCE* 

Colbath, 
Aimee 

The mast cell – a new target in equine 
osteoarthritis 

12/31/2026 *NCE* 

Das, Arunika Identifying Genetic Variants 
Underlying Equine Early Pregnancy 
Loss 

12/31/2026 *NCE* 

de Mestre, 
Amanda 

Copy number changes in the equine 
genome incompatible with life. 

12/31/2025 Final 

Delco, 
Michelle 

Extracellular vesicles in equine fetlock 
joint injury and healing 

12/31/2026 *NCE* 

Diel de 
Amorim, 
Mariana 

Investigation of interleukin 1 beta 
(IL1B) role in equine early pregnancy 

12/31/2026 *NCE* 

Felippe, 
Julia 

Cytotoxic immune competence in the 
equine neonate and foal 

12/31/2025 Final 

Knickelbein, 
Kelly 

The aging equine retina: Investigating 
age-related retinal changes through 
electroretinography and optical 
coherence tomography *RRGP* 

06/30/2026 *NCE* 

Peters-
Kennedy 

Investigation into the potential 
association of equine 
gammaherpesviruses and cutaneous 
equine sarcoidosis *RRGP* 

12/31/2025 Final 

Reesink, 
Heidi 

RNA-seq in equine osteoarthritis (PI 
Change to Susan Fubini) 

12/31/20256 *NCE* 

Todd- Comparative imaging for the 12/31/2026 *NCE* 
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Donato, Amy diagnosis and monitoring of 
arthroscopically induced meniscal 
injury in horses 

Wagner, 
Bettina 

Unraveling T-cell immunity for EHV-1 
protection 

12/31/2026 *NCE* 

 
*NCE* = No Cost Extension 
*RRGP* = Resident Research Grant Program Application
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EXTERNAL FUNDING  
The Incentive Program enables the Fund to leverage its investment in Zweig-sponsored research by 
encouraging Veterinary College faculty to seek either additional or supplementary monies from external 
sponsors that base their award decisions on a process that involves informed scientific review. The 
external grant must be closely related to a Zweig project. Eligible sponsors include, but are not limited 
to, the Grayson Foundation, the NIH, the NSF, and the USDA’s National Research Initiative. Recipients 
provide an annual report on the use of these funds. 

 
 
         None in 2025
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PUBLICATIONS 
 

Wagner B, Schnabel CL, & Rollins A. (2025) Increase in virus-specific mucosal antibodies in the upper 
respiratory tract following intramuscular vaccination of previously exposed horses against equine 
herpesvirus type-1/4. Vaccines, 13(3), 290. https://pubmed.ncbi.nlm.nih.gov/40266191 

Sipka A & Wagner B. (2025) Fluorescent bead-based multiplex assays improve serological disease 
diagnostics and have potential of identifying sensitive immune biomarkers for maintaining health and 
performance. J Am Vet Med Assoc., Mar 17;263(S1):S33-S44. https://pubmed.ncbi.nlm.nih.gov/40096826/ 

 Lection J, Schnobrich M, Wagner B, Byron M, Back B, Rollins A, Castro Alves RF, Cheong SH & Diel de 
Amorim M. (2025) Inflammatory marker analysis of uterine cytobrush samples helps identify mares with 
endometritis. Am J Vet Res., May 29;86(8):ajvr.25.02.0059. https://pubmed.ncbi.nlm.nih.gov/40441267/ 

Sun Y, Yu YT, Castillo XO, Anderson R, Wang M, Sun Q, Tallmadge R, Sams K, Reboul G, Zehr J, Brown 
J, Wang X, Marra N, Stanhope B, Grenier J, Pusterla N, Divers T, Mittel L & Goodman, LB. (2025) 
Investigation of the blood microbiome in horses with fever of unknown origin. Vet Med Sci, 
11:e70272. https://madbarn.com/research/investigation-of-the-blood-microbiome-in-horses-with-fever-of-
unknown-origin/ 

Yu YT, Olarte Castillo X, Reboul G, Zehr J, Sun Y, Anderson R, Wang M, Sun Q, Tallmadge R, Sams K, 
Brown J, Marra N, Stanhope B, Grenier J, Parrish CR, Pusterla N, Divers T, Mittel L & Goodman LB. (2025) 
Genome sequence of Equine Erythroparvovirus 1, identified in the United States. Microbiol Resour 
Announc., 14:e00897-24. https://pubmed.ncbi.nlm.nih.gov/39878505/ 
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PATENTS  
There were 0 applications filed, and 0 patent issued related to Zweig Memorial Fund funding for calendar 
year 2025. 
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Dr. Callum Donnelly BVSc, PhD, DACT, DACVIM (LAIM) 
Harry M. Zweig Assistant Research Professor in Equine Health  

2025-2027 
 

Callum Donnelly has been named the Harry 
M. Zweig Assistant Research Professor in 
Equine Health In recognition of his 
dedication to extending the healthy lifespan 
of horses and improving their quality of life. 

The professorship is a three-year, endowed 
position for a junior faculty member who 
shows great promise for advancing equine 
research. It can be instrumental in helping 
junior faculty secure funding and develop 
high-level publications necessary for long-

term success. Donnelly has received grants previously from the Zweig Memorial Fund to support 
individual research projects. He has also received support from the American Association of Equine 
Practitioners, Foundation of the Horse, Baz Therapeutics.  

Dr. Callum Donnelly is a graduate of Charles Sturt University School of Veterinary Medicine in Australia 
and has subsequently become one of only two double-boarded specialists in reproductive and large 
animal internal medicine. His Ph.D. from the University of California-Davis focused on implementing 
precision and genomic medicine in horses, known as the Pioneer 100 Horse Health Project. Dr. Donnelly 
is currently an assistant professor of reproductive medicine in the Department of Clinical Sciences. He 
has had a lifelong connection to horses, with much of his early life spent on horseback assisting in the 
running of his family’s cattle farm in Australia. 

“We’ve domesticated this amazing species. Horses have worked alongside humans since the beginning 
of civilization,” Delco said. “It’s our job to keep them sound and healthy.” 

After receiving her bachelor’s and D.V.M. degrees from Cornell, Delco completed internship training at 
Rood & Riddle Equine Hospital in Lexington, Kentucky, followed by residency training at the University 
of California at Davis. She then served in a faculty position at Kansas State University before working 
for a number of years in private practice in the Pacific Northwest. 
 
Q: Horses, what was your initial spark?  
A: While I have never known a time where I have not been around horses, I did not envision that they 
would become the focus of my career as I was initially more interested in cattle. My first introduction into 
research with horses came from Prof. Sharanne Raidal, during my final years of veterinary school. Prof. 
Raidal’s work has had a profound impact on equine health and welfare from foals to racehorses and 
everything in between. Under her guidance, I developed a true passion for equine research, where the 
core purpose is always to benefit horse health and welfare and deepen our understanding of these 
special creatures. I will always be grateful for the path that Prof. Raidal helped set me on. 
 
Q: What is your role or interaction with trainees?  
A: I am lucky to interact with trainees across all levels — undergraduates, Ph.D. students, veterinary 
students and clinical residents. Helping guide my trainees to their own successes is one of the most 
rewarding aspects of my career, whether that be mastering a molecular technique, making an astute 
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call on a clinical case, or delving confidently into the unknown. 
 
Q: As a researcher and veterinarian, what kinds of things do you find rewarding?  
A: I don’t think there will ever be a time where I tire of bringing new life into the world. No matter how 
tired, cold or covered in goo I am, there really is nothing like helping a foal in those first moments of life. 
That I get to do this while also working to further our knowledge of horse health and disease is a bonus. 
 
Q: Looking ahead, what are some of your future goals as the Harry M. Zweig Assistant Professor?  
A: I am honored to be the recipient of the Harry M. Zweig Assistant Professorship. As the Zweig 
Assisstant Professor, my primary goal will be to promote equine health, both in practice and in discovery. 
Importantly, this position should send a clear message to our veterinary trainees that careers in equine 
health are both rewarding and sustainable. Our future equine health trainees stand on a precipice. It is 
my hope that through my actions and advocacy in this position, I can play a part in safeguarding the 
future of equine health within veterinary medicine. 

 
 

(Cordova) 
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CORNELL CLINICAL FELLOW IN EQUINE HEALTH  
At the 2007 annual meeting, the Harry M. Zweig Committee approved the allocation of funds to help 
support a Cornell Clinical Fellow in Equine Health. Dr. Sophy Jesty was selected as Cornell’s first Clinical 
Fellow, followed by Dr. Sarah Pownder, and more recently Dr. Joy Thomlinson. Supported in part by 
Zweig funds, all have been highly successful. Cornell’s College of Veterinary Medicine’s two- year 
Clinical Fellows Program is the first in the country to address a growing shortage of academic 
veterinarians who conduct research on animal diseases and basic biology. 
 
The program is designed to help students meet the financial and time demands of qualifying for a 
position in veterinary academic medicine, which has traditionally required students to complete an M.S. 
or Ph.D. after they finish their doctorate in veterinary medicine (DVM). The two-year program, available 
to veterinarians who have completed a three-year residency, offers an annual salary of $65,000 plus 
benefits and an additional $15,000 per year to fund a research project. 
 
There was no Clinical Fellow appointed for 2025. 
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APPENDIX A 
Lay Summaries for New Awards 

 
 

Boesch, Jordyn Administration of epidural ropivacaine for the treatment of hindlimb pain. 

Das, Arunika Identifying Genetic Variants Underlying Equine Early Pregnancy Loss. 

Donnelly, Callum   Mechanisms of Insulin Regulation in Equine Pregnancy. 
Hayward, Jessica Determining the genetic risk factors for autopsy-negative exercise-associated 

sudden cardiac death in racing thoroughbreds. 
Mitchell, Katharyn Arrhythmia substrate characterization by 3D electro-anatomical mapping in 

horses with mitral valve prolapse. 
Peters-Kennedy, 
Jeanine 

Investigation into the potential association of equine gammaherpesviruses 
and cutaneous equine sarcoidosis. *RRGP* 
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Principal Investigator: Boesch, Jordyn 
Title: Administration of epidural ropivacaine for the treatment of 

hindlimb pain 
Project Period: 01/01/2025 – 12/31/2025 
 

Horses often present to veterinarians with acute, severe hindlimb pain and lameness secondary to 
infection, trauma, or surgery. Although significant advances in equine analgesia (pain relief) have been 
made over the last few decades, severe pain can be refractory to common analgesic drugs such as 
non-steroidal anti-inflammatory drugs (NSAIDs), sedative-analgesics such as detomidine 
(Dormosedan), or opioids. These drugs, especially when administered for the long periods required to 
recover from serious disease, can also produce side effects such as gastric ulcers, renal injury, and 
decreased gastrointestinal (GI) motility (i.e., ileus, or constipation) that can cause colic. Furthermore, if 
pain is poorly controlled, horses will shift their weight to the other three limbs, eventually leading to 
laminitis or other degenerative changes in those limbs. This causes tremendous suffering and often 
tragically necessitates euthanasia. 
 
Epidural injection at the first intercoccygeal space (between the first two tail vertebrae, or a caudal 
epidural) is a well-established route of administration of analgesic drugs for hindlimb pain in horses. 
Depositing analgesic drugs directly around the spinal cord segments and nerve roots accepting pain 
signals from the hindlimbs can provide superior pain relief with lower and less frequent drug doses than 
those that would be required systemically (orally or intravenously, IV), reducing side effects. Morphine 
(an opioid) is one of the most common analgesic drugs injected epidurally in horses and can provide 
analgesia for as long as 24 hours. However, even a single epidural dose of morphine is sufficient to 
decrease GI motility in horses. Empirically, this worsens with repeated doses over the course of 
hospitalization. An alternative to epidural morphine that does not decrease GI motility, is needed for 
horses with severe hind limb pain. 
 
Ropivacaine is an intermediate-acting (i.e., ~6 hour duration) local anesthetic related to the better-
known local anesthetic bupivacaine (Marcaine). Local anesthetics can block all nerve types, including 
those responsible for 1) pain, 2) the ability to sense where a body part is located in space (called 
proprioception), and 3) movement. When the latter two types are blocked, the patient suffers 
neurological problems (i.e., walking ‘like a drunken sailor’ due to loss of ability to perceive hindlimb 
location in space – termed ataxia – and inability to stand and walk – termed paresis, respectively). 
However, clinically, local anesthetics produce differential blockade in a concentration-dependent 
manner. This means that nerves responsible for pain are more susceptible to local anesthetics than 
those responsible for proprioception and movement and can be blocked with a more dilute 
concentration of local anesthetic than the other nerve types. This produces pain relief without 
neurological problems (ataxia or paresis); this is especially true of ropivacaine, which is less likely than 
bupivacaine to cause neurological problems. Dilute ropivacaine (i.e., ≤ 0.125%) is injected epidurally 
in people (e.g., women in labor, people undergoing major orthopedic surgery) to produce analgesia 
while permitting ambulation – hence the term ambulatory epidural. Avoiding ataxia and paresis is 
especially important in horses, which could panic and/or injure themselves if these were to occur. Data 
published by other investigators demonstrates that ambulatory epidural injection of ropivacaine 
suppresses firing of nerves responsible for pain in anesthetized and conscious horses and poses a low 
risk of neurological problems in conscious horses. Empirically, it has produced analgesia comparable 
to morphine without ataxia or paresis in client-owned horses in the Cornell University Equine Hospital 
and the University of Pennsylvania’s New Bolton Center. However, to the investigators’ knowledge, it 
has never been evaluated in conscious horses with experimentally-induced lameness. 
 
In this blinded, controlled, crossover, prospective, randomized, pre-clinical study, eight systemically 
healthy, sound research horses will progress through two phases, separated by one month: control 
and treatment. In each phase, horses will undergo 1) lameness examination by a board-certified large 
animal surgeon – both subjective (using the American Association of Equine Practitioners Lameness 
Scale) and objective (using an inertial sensor unit – the Equinosis Q Lameness Locator), 2) neurological 
examination by a board-certified large animal internal medicine specialist (using a modified Mayhew 
scale), 3) evaluation of GI motility (by auscultating cecal contractions, counting fecal piles, and 
monitoring for colic), and 4) measurement of heart and respiratory rates. In each phase, an epidural 
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catheter (very thin tubing that is inserted using sterile technique through the skin into the epidural space 
and permits injection of drugs epidurally) will be inserted by a board-certified anesthesiologist (or by 
the veterinary student trainee under the anesthesiologist’s supervision). These catheters are used in 
people and are routinely placed in client-owned horses. Next, in each phase, recombinant equine 
interleukin-1beta (IL-1β) will be injected by the surgeon into a tibiotarsal joint (hock) to induce temporary 
lameness that is expected to peak 12 hours after injection and last for 3 days. (The opposite hock will 
be used for the second study phase.) The IL-1β causes only inflammatory pain, not permanent joint 
damage. Approximately 12 hours later (the next morning), a total volume of 0.04 mL/kg (in unlabeled 
syringes for blinding) of either preservative-free (PF) 0.9% saline (control phase) or PF 0.125% 
ropivacaine (epidural phase) will be injected through the epidural catheter over 10 minutes using a 
syringe pump to [time = 0 hours (t0)]. Evaluation of lameness, neurological function, GI motility, and 
heart and respiratory rates will be repeated at intervals thereafter (t0.5, 1, 2, 3, 4, 5, and 6). After the t6 
data collection point, the study will end, and in both phases, horses will be administered 
phenylbutazone IV for analgesia. 
 
The overall study aim is to determine if caudal epidural administration of a single dose of 0.04 mL/kg 
of 0.125% ropivacaine is safe and effective in horses using an experimentally-induced hindlimb 
lameness model. If our hypothesis is correct, and a single dose improves lameness without ataxia or 
paresis, the next step will be to study multiple (i.e., every 6 hours) doses in horses with hindlimb 
lameness to determine if repeated injection is safe and effective, as well as the addition of other drugs 
(termed adjuvants), such as Dormosedan, to ropivacaine to extend the duration of analgesia. The data 
from the research described in this application would be used to apply for external funding (e.g., 
Grayson Jockey Club Foundation) for such project
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Principal Investigator: Das, Arunika 
Title: Identifying Genetic Variants Underlying Equine Early Pregnancy 

Loss 
Project Period: 01/01/2025 – 12/31/2026 

 
The overarching goal of this project is to identify origins of lethal genetic disorders in equine embryos and 
fetuses that can cause pregnancy loss in mares. This will allow future development of novel diagnostic 
tests geared to improve reproductive efficiency, which can reduce both economic and management 
burden on veterinarians and animal owners. 

The problem and impact: High incidence of early pregnancy loss remains a challenge for successful 
equine reproduction with 5-10% of clinical pregnancies failing within 2 months. This is called equine 
Early Pregnancy 
Loss (EPL) and refers to any loss within 65-70 days of confirmed conception1 3 EPL continues 
to be a challenge for efficient reproduction in most horse breeds. Some etiological factors for EPL 
can be pathology in 1) the mare (endometrial disease, maternal age, egg quality) and 2) the developing 
fetus (chromosomal abnormalities). As molecular causes of these pathologies are unknown, early 
interventions and diagnostics that reduce EPL and improve reproductive performance are elusive. 
Chromosomal abnormalities, where there is either a loss or gain of chromosomes (known as 
aneuploidy), are a leading cause of early pregnancy loss (EPL) in Thoroughbred and Warmblood 
mares, accounting for over 55% of cases (Fig. 1). Indeed, aneuploidy represents the most common 
single cause of EPL described to date in intensively managed mares. Most of these chromosomal 
issues make it impossible for the embryo to survive and develop. While similar problems are well-known 
in humans, such as Down Syndrome (extra chromosome 21), we still don't fully understand how these 
genetic and structural changes cause early pregnancy loss in horses. This gap in knowledge highlights 
the need for further research to improve reproductive performance and management practices. 
 

 
 
Maintenance of pregnancies is crucial for the welfare of mares in the industry, and for the timely 
continuity of horse breeds. As the Thoroughbred mating season is limited, high reproductive efficiency 
and foaling rates are desirable. In addition, EPL causes considerable economic loss to the equine 
industry due to increased cost and management of additional breeding in mares and decreased healthy, 
viable foal production. Comprehending the genetic origins of chromosomal aberrations that lead to early 
pregnancy loss in mares advances our understanding of the basic biology of equine reproduction and 
is crucial for developing successful diagnostics to guarantee high reproductive efficiency for 
veterinarians managing breeding pairs. Furthermore, we know very little about the clinical features of 
any genetically abnormal pregnancies, key to vets being able to identify which pregnancies should be 
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maintained, and which are better off being terminated and the mare rebred. 
What is Known – Rationale for genetic basis of EPL: Research shows that certain chromosomes, 
specifically numbers 3, 4, and 20, are more likely to be involved in these cases4. Similar patterns have 
been observed in humans, suggesting there might be a genetic predisposition that increases the risk 
of these chromosomal errors. Understanding this genetic tendency could help in developing new tools 
for diagnosing and preventing pregnancy loss in horses, potentially guiding better breeding decisions. 
 
The unknown - origins of genetic disorders in EPL: One possible, yet unexplored, cause of these 
chromosomal errors (aneuploidy) is the centromere-a critical part of the chromosome that ensures 
correct inheritance during cell division, helping to prevent errors in pregnancy. Recent studies have 
shown that equine centromeres are incredibly complex and varied, which might explain why certain 
chromosomes are more prone to errors. Unlike in most mammals, where centromere DNA is repetitive, 
horses have a unique mix of repetitive and non-repetitive DNA5•6 in their centromeres. Additionally, the 
centromeres in horses differ in length and location on the chromosomes, which could significantly affect 
their function. Indeed, variations in centromere genetics leads to mismatches during embryo 
development in other species, causing widespread chromosomal errors7•8 {Fig. 2). 
 

 
 
Objectives: Our primary goal is to identify and understand the structural and genetic differences in 
equine chromosomes, especially at the centromeres, that make Thoroughbreds and other breeds more 
prone to early pregnancy loss (EPL). Focusing on centromeres, which play a vital role in ensuring proper 
chromosome function during cell division, gives us a key target to interrogate and pursue as a future 
diagnostic for EPL. 
 
Specific Aims: As mentioned earlier, centromere mismatches can cause massive aneuploidy, with 
whole genomes being lost or gained (haploidy or triploidy). We expect that chromosomes that are 
more prone to errors contain genetic variants that build smaller or weaker centromeres. We 
hypothesize that underlying genetic variation between mares and stallions result in significant 
mismatch at centromeres (strong vs. weak), elevating aneuploidy and EPL risk. To pinpoint the genetic 
origins of centromere mismatches we will characterize the genetic variance and location of each 
centromere across breeds to identify variants most likely to occur in aneuploid EPL cases. This 
collectively provides vets with tangible risk factors and clinical predictors for these common genetic 
reproductive disorders, and researchers novel targets for treatment approaches. To achieve this, we 
propose the following aims: Aim 1: Dr. De Mestre's lab receives and clinically characterizes 
chromosomal abnormalities in EPL cases. This database of EPL cases annotated with their 
respective genetic anomalies, is a valuable resource that we will use to identify centromere genetic 
variants linked to triploid and aneuploid cases. These cases are from various breeds that also allows 
us to assess how often these variants occur in the population, which will inform design of predictive 

18



tools for genetic testing. 
 
Aim 2: We will also independently assess the variability and functional impact of genetic variants on 
embryo divisions. This will reveal how these genetic disorders cause EPL. To do this we will visualize 
centromeres in euploid vs. aneuploid conceptuses, using specialized imaging, to gauge the functional 
differences generated by underlying genetic variation. We will do this in tissues collected from available 
mating mares and stallions giving us a population level view of the genetic bias for chromosomal 
disorders arising from inherent variation. 
 
Approach and outcomes: 
Aim 1: By using both well-known and custom-made tools, we'll measure the genetic variation in length, 
structure of centromeres in each EPL case and see how they relate to abnormalities in chromosome 
numbers, comparing them to healthy horses. By identifying the unique centromere variant of each 
chromosome, especially those prone to errors, we hope to predict the risk of EPL in future breeding 
programs. Once developed, this method can also be used to study genetic factors in other parts of the 
genome, linked to chromosome abnormalities in horses. This approach is both efficient and cost-
effective because it uses already published genetic abnormality data in addition to curating new EPL 
submissions to the de Mestre lab. 
 
Aim 2: Examining variations in centromeres in tissue samples from mares and stallions will help us 
better understand the diversity of centromere functions within the population. This part of the study 
aims to develop and validate tools that will help future research into the causes of chromosome 
abnormalities in horses. 
 
Timing: The two aims are independent of each other and as such can be performed in parallel. In 
addition, with the extensive expertise of The Das lab in chromosome biology and imaging, tool 
development for the second Aim is highly feasible within the funding period. 
 
Team: Dr. Das is an expert in centromere and chromosome biology, specifically in early embryo 
development. In addition, her research program is focused on studying common causes of early 
embryonic aneuploidy in pregnancy loss across various animal model systems. Dr Das' uniquely 
diverse outlook allows for novel approaches developed in other animal systems to be applied to equine 
EPL research. Dr. Das pioneered mammalian model systems for studying centromere asymmetry and 
its mechanisms, with a focus on contributions from centromere DNA7. She is an expert in the genetics 
of repetitive DNA, spinning disc confocal imaging, and tracking chromosome and protein dynamics. 
The idiopathic etiology of aneuploidy is a challenge for equine reproduction and faithful genetic 
inheritance in the horse. With an established quantitative imaging facility and the knowledge base and 
vision for combining genome analysis with functional cell biological studies, the Das lab is uniquely 
positioned to spearhead research to answer this question. The Equine Pregnancy lab led by Dr. de 
Mestre is a leader in investigations of genetic causes of EPL in the mare. The laboratory's bank of EPLs 
is the largest in the world, and the sequenced EPL cases with annotated aneuploidy rates is a valuable 
resource, crucial for population level sampling required for this project. 
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Principal Investigator: Donnelly, Callum 
Title: Mechanisms of Insulin Regulation in Equine Pregnancy 
Project Period: 01/01/2025 – 12/31/2026 

 
Developmental orthopedic diseases (DOD), including osteochondrosis dissecans (OCD), are highly 
prevalent in foals bred for athletic careers (including Thoroughbreds and Standardbreds). The impact 
of OCD on the equine industry is large both in terms of welfare and economics. OCD results in higher 
costs for foal producers (i.e. surgical correction), potential for reduced racing performance and earnings 
and increasing odds of performance limiting injury.1-3 OCD is an inherently complex condition with 
genetic and environmental drivers. Quantitative genetic factors throughout the equine genome have 
been identified. However, to date selective markers to inform breeding choices have not been 
identified.4 The post-natal environment, particularly nutrition, has been heavily investigated for its 
influence on OCD.4 Of particular interest has been the role of high carbohydrate diets. These have long 
been associated with the development of OCD.5 Foals that develop OCD have exaggerated insulin and 
glucose responses to high carbohydrate diets.6-8 This intolerance to dietary factors may be a product of 
the pregnancy environment in what is known as “Developmental Origins of Adult Heath and Disease 
(DOHAD)”. Mares with insulin dysregulation during pregnancy predispose foals to both OCD and insulin 
dysregulation later in life.8,9 The fetal environment during pregnancy, particularly maternal insulin 
regulation, likely plays a substantial role in the future health and performance of foals in the context of 
OCD. Interestingly all mares have physiologic insulin resistance in the last third of pregnancy. Insulin 
resistance is a lack or reduced response of cells to a given amount insulin. Physiologic insulin 
resistance is a necessary feature of equine pregnancy to maintain maternal blood glucose while also 
providing glucose for the fetus. Our understanding of what mechanism(s) lead to physiologic insulin 
resistance in mares is very limited. Without understanding the fundamental mechanisms of insulin 
regulation during equine pregnancy we are subsequently limited in our ability to intervene when this 
normal process becomes dysregulated. The consequence of insulin dysregulation in pregnancy is of 
critical importance to the lifelong health of the foal, especially regarding orthopedic disease. Therefore, 
it is the overall goal of this proposal to investigate the mechanism(s) that promote the 
development of physiologic insulin resistance in equine pregnancy. By elucidating the 
mechanism(s) of pregnancy associated insulin resistance we may improve our ability to reduce the 
consequences of DOHAD when these normal mechanisms fail (Figure 1). 
 
The unique profile of steroid hormones that predominate during equine pregnancy has been well 
reported.10,11The approximate gestation period where mares become insulin resistant has been 
reported.12 However, the two have not been evaluated at the same time in mares. This is the first aim 
of this study: to associate steroid hormone concentrations in pregnant mares from mid-pregnancy to term 
with insulin sensitivity, acute response to glucose and glucose effectiveness. As a additional aim we will 
also evaluate plasma bile acid (BAs) concentrations during pregnancy as our lab has recently identified 
BAs as molecular drivers of equine insulin dysregulation. 

In the first experiment we will investigate the temporal association of steroid hormones and BAs with 
the development of insulin resistance in mares. BAs have a similar chemical backbone to steroid 
hormones and their regulation is highly intertwined with that of steroid hormones, particularly estrogens. 
Estrogens and BAs are excellent targets for investigation as drivers of insulin resistance for several 
reasons: 
 
1. Estrogens are well known in other species (including humans) to have direct roles in the regulation 
of insulin. Pregnancy modifies the role of estrogen, such that it stops being protective of insulin 
resistance to promoting it.13 
 
2. Estrogens are produced in extremely high amounts during equine pregnancy, peaking at 
approximately mid pregnancy.10 This peak corresponds to the gestational period where mares begin to 
become insulin resistant.12 
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3. Bile acid synthesis and metabolism are significantly affected by high estrogen concentrations during 
pregnancy and may increase the risk of gestational diabetes.14,15 We have already demonstrated that 
increasing levels of primary (liver derived) bile acids are associated with insulin dysregulation in horses. 
We have also demonstrated that administration of secondary BAs (microbial derived) improves insulin 
regulation in horses (See Background). 
 
Estrogens and BAs are targets that are highly likely to be involved with insulin regulation during 
pregnancy. These effects may be direct, indirect and/or synergistic. To account for the potential 
influence of other steroid hormones this first experiment casts a wider net to also include major 
progestogens and androgens of pregnancy. 
 
In the second experiment we will examine the direct effect of individual steroid hormones on insulin 
regulation by modeling pregnancy hormone concentrations in hormone deficient animals 
(gonadectomized). The two predominant estrogens of mid to late pregnancy (17β- estradiol and estrone 
sulfate) as well as two major progestogens (progesterone and dihydroxyprogesterone) will be evaluated 
in isolation. This experiment will employ a cross-over design such that each horse acts as its own control. 
This experiment will confirm the direct role of major steroid hormones on insulin regulation in horses. 
Additionally, the acute role that steroid hormones have on prevailing plasma BAs in horses will also be 
evaluated. This experiment will help define the relationship between steroid hormones and BAs in the 
context of insulin regulation in horses. 

The final experiment will further explore the mechanisms of reduced insulin by examining gene 
expression of white adipose tissue (WAT). The genes expressed in WAT of pregnant women are distinct 
from non-pregnant women and diverge in conditions of insulin dysregulation such as gestational 
diabetes.16,17 Similarly, horses with insulin dysregulation express a distinct set of genes compared to that 
of normal horses.18 Both estrogens and BAs can change the genes adipose tissue expresses. Therefore, 
by determining both the gene expression and receptor density of WAT during pregnancy we more deeply 
investigate the mechanisms leading to physiologic insulin resitance. As comparison groups normal and 
insulin dysregulated mares will allow for the distinct physiologic adaptations of WAT during pregnancy 
to be determined with high degree of accuracy. 
 
Together these experiments will establish the role of steroid hormones and/or BAs in the development of 
insulin resistance during pregnancy in mares. We will comprehensively evaluate the temporal 
association of steroid hormones, BAs and insulin regulation during pregnancy. We will examine the 
direct role of major steroid hormones on insulin and BA regulation in horses. Finally, we will evaluate the 
response of adipose tissue to the physiologic conditions of pregnancy. The results of these experiments 
will provide specific evidence for likely candidates in physiologic insulin resistance of pregnancy as well 
as form the basis for future investigations targeted at prevention of OCD in foals. 
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Figure 1. Summary figure showing impact of maternal insulin regulation on foal’s lifetime health. In 
pregnancies with poor insulin regulation the resulting foal is at increased risk of developing OCD and/or 
metabolic syndrome as a juvenile and adult. This proposal will determine the mechanism(s) that 
lead to physiologic insulin resistance in horses during late pregnancy. 
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Principal Investigator: Hayward, Jessica 
Title: Determining the genetic risk factors for autopsy-negative 

exercise-associated sudden cardiac death in racing 
thoroughbreds 

Project Period: 01/01/25 – 12/31/2026 
 

Sudden death occurs when an apparently healthy individually collapses and dies. This occurs in 
humans and many other animals, including dogs, pigs and horses. Exercise-associated sudden death 
(EASD) is defined as sudden death that occurs during, or within an hour of, exercise. This occurs in 
human athletes, especially men, and occurs in thoroughbred racehorses related to training or racing. 
In younger human athletes, variants in genes related to channelopathies have been identified, and there 
are genetic tests available. However, despite this, the majority of human cardiac sudden death cases 
still have no molecular diagnosis when gross and histopathology is negative. 
 
Necropsies of horses that die on racetracks are performed by board-certified pathologists. There is a 
detailed protocol for histological sampling of the heart in order to diagnose cardiac issues. But in many 
cases of equine EASD, the cause of death is not apparent during postmortem examination and this 
absence of cardiac pathology to explain the cause of death is termed “autopsy negative”. It is this 
phenotype of autopsy-negative exercise-associated sudden death (or AN-EASD) that we are 
focusing on in this research proposal. 
 
Of horse breeds, thoroughbreds have the highest prevalence of AN-EASD and many environmental 
risk factors have been identified, including age and sex of the horse, season and surface of the 
racetrack, and racing experience of the horse. An increased risk of AN-EASD in a specific horse breed 
strongly implicates genetic factors must be involved. To further support a genetic role in this disease, 
two stallion thoroughbreds that produced a significantly higher number of affected horses were recently 
identified. As yet, there have not been any studies to report a specific genetic cause of AN-EASD 
in the thoroughbred. The main goal of this research proposal is to identify and understand the 
regions of the equine genome that are involved with increased risk of AN-EASD in thoroughbred 
racehorses. 

We hypothesize that AN-EASD is a complex genetic disease, meaning there are many genes that 
affect risk for this disease, as well as non-genetic (environmental) factors. We also hypothesize that 
one of these genes which we identified in our preliminary study, called Natriuretic protein receptor 3 
(NPR3) found on equine chromosome 21, plays a causal role. 
 
Preliminary study 

We have performed an association study using 31 affected and 66 unaffected individuals that were 
genotyped at approximately 70,000 sites across the horse genome. We found two significant 
associations, one of which is on chromosome 21 and includes a region with a promising candidate 
gene. 
 
Methodology 

We have two specific aims of this research, and an overview of the methods pipeline is shown in Fig. 1. 
 
In Specific Aim 1, we will validate our preliminary association by performing a genome-wide 
association study (GWAS) using an independent genotyped cohort. Frozen tissue samples from horses 
that died from AN-EASD (cases) and from horses that were euthanized due to musculoskeletal injuries, 
colic, or laminitis (controls) will be collected from collaborating pathologists. DNA will be extracted from 
these tissue samples by the Cornell Veterinary Biobank team. We will genotype 96 DNA samples on 
the Axiom Equine Genotyping Array, which has approximately 670,000 markers spread across the 
horse genome. We will perform a GWAS to identify significant associations with AN-EASD. 
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In Specific Aim 2, we will increase the number of variants up to genome-wide level by using imputation 
on both the genotype array panels (70k data from our preliminary study and the 670k data from Aim 1 
separately). Imputation is the process of using sections of genome containing variants that are inherited 
together, gathered from a reference panel, to increase the number of markers in your data. For both 
datasets, we will use the same reference panel of whole genome sequences, which contains about 33 
million variants. These imputed datasets will undergo quality control and then be merged together. This 
merged imputed dataset will be used to perform GWAS to identify regions (or loci) that are significantly 
associated with the disease. We will further investigate these loci using whole-genome sequencing 
performed on six horses to identify candidate causal variants. This methodology allows us to increase 
the number of markers across the genome to be queried in our analysis, thereby increasing the 
statistical power of our analysis. 

 
Expected outcomes and significance 

We have put together a strong team of collaborators, including pathologists to collect samples and 
evaluate cardiac pathology, a veterinary geneticist with expertise in collaborations, a bioinformatician 
proficient with GWAS and imputation pipelines, and an equine geneticist to help interpret results. We 
expect to identify several genetic associations with AN-EASD, including the chr21 locus from our 
preliminary study. We will identify candidate causal variants within the associated regions. The long-
term goal is to develop a test for the associated genetic variants for use to: 1) identify 
thoroughbreds at higher risk, which can then be monitored more closely, and 2) make breeding 
decisions to reduce the prevalence of this condition in future generations of thoroughbreds. 
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Principal Investigator: Mitchell, Katharyn 
Title: Arrhythmia substrate characterization by 3D electro-anatomical 

mapping in horses with mitral valve prolapse 
Project Period: 01/01/2025 – 12/31/2026 

 
Sudden cardiac death is described as death occurring within one hour of the onset of symptoms, and 
without signs of disease that would predict a fatal outcome. Horses have a much higher risk of SCD 
compared with humans but far less is known about the factors that contribute to this devastating event. 
Fortunately, in humans, SCD is well studied and is steadily declining due to high volumes of research, 
stratification of high-risk individuals and preventative strategies (avoiding high intensity exercise for at 
risk individuals, implantation of intra-cardiac defibrillators etc.). One of the emerging causes of sudden 
death in humans, is the presence of MVP (abnormal bending or bowing of the mitral valve when it is 
closed) leading to fatal ventricular arrhythmias. These ventricular arrhythmias occur due to scarring or 
other changes to the muscle of the heart that interrupt the normal electrical currents moving throughout 
the heart or create new, abnormal electrical currents. There are several risk factors for SCD identified 
in humans with MVP including being female, having bi-leaflet MVP, evidence of scarring of the heart 
muscle, and mitral annular disjunction (MAD, abnormal anatomic placement of the mitral valve within 
the heart). 

While horses that have suffered from SCD have recently been found to have scarring/fibrosis in their 
heart muscle, the cause of the scarring/fibrosis remains uninvestigated. Additionally, most of the 
investigation in horses has been done based on postmortem samples, and not in live horses, so 
identifying factors in horses before death remains challenging. Exploring mechanisms to explain SCD 
in horses is critical, and it makes sense that causes of SCD in people would also be found in horses. 
Our aim is to investigate the role of MVP in the heart muscle changes that could lead to arrhythmia 
development and SCD in horses. This information is essential for improving equine health and welfare 
as it will inform our management of horses with cardiac disease. 

Mitral valve prolapse has been identified in horses before, usually associated with mild mitral valve 
regurgitation, but it has previously been thought to have little impact on performance and anecdotally 
is considered unlikely to become clinically relevant, although there is no scientific data to back up this 
claim. Evidence from humans suggests that both MVP and MAD are associated with repetitive abnormal 
motion and mechanical strain on parts of the ventricular myocardium, leading to scar tissue and an 
increased risk of potentially fatal cardiac arrhythmias. There are similarities in the patterns of myocardial 
fibrosis detected in SCD horses at postmortem and the typical lesions identified in human patients with 
MVP and MAD. 
 
The use of cutting-edge technology like 3D electro-anatomical mapping to study the origins of cardiac 
arrhythmias through the creation of 3D maps of the electrical pathways through the heart has 
revolutionized our understanding of mechanisms for arrhythmia development and has offered new, 
often life-saving treatment options for people affected by cardiac arrhythmias. These tools are now also 
available in veterinary medicine and studies involving horses with arrhythmias have recently been 
conducted using these 3D mapping techniques. We are currently the only US veterinary hospital 
utilizing this technology for the diagnosis and treatment of arrhythmias in dogs and horses. We are 
using this exciting technology to help unravel the mechanisms by which MVP can lead to the 
development of fatal arrhythmias that could cause equine SCD. This will help us stratify the risks of 
SCD in horses with MVP, and lead to improved welfare for the horses and safety for their riders, drivers 
and handlers. To date, our team has successfully performed 3D mapping in 5 horses, with abnormal 
areas of myocardium being identified in two horses with MVP. 

This proposed study will investigate the links between horses with MVP and the formation of pro-
arrhythmic myocardial areas, using cardiac ultrasound and ECG to identify horses with and without 
MVP, and then electrophysiological and 3D electro-anatomical mapping techniques to measure the 
electrical activity within the myocardial tissue. We aim to identify areas of abnormal electrical function 
that could cause arrhythmias to develop and show that we are able to trigger arrhythmias in those areas 
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that could potentially be fatal. We then will link the findings from the 3D mapping with histological 
assessment of the amount of scar tissue present within the myocardium, and compare these changes 
to what has been found in horses with SCD. This will lead to improved screening of horses for the 
presence of MVP and ventricular arrhythmias and open new avenues for potential treatment of 
arrhythmias and prevention of SCD. 
Importance to the Equine Industry 

Sudden cardiac death is a critically important topic of research in horses due to the welfare implications 
for the horses, social and emotional distress associated with these catastrophic events and safety 
concerns for the personnel riding, driving, or handling these horses at the time it occurs. While 
orthopedic breakdown injuries remain the primary cause of death in racehorses, SCD is the second 
leading cause and is very challenging to study due to the lack of findings on necropsy examinations to 
indicate the cause of death. Cardiac arrhythmias are widely considered as the most likely triggers of 
collapse and death, but how and why these catastrophic electrical events occur is unclear. One area 
of increasing interest and investigation in SCD is the role of the valves within in the heart. When the 
cardiac valves bulge/prolapse, become ‘leaky’ or do not form a tight seal when the heart contracts, 
there are many consequences that could lead to the development of cardiac arrhythmias and then 
SCD. This study will help us to understand the role that MVP has in the development of arrhythmias, 
using cutting edge 3D electro-anatomic mapping techniques to identify abnormal areas of the heart 
muscle that could lead to arrhythmias that cause equine SCD. By investigating these areas that trigger 
potentially fatal arrhythmias, we aim to link the findings to improve screening for at risk horses and 
prevent catastrophic events from occurring. 
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Principal Investigator: Peters-Kennedy, Jeanine 
Title: Investigation into the potential association of equine 

gammaherpesviruses and cutaneous equine sarcoidosis *RRGP* 
Project Period: 01/01/2025 – 12/31/2025 

 
Equine gammaherpesviruses are commonly found in healthy horses worldwide. Although most horses 
are asymptomatic, equine herpesvirus 2 (EHV2) has been associated with granulomatous nodular 
dermatitis in one horse and EHV5 has been associated with equine multinodular pulmonary fibrosis 
(EMPF) and interface dermatitis on the face of horses. Equine sarcoidosis is a granulomatous skin 
condition of horses that can cause exfoliative dermatitis and nodular skin disease. Because 
gammaherpesviruses have been associated with granulomatous inflammation and because the cause 
of sarcoidosis is unknown, in this study we want to investigate a potential association between equine 
gammaherpesvirus and cutaneous sarcoidosis. Our  an is to identify approximately 25 cases of 
equine cutaneous sarcoidosis from our pathology archives. We will use formalin-fixed paraffin-
embedded tissue, extract DNA, and test for EHV2/5 using polymerase chain reaction (PCR). We will 
use the shared pathology research lab to perform this work. Because DNA extraction from formalin-
fixed tissue can be difficult, we will also perform in situ hybridization (ISH) for EHV2/5 through the 
Animal Heath Diagnostic Center. Because fungal infections and mycobacteria spp. have been 
associated with granulomatous skin disease in horses, we will also perform special histochemical 
stains on each case including Gram (for bacteria), Gomori methenamine silver (for fungi) and Ziehl 
Neelsen (for acid fast bacteria). We will identify 10 non-sarcoidosis cases of skin disease in equids 
and 10 samples of normal equine skin that can be used as controls. 
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APPENDIX B 
Final & Progress Reports from 2025 

 
PI Project Title Term Date Report Type 

Antczak, 
Douglas 

A Rosetta Stone for Equine Immune 
System Genotyping 

12/31/2025 Final 

Antczak, 
Douglas 

Factors Affecting Durability in 
Standardbred Racehorses 

12/31/2025 Final 

Araos, Joaquin Cardiopulmonary effects of a novel 
mechanical ventilation method in 
anesthetized horses 

12/31/2025 Final 

Boesch, Jordyn Administration of epidural 
ropivacaine for the treatment of 
hindlimb pain 

12/31/2025 Final 

Campoy, Luis Refinement of a novel recovery 
enhancing device (RED) and its impact 
on the quality of recovery from general 
anesthesia in adult horses 

12/31/2025 Final 

Cercone, Marta Evaluation of the celiac plexus block in 
treating paralytic ileus 

12/31/2026 *NCE* 

Colbath, 
Aimee 

The mast cell – a new target in equine 
osteoarthritis 

12/31/2026 *NCE* 

Das, Arunika Identifying Genetic Variants Underlying 
Equine Early Pregnancy Loss 

12/31/2026 *NCE* 

de Mestre, 
Amanda 

Copy number changes in the equine 
genome incompatible with life. 

12/31/2025 Final 

Delco, Michelle Extracellular vesicles in equine fetlock 
joint injury and healing 

12/31/2026 *NCE* 

Diel de 
Amorim, 
Mariana 

Investigation of interleukin 1 beta (IL1B) 
role in equine early pregnancy 

12/31/2026 *NCE* 

Felippe, Julia Cytotoxic immune competence in the 
equine neonate and foal 

12/31/2025 Final 

Knickelbein, 
Kelly 

The aging equine retina: Investigating 
age-related retinal changes through 
electroretinography and optical 
coherence tomography *RRGP* 

06/30/2026 *NCE* 

Peters-
Kennedy 

Investigation into the potential 
association of equine 
gammaherpesviruses and cutaneous 
equine sarcoidosis *RRGP* 

12/31/2025 Final 

Todd-Donato, Comparative imaging for the diagnosis 12/31/2026 *NCE* 
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Amy and monitoring of arthroscopically 
induced meniscal injury in horses 

Wagner, 
Bettina 

Unraveling T-cell immunity for EHV-1 
protection 

12/31/2026 *NCE* 
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Principal Investigator: Antczak, Douglas 
Title: A Rosetta Stone for Equine Immune System Genotyping 
Project Period: 01/01/2023 – 12/31/2025 
Reporting Period: 01/01/2023 – 12/31/2025 (Final Report) 
 

Overview.  Based on our preliminary data, we postulate that recombination of genes within the MHC 
chromosomal region continually generates new combinations of MHC genes within horse breeds. 
The rate of recombination in the equine MHC that we have estimated can provide a vast resource of 
genetic variation within Thoroughbreds or Standardbreds. Countering this positive generation of MHC 
diversity is the negative effect of horse breeding strategies, where a small number of stallions produce 
many offspring each year. This harem mating system will decrease MHC diversity within a breed, and 
thus may decrease biological fitness. For our proposed project we would test the hypothesis that 
intra-MHC recombination is the major driver of MHC diversity in the horse. 
 
Aim 1) Determine MHC Single Nucleotide Polymorphism (SNP) profiles of 96 selected horses using 
the Axiom 670k SNP genotyping array. This molecular assay determines individual DNA nucleotides 
at over 600,000 sites within the horse genome, including several thousand positions in the MHC 
region. The horses would be selected primarily from samples we have already collected from other 
projects and partially characterized using an alternative, but less informative, assay for MHC diversity 
based on microsatellites. We would determine the correlation between the SNP-based and 
microsatellite-determined MHC types using standard statistical methods. We expect the correlation 
between these two methods to be over 90%.  
 
Aim 2) Here we would determine the protein coding sequences of MHC class I and class II genes 
from up to 10 horses that carry two identical copies of the MHC genes (homozygotes) and link the 
functional MHC gene sequences with the SNP and microsatellite markers that we determined in Aim 
1.  
 
B. Summary of Scientific Findings 
Describe the studies directed toward the specific aims and the positive and negative results obtained. 
If applicable, address any changes to the innovative potential of the project. If technical problems 
were encountered in carrying out this project, describe how your approach was modified. 
 
Aim 1) We analyzed data from 96 horses tested on the Axiom 670k Single Nucleotide Polymorphism 
(SNP) genotyping array. This molecular assay determines individual DNA nucleotides at over 
600,000 sites within the horse genome, including several thousand positions in the MHC region. The 
horses were selected from samples we collected from other projects and partially characterized using 
an alternative, but less informative, assay for MHC diversity based on microsatellites.  
 
Aim 2) We determined protein coding sequences of MHC class I and class II genes from horses that 
carry two identical copies of the MHC genes (homozygotes). This work complements the SNP-based 
studies of Aim 1 and links functional MHC gene sequences with the SNP and microsatellite markers.   
 
By combining the screening methods of Aim 1 with DNA sequence-based approach of Aim 2, we 
discovered structural rearrangements within the MHC region that have previously been undetectable. 
Although SNPs and microsatellites predict the full MHC sequence of most horses, there are examples 
which require better resolution. We found that SNPs can reveal more complexity than microsatellites 
due to the higher number of SNP markers in the MHC region compared to microsatellites markers. 
Furthermore, in rare cases direct sequencing of MHC genes may be required for accurate MHC 
haplotype identification. These new results will inform our future studies and interpretation of the 
equine MHC region. 
 
In 2025 we participated in the generation, assembly, and annotation of a new whole genome 

30



reference sequence for the horse. The DNA for this new Telomere to Telomere (T2T) sequence is 
from a mule from our Cornell experimental herd. Both the horse and donkey genome sequences from 
the mule are being characterized in this study. This work has increased the resolution and 
completeness of the horse genome sequence, including for genes of the immune system. A major 
paper describing the T2T horse genome reference sequence has recently been accepted for 
publication. 
 
We are still analyzing the primary data from this project. In fall 2025 Dr. Antczak experienced a major 
health problem that prevented work on this project for a long period. Because of this delay, we 
returned approximately half of the awarded funds to the Zweig Fund at the end of 2025.  
 
We plan to continue data analysis of this research in 2026 and to write up a manuscript for publication. 
With colleagues from several universities in the US and Europe, we are also working on a second 
manuscript from the T2T sequence that focuses on genes of the immune system, including the MHC 
region. That manuscript should be submitted for publication in 2026.  
 
C. Significance 
Emphasize the significance of the findings and their potential impact. 
 
The goal of this project is to develop a deep understanding of the evolutionary processes that 
generate and maintain diversity in the immune system genes of the horse, particularly the genes of 
the Major Histocompatibility Complex (MHC). This project integrates MHC typing data from three 
distinct methods across several horse breeds. The use of multiple assays for MHC diversity will 
provide greater rigor, reproducibility, and precision than we could obtain using any single method. 
Knowledge of the genetic basis of immune responses can be used to develop more effective 
vaccines, including those against pathogens that still cause problems for racehorses, such as equine 
influenza virus and equine herpesvirus. Genes in the MHC region have also been associated with 
several types of equine disease conditions, including sarcoid tumors, recurrent uveitis (inflammation 
of the eye), and allergic skin disease. Finally, regulation of the MHC genes in the placenta is an 
important mechanism permitting survival of the equine fetus during pregnancy and avoiding 
destruction by the maternal immune system.  
 
D. Publications and Other Grant Submissions 
If applicable, report publications resulting from the study, including manuscripts submitted or 
accepted for publication, and submissions and/or external grants resulting from the award. 
 
Some of data and analyses of this project were generated by Ms. Sara Raimondi, a Cornell 
undergraduate, as part of her honors thesis research. Sara is now a second-year student in the 
College of Veterinary Medicine at Cornell. Ms. Raimondi plans to enter equine practice upon 
graduation.  
“Investigation of Equine Major Histocompatibility Complex Structural Polymorphism” 
Undergraduate Honors thesis, Department of Animal Science, Cornell University 
Spring 2024 
 
In May 2024, Dr. Antczak presented results from this study at the Havemeyer Horse Genome 
Workshop: 
“A Rosetta Stone for the Equine Major Histocompatibility Complex” 
14th International Havemeyer Foundation Horse Genome Workshop, Caen, Normandy, France,12-
15 May 2024. 
 
Cell Genomics paper – accepted for publication 
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Title: Fully Phased Telomere-to-Telomere assemblies for Thoroughbred Horse and Donkey 
Haplotypes derived from a Mule 
 
Authors: Kai Li, Eleonora Cappelletti, Julia Ciosek, Carey Dessaix, Emily Robyn, Lauren Johnson, 
Nahla Hussien AbouEl Ela, Xiomara Arias, Dave Adelson, Terje Raudsepp, Melissa Laird-Smith, 
Elizabeth Hudson, Brandon D. Pickett, Sergey Koren, Brian P. Walenz, Shelise Y. Brooks, Christina 
Sison, Juyun Crawford, Gerard Bouffard, Adam M. Phillippy, Don Miller, Douglas F. Antczak, Jonah 
Cullen, Sam Stroupe, Brian Davis, Molly McCue, Sian Durward-Akhurst, Jessica L. Petersen, Elena 
Giulotto, Ted Kalbfleisch 
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Principal Investigator: Antczak, Douglas 
Title: Factors Affecting Durability in Standardbred Racehorses 
Project Period: 01/01/2022 – 12/31/2025 
Reporting Period: 01/01/2022 – 12/31/2025 (Final Report) 

 
Overview.  This project is based on the premise that Thoroughbred and Standardbred horses with 
extended successful racing careers have a hereditary predisposition for racing and physical 
soundness coupled with excellent care and training. We hypothesize that it will be possible to 
identify genetic signatures / markers correlated with longevity of racing career / durability using 
currently available genomic technology. 
 
Aim 1) Using a Genome Wide Association Study (GWAS) and the 670k Equine Single Nucleotide 
Polymorphism (SNP) array, we would compare three groups of horses:  
 
1) 100 aged Standardbreds with long racing careers and competitive race records;  
2) 100 aged Standardbreds with long racing careers but relatively weak earnings records;  
3) 100 or more control Standardbreds selected from previous studies.  
 
Specifically, we would test the hypothesis that the durable horses will show a GWAS peak on 
chromosome 7 that has been associated with racing starts in Thoroughbred horses. We may also 
be able to identify genetic regions that distinguish competitive from non-competitive horses with long 
racing careers. Other bioinformatic approaches will be used for analysis. Metadata from the horses 
will also be collected that will facilitate the dissection of genetic from environmental factors 
influencing durability / career longevity. 
Aim 2) We would obtain 20 x coverage whole genome sequence from 10 selected durable and 10 
control Standardbreds. This will enable fine-scale comparison of genomic regions identified in Aim 
1. 
 
B. Summary of Scientific Findings 
Describe the studies directed toward the specific aims and the positive and negative results obtained. 
If applicable, address any changes to the innovative potential of the project. If technical problems 
were encountered in carrying out this project, describe how your approach was modified. 
 
As noted in our progress report from previous years, collecting samples for this project has been 
more challenging than we had anticipated at the outset. The difficulties included the complexity of 
coordinating sample collection among owners, trainers, and veterinarians, and the fact that 
Standardbred racehorses often move between various locations during the year. Those challenges 
were compounded by the prolong recovery that Dr. Antczak experienced following major surgery in 
late 2023 for repair of chronic problem with his right ankle, and a second major health problem that 
occurred in fall 2025.  
 
Because of these difficulties, we were unable to complete the aims of this study, and we returned 
approximately half of the awarded funds to the Zweig Fund at the end of 2025.  
 
We retain the samples that we have collected for this work. These may be used in future if we can 
re-start this project, or they may be useful to other horse researchers.  
 
C. Significance 
Emphasize the significance of the findings and their potential impact. 
 
Catastrophic breakdown of Thoroughbred and Standardbred racehorses continues to be one of the 
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most important challenges facing the horseracing industry. By exploring the factors that affect the 
durability of racehorses, we may find ways to extend the racing lifespan, and also perhaps identify 
risk factors for breakdowns that can be mitigated and thereby decrease the incidence of those terrible 
events.  
 
D. Publications and Other Grant Submissions 
If applicable, report publications resulting from the study, including manuscripts submitted or 
accepted for publication, and submissions and/or external grants resulting from the award. 
 
To publicize our project and encourage submission of samples, we participated in an interview with 
Hope Ellis-Ashburn, a writer for Hoof Beats magazine. That article was published in October 2024.  
 
During the course of this project, we submitted a grant to the Hong Kong Jockey Club Equine Welfare 
Research Foundation for parallel studies of Thoroughbreds. However, that application was not 
funded.  
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Principal Investigator: Araos, Joaquin 
Title: Cardiopulmonary effects of a novel mechanical ventilation 

method in anesthetized horses 
Project Period: 01/01/2023 – 12/31/2025 
Reporting Period: 01/01/2023 – 12/31/2025 (Final Report) 

 

A. Specific Aims of the Study and Modifications 
While the aims remained fairly similar to the written proposal, we included some modifications: 
The original aims were: i. To determine the EF/PEF that results in the most effective lung recruitment 
and stabilization, as evidenced by improved oxygenation, lung and chest wall compliance, 
homogenization of regional lung ventilation and perfusion and hemodynamic stability; ii. To compare 
the cardiopulmonary effects and the lung proinflammatory profile of the TCAV protocol defined on 
Aim 1, with a conventional OLC method of ventilation. 
 
After discussion with the research team, we decided to not study different EF/PEF ratios but instead 
to use the one that has been described in the human and translational animal literature (75%) since 
we believed that this would be valid across species (has been shown to be the case in humans, pigs 
and rats). Therefore, our first study after conducting some pilots was to compare directly an 
APRV/TCAV ventilation mode against conventional ventilation. The results of this study have been 
published (results summarized below, manuscript attached with this report). 
 
An important observation from the first study was that certain settings of APRV had a significant 
effect on cardiovascular function. Therefore, the second study focused on the impact of airway 
pressure during APRV on echocardiographic variables of cardiac function, as well as the effects of 
APRV on lung epithelial integrity. To this end, we performed bronchoalveolar lavage and the collected 
fluid used to evaluate cellularity as well as protein composition using an unbiased proteomic 
approach. The experiments are completed, data has been analyzed and manuscript writing is 
undergoing. 
 
B. Summary of Scientific Findings 
Study 1 (published). Comparison of early and late time-controlled adaptive ventilation on 
pulmonary gas exchange in anesthetized horses. In this study, we showed two important 
findings: 1) when applied early after induction of anesthesia, TCAV is highly effective at keeping the 
lungs expanded, improving aeration, gas exchange, and hemodynamics, providing highly superior 
performance than conventional ventilation; 2) when applied late, TCAV does not perform well, as it 
leads to cranial lung hyperinflation, worsening of hemodynamics and respiratory mechanics. The 
clinical message is that for TCAV to be effective, this should be implemented immediately after 
induction of anesthesia. Abstracts summarizing the results of this study were presented at the Zweig 
research day, 2024 and the ACVAA conference, 2024. The PI gave a speech at the 2025 Zweig 
research day summarizing all the data. 
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Figure 1. Differences in gas exchange, dobutamine requirements and mean arterial blood pressure 
in dorsally recumbent, anesthetized horses, administered early (TCAVE) or late (TCAVL) time-
controlled adaptive ventilation (TCAV). (a) Oxygenation was assessed by the partial pressure of O2 
(PaO2) to fraction of inspired oxygen (FIO2) ratio (PaO2/FIO2). The suboptimal PaO2/FIO2 ratio 
observed during volume-controlled ventilation (VCV) in the TCAVL (hatched squares, black shading 
represents mmHg, gray shading represents kPa) was not improved with the addition of TCAV. In 
contrast, with TCAVE (solid circles, black shading represents mmHg, gray shading represents kPa), 
the PaO2/FIO2 ratio was optimized and significantly higher than in TCAVL during most study time 
points. (b) Ventilation was assessed by the partial pressure of CO2 (PaCO2). The transition from 
VCV to TCAV did not significantly affect PaCO2, and no differences were found between groups at 
the specific time points. (c) Mean arterial blood pressure did not differ significantly within or between 
groups. (d) Dobutamine requirements were recorded at each study time point (right). In the TCAVL 
group, the implementation of TCAV led to a significant increase in dobutamine requirements 
compared with the volumecontrolled phase at 150 minutes. No differences were found between 
groups. *p < 0.05 compared with TCAVL at corresponding study time point. $ p < 0.05 in the TCAVL 
group at T150 compared with T0. 

 

 
 
 
Table 1. Respiratory system mechanics in six anesthetized and mechanically ventilated horses 
receiving late and early time-controlled adaptive ventilation (TCAVL and TCAVE, respectively) in a 
crossover design. Mean ± standard deviation values are presented at different time points. DPAW, 
airway driving pressure; CRS, respiratory system compliance; EF/PEF, expiratory flow to peak 
expiratory flow ratio; FIO2, fraction of inspired oxygen; fR, respiratory rate; PHIGH, inspiratory 
pressure; TC-PEEP, time-controlled positive end-expiratory pressure; TLOW, expiratory time; 
THIGH, inspiratory time; VT, tidal volume. Of note, in the TCAVL group, T0 and T30 corresponded 
to volume-controlled ventilation; therefore, the PHIGH values at these time points corresponded to 
peak airway pressure. Similarly, the end-expiratory pressure values reported at T0 and T30 for the 
TCAVL group corresponded to PEEP rather than TC-PEEP. 
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Table 2. Electrical impedance tomography variables in six anesthetized and mechanically ventilated 
horses receiving late and early time-controlled adaptive ventilation (TCAVL and TCAVE, 
respectively) in a crossover design. Values are expressed as percentage of total impedance. Mean 
± standard deviation values are presented at different time points. LD, left dorsal region; LV, left 
ventral region; RD, right dorsal region; and RV, right ventral region, corresponding to the percentage 
of total ventilation in each pre-defined region. RVD, regional ventilation delay index. 
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Figure 2. Lung ultrasound (LUS) scores were calculated for the nondependent and dependent mid-
caudal lung regions before anesthesia and at 30, 60, 120, and 180 minutes after induction. (a) 
Minimal changes in LUS scores were observed in the nondependent regions in both groups 
compared with the preanesthetic evaluation. In the dependent regions, a rapid increase in LUS 
scores was observed, which was more pronounced in the late time-controlled adaptive ventilation 
(TCAVL) group than in the early time-controlled adaptive ventilation (TCAVE) group. The TCAVE 
group showed a progressive increase in LUS scores over time. (b) Representative images of the 
most dependent lung region at the 10th intercostal space from one horse in each group. In the 
TCAVL group (upper images), rapid loss of aeration and subpleural consolidation were evident as 
early as 30 minutes and persisted at 180 minutes, indicating substantial atelectasis. In the TCAVE 
group, the images showed an irregular pleural line with a progressive increase in B-line density, but 
no evidence of consolidation. 

 

 
 
Figure 3. Compression atelectasis in dorsally recumbent horses and the impact of early versus late 
time-controlled adaptive ventilation (TCAV). This figure illustrates the proposed pathophysiological 
mechanism: in dorsally recumbent horses, dependent lung regions rapidly collapse as a result of the 
loss of muscle tone and the compressive effect of abdominal organs, and once this occurs, reopening 
these regions becomes increasingly difficult. This is evidenced by the failure of late-applied TCAV 
(TCAVL) to recruit these areas. 
 
Importantly, electrical impedance tomography (EIT) (depicted by the belt crossing the thorax in the 
zoomed image) provides an incomplete picture in this scenario. During TCAVL, EIT likely reflects 
improved mid-cranial ventilation but overlooks the persistent collapse in more caudal lung regions. 
Lung ultrasound findings confirm this lack of mid-caudal lung recruitment (shaded region) during 
TCAVL. Conversely, early application of TCAV largely prevents collapse, resulting in a more 
homogeneous distribution of ventilation and optimized oxygenation. 
 
In conclusion, TCAV timing was critical for optimizing pulmonary gas exchange in dorsally 
recumbent anesthetized horses. TCAVE optimized oxygenation at reduced FIO2, largely preventing 
regional compressive atelectasis and minimizing heterogeneous ventilation. In contrast, TCAVL 
failed to improve oxygenation, did not recruit dorsocaudal lung atelectasis and worsened respiratory 
mechanics including significantly lower VT. Large randomized, controlled clinical trials are needed to 
confirm these findings and evaluate the impact of this strategy compared with others on clinically 
relevant outcomes. 
Study 2. The effect of inspiratory pressure during TCAV on echocardiographic variables and 
bronchoalveolar lavage proteomic composition. 
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Six horses were included in this study. We completed pre-experiment standing echocardiography 
and BALF the day before of the procedure. The day of the procedure, animals were anesthetized 
and placed on TCAV immediately. PHigh was started at 35 cmH2O and then reduced to 30 and 25 
cmH2O. At different PHigh levels, echocardiography was obtained to evaluate cardiac function. The 
day after anesthesia, the BALF procedure was repeated. Results are described below. 
 

 

 
 
 Proteomics. 
We compared proteins in bronchoalveolar lavage fluid collected before and after mechanical 
ventilation in horses and found a clear shift in the airway lining fluid after ventilation. Out of the 
proteins that changed, most were higher after ventilation, and a subset were not detectable before 
but appeared afterward. 
 
The proteins that went up include von Willebrand factor (a vascular protein), several proteasome 
subunits (markers of protein turnover and cellular stress), and regulators of cell structure and 
trafficking such as STAT3, filamin-B, S100A16, EHD4, PDZK1, and ATP6AP2. Together, this pattern 
is consistent with mild endothelial leak or plasma transudation into the airways plus a stress/turnover 
response of the airway epithelium. 
 
The proteins that went down include surfactant protein C (a key alveolar surfactant component), the 
macrophage scavenger receptor MARCO, ICAM-1, SPARC, CADM1, and ADH1E. This points to a 
relative reduction in luminal surfactant- and macrophage/adhesion-related proteins after ventilation. 
Biologically, that could reflect consumption or altered secretion of surfactant, fewer shed 
epithelial/membrane proteins in the lavage fluid, changes in macrophage surface protein shedding, 
or simple dilution effects inherent to lavage. 
 
Putting both directions together, the post-ventilation airway fluid looks a bit “leakier” (more 
vascular/plasma proteins) and more “activated” (stress/turnover signatures), with a simultaneous 
drop in surfactant- and macrophage-associated proteins in the fluid phase. That is a plausible early 
response to mechanical stretch and shear in otherwise healthy airways. 
 
Two practical notes: some proteins “appeared” only after ventilation because they were below 
detection before, so it’s better to describe these as present post-ventilation rather than focusing on 
fold-change size; and lavage introduces dilution variability, so concentration shifts can reflect both 
biology and recovery. As next steps, we will consider targeted confirmation of a small sentinel panel 
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(for example, VWF ↑, a proteasome marker ↑, SFTPC ↓, MARCO ↓) and, if feasible, relating these 
changes to simple physiologic readouts (airway pressures, cell counts) or a short time-course to see 
whether the pattern reverses. 

 
In sum, the post-ventilation BALF profile—appearance of vascular/plasma proteins (e.g., VWF), 
enrichment of proteasome/stress and cytoskeletal regulators (PSMD14/PSMD2, STAT3, FLNB, 
S100A16), and concurrent reductions in surfactant (SFTPC) and macrophage/adhesion markers 
(MARCO, ICAM1, SPARC, CADM1)—is most consistent with mild endothelial leak plus epithelial 
mechanostress and a transient perturbation of luminal surfactant and innate-defense programs 
during the equine perianesthetic period; clinically, this pattern supports lung-protective settings, and 
targeted monitoring for atelectasis and hypoxemia, while future work should (i) correlate these 
protein shifts with gas-exchange, lung ultrasound/CT atelectasis scores, and recovery outcomes; (ii) 
test whether ventilator strategies (PEEP/recruitment titration) attenuate the VWF rise and SFTPC 
fall; (iii) include dilution controls (e.g., urea) to separate biology from lavage recovery; and (iv) use 
equine airway/AT2 cell stretch models or ex vivo lung to map STAT3/proteasome activation and 
surfactant secretion dynamics, providing mechanistic links and actionable endpoints for clinical trials. 
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C. Significance 
These findings have direct clinical relevance for equine anesthesia. The work showed that the timing 
of TCAV is critical, with early application largely preventing dependent lung collapse, improving 
oxygenation, and reducing the negative cardiopulmonary consequences observed when TCAV is 
applied later. This provides a practical and immediately translatable message for anesthetists 
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managing dorsally recumbent horses. In addition, the bronchoalveolar lavage proteomic findings 
suggest that even short periods of mechanical ventilation can induce mild endothelial leak, epithelial 
stress, and alterations in surfactant-related proteins. 
These observations support the need for lung-protective ventilation strategies and provide 
mechanistic targets for future studies aimed at reducing peri-anesthetic pulmonary complications in 
horses. 

 
D. Publications and Other Grant Submissions 
If applicable, report publications resulting from the study, including manuscripts submitted or 
accepted for publication, and submissions and/or external grants resulting from the award. 

1. Vicenti C, Cercone M, Nieman G, Habashi NM, Andrews P, Satalin J, Velarde P, Mitchell KJ, Louie 
EW, Albano V, Ali H, King A, Staffieri F, Gleed R, Bukoski A, Hopster K, Hodgson D, Adler A, 
Martin-Flores M, Araos J. Comparison of early and late time-controlled adaptive ventilation on 
pulmonary gas exchange in anesthetized horses. Vet Anaesth Analg. 2025 Nov-Dec;52(6):810-820. 
doi: 10.1016/j.vaa.2025.06.007. Already published. 
 
2. We are finalizing our manuscript with echocardiography, lung ultrasound scores, and cellular 
composition as well as proteomic data from bronchoalveolar lavage fluid. This manuscript will be 
submitted to JVIM or EVJ in the near future. 
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Principal Investigator: Boesch, Jordyn 
Title: Administration of epidural ropivacaine for the treatment of 

hindlimb pain 
Project Period: 01/01/2025 – 12/31/2025 
Reporting Period: 01/01/2025 – 12/31/2025 (Final Report) 

 
A. Specific Aims of the Study and Modifications 
Specific Aims: If the aims have not been modified, state so. If they have been modified, provide 
the revised aims and the reason for the modification. 
 
The aims were not modified. 

B. Summary of Scientific Findings 
Describe the studies directed toward the specific aims and the positive and negative results obtained. 
If applicable, address any changes to the innovative potential of the project. If technical problems 
were encountered in carrying out this project, describe how your approach was modified. 

In a randomized, blinded, controlled, crossover study, eight healthy, sound horses underwent two 
treatments in random order, separated by at least 3 weeks: epidural saline or epidural ropivacaine. 
For each treatment, an epidural catheter was inserted at the first intercoccygeal space and advanced 
5 cm cranially. Correct catheter placement was confirmed radiographically after injecting contrast 
through it. The tibiotarsal joint was injected with 75 ng of recombinant equine interleukin-1β to induce 
synovitis. Twelve hours later, baseline variables were recorded including heart rate, respiratory rate, 
borborygmi, lameness score and neurological examination score. Thirty minutes thereafter [time = 0 
hours (t0)], 0.045 mL/kg of preservative-free 0.9% saline or 0.125% ropivacaine was administered 
through the catheter over 10 minutes. Data were collected at t0.5, 1, 1.5, 2.5, 3.5, 4.5, 5.5, and 6.5. 
Fecal piles passed the day before and after t0 were counted. Continuous and categorical data were 
analyzed using a linear mixed effects model and Fisher’s exact test, respectively, with significance 
set at p < 
0.05. All horses developed moderate-to-severe lameness that did not improve after ropivacaine 
injection. No horses developed hindlimb neurological deficits. However, from t0.5-2.5, more horses 
in the ropivacaine (7/8) than saline (0/7) treatment had decreased to absent anus and tail tone (p = 
0.014). There were no other differences between treatments. 

C. Significance 
Emphasize the significance of the findings and their potential impact. 
 
Unfortunately, a single dose of 0.125% ropivacaine did not mitigate hindlimb lameness, although anus 
and tail tone decreased. This is likely because the nerves innervating the anus and tail are thinner 
than the sciatic nerve, which innervates the tarsus. However, it was exciting to find that hindlimb 
neurological function and GI motility were preserved; previously, local anesthetic was not injected 
epidurally at a volume sufficient to provide segmental analgesia for the hindlimb due to fear of 
hindlimb ataxia or weakness. Combining 0.125% ropivacaine with detomidine, for instance, instead 
of morphine, may retain the neurological and GI safety while improving analgesic effects. Many 
additional studies can be generated from these findings. 
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D. Publications and Other Grant Submissions 
If applicable, report publications resulting from the study, including manuscripts submitted or 
accepted for publication, and submissions and/or external grants resulting from the award. 

We submitted a manuscript entitled ‘Epidural 0.125% ropivacaine is safe but insufficient for induced 
tibiotarsal joint pain’ to the Equine Veterinary Journal at the end of 2025. The manuscript was returned 
with generally good reviews despite request for revisions. We are about to submit the revised 
manuscript and expect it will be accepted in the next few weeks to months. 
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Principal Investigator: Campoy, Luis 
Title: Refinement of a novel recovery enhancing device (RED) and its 

impact on the quality of recovery from general anesthesia in 
adult horses 

Project Period: 01/01/2024 – 12/31/2025 
Reporting Period: 01/01/2024 – 12/31/2025 (Final Report) 
 

A. Specific Aims of the Study and Modifications 
Specific Aims: If the aims have not been modified, state so. If they have been modified, provide the 
revised aims and the reason for the modification. 

 
No change made to the original aims. 

Our overarching goal with this project was to improve the quality of recovery while emerging 
from general anesthesia in horses by reducing the incidence of traumatic injuries that can occur 
during this high-risk process. 
 
In this proposal, our specific goal was to further refine the present prototype (REDv1.0). Presently, 
our prototype performs as expected, detecting accelerations in the Z axis (vertical axis, e.g., during 
a fall). More specifically, our goal was to integrate a wireless acceleration and orientation sensor 
(Inertia Measuring Unit, IMU) (fitted in the harness) with the device controller for better stability and 
fall/stumble protection. As more data is logged, new updates in the controller software (firmware) will 
help us identify recovery problems faster, provide better recovery support and implement remedial 
actions. 
More specifically, the new prototype should: 
1. Identify a fall faster than with the current system. 
2. Implement a remedial action by arresting most of the associated kinetic energy significantly faster 

and in a gradual, viscous (gentle) fashion. 
3. Detect horizontal stumbles and potential wall or corner collisions quickly. 
4. Facilitate horses transition from a recumbent, unconscious state to a standing conscious state 

without injury. 
5. Significantly decrease incidence of Fair and Poor recoveries. 
6. Continue data logging for future improvements and refinements of the device’s capability and 

safety features 
 
B. Summary of Scientific Findings 
Describe the studies directed toward the specific aims and the positive and negative results 
obtained. If applicable, address any changes to the innovative potential of the project. If technical 
problems were encountered in carrying out this project, describe how your approach was modified. 
 
In an initial study with the goal of evaluating our first prototype (REDv1.0), twenty horses were 
enrolled and randomly assigned to one of two treatment groups: RED (belay-assisted) or FREE 
(unassisted). An Inertia Measuring Unit (IMU) was fitted to all horses and data were live streamed 
and recorded onto a computer for subsequent analysis. Recoveries were scored using a Composite 
Grading Scale (CGS, 0-100) by 3 independent observers. Lower CGS are considered better. 
CGS were 26 ± 10 and 46 ± 13 in the RED and FREE groups, respectively (P = 0.001). REDv1.0 
improved the recovery scores compared with unassisted recoveries by means of lowering the 
accelerations during a fall and hence minimizing the kinetic energy generated during each fall. 
This study was published in the American Journal of Veterinary Research: 
Campoy L, Martin-Flores M, Araos J, Parry SA, Gleed RD. A newly developed recovery-enhancing 
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device improves recovery scores during emergence from general anesthesia in horses: a 
randomized trial. Am J Vet Res. 2024 Mar 18;85(5): ajvr. 24.02.0024. doi: 10.2460/ajvr.24.02.0024. 
PMID: 38479106. 
 
Specific Aims #1-5: 
Based on our findings with REDv1.0, we have completed the design of a new and improved prototype 
(REDv2.0). The enhancements include the redesign of the mechanical assembly as well as the 
redesign of all the complex sensors, circuit boards and controllers as well as the low, mid and high-
level software. Briefly, REDv2.0 uses two electric and, functionally independent, servo motors 
(REDv1.0 had one single motor to belay and a braking system to provide the resistance to a sensed 
fall). Motor 1 actively maintains a controlled tension (pull) in the rope connected to the harness. By 
not allowing any slack and looseness in the rope, even if the horse stands up rapidly, the system is 
always ready for an immediate response to prevent a potential and rapid acceleration. Motor 1 also 
provides a high-speed protection (belay) force to prevent a rapid fall, but at a level of only 5 to 10% 
of the weight of the horse. In addition, it provides a discrete upwards pull to help the horse stand. If 
higher forces are needed to protect a horse against a fall, Motor 2 is immediately engaged. Motor 2 
uses hydraulic brakes that can prevent rapid falls at much higher belay/ damping forces. This force 
can be applied following various profiles (e.g. Currently, the damping force is a linear function of the 
velocity). 
Outline of improvements REDv1.0 vs REDv2.0: 
A. The sensors in REDv1.0 were limited to rope tension, rope extension length, and rope extension 

speed. In REDv2.0, sensors are added for the horizontal rope forces as well (front-back and left-
right). This will let us know not only how hard the horse is pulling on the rope, but which direction 
is pulling. 

B. The REDv1.0 maximum falling force protection in the brakes was limited to about 5 kNw, which 
did not provide full protection for large horses in hard falls. REDv2.0 is designed to work at 
significantly greater forces. 

C. The hydraulic brakes in REDv1.0 were relatively slow compared to the servo motor portion of the 
belay device capability; this caused a brief delay in a large horse belay response, making the 
implementation abrupt. In REDv2.0, the hydraulic brakes are replaced by a much larger servo 
motor for fall control, with a very fast, smooth and gentle response time. 

D. A second, potentially helpful introduction of the larger servo motor in the REDv2.0 belay system 
is that it is capable of high forces to help the horse slowly stand up, or maintain its stand, when this 
is considered beneficial. 

E. The pulley was also re-designed. The new design includes three load cells capable of providing 
information about rope angle and rope position in the three-dimensional space. 

 
Specific Aim #5: 
A clinical study using two treatment groups (FREE and RED) is currently under way. Based on data 
from our previous publication, we estimated an effect size=0.62 with alpha and power set at 0.05 
and 0.9, respectively. The calculated sample size using recovery scores as a main outcome variable 
yielded a minimum of 12 horses per group. Data collection is completed with 12 and 12 horses enrolled 
in the FREE the RED groups, respectively. An initial data analysis is summarized in the following 
table: 
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max 

 
 
 

Specific Aim #6: 
A long-term study (estimated a minimum of ~100 clinical horses to be enrolled) was set out to 
produce an objective recovery score based on inertial forces that horses are subjected to during a fall. 
The data were logged during each recovery period via an Inertia Measuring Unit (IMU) fitted onto the 
horse’s harness. The analysis was broken down into two separate groups: recoveries with one single 
and, therefore, successful attempt, and recoveries with more than one attempt to stand. So far, we 
have 100 horses enrolled (29 horses got up at first attempt and 71 needed multiple attempts). Several 
regression models have been evaluated to best fit Composite Grading Scale (CGS) scores to a model 
according to best significance of the parameter estimates, the residual standard error, degrees of 
freedom and convergence information (number of iterations to convergence and the achieved 
convergence tolerance). This score will serve to objectively compare the quality of recovery in future 
studies. 
In the recoveries with a single attempt, a polynomial linear model was the strongest based on fit 
statistics and significance of predictors: 
cgs ~ Amax + I(A 2) Intercept (I) = 13.46363 
Amax = √ (X2 + Y2 + Z2), where X, Y, and Z were the maximal recorded axial accelerations for each of 
the 

three axes (measured in m / s2) 

In the recoveries with multiple attempts, two models were the strongest based on fit statistics and 
significance of predictors: A non-linear regression model and a polynomial linear model including 
both linear acceleration during each fall and linear acceleration during the final attempt. Both predictors 
appear to contribute meaningfully, and the models explain a substantial portion of the variance in 
CGS. We compared the two final models with a likelihood ratio using the ANOVA test. 
A comparison of the non-linear model and a quadratic polynomial model including data from each 
unsuccessful attempt ΣUA and the final and successful attempt Amax_SA showed a marginal 
improvement in model fit, F(2,64)=3.08, p=0.05287. The additional predictors reduced the residual 
sum of squares by 531.35. 
 
cgs ~ poly(ΣUA, degree = 2, raw = TRUE) + Amax_SA ΣUA = the sum of the Amax during each of the 
unsuccessful attempts (ΣUA) per recovery episode.  
 
Amax was calculated as follows: 
Amax = √ (X2 + Y2 + Z2), where X, Y, and Z were the maximal recorded axial accelerations for each of 
the three axes (measured in m / s2). 
 
Amax_SA = √ (X2 + Y2 + Z2), where X, Y, and Z were the maximal recorded axial accelerations for each 
of the three axes (measured in m / s2) during the final and successful attempt. 
 
Data logging will continue to improve our results. 
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C. Significance 
Emphasize the significance of the findings and their potential impact. 

 
Our overarching goal is to improve the quality of recovery from general anesthesia in horses by 
reducing the incidence and severity of traumatic injuries that can occur during this process and 
decrease the injury rate of personnel directly involved in the recovery process. 
Based on the results of our first study evaluating REDv1.0, this device decreases the kinetic energy 
of a fall. This finding may lead to a potential reduction in the number and/or the severity of injuries in 
horses and personnel involved during the recovery period. 
 
The results of our regression study show a strong relationship with the linear acceleration values 
during each attempt to stand. The significance of this is that we can objectively evaluate recoveries 
using inertia data and objectively evaluate different recovery modalities or any improvements/ 
refinements made to our device. 
 
Based on our initial experience with REDv1.0, we have designed and built a new prototype capable of 
supporting heavier horses and able to provide a faster and more refined response. The new prototype 
(REDv2.0) has been successfully tested for safety and basic functionality. The results of our initial 
clinical trials are supportive of the benefits of the assistance provided by our belay system when 
compared with free recoveries (unassisted). 
 
Our next step will be to evaluate whether our device indeed decreases the incidence of injuries during 
emergence from general anesthesia in horses. Wilke et al. 2001 investigated the incidence of 
fractures of the carpal bones in horses. Seven out of 10 horses identified with such fractures were 
deemed to have happened during recovery from general anesthesia suggesting that trauma during 
recovery may be an important predisposing factor. In collaboration with the Cornell Sibley School of 
Mechanical and Aerospace Engineering, we are in the design phase of a study to evaluate the 
degree of extension or flexion of the carpus during recovery with and without assistance. A critical 
angle will be analyzed as as a surrogate for potential carpal bone fractures. We will leverage on our 
previous work and technology based on inertial data to monitor the relative angle and force that the 
carpal bones are subjected to during recovery from general anesthesia. 
 
Finaly, a long-term study will be set to evaluate actual incidence of injuries during recovery. 
 
D. Publications and Other Grant Submissions 
If applicable, report publications resulting from the study, including manuscripts submitted or 
accepted for publication, and submissions and/or external grants resulting from the award. 
 
Campoy L, Martin-Flores M, Araos J, Parry SA, Gleed RD. A newly developed recovery-enhancing 
device improves recovery scores during emergence from general anesthesia in horses: a 
randomized trial. Am J Vet Res. 2024 Mar 18;85(5): ajvr. 24.02.0024. doi: 10.2460/ajvr.24.02.0024. 
PMID: 38479106. 
 
Furthermore, we are in the writing process of two additional manuscripts: 

• “The Recovery Enhancing Device (REDv2.0) Improves Recovery Scores when Compared 
with Unassisted (Free) Recoveries” 

• “Development of an Objective Equine Anesthetic Recovery Scoring System” 
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Principal Investigator: Cercone, Marta 
Title: Evaluation of the celiac plexus block in treating paralytic ileus 
Project Period: 01/01/2023 – 12/31/2026 
Reporting Period: 01/01/2025 – 12/31/2025 

 
I. Provide a lay summary of progress made over the last year.  
This study aimed to investigate the effect of an anesthetic block of the celiac plexus on pain and 
intestinal motility in horses with experimentally induced endotoxemia as model for septic ileus (A1), 
and in horses naturally affected by acute gastrointestinal diseases (A2). 
 
The experimental trial (Aim 1) was conducted during the first year of funding (2023), with data 
analysis continuing into years 2024-2025. Twelve healthy horses were administered E. coli LPS 30 
ng/kg intravenously in 30 minutes. Six horses were randomly selected to receive an anesthetic celiac 
plexus block with lidocaine 1.3 mg/kg (CPB group), during LPS administration. The other six horses 
received a sham celiac plexus injection with sterile saline (control group). Pain score, physical exam, 
cytokines and chemokines profiles, electrocardiographic and echocardiographic monitoring, and 
intestinal motility on abdominal ultrasound, were evaluated up to 10 hours post-LPS administration. 
Observers evaluating the horses and retrospectively scoring ultrasonography, echocardiography and 
electrocardiographic recordings were blinded to group allocation. 
 
As expected, all horses developed signs of pain after infusion with LPS, and the pain score increased 
with peak at 1 hour in all horses (median score 21.4, range 20.7-22.2) but decreased faster in the 
CPB group (5 vs 13.5 median score at 210 minutes) and remained significantly lower. A marked 
elevation in respiratory rate was identified in the control group compared to the CPB group (36 vs 11 
median rate), that was attributed to endotoxemia induced lung injury. Intestinal motility dropped after 
LPS infusion and gradually returned to baseline values, with the CPB group showing higher jejunal 
motility at 6 hours (6.3 vs 1 median score). All horses showed signs of myocardial dysfunction after 
the LPS administration, affecting both systolic and diastolic dysfunction, with decreased pulmonary 
artery distensibility index suggesting concurrent pulmonary hypertension. Electrocardiographic 
analysis also identified atrial and ventricular premature complexes (APCs and VPCs) and sinus 
arrhythmias in response to the LPS infusion. 
 
In the past year we completed the analysis of the inflammatory cytokine profiles, cardiac troponin and 
lidocaine measurement on the samples collected during the experiments. The cytokine measurement 
revealed a trend towards higher expression of CCL-2 and TNF-α in the control group. Both 
chemokines are well known for their role in pro-inflammatory and nociceptive pathways, as well as 
macrophages recruitment during sepsis and LPS induced organ injury (especially lungs and kidneys), 
indicating a modulatory effect of the celiac plexus block on the systemic inflammatory response to 
endotoxemia. 
The blood samples collected before, at the end of LPS infusion, and hourly thereafter in both control 
and CPB group were shipped to Prof. Heather Knych at the KL Maddy Equine Analytical 
Pharmacology Lab, University of California Davis for concentration measurements of lidocaine and 
its metabolites OH-lidocaine, norlidocaine and glycinexylidide. Through this analysis, we aimed to 
verify that the clinical effects detected in the group receiving the celiac plexus anesthetic block were 
due to the actual plexus block and not systemic absorption of the lidocaine. We received the results 
in August 2025. As expected, measurable amounts of lidocaine and metabolites were detected in 
serum samples from both groups as the control group received roughly 200 mg lidocaine per horse 
as subcutaneous block for the needle insertion to perform the sham celiac plexus injection and the 
CPB group received ~800mg lidocaine per horse in between subcutaneous and celiac plexus block. 
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As expected, considering the larger dose received, the CPB group compared to the control group 
showed higher concentration of lidocaine during the first 3 hours after the procedure, and of lidocaine 
metabolites during the first 5 hours. Comparing the lidocaine and metabolites serum level reached in 
the CPB group to previous PK studies on lidocaine in horses, we were able to confirm a significantly 
lower serum concentration in our horses compared to the level obtained after intravenous injection of 
the same dose. The serum level considered therapeutic after intravenous injection of a lidocaine 
bolus of 1.3 mg/kg (same dose we injected in proximity of the celiac plexus) followed by constant 
infusion, ranges between 800-1000 ng/mL, while in our CPB group, the maximal level of serum 
lidocaine had a median value of 308 ng/mL. These results confirm that the clinical improvement 
detected in the CPB group can be attributed to the celiac plexus block and not to systemic effects of 
the injected lidocaine. 
 
These results have been presented as abstract at the 2025 International Veterinary Emergency & 
Critical Care Symposium, and the relative manuscripts are being finalized and will be submitted within 
the next couple of months. 
 
Aim 2: To evaluate the effect of the celiac plexus block in naturally occurring gastrointestinal 
pathologies, we enrolled client-owned horses admitted at the Cornell Equine Hospital for colic. A total 
of 20 horses has been enrolled between fall 2022 and summer 2025. The horses enrolled presented 
a variety of pathologies, from post-operative ileus (POI) after small intestinal disease (n=10), enteritis 
(n=4), intestinal obstruction without surgical option (n=3), and others (n=3). Twelve horses received 
celiac plexus block as single procedure, while eight horses required 2 (n=4 horses) or more (n=4 
horses) celiac plexus blocks at intervals ranging 12-24 hours. Twelve horses showed marked 
improvement in comfort level with also increased intestinal motility and decreased gastric reflux in 10 
of these horses. Fourteen horses were discharged while 6 horses were euthanized due to severe 
acute laminitis (n=2) and worsening colic with no surgical option (n=4), including 2 that were found to 
have adhesions. Adverse effects or complications related to the celiac plexus block were recorded in 
10% (2/20) of the horses; one horse developed transient muscle fasciculations while another horse 
collapsed on his hind end and remained recumbent for about 1 hour. In humans, complications like 
paraplegia, paresthesia and lower extremity weakness have been rarely reported following celiac 
plexus block. The exact mechanism is not known, but it is hypothesized that it could involve direct or 
indirect damage to the spinal cord or other nerves from diffusion of the anesthetic agents, OR 
injury/spams of major feeder arteries to the spinal cord. The overall complication rate from the celiac 
plexus injection during the study period, including the experimental trial and each procedure 
performed in the clinical cases, has been ~4% (2 adverse reactions over 50 bilateral procedures). In 
addition, celiac plexus block was performed as adjunctive analgesia in two horses undergoing 
standing abdominal surgery to improve level of comfort during abdominal manipulations and 
insufflation in laparoscopic procedures. Celiac plexus block was safely performed in both cases and 
provided marked improvement of comfort levels that allowed extensive intestinal manipulations 
without requirement of additional analgesia or sedation. 
 
Considering the experience gathered with the clinical cases, with at least 40% of cases requiring 
more than one celiac plexus block (up to 7 in one case), we decided to evaluate the feasibility of 
inserting a transcutaneous catheter for repeated anesthetic blocks. Using the same ultrasound-
guided approach we investigated in one research horse the feasibility in placing a 20G catheter in 
proximity of the celiac plexus passed through a transcutaneous Tuohy needle. The procedure was 
performed without complications, and the catheter was left in place for 72 hours, till the horse was 
euthanized for reasons unrelated to this study. The catheter position was evaluated and monitored 
via injection of radiopaque contrast and radiographs, followed by dye solution injection prior t o  
euthanasia. The post-mortem dissection showed no tissue reaction, infection or bleeding around the 
catheter, and dye solution was found in proximity of the retroperitoneal space at the level of the celiac 
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plexus. The placement of a catheter in clinical cases would allow more frequent and consistent celiac 
plexus anesthetic block without need for repeated sedation for each block, also reducing the risks of 
complication from repeated passage of needle 
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Principal Investigator: Colbath, Aimee 
Title: The mast cell – a new target in equine osteoarthritis 
Project Period: 01/01/2024 – 12/31/2026 
Reporting Period: 01/01/2025 – 12/31/2025 

 
I. Provide a lay summary of progress made over the last year.  
 
Through a collaboration with Dr. Bettina Wagner’s laboratory, we have produced equine specific IL-3, 
IL-6 and stem cell factor proteins. The proteins were purified for preservation. 
 
We investigated the use of a commercially available CD34 antibody to recognize recombinant CD34. 
Unfortunately, the commercially available antibody for CD34 does not recognize equine recombinant 
CD34. We had originally planned on using this antibody to sort bone marrow cells for development 
into mast cells. Instead, we have developed a new protocol to isolate hematopoietic stem cells to be 
turned into mast cells over a several week period. 
 
At this stage, mast cells have been successfully cultured for the first time from horses. 
 
The cells have been confirmed with morphology (figure 1) and flow cytometry (figure 2). Recently we 
have lysed these cells to determine histamine content. Lysed cells have a histamine content of 
approximately 8,000 ng/ml compared to plain media (13 ng/ml). Further, we have activated the cells 
using IgE and created ‘activated’ mast cell media. Media from activated mast cells contained 
approximately 1400 ng/ml of histamine versus unactivated mast cell media which contained 
approximately 240 ng/ml. This mast cell media will be submitted for confirmation of cytokine and 
chemokine content and then applied to synoviocytes to determine synoviocyte response to mast cell 
activation. Mast cell media from 2 individual horses will be applied to synoviocytes from 3-4 other 
horses. Outcome measures will include synoviocyte viability and cytokine production by multiplex. 

 

 
Figure 1. Cell morphology. 40x light microscopy confirms mast cell morphology 
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Figure 2. Flow cytometry. Mast cells were confirmed to be positive for CD14 and IgE expression and 
negative for CD23. 
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Principal Investigator: Das, Arunika 
Title: Identifying Genetic Variants Underlying Equine Early Pregnancy 

Loss 
Project Period: 01/01/2025 – 12/31/2026 
Reporting Period: 01/01/2025 – 12/31/2025 

 
I. Provide a lay summary of progress made over the last year.  
Overview: The overall goal of this project is to identify genetic causes of pregnancy loss in mares, with 
a focus on very early-stage losses that represent a significant, but poorly understood, portion of all cases. 
Understanding the underlying causes facilitates future development of prenatal diagnostic tests based on 
genetic variants, which could inform breeding decisions, ultimately reducing recurrent pregnancy losses 
and alleviating the associated economic and emotional burden on veterinarians and owners. 
 
Significance: Early pregnancy loss (EPL) is a major barrier to successful reproduction in mares, with 
losses after day 35 causing welfare concerns and economic setbacks since mares often cannot conceive 
again that season. Although Thoroughbred mares achieve a 70–80% pregnancy rate, only 50–70% carry 
to term due to EPL, and rates are even worse with in vitro embryo production, which doubles the risk. 
Improving reproductive efficiency through molecular characterization of mare and stallion factors is crucial 
to enhancing foaling rates, sustaining breeding programs, and supporting the long-term success of the 
Thoroughbred industry. Certain equine chromosomes are more prone to aneuploidy during early 
development, suggesting that an unknown genetic factor influences risk for these specific errors. 
Identifying these genetic elements is the first step toward designing genetic tests to predict EPL risk in 
breeding pairs. We are testing the centromere as a potential chromosomal and structural feature that may 
underlie cell division errors leading to early pregnancy loss. Our findings so far support our hypothesis 
and provide a pathway to designing genetic-testing based future prenatal diagnostics. 

Objectives: Our objectives were 1) to characterize and identify unique genetic variants enriched in EPL 
cases with errors compared to healthy pregnancies, and 2) Develop tools to interrogate centromere 
function and variability in equine tissues. 
 
Key results: 1) Our current funding has enabled us to establish pipelines to assemble whole genome 
sequences from EPL cases, allowing us to identify centromere variants linked to aneuploidy risk. We have 
built a complete genetic reference atlas of Thoroughbred centromeres, revealing chromosome-specific 
features such as size, sequence composition, and structural organization. We have defined four key 
metrics that can serve as quantitative measures to compare features in aneuploid EPL cases versus 
normal genomes. Importantly, these metrics are broadly applicable to other repetitive regions of the 
genome, offering a powerful framework for investigating how structural variation in repetitive DNA 
contributes to EPL and other clinically relevant phenotypes. 
2) As part of our current ongoing work, we have developed tools to examine centromere genetic variation 
in stallion and mare tissues, which has allowed us to begin revealing substantial population-level diversity, 
which may contribute to differences in mating efficiency. These tools now enable us to identify breeding 
pairs with mismatched genetic features and evaluate whether such mismatches are associated with 
increased rates of aneuploidy compared to matched pairs. This work will generate preliminary data linking 
parental genetic variation to aneuploidy risk, setting the stage for larger- scale studies and applications to 
extramural funding. 
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Principal Investigator: de Mestre, Amanda 
Title: Copy number changes in the equine genome incompatible with life. 
Project Period: 01/01/2024 – 12/31/2025 
Reporting Period: 01/01/2024 – 12/31/2025 (Final Report) 

 
A. Specific Aims of the Study and Modifications 
Specific Aims: The overarching goal of the project was to identify genetic causes of early pregnancy loss 
(EPL) in the mare that can form the basis of new novel diagnostic tests. Our aims were: 1) to identify 
novel CNVs unique to EPLs that encompass key developmental genes and impact gene dosage and 2) 
to determine if the CNVs are inherited through the germline or introduced in cell division during early 
embryonic development. 

 
This project focused on defining the genomic landscape of copy number variants in naturally occurring 
early pregnancy loss tissues. A critical step to this was the development of a bank of tissues and 
associated metadata for use in this study and future studies. Since 2023, we have now collected tissues 
from over 160 EPL clinical cases, lost before day 110 of pregnancy. This has been supplemented with 
tissues from 166 pregnancies lost between days 111 and term, and 60 control pregnancies. We have 
been able to significantly expand our networks, receiving samples from 14 States, 8 universities and 136 
veterinarians ensuring the data we generate represents clinical presentations across diverse breeds and 
geographic regions. It also provides an important pipeline for future research as well as dissemination of 
outcomes. Notably, the current bank of samples has allowed us to address questions beyond addressing 
the aims of this grant. Examples include our proposed studies in the recently awarded Zweig 2025 grant 
and the future work outlined below. 
 
We have made substantial progress with Aim 1. Our examination of the germline inheritance of CNVs 
was hampered by the lack of parental samples made available to us at the time of EPL submission. 
Therefore, over the period of funding, we did not make the progress we hoped towards Aim 2. Since the 
end of the grant, we have acquired a larger number of parental samples bringing our total to 52 duos and 
14 trio EPL sets. We are currently using these newly acquired DNA samples to finish up Aim 2. 

 
B. Summary of Scientific Findings 
Of the 326 pregnancy losses banked, as part of this project we have generated DNA that met quality 
control metrics from 268 independent pregnancies. DNA is first genotyped on the horse Affymetrix Axiom 
670K platform allowing us to bin pregnancies into multiple sub-phenotypes: euploid (n=157, used in this 
study), aneuploid (n=64, used in other studies). A subset (n=18) of tissues from pregnancies that failed 
between 30 and 61 days were also sequenced using the PacBio Revio platform for long read sequencing. 
The combination of 670K array and long read sequencing platforms have allowed us to characterize CNVs 
in EPLs using independent methods. The array approach is substantially cheaper allowing for us to screen 
a large number of samples for CNVs. Long read sequencing is much more expensive but allowed us to 
pinpoint the breakpoints precisely, and identify CNVs with greater sensitivity. These two independently 
derived data sets were used to identify potential pathogenic Copy Number Variants (CNVs) in the 
genomes of EPL samples and controls. For a subset of samples, we directly compared the concordance 
of the two methods, notably to validate the Array approach. 
 
1: Screening for CNVs using Affymetrix Axiom 670K 
The advantage of the 670K genotyping technology is the ability to investigate much larger case numbers 
in a cost-effective manner. CNV discovery was performed using data generated on the Affymetrix Axiom 
670K platform using DNA isolated from euploid pregnancies lost before day 111 of gestation. In this 
specific series of experiments, our objective was to identify deletions in the homozygous state. Clinically 
normal pregnancies and healthy adult Thoroughbreds served as the controls with the strategy being that 
homozygous CNVs also found in controls would not be incompatible with life and therefore not 
pathogenic. 
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After filtering out poorly performing samples (MAPD and Waviness), 54 euploid EPL cases and 497 
controls remained for further analysis. The log R ratio data from the 551 individuals was exported into R 
studio, then filtered to keep only CNVs with a p value <0.05, CNVs located on autosomes, with segmental 
mean scores <- 0.2 or >0.2., then merged for segments for CNVs that mapped within 5kb of each other. 
Next, we removed previously characterized CNVs (from the published literature) and CNVs <1,000bp in 
length (selected based on probe density for the array), and grouped overlapping CNVs across individuals, 
resulting in 576 unique loci. The 576 loci were binned into groups based on sequence characteristics, and 
two groups were considered for further analysis as candidate pathogenic CNVs: 1) CNVs shared only by 
cases (group 1, Table 1), and 2) CNVs found in both cases & controls but containing coordinates with 
unique sequence in cases, ranging in size from 1Kb – 7.3Mb (Table 1, group 3). Of the 576 unique loci, 
115/576 CNV loci fell into these two categories. This included 11 CNV found in two or more EPL cases 
and no controls (Table 2). Of these 11 loci (9 CNV loss/2 CNV gain), 7/11 overlapped protein coding 
gene(s) and 3/11 overlapped lncRNA/snRNA. 
 

 
 

 
 
 
Three CNVs found in group 1 along with a one CNV in group 4 (Table 3) were selected for confirmation by 
digital droplet PCR as well as qualitative PCR using primers designed across the CNV that allowed 
detected of wildtype, heterozygotes and homozygote deletions. Assays were able to distinguish CNVs in 
the loci of interest and wildtype copy number on chromosome 10 (ECA10) and immediate upstream and 
or downstream of the CNV for NMU (Figure 1) and BRD2 but not sn_RNA and PPP1R10. 
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Figure 1: Digital droplet PCR confirmed a deletion (right panel) in DNA isolated from the EPL but not control tissue, 
with a site immediately upstream of the CNV showing similar copies to the autosomal 
 

2: Screening for CNVs using PacBio Revio long read sequencing 
Our second set of data was derived from whole genome long read sequencing of seven aneuploid (funded 
by and used for another study), six euploid EPLs (including an additional three since our last interim 
report), and one control adult mare. Gestational age of EPL losses ranged 30 to 61 days, selected to 
represent a tighter window of development corresponding to implantation failure. Sequencing was carried 
out on high molecular weight (HMW) DNA using the PacBio Revio platform at Weill Cornell. 

 
Raw sequences went through a four-part bioinformatic pipeline that included mapping to the horse T2T 
genome, variant calling, phasing of variants onto paternal or maternal chromosomes, concluding with 
CNV calling. The inclusion of the aneuploid samples in the initial CNV pipeline was to increase the 
robustness of the CNV caller (control samples) and beyond confirmation of the pipelines, these samples 
were not examined further for this study. The euploid samples were selected based on a tight window of 
pregnancy loss and a balanced sex ratio of female and male conceptuses. Sequencing depth across the 
samples was typically ~50x coverage of the genome with read lengths averaging ~20kb (Table 4). Very 
limited studies have reported long read sequencing for miscarriage tissue in any species, so this 
methodology represents a novel advance in studying structural variants in partially autolytic tissue. 

Output data from the pipeline was filtered to remove hits on unmapped contigs, the X chromosome, and 
any CNVs <1kb in length leaving 16,289 loci. Next, only variants with genotype calls for ≥2 samples and 
within 1Kb or intersecting a gene were kept, resulting in a final list of 1,217 CNVs for further analysis. 
Overlapping CNVs are currently being merged into discreet loci, followed by filtering against known 
equine CNVs. Multiple CNVs intersect protein coding genes and digital droplet PCR has been initiated to 
confirm selected CNVs. 
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3: Comparison of methodologies 
In order to confirm the validity of CNVs discovered using the array platform, we also directly compared 
the datasets generated by the two different methods. As the 670K data is still mapped against Equcab3.0 
and the Pacbio data is mapped against the T2T genome, this was done using a multi-step process using 
data from the six euploid EPL samples (Table 4) which were assayed on both platforms. First, we binned 
the CNVs into losses and gains as the sensitivity for detecting these differs within each other and across 
the platforms. Next, the 670K data was filtered to only keep CNV losses, with a length of <50kb, and 
segmental mean value less than -1 (n=72). Finally, the 670K CNV co-ordinates meeting this criteria were 
mapped to the new horse T2T genome. Forty one CNVs with clear mapping coordinates on the T2T were 
retained. CNV concordance was then directly compared between those CNV deletions discovered on 
670K data and long read sequencing. CNVs concordance was high, with 38/41 CNVs (93%) identified 
using both methods. This was considerably higher percentage than the number confirmed by ddPCR so 
further ddPCR assays are underway. In summary, this suggests the 670K array is a valid methodology for 
high throughput screening of CNVs provided robust QC cut offs are used to account for probe density, 
and that CNVs discovered using this platform should always be confirmed by long read sequencing. 

4. Mapping of active regulatory regions in allantochorion at the time of implantation 
In collaboration with Dr Charles Danko, we have performed ChroSeq experiments on equine 
allantochorion tissue. We were successfully able to map enhancers, promoters and active transcription 
(Figure 4). Preliminary mapping of this data against a candidate CNV revealed a putative exonic deletion 
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on an autosome also encompassing a key developmental gene expressed in the placenta (Figure 4A). 
All CNVs identified above will now be mapped against active enhancers, promoters and gene bodies 
active in allantochorion across implantation. 
 
We have also initiated SMART integrated leChRO-seq (SMile ChRO-seq) in collaboration with Dr Charles 
Danko’s laboratory in order to map to map transcriptionally active placental genes and functional 
regulatory elements subject to gene dosage that may be impacted by heterozygous and homozygous 
CNV losses. We have initiated this work with just two EPL samples in order to optimize the pipelines for 
autolytic tissue. Both of the samples showed acceptable quantification. After cDNA amplification and 
cleanup, our Qubit assay showed total DNA yield 24.45 and 28.95 ng respectively and PAGE analysis 
confirmed cDNA. However, initial low coverage sequencing revealed some size biased short reads. We 
had half of our sample-library stored in -80C so we used that to rerun a polyacrylamide gel electrophoresis 
(PAGE) and extract the cDNA band, purify and are in the process of re-sequencing these fragments. We 
are still optimizing this pipeline. 
 
5. Optimizing microCT 
We have also optimized staining and scanning parameters for microCT assessment of control and EPL 
fetuses (Figure 4B) and obtained data for 6 control embryo/fetuses and 6 EPL fetuses. We can now use 
this methodology to link the deletions to anomalies in the fetuses. Isha Chauhan started in the laboratory 
on 1 January and will be completing this analysis. 
 
 

 
 
Figure 4. A. A putative exonic deletion on chromosome 
20 (blue bar), relative to the position of a key developmental gene. ChroSeq data for three equine placental tissues 
(allantochorion (ALC), chorion (CHR) and chori9nic girdle (CG) confirming the expression of the gene in the 
conceptus tissue. dREG plots showing the CNV also encompasses the promoter of the gene. B. Optimisation of 
microCT for equine fetuses. 

 
C. Significance 
These findings represent a significant step forward in defining the CNV burden associated with early 
pregnancy loss in horses and identify candidate new loci that may be pathogenic. PacBio long read 
sequencing was a powerful methodology to accurately identify CNVs and deletions and also was able to 
confirm the validity of the array approach. The next step is to generate evidence for pathogenicity for 
each of the CNVs through screening for the CNV using ddPCR of a larger panel of control and EPL 
samples. With the newly acquired parental DNA, we can now undertake screening of duos and trios, to 
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determine the mode of inheritance. Ultimately, these CNVs could be tested for in planned matings and 
breeding strategies developed to remove deleterious loci from horse populations and therefore this data 
is considered confidential as subject to confirmatory data, CTL will be approached to review IP. 
 
D. Publications and Other Grant Submissions 
A manuscript from this research is still in the planning stage as we aim to target a high impact journal that 
will describe the structural variant landscape in the horse placenta found above in concert with other data 
on insertions and the CNV landscape in normal placentae. 
 
Abstract details: 
2023: Partial deletion of the TUBB locus in Early Pregnancy Loss in the Mare. Miller D, Shilton C, Ward 
J, & de Mestre AM, Zweig Research Day 
2024: Copy Number Variation in Horse Early Pregnancy Loss. Miller D, La Banca M, Merriam H, 
Salem S, Marchand J, Antczak DF, de Mestre AM. Zweig Research Day 
2025: Copy Number Variants derived from PacBio sequencing of Early Pregnancy Loss Tissues. 
Miller D, McKane A, Ghosh, S, Das, A, de Mestre AM. International Havemeyer Genome Meeting 2027 
 
E. Future Directions 
Ongoing work: We have applied for funding from NIH to continue mapping deleterious mutations across 
early gestation. We plan to continue and finalize analysis of the data discussed above. It will be combined 
with the data generated in the experiments outlined below to include in a single high impact manuscript. 
 
New work that arose directly from these studies: 
The laboratory welcomed a talented postdoctoral fellow, Dr Panpan Zhang, in December 2025 who is 
currently expanding the aims to include the examination of long interspersed nuclear element (LINE) 
insertions and correlate those with copy number variant load and aneuploidy. 

Understanding whether transposable element (TE) mobilization contributes to genomic instability and 
early pregnancy loss (EPL) remains a fundamental unanswered question in mammalian development. 
Despite extensive study of chromosomal abnormalities in EPL, TE insertions have been largely 
unexplored in clinical samples, and long-read sequencing has not yet been applied to define their full 
landscape. To address this gap, we are analyzing our euploid and aneuploid long-read dataset of 18 
equine EPL genomes using PacBio sequencing, to enable direct detection of TE insertion polymorphisms 
and simultaneously interrogating epigenetic features. Our preliminary results reveal substantial 
heterogeneity in L1 insertion burden, enriched in aneuploid EPL samples but not diploid or triploid 
embryos, and non-uniform patterns across gestational ages. 

Building on these observations, our future work will distinguish germline versus de novo L1 insertions using 
long-read sequencing, quantify insertion rates across developmental stages, and assess associations 
between TE mobilization and specific chromosomal abnormalities or gestational timing. We will further 
examine whether retrotransposon insertions preferentially impact genes involved in embryonic 
development or immune response. In parallel, we will integrate transcriptomic and epigenomic data, 
including long-read based methylation profiling, to determine whether increased retrotransposon activity 
reflects a regulatory response or contributes directly to EPL pathogenesis, and to establish a mechanistic 
link between TE mobilization, epigenetic dysregulation, genomic instability, and pregnancy failure
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Principal Investigator: Delco, Michelle 
Title: Extracellular vesicles in equine fetlock joint injury and healing 
Project Period: 01/01/2024 – 12/31/2026 
Reporting Period: 01/01/2025 – 12/31/2025 

 
I. Provide a lay summary of progress made over the last year. 
Our Aim for Year 1 of this project was to Investigate mitochondrial DNA (mtDNA) and mitovesicles as 
biomarkers in equine fetlock joint disease. We made excellent progress toward this aim, as detailed 
below. 

mtDNA Quantification in synovial fluid (SF): mtDNA concentrations were measured in SF from horses 
with various fetlock joint pathologies, including condylar fractures, chip fractures, sesamoid fractures, and 
osteoarthritis (OA). Results revealed elevated mtDNA levels in OA joints, supporting its potential as a 
biomarker of mitochondrial dysfunction and early disease (Figure 1). 

Analysis of TLR9 expression is equine joint tissues: TLR9 expression was assessed in equine 
chondrocytes and synoviocytes in vitro. Findings revealed increased TLR9 expression in chondrocytes 
from early OA joints, implicating mtDNA-TLR9 signaling as a likely mechanism driving joint inflammation. 
Increased expression of TLR9 in OA synoviocytes may be linked to synovitis (inflammation in the joint 
lining), a signal of joint-wide response to cartilage injury. 
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Principal Investigator: Diel de Amorim, Mariana 
Title: Investigation of interleukin 1 beta (IL1B) role in equine early 

pregnancy 
Project Period: 01/01/2023 – 12/31/2026 
Reporting Period: 01/01/2025 – 12/31/2025 

 
I. Provide a lay summary of progress made over the last year.  
Interleukin-1β (IL-1β) is a central proinflammatory cytokine involved in modulating immune and 
inflammatory responses and stimulating prostaglandin synthesis. Within the endometrium, IL-1β 
participates in diverse physiological and pathological processes, including inflammation, 
decidualization, early pregnancy, and postpartum remodeling. It influences endometrial gene expression 
and regulates cytokine, chemokine, and prostaglandin-related signaling pathways. 
 
In pigs, a duplicated IL1B gene (IL1B2) is uniquely expressed by the early trophoblast and has been 
shown to be essential for pregnancy maintenance. In contrast, the specific roles of IL-1β in the equine 
uterus—particularly its relationship with prostaglandin synthesis and downstream inflammatory 
mediators—remain poorly understood. 
 
The objective of this project was to characterize the expression and function of IL1B in the equine 
reproductive environment. To achieve this, we investigated IL1B expression in vivo in equine embryos 
and evaluated the functional effects of IL-1β treatment in vitro using endometrial cell culture models. 
These complementary approaches aimed to clarify the molecular mechanisms by which IL-1β 
influences prostaglandin signaling and cytokine regulation during early equine pregnancy. 
 
Progress to Date 
All in vivo and in vitro experiments have been completed, including quantitative PCR analysis of the 
final in vitro studies. Preliminary findings were presented at the International Symposium on Equine 
Reproduction (ISER) in Brazil (July 2023), and two abstracts were published: 
 
• Giudici AJL*, Byron MJ, Ramsaran LN, Cheong LS, Lection J, Back BC, Bernard ME, Cheong SH, 
Diel de Amorim M. Differential Gene Expression in the Equine Endometrium and Conceptuses from 
Day 11 to 16 Post-Ovulation. J Equine Vet Sci. 2023;125:104767. 
• Michell AR*, Byron M, Giudici A, Bernard M, Wagner B, Back B, Ramsaran L, Lection J, Cheong 
SH, Diel de Amorim M. Investigation of Cytokines in Equine Serum, Conceptuses and Endometrium in 
Early Pregnancy. J Equine Vet Sci. 2023;125:104777. 
 
The first manuscript has been completed and is ready for submission to the Equine Veterinary Science 
Journal: 
 
• Byron MJ*, Babasyan S, Giudici AJ, Wagner B, Diel de Amorim M. Interleukin-1β treatment alters 
prostaglandin-related mRNAs and cytokine concentrations in equine endometrial cell cultures. J Equine 
Vet Sci (to be submitted). 
 
A second and final manuscript integrating the complete in vivo and in vitro findings is currently in 
preparation. 
 
Key Findings 
In the in vitro model, equine endometrial cells were cultured with or without steroid supplementation 
(progesterone, estradiol, or both [P+E]) and treated with IL-1β 24 hours post-supplementation. IL-1β 
treatment resulted in increased prostaglandin-related mRNA expression and cytokine concentrations. 
Specifically: 
• High-dose IL-1β increased CCL2, CCL5, and CCL11 secretion (p < 0.001) and upregulated 
PTGS2 mRNA expression (p < 0.02), independent of hormone supplementation. 
• Cells supplemented with Prog or P+E and treated with IL-1β High exhibited higher expression of 
IL1R1, IL1RAP, PTGS1, PTGES, and LIF compared to untreated or non-supplemented controls (p < 
0.05). 
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Principal Investigator: Felippe, Julia 
Title: Cytotoxic immune competence in the equine neonate and foal 
Project Period: 01/01/2023 – 12/31/2025 
Reporting Period: 01/01/2023 – 12/31/2025 (Final Report) 

 
A. Specific Aims of the Study and Modifications     
The specific aims were not modified during the study period and were accomplished as originally 
proposed: 
 
Aim 1a: to measure parameters that determine naive versus effector versus memory CD8 T lymphocyte 
phenotype and proliferation response to different stimuli in the equine neonate, 1-month-old foal, and 
adult horse.  
Aim 1b: to measure the distribution of regulatory CD4 T lymphocytes (Tregs) in peripheral blood of the 
equine neonate, 1-month-old foal, and adult horse, and after stimulation in vitro; and to measure how 
these cells promote a suppressive effect on CD8 T lymphocyte response to different stimuli in vitro.  
Aim 2: to measure parameters that determine antigen presenting cell maturation in the equine neonate, 
1-month-old foal, and adult horse, in response to pathogen-associated antigens or soluble antigens.  
 
B. Summary of Scientific Findings 
This study investigated potential limitations in the equine neonate (4 days old) and foal (35 days old) 
cytotoxic competence in comparison with adult horses, with particular focus on three key immune cell 
types: effector cytotoxic CD8 T cells that kill infected cells; suppressive regulatory CD4 T cells (Tregs) 
that hamper immune responses; and antigen-presenting monocyte-derived macrophages (mMOs), which 
activate immune cells in the presence of pathogens. We accomplished the specific aims through the 
following experiments, respectively: 
 
1a) assessed CD8 T cell proliferation, activation and differentiation responses via flow cytometry and 
transcriptome analyses with and without stimulation, including in the presence of immune-modulators, 
such as cytokine IL-12;  
1b) evaluate the distribution of CD4 Treg cells in peripheral blood and their suppressive effect on CD8 T 
cell activity during co-culture ; and 
2) characterize cytokine production by mMOs following stimulation with partial pathogen antigens (LPS, 
poly I:C or CpG) or their corresponding inactivated whole pathogens (Escherichia coli, rotavirus, or 
Rhodococcus equi VapApos, respectively).  
 
Our results indicated that equine neonates and foals have an adult-like capacity for CD8 T cell 
proliferation upon stimulation. However, activation of these cells based on their inflammatory-mediator 
(cytokine) production was markedly lower compared to adult cells. Despite cytokine IFN-γ production by 
neonatal CD8 T cells beginning at a much lower levels of expression than adult horse cells, the addition 
of the pro-inflammatory mediator IL-12 significantly enhanced their IFN-γ secretion at a higher amplitude 
when compared to adult cells. Transcriptome analysis of sorted CD8+ T cells showed lower expression 
of genes involved in cellular metabolism (e.g., slc12a6, acat2, gpbar1) in foal CD8 T cells, with mixed co-
stimulatory and activation gene expression (FoxP1, CD80, granzymes). The transcriptome data were rich 
toward the generation of new hypotheses that will be pursued specifically in subsequent experiments. 
The distribution of circulating natural CD4 Tregs was greater in neonates and foals than in adult horses; 
however, their suppressive impact on CD8 T cell response could not be effectively assessed, despite 
testing, as neonatal and foal CD8 T cells already showed low overall cytokine production. Furthermore, 
mMOs from neonates and foals showed robust, adult-like IFN-γ responses to CpG-ODN stimulation 
(bacterial DNA), but not to partial pathogen antigens or to stimulation with inactivated E. coli, rotavirus or 
R. equi. Although transcriptome data for CD8 T lymphocytes was of good quality, the same was not the 
case for some of the variables in the mMO experiments, perhaps because of cell numbers and/or cell 
viability at the end of the in vitro culture. This outcome informed us of better ways to perform such 
experiments in the future 
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C. Significance 
The results from this study highlight how the equine neonate and foal immune systems show concomitant 
and selective cellular development and limitations. There are multifactorial perspectives when evaluating 
the function of CD8 T cells, from how they are intrinsically equipped to bind and respond to antigens, 
become activated through certain immune pathways, to how their response and function can be 
modulated by the surrounding mMO cells and pro-inflammatory IL-12 mediator. The naïve immune 
system of the young requires a ready innate immune response to a variety of pathogens, while control of 
such response should avoid tissue damage. While we learned that lymphocyte population expansion 
upon stimulus is not a limitation factor in the young equine, a reduced IFN-γ with preferential IL-17 
cytokine expression by CD8⁺ T cells suggest programing toward a cytotoxic function of these cells, 
although their ability to control infection remains to be determined. Certain pathogens with virulent factors 
(such as the ones that cause clinical disease in early age) may take advantage of limitations in the 
immune cell function to invade and establish disease in the young foal. The stimulation of CD8 T cells 
with IL-12 has the potential to counteract this age-related limitation and change CD8 T cell responses in 
neonates, suggesting that cells from the young can modify their response according to the infectious and 
immune context. The factors involved in a remarkable lower CD8 T cell differentiation toward memory 
cells when compared to adult horse cells still need to be determined and may point at a priority to use 
energy to control infections rather than to build long-term protection in early age. The higher frequency 
of circulating Tregs in equine neonates and foals offers a systemic immune modulatory mechanism, 
although further investigation is needed to determine the impact of these cells during an actual CD8 T 
cell cytotoxic function and memory development. Finally, antigen presenting cells from equine neonates 
and foals also demonstrated age-dependent development, which contributes to pathogen-specific 
susceptibility to infections. This includes reduced cytokine production and diminished activation in 
response to certain types of stimuli, reflecting an overall delay in the maturation of antigen-presenting 
cell function. Continued research is essential to elucidate the intrinsic developmental mechanisms that 
shape immune competency in the neonatal period, including the switch-on and switch-off programming 
of molecular mediators of immune cell development, and to inform strategies aimed at improving immune 
protection in young horses. 
 
D. Publications and Other Grant Submissions 
The following publication and abstract poster presentations resulted from this investigation: 
 
Manuscript: 
Feijo LS, Rudd B, Parry S, Felippe MJB. Cytotoxic immunocompetence in the foal. Manuscript under 
submission, Equine Veterinary Journal. 
 
Abstract poster presentations: 
Feijo L, Felippe MJB Cytotoxic immune competence in the equine neonate and foal. Third immunology 
Symposium, Cornell University, Ithaca, NY. 
 
Feijo LS, Felippe MJBF. Cytotoxic immune competence of the equine neonate and foal. Harry M Zweig 
Memorial Fund for Equine Research, Cornell University, Ithaca, NY 
 
New grant proposals: 
My collaboration with Dr. Brian Rudd during this study was very productive and we are following our 
investigations with a proposal awarded by the Zweig Fund: Development of an equine artificial thymic 
organoid to engineer T cell therapies for the horse. In this study, we will generate artificial thymic organoids 
for the complete development of naïve equine CD8+ T cells. This experimental resource will transform our 
way of studying specific questions about cell development, activation, and function. By generating a 
universal source of equine CD8+ T cells, we can perform hypothesis-based experiments that ask about cell 
differentiation and activation in young age, cell function against relevant pathogens to the horse (e.g., EHV-
1), and create CD8 T cells for treatment against specific pathogens (e.g., EHV-1). 
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Principal Investigator: Knickelbein, Kelly 
Title: The aging equine retina: Investigating age-related retinal changes 

through electroretinography and optical coherence tomography 
*RRGP* 

Project Period: 01/01/2024 – 06/30/2026 
Reporting Period: 01/01/2025 – 06/30/2025 

 
I. Provide a lay summary of progress made over the last year.  
The purpose of our study is to describe the electroretinographic (electrical function testing of the retina 
under different light conditions) and optical coherence tomographic (OCT, which provides near histologic 
level detail cross-sectional retinal imaging) features of the retina of clinically normal horses of varying 
ages to assess the effect of age on equine retinal structure and function. Data collection including dark 
and light-adapted electroretinography, high resolution retinal photography, and high-resolution spectral 
domain-optical coherence tomography has been completed for all horses across three age groups (<10 
years, 11-20 years, >21 years). We were unable to consistently image the ventral retina with OCT in 
standing, sedated horses, and as such these data were excluded from analysis. Distinct individual layers 
of the retina were not consistently identifiable in all OCT images, and as such total retinal thickness 
measurements were prioritized for analysis. 
 
Analysis of electroretinography data revealed no significant differences in retinal function between the 
three age groups (Figure 1). 

 
Figure 1. Electroretinography in horses of different ages. A) Representative electroretinogram tracings 
for an individual horse in the >21 years of age group. In each tracing, the a-wave is the initial negative 
waveform and represents retinal photoreceptor cell function. The second positive waveform is the b-wave 
and represents retinal bipolar cell function. The dark-adapted waveform is expected to be more 
pronounced than the light adapted waveform due to the increased sensitivity of rod photoreceptors (used 
for dim light/night vision) relative to the cone photoreceptors (used for daytime and color vision). 

 
B) A comparison of a and b-wave parameters including time to the peak (implicit time) and waveform 
amplitudes in horses <10 years of age, 11-20 years of age, and >21 years of age. No significant 
differences in retinal photoreceptor or bipolar cell function were observed between age groups (ANOVA, 
P>0.05 for all analyses). 
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Analysis of optical coherence tomography images revealed similar total retinal thickness values across 
each of the three age groups with no significant differences in total retinal thickness (TRT) at the 
measured locations (TRT1, TRT2, and TRT3 in the dorsal, nasal, and temporal retina; Figures 2 and 3). 
 

 
 
Figure 2. Representative retinal optical coherence tomography image from the dorsal retina in a horse 
in the 11-20 year age group. For each horse, three measurements of total retinal thickness (TRT) were 
obtained from each OCT image, starting 2mm from the edge of the optic nerve head and taken 1 mm 
apart. These locations are demonstrated by the colored calipers in the image (TRT1 (orange), TRT2 
(green), TRT3 (pink)). The optic nerve head, vitreous, retina, and choroid are labeled to orient the reader. 
 

 
 
Figure 3. Total retinal thickness (TRT) measurements obtained from optical coherence tomography 
images across three age groups of normal horses at dorsal location TRT1. No significant differences in 
total retinal thickness were identified between age groups for any of the measured locations (ANOVA, 
P>0.05 for all analyses). 
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Principal Investigator: Peters-Kennedy, Jeanine 
Title: Investigation into the potential association of equine 

gammaherpesviruses and cutaneous equine sarcoidosis  *RRGP* 
Project Period: 01/01/2025 – 12/31/2025 
Reporting Period: 01/01/2025 – 12/31/2025 (Final Report) 

None 
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Principal Investigator: Reesink, Heidi (PI Change to Dr. Susan Fubini 2025) 
Title: RNA-seq in equine osteoarthritis 
Project Period: 01/01/2024 – 12/31/2026 
Reporting Period: 01/01/2025 – 12/31/2025 

 
I. Provide a lay summary of progress made over the last year. 
Specific Aim 1: To evaluate transcriptomic changes in synovial membrane and articular cartilage in 
Thoroughbred racehorses with and without fetlock osteoarthritis. 
 
To evaluate transcriptomic changes in Thoroughbred horses demonstrating a spectrum of severity of 
naturally occurring fetlock osteoarthritis (OA), metacarpo-/metatarsophalangeal (fetlock) joints were 
collected from racehorses submitted for necropsy to the New York State Veterinary Diagnostic Laboratory 
through the NY State Gaming Commission (NYSGC) racehorse safety program or Cornell University 
Hospital for Animals from 2022-2023. Joints were excluded if samples could not be collected within 48 
hours postmortem. Horses that were euthanized due to catastrophic fetlock fractures were included; 
however, the fetlock joint(s) that sustained the fractures were excluded. Two random eligible fetlock joints 
were included from each horse, resulting in a total of 12 horses, or 24 fetlock joints (Table 1). During 
tissue processing for RNA isolation, one sample was lost, resulting in a total of 23 synovial membrane 
samples for RNA-sequencing. These same joints were used for evaluation of macrophage and T-cell 
populations in synovial membrane and synovial fluid using flow cytometry and synovial membrane 
histopathology. At the time of tissue collection, gross scoring of the metacarpo/metatarsal III condyles 
was performed using previously published grading criteria, including wear lines, cartilage erosions, and 
palmar/plantar osteochondral disease lesions. Joints included in this study encompassed condyle scores 
ranging from 1-9 (median 3.5). 

Following synovial membrane RNA isolation from all samples using the QIAGEN RNeasy Mini kit, RNA 
was concentrations were quantified using a NanoDrop® 2000 spectrophotometer, and RNA quality 
control was performed via fragment analysis at the Cornell Biotechnology Resource Center (BRC), 
followed by library preparation and RNA sequencing using a NextSeq 500 system. Reads were aligned 
to the EquCab3.0 equine reference genome available from Ensembl using STAR. Gene counts were 
obtained using featureCounts with the EquCab3.0 gene annotation available from Ensembl. Differential 
gene expression was evaluated using both mixed linear modeling and quadratic polynomial modeling to 
account for the non-linear relationships between certain genes and OA severity scores. Models were 
evaluated using condyle score as a fixed effect and horse as a random effect, in addition to including 
condyle score squared in the quadratic model. Models were evaluated using the dream package in 
RStudio, with significance considered an FDR-adjusted p-value < 0.05. Quadratic modeling was used 
alongside mixed linear modeling to evaluate genes which may show a non-linear relationship to condyle 
score, as we have previously noted these relationships with secreted factors and proteins, where horses 
with advanced OA trend back toward normal joints (Secor et al, EVJ 2025). 
 

70



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

71



Principal Investigator: Todd-Donato, Amy 
Title: Comparative imaging for the diagnosis and monitoring of 

arthroscopically induced meniscal injury in horses 
Project Period: 01/01/2024 – 12/31/2026 
Reporting Period: 01/01/2025 – 12/31/2025 

 
 

I. Provide a lay summary of progress made over the last year.  
Over the 2nd year of funding, we have completed data analysis for imaging procedures performed in the 
twelve induced meniscal injury horses during the 1st year of funding. This data has been reviewed and 
prepared into a manuscript that is in its final stages of editing prior to submission to a peer-reviewed journal 
for publication consideration. Additionally, we have commenced with enrollment of client-owned horses with 
meniscal injury into the clinical investigation portion of our project that will allow for correlation of imaging 
findings between naturally occurring meniscal injury and our experimentally induced meniscal injury horses. 
This portion of the project is still actively ongoing. 
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Principal Investigator: Wagner, Bettina 
Title: Unraveling T-cell immunity for EHV-1 protection 
Project Period: 01/01/2024 – 12/31/2026 
Reporting Period: 01/01/2025 – 12/31/2025 

 
I. Provide a lay summary of progress made over the last year. 
In this project, we aim to gain a better understanding how T cells contribute to immune protection against 
equine herpesvirus type-1 (EHV-1) in horses. We have characterized the roles of nasal mucosal T cells 
at the respiratory entry site of EHV-1 in detail. We also compared EHV-1 specific T cell immunity in the 
peripheral blood and different lymphatic tissues with local T cell immunity at the respiratory mucosa. The 
goal was to improve the characterization of both, local and peripheral T cells, and identify how they 
contribute to protection at different stages of EHV-1 infection. We compared T cells in horses without pre-
existing immunity and in fully immune or partially immune horses. Our results show that horses with 
sufficient immunity cannot be infected with EHV-1 and are also not spreading any virus. In these horses, 
both pre-existing antibodies and T cells work synergistically to remove any virus from the upper respiratory 
tract as soon as it enters, thereby stopping the infection immediately at the respiratory tract and the horses 
stay healthy. In contrast, horses without pre-existing immunity get sick, spread the virus via nasal 
shedding, the virus progresses from the respiratory entry site to the peripheral blood, and these horses 
are at risk to develop severe disease outcomes, like abortions and/or neurologic disease (equine 
herpesvirus myeloencephalopathy, EHM). The most interesting horse population during our study were 
the partially immune horses. Once exposed to EHV-1, these horses remain clinically healthy but can shed 
low to moderate amounts of the virus, thereby providing a risk group during EHV-1 outbreak that can 
spread the virus without appearing clinically affected. We found that partially immune horses have pre-
existing antibodies and some T cells, but typically at lower levels. In the mucosal tissues of partially 
immune horses, local T cells are not as frequent and the virus can escape in small amounts to the 
peripheral blood, causing a short-lasting mild to moderate viremia. Across the different immunity groups, 
T cell responses are of the same quality and functionality. However, in horses with pre-existing immunity 
T cells are already present at the respiratory entry site and the onset of local T cell activation is immediate, 
providing a strong mucosal T cell response capturing all virus directly after exposure. The comparison of 
local mucosal T cells and those in the peripheral blood revealed that mucosal T cells have distinct 
functions that are not shared with peripheral T cells. Mucosal T cells seem to support the rapid killing of 
virus-infected cells at the respiratory viral entry site, thereby complementing the neutralizing functions of 
nasal antibodies in removal of the virus. Peripheral T cells have mixed phenotypes including many 
immune regulatory functions. These novel findings provided new insights about the different roles of 
mucosal and peripheral T cells and revealed important functional details how T cells contributing to 
protection from disease and nasal shedding during EHV-1 infection. 
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APPENDIX C  
Summary of 2025 Expenditures 

 
 

2025 Research Awards  $611,411 

 
FY26 Public Relations and Administrative Budget 

  
$46,272 

 
2025 Incentive awards 

  
$0 

 
 
Zweig Resident Research Grant 

  
 

$7,570 
 
 
Zweig Assistant Professorship 

  
 

$58,191 
 
 
Zweig Early Career Excellence Award 

  
 

$60,000 
 
 
Dr. Scott Palmer Discretionary Research  

  
 

$100,000 
 
 
Zweig Small Projects for Equine Trainees 

        
      
      $15,000 

 
 

TOTAL EXPENDITURES:  $898,444 
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APPENDIX D 
2025 Research Presentations 
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APPENDIX E  
2026 Research Awards 

 
 CONTINUATIONS  

Principal Investigator Project Title 2026 Award 
Donnelly, Callum Mechanisms of Insulin Regulation in Equine Pregnancy $100,000 
Hayward, Jessica Determining the genetic risk factors for autopsy-negative 

exercise-associated sudden cardiac death in racing 
thoroughbreds 

$34,270 

 SUBTOTAL: $134,270 
 NEW AWARDS  

Principal Investigator Project Title 2026 Award 

Caddy, Sarah Stronger foals, healthier horses: Unlocking the power of 
colostrum antibodies to protect against Rhodococcus equi 

$125,000 

Das, Arunika Identifying Centromere Genetic Variants linked to Equine 
Early Pregnancy Loss 

$99,725 

de Mestre, Mandi Mapping variants in the equine genome incompatible with 
life 

$98,926 

Delvescovo, Barbara Investigation of a novel carbon-based hemoperfusion 
column in healthy horses 

$58,436 

Rudd, Brian Development of an equine artificial thymic organoid to 
engineer T cell therapies for the horse 
 

$124,121 

Bettina Wagner How monocytes drive adaptive T cell immunity during 
EHV-1 infection 

$89,822 

                                                                        SUBTOTAL: $596,030 

 New Resident Research Grant  

Principal Investigator Project Title 2026 Award 

N/A N/A 0.00 

 SUBTOTAL: $0.00 
 

 GRAND TOTAL:  $730,300 
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APPENDIX F 
Zweig News Capsule

77

The June 2025 and December 2025 edition of the Harry M. Zweig News Capsule are 
provided below. 
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From the Harry M. Zweig Memorial 
Fund for Equine Research at the 
Cornell University College of 
Veterinary Medicine

No. 79 June 2025

Cornell Equine advancing research, training and 
community for horse health
By Olivia Hall

A new Cornell initiative aims to make a positive impact 
on horses worldwide. Cornell Equine is a university-wide 
collaboration between equine researchers, educators, 
practitioners and athletes at the College of Veterinary 
Medicine (CVM), the College of Agriculture and Life 
Sciences (CALS) and Cornell University Athletics and was 
launched at the end of 2024. 

“We’ve got so many fantastic equine activities going on 
all over campus, and we felt that we could make even 
more significant advances by having these different 
communities working together,” said Dr. Mandi de 

Photo: Carol Jennings/CVM

Mestre, Cornell Equine’s inaugural director as well as 
the Dorothy Havemeyer McConville Professor of Equine 
Medicine and director of the Baker Institute for Animal 
Health. “What makes us unique is that we’re a cross-
campus collaboration – and one that reaches even beyond 
the university through Cornell Cooperative Extension 
(CCE), which gives us a connection straight to the 
everyday horse owner.” 

The initiative builds on Cornell’s legacy of innovative 
scientific research and comprehensive infrastructure for 
the study and care of horses. The university’s state-of-
the-art facilities include the Cornell University Hospital 
for Animals in Ithaca, Cornell Ruffian Equine Specialists 
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Introducing Dr. Callum Donnelly, the Harry M. Zweig 
Assistant Professor
Department of Clinical Sciences, Section of Theriogenology, Cornell University Hospital for Animals

By Melanie Greaver Cordova

Dr. Callum Donnelly is a graduate of Charles 
Sturt University School of Veterinary Medicine in 
Australia and has subsequently become one of only 
two double-boarded specialists in reproductive 
and large animal internal medicine. His Ph.D. 
from the University of California-Davis focused 
on implementing precision and genomic medicine 
in horses, known as the Pioneer 100 Horse Health 
Project.

Dr. Donnelly is currently an assistant professor of 
reproductive medicine in the Department of Clinical 
Sciences. He has had a lifelong connection to horses, 
with much of his early life spent on horseback 
assisting in the running of his family’s cattle farm in 
Australia. 

Q: Horses, what was your initial spark?

A: While I have never known a time where I have not 
been around horses, I did not envision that they would 
become the focus of my career as I was initially more 
interested in cattle. My first introduction into research 
with horses came from Prof. Sharanne Raidal, during 
my final years of veterinary school.

Prof. Raidal’s work has had a profound impact on 
equine health and welfare from foals to racehorses 
and everything in between. Under her guidance, 
I developed a true passion for equine research, 
where the core purpose is always to benefit horse 
health and welfare and deepen our understanding 
of these special creatures. I will always be grateful 
for the path that Prof. Raidal helped set me on.

Q: What is your role or interaction with 
trainees?

A: I am lucky to interact with trainees across all levels 
— undergraduates, Ph.D. students, veterinary students 
and clinical residents. Helping guide my trainees to their 

on Long Island and a large veterinary diagnostic center 
serving horses worldwide. The recently remodeled 
Cornell Equine Park, established in 1973, serves as 
a hands-on learning lab for veterinary students and 
researchers on all things equine. In addition, Cornell 
University Athletics offers two varsity-level competitive 
equine sports, housing the women’s equestrian and the 
men’s and women’s polo teams in the Oxley Equestrian 
Center.

Cornell Equine’s wide-ranging steering committee hopes 
these strengths will form the foundation of a vibrant 
horse-centered community that builds awareness of 
equine activities on campus and enriches the experience 
of students working and competing with horses. By 
fostering strong social and educational connections 
around a shared passion for horses, the initiative 
aims to the strengthen the pipeline for future equine 
veterinarians and industry professionals – critical in a 
field facing workforce shortages.

“Beyond attracting talent, we want to actively mentor 
individuals throughout different stages of their careers in 
the equine industry and highlight the rewarding nature 
of supporting horse health,” de Mestre explained. This 
summer, for example, a project through CCE will pair 
equine-interested high school students with Cornell 
faculty mentors. As Cornell Equine grows, de Mestre 
envisions expanding mentorship opportunities for 
high school and undergraduate students and offering 
additional educational programming.

Cornell Equine will also serve as a hub for 
multidisciplinary collaborations that uphold the 
university’s track record of groundbreaking discoveries 
in equine health, including a pivotal role in sequencing 
the whole horse genome. Much of this work has been 
supported by the Harry M. Zweig Memorial Fund for 
Equine Research. The internal grants program continues 
to seed ongoing research on such topics as metabolic 
disease and infectious diseases – many with implications 
for human health.

“We are also exploring ways to collaborate with the 
equine community to address new questions and advance 
our understanding through an open, two-way dialogue,” 
said Lindsay Goodale, lecturer in animal science in CALS 
and a member of the Cornell Equine steering committee. Dr. Callum Donnelly at the Equine park. Photo: Carol Jennings/CVM.

In one direction, that means listening to horse owners, 
veterinarians and other stakeholders to better understand 
and address their questions and concerns. In the 
other, Cornell Equine will help researchers actively 
communicate their evidence-based knowledge to the 
public through newsletters, seminars and symposia.

“Cornell has a deep-rooted tradition of excellence in 
equine research, education and clinical care,” said Lorin 
D. Warnick, D.V.M., Ph.D. ‘94, the Austin O. Hooey Dean 
of Veterinary Medicine. “With Cornell Equine, we are 
investing in the future – building a stronger community, 
advancing equine well-being and supporting the 
professionals who dedicate their lives to these animals.”

Support to help launch and sustain Cornell Equine has 
been provided by generous donors. The program invites 
others interested in investing in our ongoing clinical, 
research and engagement efforts to contact Dr. Mandi de 
Mestre (amm43@cornell.edu) or Alison Smith, director of 
development (ars1@cornell.edu).

Research focus
The Donnelly lab has three primary themes:

1.	 Molecular drivers of equine insulin dysregulation and 
how these mechanisms interact with reproductive 
function.

2.	 Equine maternal-fetal medicine, with an emphasis on 
cardiometabolic function of the mare and developing 
fetus during pregnancy.

3.	 The development of molecular diagnostics for 
metabolic and pregnancy related conditions.
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Cornell leads the way at annual equine conference

By Lauren Cahoon Roberts

The annual meeting of the American Association of 
Equine Practitioners, held last month in Orlando, 
Florida, featured key talks and recognitions from 
Cornell University College of Veterinary Medicine 
(CVM) faculty and students as well as Cornell-trained 

equine practitioners and researchers, exemplifying the 
impact of the CVM on the field of equine health.

“Cornell is incredibly active in providing 
leadership in the equine industry as marked 
by their prominent roles at the top equine 
conference in the country and largest in the 
world,” says Dr. Mandi de Mestre, the Dorothy 
Havemeyer McConville Professor of Equine 
Medicine and director of Cornell Equine.

The keynote speaker was Richard Lesser ’77, 
D.V.M. ’81, whose talk, “Live Your Whole 
Life,” shared stories of his life and career, 
highlighting the crucial balance veterinarians 
must achieve between supporting their 
patients and colleagues and attending to their 
own needs. This side of a veterinarian’s life 
is often neglected, and he had the audience 
captivated both by his important messages and 
his exceptional story telling. 

Other Cornellians led talks throughout the 
conference, including CVM alumna and AAEP 
immediate past-president Katie Garrett; 
D.V.M. ’03, alumna Kyla Ortved, Ph.D. ’14, 
who did the famous Kester News Hour; 
Dr. Kelly Knicklebein, assistant professor 
of ophthalmology; Dr. Katharyn Mitchell, 
assistant profession in the Department of 
Clinical Sciences and section chief of large 
animal internal medicine; and Dr. Gillian 
Perkins, clinical professor and associate 
director of the Cornell University Hospital for 
Animals, along with Cornell resident Dr. Pamela Velarde.

Numerous Cornellians attended the event, including 
Amy Johnson, D.V.M. ’03; Liara Gonzolez, D.V.M. ’06; 
and Nathaniel White, D.V.M. ’71, a prominent member 
of the AAEP, who spoke in the general session. Cornell 
veterinary students were also in attendance, including 
Hadley Rahael, Class of 2027; Lucia Younger ’21, Class 

of 2026; Ella Bellin, Class of 2026; and Alexandria Davis, 
Class of 2027, who presented her poster on emergency 
equine dystocia and congenital malformation.

Finally, the most prestigious recognition at the event, 
the Frank J. Milne State-of-the-Art Lecture, was given 
by Lisa Fortier, Ph.D.’98, the James Law Professor of 
Surgery. Her talk, outlining her successful career as 
an equine researcher and clinician was entitled “The 
Equine Community Leading the Way in Orthobiologics,” 
discussed the cutting-edge regenerative medicine 

subdiscipline, and how it can be used to restore biological 
function.” She was introduced by Lauren Schnabel, 
D.V.M. ’04, Ph.D. ’13, professor of equine orthopedic 
surgery at NC State University.

“It’s exciting to see our researchers and practitioners 
setting the standard for care and discovery in equine 
health,” says de Mestre.

own successes is one of the most rewarding aspects of my 
career, whether that be mastering a molecular technique, 
making an astute call on a clinical case, or delving 
confidently into the unknown.

Q: As a researcher and veterinarian, what kinds of 
things do you find rewarding?

A: I don’t think there will ever be a time where I tire of 
bringing new life into the world. No matter how tired, 
cold or covered in goo I am, there really is nothing like 
helping a foal in those first moments of life. That I get to 
do this while also working to further our knowledge of 
horse health and disease is a bonus. 

Photos: Carol Jennings/CVM

New
•	 $50,000 to Jordyn Boesch for “Administration of 
epidural ropivacaine for the treatment of hindlimb pain.”

•	 $100,000 to Arunika Das for “Identifying genetic 
variants underlying equine early pregnancy loss.”

•	 $99,090 to Callum Donnelly for “Mechanisms of insulin 
regulation in equine pregnancy.”

•	 $42,596 to Jessica Hayward for “Determining the 
genetic risk factors for autopsy-negative exercise-associated 
sudden cardiac death in racing thoroughbreds.”

Harry M. Zweig Memorial Fund for Equine 
Research Awards

•	 $100,000 to Katharyn Mitchell for “Arrhythmia 
substrate characterization by 3D electro-anatomical 
mapping in horses with mitral valve prolapse.”

Continued
•	 $99,920 to Amanda de Mestre for “Copy 
number changes in the equine genome incompatible 
with life.”

•	 $30,982 to Amy Todd-Donato for “Comparative 
imaging for the diagnosis and monitoring of 
arthroscopically induced meniscal injury in horses.”

•	 $82,181 to Bettina Wagner for “Unraveling T-cell 
immunity for EHV-1 protection.”

Q: Looking ahead, what are some of your future 
goals as the Harry M. Zweig Assistant Professor?

A: I am honored to be the recipient of the Harry M. 
Zweig Assistant Professorship. As the Zweig Assisstant 
Professor, my primary goal will be to promote equine 
health, both in practice and in discovery. Importantly, this 
position should send a clear message to our veterinary 
trainees that careers in equine health are both rewarding 
and sustainable. Our future equine health trainees stand 
on a precipice. It is my hope that through my actions and 
advocacy in this position, I can play a part in safeguarding 
the future of equine health within veterinary medicine.

Lisa Fortier, Ph.D. ’98, the James Law Professor of Surgery. Photo: Platinum 
Performance, LLC./Provided
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and Hillman’s poisonous plant class.

“Cornell just gives a great all-around education, and I 
was fortunate to be exposed to some of the best minds in 
veterinary medicine,” says Fallon.

The diagnostic imaging ace

Katie Garrett, D.V.M. ’03, is a 
shareholder and director of 
diagnostic imaging at Rood 
and Riddle Equine Hospital 
in Lexington. “I was very 
fortunate to have received 
the training at Cornell 
that I did,” she says, citing 
her formal coursework 
as well as her time as 
an emergency surgery 
technician at the large animal 
hospital during her first year. 
“Not only was it nice to get some 
clinical experience, but it also provided a way to meet 
some of the clinicians outside of the classroom and see 
how they practiced medicine.”

After Cornell, Garrett completed two internships and 
an equine surgery residency at Rood and Riddle Equine 
Hospital in Lexington and achieved board certification 
in the American College of Veterinary Surgeons in 2012. 
Today, she works as an expert in diagnostic imaging, 
with an emphasis in musculoskeletal MRI and laryngeal 
imaging. 

“She is extremely well respected for her expertise and 
integrity,” says Dr. Susan Fubini, senior associate dean for 
academic affairs and professor in large animal surgery at 
CVM.

Garrett notes that some impactful Cornellian mentors 
are Fubini as well as Drs. Norm Ducharme, Gillian 
Perkins and Lisa Fortier, Ph.D. ’98. “They are all amazing 
clinicians, but beyond that, they have contributed to 
veterinary medicine through research and service as well. 
They have been fantastic role models for me,” Garrett 
says. 

Garrett was named president of the American 
Association of Equine Practitioners (AAEP) in 2024, 

where she has served on the board of directors and 
chaired both the Educational Programs Committee and 
Member Engagement Committee.

The orthopedic expert 

Alan Ruggles, D.V.M. ’87, specializes in orthopedic surgery 
and lameness and works as a partner at Rood and Riddle, 
where he provides care for racing, sport, pleasure and 
breeding equines. He notes that the equine industry in 
Lexington is “A fast-paced, high-stakes busy place to 
work, and certainly the knowledge and confidence you 
gain from a Cornell education helps prepare you for this.”

Ruggles also sees Cornell’s influence in shaping his 
professional journey. “My training at Cornell was very 
comprehensive,” says Ruggles. “It helped me not only 
prepare for a career as an equine orthopedic surgeon, but 
also gave me a good background in medicine, neurology, 
etc. which has helped me throughout my career.”

“Dr. Ruggles is well known for his surgical expertise, 
training of residents, and critical involvement in national 
and international orthopedic societies,” says Fubini. 

After gaining his D.V.M. from Cornell, Ruggles completed 
an internship and residency in large 

animal surgery at New Bolton 
Center at the University of 

Pennsylvania. He remained 
at New Bolton Center as 
a lecturer in surgery until 
joining the faculty at The 
Ohio State University in 
1992, and moved to Rood 

and Riddle in Lexington 
in 1999. He is active in 

the American College of 
Veterinary Surgeons (ACVS) and 

AOVET (a nonprofit organization of 
veterinary surgery advancements), where he has been co-
chairman of the annual AO Equine Courses on Fracture 
Repair since 1996.

The infectious disease investigator

Brett Sponseller, D.V.M. ’94, serves as director of the 
Maxwell H. Gluck Equine Research Center and chair of 
the Department of Veterinary Science at the University 

of Kentucky in Lexington. “Cornell gave me a great 
education,” he says. “It was broad-based, and took a 
comparative medicine approach. As someone who was 
equine-focused, it forced me to broaden my scope, and 
that had real value.”

After graduating from Cornell, Sponseller completed an 
internship with Equine Medical Associates in Edmond, 
Oklahoma, and a residency in large animal internal 
medicine (equine focused) at the University of California, 
Davis. He earned his Ph.D. in molecular, cellular and 
developmental biology from Iowa State University 
(ISU), where he went on to co-found the equine internal 
medicine service.

Today, Sponseller is 
a member of the 
American Society 
for Virology and 
the American 
Association of Equine 
Practitioners and has 
authored several peer-
reviewed journals and 
the textbook “Equine 
Infectious Diseases.” 
In addition to leading 
the Gluck Equine Research Center, 
Sponseller studies equine infectious diseases, including 
equine infectious anemia virus, and equine herpesvirus-1.  

While at Iowa State University, he taught the next 
generation of veterinary students didactic equine internal 
medicine, veterinary virology and equine internal 
medicine. He lists several Cornell faculty members as 
his influences, including Drs. Ronald Minor, de Lahunta, 
John Cummings and more.

“They developed and enhanced my curiosity,” Sponseller 
says. “And it really set the groundwork for being a good 
clinician and researcher. I hope that, in a way, what I’m 
doing kind of honors that.”

No matter their discipline, Cornell veterinary alumni are 
powerhouses in the Lexington, Kentucky region, working 
to improve the health and well-being of horses in the 
heart of the equine world and beyond.

Cornell veterinary alumni in 
the heart of the horse world

By Lauren Cahoon Roberts

Lexington, Kentucky, is the pinnacle of the Thoroughbred 
world. A place where equine enthusiasts breed, raise, sell 
and race horses — and demand outstanding veterinary 
care.

Cornell University College of Veterinary Medicine (CVM) 
alumni are there to meet that need. Many CVM-trained 
veterinarians hold influential roles in Lexington’s equine 
industry and are shaping the standard of care in the 
region.

The legacy veterinarian

Luke Hagyard Fallon, D.V.M. ’96, grew up in Lexington, 
helping his father, Edward Hagyard Fallon, D.V.M.’56, 
serve the equine community at the Hagyard Equine 
Medical Institute, a renowned practice in Lexington with 
over 60 veterinarians that will soon mark 150 years of 

service in 2026.

As a fifth-generation 
veterinarian, Fallon knew 

early on that he would 
work with horses 
and be a part of the 
next generation of 
veterinarians at Hagyard. 
Now, as medical director 

of Hagyard and an expert 
in reproduction work and 

general herd health, Fallon 
himself is paying it forward and 

mentoring veterinary students and interns.

At Cornell, Fallon was trained by many Cornell legends, 
including Robert Hillman, D.V.M. ’55, a large animal 
theriogenologist (“A prince of a man and a great 
professor”),  Francis Fox, D.V.M. ’45, a famed large animal 
clinician whose advice to “never let the lab get in the way 
of a good clinical examination  — go see, hear and smell 
the environment where the animal is living,” still stays 
with Fallon to this day.

Some of his favorite memories include attending the 
2:30 a.m. neurology rounds with Alexander de Lahunta, 
D.V.M. ‘58, Ph.D. ‘63, the emeritus James Law Professor 
of Anatomy (“Just a legend, a gentleman and a scholar”), 
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From the Harry M. Zweig Memorial 
Fund for Equine Research at the 
Cornell University College of 
Veterinary Medicine

No. 80 Dec 2025

By Lauren Cahoon Roberts

A recent study has identified key proteins in equine 
joint fluid that could improve the early diagnosis and 
treatment of osteoarthritis (OA) in equines. 

The study, published May 8 in the Equine Veterinary 
Journal, used advanced proteomics to analyze synovial 
fluid — the lubricating liquid found in joints — from 
horses with and without osteoarthritis. Research out of 
the lab of Heidi Reesink, Ph.D. ’16, and led by graduate 
student Erica Secor ’09, D.V.M. ’13, discovered that 

Newly identified proteins could be key to catching 
arthritis early

several proteins — including alpha-2-macroglobulin and 
pregnancy zone protein — showed significant differences 
between healthy and arthritic joints. 

This finding is an important step in furthering OA 
diagnosis and treatment, Secor says. “Most often OA is 
diagnosed based off clinical signs, then followed up with 
confirmation using radiographs,” she says. “One of the 
problems with this approach is that the changes seen by 
radiograph happen late during OA development, once the 
lesions within the joint are irreversible. Our best chance 

Photo: Carol Jennings/CVM.
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of stopping or slowing the progression of OA would be 
very early in the process, before radiographic changes are 
present and clinical signs such as lameness are mild and 
intermittent. However, catching cases at this point is very 
difficult.”

Another challenge in catching equine OA early is a 
technical problem: diagnostic methods usually rely on 
having the right antibodies to bind to specific proteins 
in a sample, which can then be measured. “While some 
antibodies can bind to proteins across several species, 
other times they are more species-specific, and there are 
many proteins in the horse that we may like to be able 
to measure, but don’t currently have the right antibody 
reagents to do so,” says Secor. 

To overcome this logistical problem, Secor and her team 
used mass spectrometry to conduct a full molecular 

rollcall of all proteins in the 
joint fluid samples from horses 
with or without OA. 

“The beauty of this technique 
is, not only do we not require 
any species-specific reagents, 
but we also don’t need to 
go into the experiment with 
specific targets in mind,” Secor 
says. “With this technique 
we can get an idea of all the 
proteins in the sample that we 
are testing, which can give us 
ones that we wouldn’t even 
know to look for. “ 

Most notable was 
the upregulation of 
proteins alpha-2-
macroglobulin and pregnancy 
zone protein in diseased joints. 
While alpha-2-macroglobulin 
had been previously associated 
with OA in dogs and humans, 
pregnancy zone protein 
had not been described in 
horses before. While many of 
these upregulated proteins 

are considered anti-inflammatory and associated 
with maintaining joint health, Secor explains why OA 
samples would have them in higher levels: “It’s thought 
that the body responds to the initial trauma, injury, or 
joint degeneration by trying to increase the proteins 
needed to maintain joint health, but cannot overcome 
the degradative or inflammatory side, resulting in the 
progression of OA,” she says. 

While the methods used in this study aren’t immediately 
translatable to clinical application, the findings jumpstart 
an investigation into which markers should be used for a 
stall-side diagnostic tool. 

“These findings could pave the way for a simple 
diagnostic test using synovial fluid to detect early-stage 
OA in horses,” says Secor. “Early intervention is key to 
preserving joint health and prolonging athletic careers.”

Recent Zweig-funded research publications
•	 Wagner B, Schnabel CL, & Rollins A. (2025) Increase in 
virus-specific mucosal antibodies in the upper respiratory 
tract following intramuscular vaccination of previously 
exposed horses against equine herpesvirus type-1/4. 
Vaccines, 13(3), 290. 

•	 Sipka A & Wagner B. (2025) Fluorescent bead-based 
multiplex assays improve serological disease diagnostics and 
have potential of identifying sensitive immune biomarkers 
for maintaining health and performance. J Am Vet Med 
Assoc., Mar 17;263(S1):S33-S44.

•	 Lection J, Schnobrich M, Wagner B, Byron M, Back B, 
Rollins A, Castro Alves RF, Cheong SH & Diel de Amorim M. 
(2025) Inflammatory marker analysis of uterine cytobrush 
samples helps identify mares with endometritis. Am J Vet 
Res., May 29;86(8):ajvr.25.02.0059.

•	 Sun Y, Yu YT, Castillo XO, Anderson R, Wang M, Sun 
Q, Tallmadge R, Sams K, Reboul G, Zehr J, Brown J, Wang 
X, Marra N, Stanhope B, Grenier J, Pusterla N, Divers T, 
Mittel L & Goodman, LB. (2025) Investigation of the blood 
microbiome in horses with fever of unknown origin. Vet 
Med Sci, 11:e70272.

•	 Yu YT, Olarte Castillo X, Reboul G, Zehr J, Sun Y, 
Anderson R, Wang M, Sun Q, Tallmadge R, Sams K, Brown 
J, Marra N, Stanhope B, Grenier J, Parrish CR, Pusterla N, 
Divers T, Mittel L & Goodman LB. (2025) Genome sequence 
of Equine Erythroparvovirus 1, identified in the United 
States. Microbiol Resour Announc., 14:e00897-24.

Dr. Heidi Reesink examines a horse. Photo: Carol Jennings/CVM.

2025 research presentations

•	 Dr. John Pigott, associate clinical professor in the 
Department of Clinical Sciences and clinical director of 
Cornell Ruffian Equine Specialists: “New York Center 
for Thoroughbred racing safety at CVM: Prevention of 
fatal musculoskeletal injuries in the fetlock joint.” 
•	 Dr. Erica Secor, DVM, MS, DACVS-LA: “The magic 
in the membrane: Immune cell and transcriptomic 
alterations in equine fetlock osteoarthritis.”

•	 Dr. Aimee Colbath, assistant professor in the 
Department of Clinical Sciences: “Mast cells and 
models: unlocking equine arthritis.”
•	 Dr. Callum Donnelly, assistant professor in the 
Department of Clinical Sciences and the Harry M. 
Zweig Assistant Professor: “Metabolic pathways of 
fertility: the emerging rile of bile acids in the mare.”

Following opening remarks by Dr. Paula Cohen, associate dean for Research and Graduate Education, the presentations 
discussed equine research conducted at Cornell University.

Poster session at the Harry M. Zweig Memorial Fund for Equine Research. Photo: Carol Jennings/CVM.
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Dr. Aimee Colbath, recipient of the Harry M. Zweig 
Early Career Excellence Award

By Elodie Smith

Dr. Aimee Colbath is a graduate of University of 
Pennsylvania School of Veterinary Medicine. She 
continued her training with a rotating internship in large 
animal medicine at University of Georgia, followed by an 
internship in equine surgery at Tufts Cummings School 
of Veterinary Medicine. Colbath did her residency at 
Colorado State University, in equine surgery, where she 
also acquired a Master’s degree in Clinical Sciences in 
2015, and a Ph.D. in 2019. 

Dr. Aimee Colbath, an assistant professor in the 
Department of Clinical Sciences at Cornell University’s 
College of Veterinary Medicine, has become the inaugural 
recipient of the Harry M. Zweig Early Career Excellence 
Award. The award, created by the Harry M. Zweig 
Memorial Fund for Equine Research, honors outstanding 
early-career scientists who have made significant 

contributions to equine health and the horse racing 
community.

Are you an equestrian?

Yes! I started riding when I was five years old, and today 
I am a Horsemanship-A in the US Pony Clubs. I have 
competed in eventing for more than 30 years through the 
preliminary level, competed in Dressage through second 
level. In college, I was the captain of the equitation 
team for three years, and I have competed in the 1.10m 
Jumpers. I have owned and competed primarily off-
the-track Thoroughbreds. Just two years ago, I had the 
pleasure of competing in the Retired Racehorse Project 
with my current off-the-track Thoroughbred who 
received ninth place in amateur eventing. I have a small 
farm in Dryden, NY, with three to four horses at a time.

What is your research focus?

My lab focuses on musculoskeletal disease and treatment. 
Overall, I’m interested in inflammation and inflammatory 
cells in osteoarthritis and therapeutics which target 
the inflammatory processes. Specifically, I’m exploring 
and developing pre-clinical models to study arthritis, 
meaning my lab works with cells or other large animals 
to investigate potential therapeutic strategies before they 
are translated to clinical trials.

My full-time Ph.D. student (Abigail Loucks) recently 
received an NIH F31 training grant for her work 
identifying the role of mast cells in osteoarthritis. Mast 
cells are immune cells that play a crucial role in allergic 
reactions and inflammation. Loucks works with mouse 
models of arthritis, and in vitro, with mast cells from 
mice and horses. 

Clinically, I’m specialized in orthopedic surgery including 
arthroscopy, fracture repair, lameness, regenerative 
medicine and whole horse rehabilitation techniques 
(including acupuncture, kinesiotape, and physiotherapy). 

What does the Zweig Early Career 
Excellence Award 
mean for your 
research?

Awards such as this one 
are crucially important 
for researchers. They 
provide a source of 
funding that allows us 
to obtain preliminary 
data – a prerequisite 
to successfully apply 
for larger grants from 
organizations such as the 
NIH and Grayson Jockey 
Club Foundation. 

I feel very lucky to 
have received such a 
prestigious award. The 
Harry M. Zweig Memorial 
Fund for Research 
provides monumental 
support to equine 

researchers such as myself. This support is unparalleled at 
other universities and truly drives the care of our equine 
athletes forward whilst encouraging graduate student 
and undergraduate student participation. Through 
the support of the Harry M. Zweig Memorial Fund for 
Research we are able to train the next generation of 
researchers and change the lives of horses. 

What do you hope to accomplish with 
the support from the Zweig Committee 
through his award?

My lab will continue expanding knowledge on 
osteoarthritis, always with a focus on effective 
interventions. Our early research on equine mast cells 
is both promising and new. Promising because our 
mouse mast cell work has clearly shown that they have a 
significant influence on the development of osteoarthritis, 
and indicates they may be a powerful therapeutic target. 
And new because I’m also unaware of another group that 
has grown equine mast cells. The ability to grow these 
cells in culture opens up new research on these powerful 
cells, and new therapeutic directions. We are very excited 
about that!

Dr Aimee Colbath. Photo: Carol Jennings/CVM.

Dr Aimee Colbath. Photo: Brant Gamma Photos.
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Studying pregnancy, loss, and the 
foal’s start in life

Clinical years in a busy equine neonatal unit shaped de 
Mestre’s research questions. “The fundamental thing 
we’re trying to do is to ensure that a neonate horse foal or 
baby is born healthy, alive, and programmed for lifelong 
health.” Her lab investigates why some pregnancies fail 
early or result in compromised foals, zeroing in on the 
embryo’s own genetic blueprint.

Science had long emphasized the mare’s uterus, 
hormones and immune adaptations, while “we knew 
practically nothing about how the embryo itself controls 
its own fate,” she says. A shift in focus, to the embryo’s 
genetic programming, has yielded pivotal findings, 
including that 50-60% of the pregnancies that don’t 
progress through early gestation are due to abnormal 
numbers of chromosome.

Why horse research matters to human 
health

Because mares are monitored intensively, 
often with ultrasound beginning two 
weeks post-conception, researchers 
can watch very early development in 
ways that are not feasible in people. 
That window helps identify genes and 
mechanisms tied to early miscarriage. 
This knowledge is likely relevant to 
human loss, where timing and access to 
tissue are major barriers. This illustrates 
the concept of “One Health”: discoveries 
that benefit horses may clarify causes 
of human pregnancy loss many families 
quietly shoulder.

Cornell Equine: A campus-
wide push

De Mestre also leads Cornell Equine, a 
new initiative unifying equine discovery, 
care and learning across campus. It 
connects polo and equestrian teams, the 
Equine Hospital, Cooperative Extension, 
and 35 faculty engaged in horse-related 
research across Cornell.

Two priorities top the 
list: sustained mentoring 
from high school all the 
way through veterinary 
college to recruit and 
retain equine veterinarians, 
and catalyzing cross-
disciplinary projects that 
tackle multidisciplinary 
problems. A monthly seminar 
series has already built significant 
momentum.

The Baker Institute: 75 years of 
translational impact

As director of Cornell’s Baker Institute for Animal Health, 
de Mestre now stewards a 75-year legacy of discoveries 
that moves from bench to barn and bedside, and follows 
in the steps of the institute’s early breakthroughs such 
as the canine parvovirus vaccine. Today, research spans 
infectious disease, immunology, reproduction, genomics 
and cancer. 

The most exciting, according to de Mestre, is how Baker 
scientists “follow the science,” even if that means leaping 

fields – like fundamental 
sperm biochemistry 
powering a new 
diagnostic approach 
for stroke – leading 
to translational  work 
with shared benefits for 

animals and people.

Advice for 
budding scientists

For students eyeing research, de 
Mestre offers two pieces of guidance. 

First, “surround yourself with good 
mentors” who are the right match for you. Second, “don’t 
take failure or hardship too personally.” 

She quotes Ted Lasso with a smile: “He has this saying, 
‘Just pretend you’re a goldfish to forget something.’ I 
should add as a veterinarian, I have since looked that up, 
and goldfish don’t have a bad memory. They actually have 
a reasonable memory. But you need to learn from certain 
things, and you need to have a short memory and keep 
going on. I think that is absolutely critical to success in 
anything you do.”
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From Farm to Lab: A Horse-Centered 
Career for Dr. Amanda de Mestre

Adapted from the Cornell veterinary podcast

Raised on a small Australian farm with sheep, cattle 
and horses, Dr. Amanda (Mandi) de Mestre imagined 
veterinary life early. The research bug came later. “I 
think I wanted to be a veterinarian early on, and the 
scientist came later for sure,” she says. A formative 
moment arrived at age 12, when a run of unexpected 
heifer pregnancies brought the local vet out for multiple 
C-sections. Standing beside the chute, she remembers 
thinking, “this is fascinating.”

A gap year in Germany deepened the pull. While tutoring 
a young dressage rider at an international training 
barn, she became interested in the work that went into 
breeding Olympic-level horse athletes. “I got hooked 
again,” she says. By veterinary college, she was working 
on equine infectious diseases like strangles and taking 
research stints at Noth Carolina State and Cornell. 
“Discovering something new, I guess, is the really exciting 
part of being a scientist,” she says.

LISTEN TO THE PODCAST

Mandi de Mestre. Photo: John Enright.

A mare and her foal. Phot: Adobe Stock.
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Visit us online

bit.ly/ZweigFund

Our site provides information on the projects and publications resulting from the Zweig Memorial 
Fund, and demonstrates the objectives of the Fund in promoting equine health in the racing industry. 
The Zweig News Capsule is published twice a year, and can be downloaded at bit.ly/ZweigNews. Please 
encourage other equine enthusiasts to visit the site.

Cornell University is an equal-opportunity educator and employer.

The Harry M. Zweig Memorial Fund for Equine Research honors the late Dr. Harry M. Zweig, a 
distinguished veterinarian, and his numerous contributions to the state’s equine industry. In 1979, 
by amendment to the pari-mutuel revenue laws, the New York State Legislature created the fund 
to promote equine research at the College of Veterinary Medicine at Cornell University. The Harry 
M. Zweig Committee is established for the purpose of administering the fund and is composed of 
individuals in specified state agencies and equine industry positions and others who represent equine 
breeders, owners, trainers and veterinarians.

Zweig News Capsule
S3-216 Schurman Hall
Ithaca, NY 14853-6401

Exciting news!
We are moving to a dual format. Starting in 2026, Zweig News Capsule will publish one 
printed and one digital issue each year. 

With the goal to eliminate paper waste, we are planning to move to a fully digital publication 
in the coming years.

Scan the QR code to register for the electronic edition.

Thank you for helping us make a greener, sustainable world for humans and equines alike!
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