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People and  
Leadership

Initiatives that attract capable people into 
careers in agriculture, build the capability of 
future rural leaders, and support change makers 
and thought leaders.

Growing  
Profitability

Research and development for established industries 
that do not have their own Research & Development 
Corporation (RDC), including the thoroughbred horses 
industry as well as rice, chicken meat, export fodder, 
commercial honey bee keeping, ginger, tea tree oil, 
pasture seeds, and smaller industries, including goat 
fibre, buffalo, kangaroo and deer.

National Challenges 
and Opportunities

Research and analysis to understand and address 
important issues on the horizon for the whole of 
Australian agriculture.

Emerging  
Industries

Research, development and extension to 
accelerate the establishment and expansion of 
new rural industries.

To achieve this AgriFutures Australia has established four distinct arenas 
representing the organisation’s broad commitments to deliver the priorities of the 
Australian Government, its stakeholders and its ultimate goal to create thriving rural 
industries and vibrant regional communities.

 
AgriFutures
Australia

AgriFutures Australia’s vision is to grow the  
long-term prosperity of Australian rural industries. 

Our vision
To grow the long-term prosperity  
of Australian rural industries.
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Goal
To support the people driving 
the future prosperity of 
Australian rural industries 
and regional communities by 
providing them with learning 
opportunities and experiences.

Priorities 

Attracting capable people into 
careers in agriculture.

Building the capability of 
future rural leaders.

Approach

Values

Outcome

Connected / Positive / Real / Future-thinking 
Innovative / Quality / Approachable / Networked / Confident 

Professional / Commercially savvy

Rural industries are 
equipped with skilled 

people and the 
leadership to grow and 

prosper. 

Challenges and 
opportunities that are 
common across rural 

sectors are identified and 
addressed. 

Industry participants  
are confident their  
levy investment is  
delivering value. 

High-potential 
emerging  

rural industries  
are established. 

Goal
To identify and nurture research 
and innovation opportunities 
that are synergistic across rural 
sectors.

Priorities
Informing debate on issues of 
importance to rural industries.

Adapting new technologies for 
use across rural industries.

Working collaboratively on 
issues common across rural 
sectors.

Goal
To enhance the profitability 
and sustainability of our levied 
rural industries. Regional 
communities and the broader 
Australian economy depend on 
profitable farms.

Priorities
Engaging industry participants 
in determining RD&E priorities.

Investing in innovation that 
assists levied industries to be 
more profitable.

Delivering outcomes to maximise 
industry uptake and adoption.

Goal
To support new and emerging  
rural industries.

Priorities
Supporting the early-stage 
establishment of high-
potential rural industries.

Listening  
and influencing Delivering results Partnerships  

and collaborations
Performance  

culture
Efficient business 

practices

Purpose

Through research and development, increase 
knowledge and understanding that fosters innovation, 

adaptive and valuable rural industries.

AgriFutures Thoroughbred 
Horses Program
AgriFutures Thoroughbred 
Horses Program
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About your levy

RD&E investment by objective

Levy explanation Stallion owners pay 
$10/mare covered

Broodmare owners pay 
$10/mare returned

FY 2017-18

FY 2019-20

RD&E Investment
     $219,405    

RD&E Investment
$884,124    

FY 2018-19
RD&E Investment

$782,528    

2. Reduce the incidence and impact of 
diseases and parasites in horses

6. Reduce injury and breakdown of horses 
in work and training

5. Industry planning, economic benefit 
studies and market research

3. Improve the safety of industry 
participants and the welfare of horses and 
enhance the sustainability of the industry

4. Promote education and training for the 
horse industry through opportunities for 
training researchers and by effective 
communication of RD&E to horse 
industry stakeholders 

1. Improve breeding outcomes and foal 
health and development

The AgriFutures Thoroughbred Horses Program 
Strategic RD&E Plan guides RD&E investment 
and details six objectives to deliver research 
outcomes to benefit the industry. Investments 
are made in projects that address one or more 
of the objectives outlined in the Plan. It is the 
Advisory Panel’s responsibility to ensure that 
these objectives are considered and addressed 
when making investment recommendations.

Goal: To enhance the 
profitability and sustainability 
of our levied rural industries

 
The overarching goal of AgriFutures Australia’s 
Growing Profitability Arena (Arena 3) is to enhance 
the profitability and sustainability of our 12 levied 
rural industries. The AgriFutures Thoroughbred 
Horses Program is no exception. The Program aims 
to support RD&E to safeguard the long-term future 
of the industry.

AgriFutures Australia (formerly known as Rural 
Industries Research and Development Corporation; 
RIRDC) is an organisation that proudly focuses on 
the future of Australian agriculture. We live and 
work in the regions and represent the interests 
and aspirations of farmers and rural communities.

Our vision is to grow the long-term prosperity of 
Australian rural industries. In practical terms,  
this means:

•  Research and development for established 
rural industries that do not have their own 
Research & Development Corporation 
(RDC), including the thoroughbred horses, 
rice, chicken meat, honey bee & pollination, 
pasture seeds, export fodder, ginger and tea 
tree oil industries.

•  Research and development to accelerate the 
establishment and expansion of new rural 
industries.

•  Initiatives that attract capable people into 
careers in agriculture, build the capability 
of future rural leaders, and support change 
makers and thought leaders.

•  Research and analysis to understand and 
address important issues on the horizon for 
Australian agriculture.

AgriFutures Australia not only tackles the rural 
challenges and opportunities we face today, but 
unearths the challenges and opportunities of 
tomorrow.

We place people at the centre of everything we do. 
We listen, connect and collaborate with emerging 
leaders in agriculture, industry bodies, other 
RDCs and government. Building on the strong 
foundations laid by RIRDC, we confidently set our 
focus on the future.

Growing Profitability: 
AgriFutures Thoroughbred 
Horses Program 

Arena 3

About 
AgriFutures 
Australia

AgriFutures Thoroughbred 
Horses Program
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The AgriFutures Thoroughbred Horses Program 
manages investment of the research and development 
(R&D) levy. The thoroughbred horses levy was 
introduced in September 2017 and is set at a rate of 
$10 per mare covered per season, paid by the stallion 
owner, and $10 per mare returned per season, paid 
by the broodmare owner. These payments are made 
through the Australian Stud Book. 

AgriFutures Australia receives the R&D levy allocation 
to invest in line with the objectives of the Program’s 
Strategic RD&E Plan. AgriFutures Australia also receives 
matching funding* from the Australian Government, 
which is allocated to the Program at 50c per dollar of 
eligible expenditure. The total Program budget comprises 
of the R&D levy allocation, Australian Government 
matching funding and third-party contributions.

*AgriFutures Australia receives matching funding from the Australian Government, calculated under the Primary Industries Research and 
Development (PIRD) Act. Subject to some limitations, this Commonwealth matching funding is capped at the lesser of 50% of eligible expenditure 
or 0.5% of industry gross value of production (GVP). Industry GVP is calculated on the aggregate of all AgriFutures Australia levied industries.



Thoroughbred Horses 
Advisory Panel members

Professor Nigel Perkins  
(Chair)
The University of Queensland 

Nigel is the Head of School, School of 
Veterinary Science at The University 
of Queensland. He is the Deputy 
Chair of the Veterinary Surgeons 
Board of Queensland, Director at 
Large for Region III (Australia, New 
Zealand & Asia) for the Association 
of American Veterinary Medical 
Colleges and represents UQ on 
the North Australia Beef Research 
Council. Nigel’s work has a strong 
focus on improving animal health, 
production and welfare outcomes 
in Australian livestock, as well as 
providing leadership within the 
veterinary profession and in science, 
food sustainability and One Health. 
Nigel is recognised nationally and 
internationally as a leader in the field 
of veterinary epidemiology.

Dr Catherine Chicken  
(Deputy Chair) 
Scone Equine Hospital 

Catherine is an equine veterinarian 
in the Hunter Valley NSW. She has a 
PhD in epidemiological aspects of 
Rhodococcus equi infection (‘rattles’) 
in foals and is a member of the 
Australian and New Zealand College 
of Veterinary Scientists in Medicine 
of Horses. She is a consultant to the 
Scone Equine Hospital on equine 
pathology and infectious disease. 
Catherine currently holds a position 
on the education subcommittee of 
Equine Veterinarians Australia (EVA), 
and she is a previous Policy Advisory 
Councillor for EVA, Scientific Editor 
of the Australian Equine Veterinarian 
and EVA Executive Member. She 
is also a former Superintendent 
of Scone Equine Hospital Clovelly 
ICU. Her special areas of interest 
include emerging infectious diseases, 
antimicrobial stewardship and One 
Health.

Annelies McGaw
AgriFutures Australia 

Annelies joined AgriFutures Australia 
in November 2018 as Manager, 
Research overseeing the AgriFutures  
Thoroughbred Horses and Honey 
Bee & Pollination Programs. Prior to 
AgriFutures Australia, Annelies worked 
in natural resource management. She 
has also held positions at the Australian 
Pesticides and Veterinary Medicines 
Authority in the Pesticides Registration 
Division for 10 years, and was a pasture 
agronomist prior to this. Annelies has a 
strong appreciation for and interest in 
the thoroughbred horses industry. She 
has a passion for recreational horses 
and has strong experience volunteering 
in the sector.  

Dr Craig Suann

Craig was the chief regulatory 
veterinarian for the NSW thoroughbred 
racing industry for 33 years, most 
recently as the Senior Official 
Veterinarian at Racing NSW and 
previously the Australian Jockey 
Club. Craig served as Chairman of 
the Racing Australia Veterinary and 
Analysts Committee and is a current 
member of the International Federation 
of Horseracing Authorities (IFHA) 
Advisory Council on Equine Prohibited 
Substances and Prohibited Practices, 
and the IFHA Welfare Committee. Craig 
is a former Chairman of the International 
Group of Specialist Racing Veterinarians, 
and past Secretary of the Australian 
Equine Veterinary Association.

Derek Field
Widden Stud 

Derek is the General Manager of 
Widden Stud, a position he has held 
for more than 35 years. He has been 
heavily involved in thoroughbred horse 
research projects throughout Australia, 
including the development of a mares 
and stallions database for the Hunter 
Valley, the ‘rattles’ research program, 
Equine Amnionitis and Foetal Loss (EAFL) 
outbreak, equine reproduction, West 
Nile Virus, and EAFL research. Derek is 
an active member of the thoroughbred 
horse industry. He is a past Director and 
Vice President of Thoroughbred Breeders 
Australia, past Director and President of 
NSW Thoroughbred Breeders Association, 
and is currently a Director and Treasurer 
of Hunter Valley Equine Research Centre.

Jacqueline Stewart
Racing Australia 

Jacqueline is Keeper of the Australian 
Stud Book, the official authority for the 
identification of racehorses in Australia. 
The Australian Stud Book, a division of 
Racing Australia, was established in 1878 
and contains records of the second-
largest population of thoroughbreds in 
the world. Jacqueline leads the Stud 
Book and Registration team to provide 
independent breed integrity and ensure it 
continually strives to improve the services 
for owners and breeders and remains 
a world leader in its field. Jacqueline 
joined the Australian Stud Book in 1998, 
becoming the Deputy Keeper in 2005 and 
the Keeper in 2014. 

Mike Becker
Independent Stallions

Mike has been involved in stud 
management for more than 40 years, 
beginning at the former Goodland Park 
Stud, Narrung, South Australia. He 
managed Stockwell Stud in Victoria for 
four years from 1989 before launching 
Independent Stallions in 1992, which 
grew to 11 stallions by 1994. Mike has 
been a Board Member of Thoroughbred 
Breeders Victoria (TBV) for 14 years, 
serving as President from 2000 to 2008. 
In 2008, he was honoured to receive life 
membership of TBV. He has also served 
on the board of Thoroughbred Breeders 
Australia for eight years.

Michael Grieve
Grandview Stud                                                                                                     

Michael is a former teacher who has 
worked in Australia and overseas. 
During his education career he has 
held senior leadership roles, including 
Head of Department Mathematics, 
Senior Dean, Head of Senior Students 
and Pastoral Dean. Michael has 
always had a love for horses and 
turned his passion for horses into a 
business by establishing Grandview 
Stud, a thoroughbred property at Peak 
Crossing near Ipswich, Queensland. 
Michael has a strong focus on giving 
back to the community, holding a 
number of volunteer roles with the 
Royal Queensland Show Council and 
Ipswich Show Society. He is also an 
Executive Member of the Queensland 
Thoroughbred Breeders Association.

112021 Research, Development and 
Extension Snapshot

AgriFutures Thoroughbred 
Horses Program

A
dvisory Panel m

em
bers



 

Objective 1

Improve breeding outcomes and foal 
health and development. 

Objective 2

Reduce the incidence and impact of 
diseases and parasites in horses. 

Objective 3

Improve the safety of industry 
participants and the welfare of  
horses and enhance the sustainability 
of the industry. 

Objective 4

Promote education and training for the 
horse industry through opportunities 
for training researchers and by effective 
communication of RD&E to horse 
industry stakeholders. 

Objective 5

Industry planning, economic benefit 
studies and market research. 

Objective 6

Reducing injury and breakdown of 
horses in work and training. 

Completed projects Project ID Project name Start Finish  Principal investigator
Research 
organisation

Objective 1

Improve breeding outcomes and foal health and development. 

 

PRJ-011268 PhD Understanding, reducing the effects of heat 
stress on thoroughbred stallion fertility 29/05/2018 01/07/2020 Dr Aleona Swegen and  

Dr Roisin Griffin
The University of 
Newcastle

PRJ-011159 Non-invasive ventilatory support for foals 02/10/2018 31/10/2020 Professor Sharanne Raidal Charles Sturt 
University

PRJ-011758 Coxiella burnetii infection in association  
with equine abortion 17/05/2019 31/12/2020 Professor Joanne Devlin The University of 

Melbourne

Objective 3

Improve the safety of industry participants and the welfare of 
horses and enhance the sustainability of the industry.

PRJ-011192 Improving jockey safety through virtual reality and 
biomarkers of concussion 19/10/2018 15/05/2021 Dr Brad Wright La Trobe University

Current projects

Objective 1

Improve breeding outcomes and foal health and development. 
PRJ-011248 The uterine microbiome – key to equine infertility? 02/10/2018 30/06/2021 Dr Natali Krekeler The University of 

Melbourne

PRJ-011712 A novel device for the on-farm assessment of 
stallion sperm fertility 17/05/2019 31/05/2022 Dr Zamira Gibb The University of 

Newcastle

PRJ-012082 Effects of faecal microbiota transplant therapy  
on infectious diarrhoea in foals 01/07/2020 30/11/2022 Professor  

Kristopher Hughes
Charles Sturt 
University

PRJ-011748 Developing a novel diagnostic test for early 
pregnancy in the mare 17/05/2019 31/12/2022 Dr Aleona Swegen The University of 

Newcastle

PRJ-012123 Evaluation of equine endometrium using confocal 
laser endomicroscopy 30/07/2020 31/12/2022 Dr Kirsty Gallacher The University of 

Adelaide

PRJ-011719 The pathology and epidemiology of equine 
pregnancy loss 01/03/2020 01/07/2023 Dr Victoria Brookes Charles Sturt 

University

Objective 2

Reduce the incidence and impact of diseases  
and parasites in horses. 

PRJ-011233 Improved bacterial identification and  
antimicrobial susceptibility testing 28/09/2018 30/06/2021 Professor Sharanne Raidal Charles Sturt 

University

PRJ-011402 Understanding the epidemiology of  
Chlamydia psittaci infections in mares 22/06/2018 31/12/2021 Professor Peter Timms and  

Dr Martina Jelocnik
University of the 
Sunshine Coast 

PRJ-011191 Improving the detection of parasitic infections and 
control strategies of horses 26/09/2018 30/06/2022 Associate Professor  

Abdul Jabbar
The University of 
Melbourne 

PRJ-012057 Can iso-PGs indicate the need for surgery and 
predict survival in colic horses? 01/07/2020 31/12/2022 Associate Professor  

Erik Noschka
The University of 
Adelaide 

PRJ-012165 Detecting the silent carrier: Can we eradicate 
strangles from endemic premises? 01/07/2020 30/06/2023 Professor James Gilkerson The University of 

Melbourne 

PRJ-012079 Bacteriophage and R. equi pneumonia risk 01/07/2020 31/07/2023 Dr Gary Muscatello The University of 
Sydney 

Objective 3

Improve the safety of industry participants and the welfare of 
horses and enhance the sustainability of the industry. 

PRJ-012730 Thoroughbred welfare initiative 07/06/2020 15/12/2020 Thomas Reilly Thoroughbred 
Breeders Australia

PRJ-012093 Rapid point of care diagnosis of equine  
Hendra Virus using LAMP technology 15/05/2020 15/06/2021 Associate Professor  

Benjamin Ahern
The University of 
Queensland

PRJ-011777 Science fact not fiction: Detecting gene-edited 
racehorses 31/07/2019 16/06/2021 Dr Natasha Hamilton Racing Australia 

Limited 

PRJ-011271 Wellbeing: Racing demographics, reasons for 
retirement and post-racing destinations 20/06/2018 30/12/2021 Dr Meredith Flash The University of 

Melbourne

PRJ-011188 Maintaining welfare and integrity in Australian racing 16/08/2018 30/05/2023 Dr Glenys Noble Charles Sturt 
University

Objective 6

Reducing injury and breakdown of horses in work and training.
PRJ-012062 Diagnostic imaging to reduce thoroughbred 

racing fatality 01/07/2020 01/12/2021 Dr Alex Young The University of 
Queensland

PRJ-012138 Sesamoid bone adaptation and repair in 
thoroughbred racehorses in training 02/12/2020 27/02/2023 Professor Chris Whitton The University of 

Melbourne

Research 
projects
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Background 

Thoroughbred breeding regions across Australia 
already experience hot conditions and are likely to 
experience more extreme weather in coming years 
due to climate change. But the relationship between 
ambient temperatures and fertility has not been 
studied in a field setting relevant to the Australian 
thoroughbred industry. Understanding the effects of 
ambient temperature on fertility and the underlying 
mechanisms is essential to developing appropriate 
interventions to improve reproductive efficiency and 
safeguard the sustainability of the industry. In this 
project, the project team investigated the relationships 
between ambient conditions (temperature and humidity), 
sperm assessment parameters, sperm DNA damage and 
stallion fertility.

Objectives 

The objective of the study was to investigate the effects of 
ambient heat stress on stallion fertility and to determine 
whether management practices employed at thoroughbred 
studs are adequate to maintain optimal fertility in stallions.

PhD Understanding, reducing 
the effects of heat stress on 
thoroughbred stallion fertility

For the full final report summary,  
visit agrifutures.com.au/heat-stress-
stallion-fertility

Research approach 

This study was completed over two consecutive breeding 
seasons: 2017-18 and 2018-19. The project team was 
based at Scone during each breeding season. A temporary 
laboratory was set up on-site at participating stud farms 
and dismount semen samples were collected from stallions 
once a week. Weather loggers were installed in stables and 
paddocks that housed the stallions to monitor temperature 
and humidity. Dismount samples were analysed for sperm 
motility and morphology, and processed/stored for DNA 
damage analysis. Pregnancy test outcomes of each breeding 
were used to calculate weekly per-cycle conception (PCC) 
rates and first-cycle conception rates that corresponded 
with collected samples. Animal histories and libido scores 
for each cover were also recorded. Statistical investigations 
were carried out to examine relationships between fertility 
(using PCC rates, first-cycle conception rates and pregnancy 
results), environmental conditions (including temperature, 
humidity and temperature-humidity index; THI), and 
DNA damage. In the 2018 season, studs participating in 
the project opted to install misting systems for stallions 
identified as susceptible to heat stress and the project team 
continued to monitor temperatures and humidity to ensure 
there were no detrimental increases in humidity as a result of 
the spray misting.

Objective 1

Improve breeding outcomes  
and foal health and development

PRJ-011268

 Principal investigator:  Dr Aleona Swegen  
and Dr Roisin Griffin 

Organisation:  The University of Newcastle

May 2018 to July 2020
Project timeframe

Results and key findings

The results showed that there are clear relationships 
between climate and fertility, and that climate affects 
libido and sperm quality. However, these are only apparent 
in some stallions, i.e., some animals are more susceptible 
to heat stress. Night-time temperatures appear to have the 
greatest impact on fertility, and this can be exacerbated by 
keeping stallions stabled overnight. The project team also 
found that stables hold heat at night, even while paddock 
temperatures drop. Almost all the heat-stress-susceptible 
stallions showed more sperm DNA damage following 
higher ambient temperatures, suggesting that this is a 
possible mechanism for heat-induced subfertility.

2021 Research, Development and 
Extension Snapshot
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Implications for industry

1.      Correlations between ambient temperature and fertility 
vary according to the individual stallion. Some stallions 
exhibit strong and consistent correlations between 
ambient temperature variables and per-cycle conception 
rate. Ongoing monitoring of temperature/humidity and 
per-cycle conception rates will help identify and enable 
management of susceptible stallions.

2.      Some common stallion management practices (e.g. 
grazing during the day and stabling at night) should 
be reconsidered as these may be inadvertently 
exposing stallions to higher temperatures. Other 
identified strategies could also be employed in the 
design and planning of stud farms to reduce ambient 
temperatures experienced by stallions, such as 
installing misting systems.

3.      There is a consistent relationship between ambient 
temperature and sperm DNA damage. Fertilisation 
with DNA-compromised sperm may increase the 
risks of pregnancy loss or developmental disease in 
foals. The consequences of this DNA damage need 
further investigation. In the meantime, studs may wish 
to integrate regular sperm DNA assessments into 
management practices, and should be encouraged to 
minimise exposure of stallions to heat leading up to 
and during the breeding season.

Recommendations for industry

1.     Reassessment of stallion management routine 
 
A change in stallion regimens whereby stallions are 
stabled during the day and have access to pasture 
at night would provide stallions with the greatest 
relief from heat stress and should be considered by 
all farms. An alternative is to provide morning and 
evening pasture access and stabling during peak 
daytime heat. In this instance, stallions would have 
access to pasture from 7am to 11am (between the 
scheduled morning breeding sessions), followed 
by an evening grazing period from 4.30pm to about 
9pm (between the scheduled evening and night 
breeding sessions), when daytime temperatures have 
subsided. Although this schedule is more labour-
intensive, it gives stallions relief from severe daytime 
conditions while still allowing stallions eight hours 
of pasture access – in keeping with current breeding 
management regimens.

2.     Modifications to farm design and planning 
 
Studs invest in appropriate shade, including man-
made shelters such as tarpaulin shades and tree cover. 
In the case of the latter, it is crucial that dense-leafed, 
medium-height (about 5 m) trees are used. Trees 
should line up with the sun’s path, or alternatively 
be planted in the centre of paddocks. Trees not only 
provide shade, but also moderate ground surface 
temperatures and provide active, evaporative cooling, 
thereby lowering the surrounding temperature. 

3.     Ongoing monitoring of stallions for susceptibility  
to heat stress and early detection of subfertility 
 
Stud managers actively investigate and identify 
stallions whose health and fertility are negatively 
affected by heat stress. This could include:

• Installation of temperature and humidity loggers 
in both the stables and paddocks where stallions 
are housed. Loggers must be calibrated correctly 
and installed out of direct sunlight. The user 
interface on temperature and humidity loggers 
allows managers to assess real-time conditions 
and calculate THI, which participating studs 
found useful.

• Collection of weekly dismount samples from 
stallions during the breeding season. Samples 
should be immediately snap frozen and stored for 
future assessment.

• Ongoing case-by-case investigation of 
relationships between fertility data and 
environmental conditions recorded in the 
corresponding week and up to three weeks 
previous. This will provide a shortlist of candidate 
heat-stress-susceptible stallions.

• Tailoring of management practices as 
appropriate for specific animals.
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Background

Respiratory disease is an important cause of morbidity 
and death in foals presented for veterinary care. 
Approximately 13,000 foals are born each year in 
Australia, and about 6% of these require intensive 
care or resuscitation. Of foals with problems identified 
within 48 hours of birth, at least 25% require respiratory 
support. Lung function is performance-limiting, even 
in healthy horses. Early and appropriate respiratory 
support can help ensure optimal short and longer-term 
health outcomes. Nasal administration of oxygen is often 
the only available treatment strategy for respiratory 
support of foals. However, the administration of 
supplementary oxygen does not improve the removal of 
CO2 or decrease the work required to breathe, and can be 
associated with adverse effects. Mechanical ventilation 
represents the next level of support, but is invasive 
(requires patient intubation), technically challenging, 
expensive and available in very few specialist equine 
hospitals. Non-invasive ventilation (NIV) is the preferred 
method of respiratory support for preterm babies and 
in other intensive care settings. We have previously 
demonstrated that an ‘off-the-shelf’ continuous positive 
airway pressure (CPAP) ventilator designed for at-home 
care of sleep apnoea (snoring) in people improves lung 

Non-invasive ventilatory  
support for foals

Objective 1

Improve breeding outcomes  
and foal health and development

function in foals and calves, and have suggested this might be 
a cost-effective and readily available support strategy for foals. 
However, CPAP is consistently associated with CO2 retention 
in foals. The provision of lower pressures during expiration 
using bi-level positive airway pressure (biPAP) devices might be 
expected to improve NIV for foals. 
 

 
Objectives

The objective of this project was to develop and accurately 
assess strategies to improve respiratory support of newborn 
foals. It is hoped these strategies can be used in equine 
veterinary hospitals or on-farm using readily available, 
‘off-the-shelf’ NIV equipment, such as ventilators used 
for at-home management of sleep apnoea (snoring) in 
people. Guidelines for field and hospital implementation of 
respiratory support were expected as an outcome of this 
study. As respiratory distress, the retention of carbon dioxide 
(CO2) and low tissue oxygen (O2) concentrations are common 
precursors to morbidity and mortality in newborn foals, the 
strategies developed in this project are expected to improve 
foal survival rates using readily implemented approaches and 
mask delivery of NIV, without the need for intubation. 
 
 

Research approach 

This project was completed in two studies conducted in 
consecutive breeding seasons. In Study One (2018), the 
efficacy of a commercial biPAP device was compared 
with mask delivery of oxygen in a small number of 
foals hospitalised with respiratory insufficiency, and in 
healthy research foals with pharmacologically induced 
(reversible) respiratory insufficiency. Effects were assessed 
by comparing vital signs (heart rate, respiratory rate, 
temperature, blood pressure), arterial blood gas analysis 
(O2 and CO2 content of blood), spirometry (lung function 
parameters such as tidal breath volume, inspiratory 
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and expiratory airflows), and respiratory gas analysis to 
determine the efficiency of O2 and CO2 exchange. Non-
invasive monitoring included pulse oximetry to assess blood 
oxygen content (haemoglobin saturation), and expired breath 
CO2 was compared with CO2 content in arterial blood.

In Study Two (2019), a human transport ventilator was used 
to ensure better control of ventilation parameters and to 
evaluate the effect of different inspiratory and expiratory 
settings during biPAP ventilation of foals. Methods for 
improved and continuous monitoring of respiratory function 
were also assessed. Outcome measures included vital signs, 
arterial blood gas analysis and spirometry, as in Study One. 
Computer tomography (CT) was used to assess lung volume 
and aeration of lung tissue. In addition, the elimination of CO2 

was assessed by volumetric capnography (Vcap), a technique 
that plots the CO2 content of expired air against the expired 
breath volume. Three pulse oximeters were compared to 
monitor blood O2 content, and venous blood gas results were 
compared with arterial values to assess ventilation.

 
Results and key findings

NIV was effective in both studies. The commercial biPAP 
ventilator used in Study One improved oxygen extraction and 
mechanics of breathing in both healthy and hospitalised 
foals, as was observed previously during CPAP. However, 
higher blood CO2 content was observed, particularly in 
healthy foals. Although increases were mild and hospitalised 
foals appeared less susceptible to CO2 retention, two foals 
experienced unacceptable increases in CO2 that were rapidly 
reversed when biPAP was discontinued. In Study Two, NIV 
was associated with increased oxygenation, enhanced CO2 
elimination and improved breathing mechanics, without 
accumulation of CO2. These were important improvements 
over previous results achieved using cheaper ‘off-the-shelf’ 
CPAP and biPAP devices, demonstrating the efficacy of NIV 
for respiratory support of foals. Beneficial effects in this 
study were attributed to longer expiration times than had 
been achieved in previous studies. Increased lung volume and 
improved aeration of lung fields were evident in CT images. 
Foals demonstrated an incremental beneficial response to 
increased expiratory pressures, whereas increased pressure 
support (the difference between inspiratory and expiratory 
pressures) was associated with increased breath holding. 
Ventilator data and graphics correlated well with spirometry 
findings, and provided important information on patient 
response to ventilation. Although results were similar to 
previous findings in this species, only one of three pulse 
oximeters evaluated proved suitable for use in foals. Venous 
blood gas analysis and Vcap appeared promising for the 
assessment of ventilation, but further studies are required 
in foals with more severe CO2 retention than was observed in 
this project.

Implications for industry

The project findings extend previous research that 
demonstrated that NIV is an effective method to improve 
lung function and respiratory support in foals. Using NIV, 
lung aeration is increased, with consequent beneficial 
effects on the efficiency of gas exchange and decreased 
work of breathing. In foals, ventilator settings should ensure 
expiratory times of up to three to four seconds, to ensure 
there is sufficient time for exhalation and to prevent CO2 

retention. The use of ‘off-the-shelf’ positive airway pressure 
devices (CPAP and biPAP) may have adverse effects on 
respiratory function due to inadequate expiratory time. 
However, results obtained from the use of a ventilator with 
improved control and monitoring features has provided 
insight into optimal ventilator settings. Individual responses 
may vary, and there is a need for reliable, non-invasive 
monitoring of breathing efficiency and response to NIV 
in foals. Based on these findings, NIV is likely to be an 
important addition to the clinical management of respiratory 
insufficiency in foals by supporting lung function and 
offering improved patient care. Draft guidelines for the 
implementation of NIV in foals have been prepared, and 
should be refined based on cumulative and diverse clinical 
experience. The use of nasal prongs for NIV delivery should 
be investigated. 
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Background 

C. burnetii is a bacterium that can cause reproductive 
loss in a variety of animal species, particularly ruminants, 
and also causes the disease Q fever in humans. In some 
other countries, C. burnetii has been associated with 
equine abortion but this had not previously been studied 
in Australia. In preliminary work as part of this project, 
C. burnetii was detected in some historical cases of 
equine abortion in Australia, but the significance of this 
finding with respect to human and equine health was 
unclear. Understanding the role that C. burnetii has in 
equine abortions is important because the Australian 
thoroughbred industry relies on live foals, and thus 
seeks to minimise reproductive losses. Furthermore, 
close contact between people and horses, including 
during foaling, increases the potential for C. burnetii to be 
transmitted from horses to people.

Objectives 

The objective of this project was to determine whether 
the bacterium C. burnetii was present in equine post-
mortem abortion samples collected over time from 
different areas of Australia. The project also aimed to 
determine how much C. burnetii was present in the 
abortion samples to assess whether the bacteria likely 
caused the equine abortions, and whether the bacteria 
were a human health risk. 

Coxiella burnetii 
infection in association 
with equine abortion

For more information about the 
Program, publications and to sign up 
for regular updates, visit agrifutures.
com.au/thoroughbred-horses

Research approach 

This project tested 600 clinical samples collected from 
equine abortion cases in Australia, mostly from NSW 
and Victoria, between 1994 and 2019. These samples 
were tested for the presence of C. burnetii DNA using 
molecular techniques (PCR).

C. burnetii was detected in 21 abortion cases, giving 
an overall prevalence of 4%. Of the 21 positive cases, 
10 cases were from Victoria (prevalence of 3%) and 11 
cases were from NSW (prevalence of 6%). The annual 
incidence of C. burnetii ranged from 0-14% and was 
highest between 1997-2003 and 2016-2018. 

The amount of C. burnetii in the positive samples was 
low compared with other species, particularly ruminants, 
but even low levels of this bacteria are a human health 
risk as the dose of C. burnetii for human infection is very 
low (10-15 organisms). 

Results and key findings

This study confirmed the presence of C. burnetii in 
equine abortion materials in Australia, specifically in 
NSW and Victoria, but does not prove that C. burnetii 
caused the abortion event. Only low loads of C. burnetii 
were detected in the Australian equine samples. The 
low levels of C. burnetii in the equine samples could 
suggest that the bacteria did not cause the abortion 
event, but the presence of even low levels of C. burnetii 
in the equine samples is a human health risk. 

Implications for industry

Further work is needed to clarify the role of C. burnetii 
in equine reproductive loss. Future work should involve 
testing for the presence of C. burnetii and detailed 
microscopic examination of the abortion tissues to 
identify what changes are present in the placenta and 
foetal tissues where C. burnetii is detected. Testing 
placental tissues from normal (healthy) deliveries 
for the presence of C. burnetii may also help clarify 
whether the presence of C. burnetii in the equine 
placenta is incidental or causes equine abortion.

Objective 1

Irrespective of the role that the bacterium may play in 
equine reproductive loss, the detection of C. burnetii 
in equine abortion samples is significant in itself. This 
is because of its potential for human infection and the 
possibility of human disease arising from a very small 
infectious dose. For this reason, biosecurity practices, 
including the use of personal protective equipment (PPE), 
the use of disinfectants and attention to hygiene, should be 
implemented to prevent human C. burnetii infection. This 
applies to people working in the thoroughbred breeding 
industry and other associated industries, such as equine 
veterinarians and those working in veterinary diagnostic 
and pathology laboratories where people may be exposed 
to equine abortion materials.

Recommendations for industry

Infection control measures, including biosecurity and hygiene 
practices, should be implemented to help manage the risk 
of C. burnetii infection in horses and humans. This includes 
measures on farms where equine abortions take place, and in 
veterinary diagnostic and pathology laboratories where post-
mortem assessments take place.

To clarify the role of C. burnetii in equine reproductive loss, a 
prospective study that tests abortion materials for C. burnetii 
and examines tissues for histopathological changes would 
be helpful. Testing of placental tissues from normal (healthy) 
deliveries may also help determine whether the presence of C. 
burnetii is incidental or causes equine abortion.  
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Background 

Jockeys are exposed to serious health risks in their 
workplace and these risks are exacerbated by 
occupational stress. Rates of concussion among jockeys 
are very high. Injuries among licensed jockeys in the years 
2002-2010 led to claims that cost $9 million per year, 
with the mean cost of a race day fall $33,756. If the fall 
involved a head injury, the mean cost was $127,127.

Our pilot research showed that when jockeys reported 
high stress in concert with signs of dysregulated stress 
physiology, their decision-making was substantially 
impacted. Such decrements likely increase the fall risk in 
stressed jockeys.

This research aimed to determine whether a novel 
virtual-reality concussion tool, CONVIRT, which was built 
specifically to test jockey concussion, could provide 
evidence that better informs return-to-ride decisions. 
CONVIRT places the participant in a virtual horse race 
where they must respond to stimuli that assess visual 
processing speed, attention, and decision-making 
by tracking eye speed and manual reaction times. 
Additionally, the viability of novel blood biomarkers of 
concussion, which may similarly inform prognosis and 
return-to-ride decisions, was studied. 

This is an important area of research, as there is mounting 
evidence that the brain injury may persist long after 
concussion symptoms recede.

Finally, whether a history of concussion was related to 
higher levels of circulating biomarkers of concussion, and 
whether it impacted performance, was assessed based on 
cognitive measures. 

Objectives 

1.  To use a longitudinal design to study the 
prospective effects of concussion upon several 
novel biomarkers of concussion, with the 
intention to identify the most sensitive measure of 
concussion.

2.  To assess whether the brain injury period, as noted 
from the blood biomarkers, continues beyond the 
time that concussion symptoms subside.

3.  To use a prospective design to assess whether 
changes in workplace stress are related to 
increases in inflammatory markers and, further, 
whether these inflammatory markers are related to 
deficits in cognition.

4.  To assess the viability of CONVIRT, a virtual-reality 
cognitive battery developed specifically for jockeys, 
for use in the horse racing industry.

5.  To determine whether a history of concussion or 
elevated blood biomarkers are related to poorer 
performance on the CONVIRT battery or are just 
traditional measures of cognitive performance.

Improving jockey safety 
through virtual reality and 
biomarkers of concussion

Research approach 

This study employed a prospective design to assess the 
temporal changes in: 

1.      Jockey performance based on cognitive tests pre- and 
post-concussion.

2.      Jockey biomarkers pre- and post-concussion.

3.      Workplace stress and inflammatory markers compared 
with cognitive performance (baseline-to-baseline 
comparisons).

Jockeys provided data on these measures at baseline 
(pre-concussion) (n = 108 Time 1, n = 88 Time 2) and 
again at two days, seven days, 30 days and one year post-
concussion. Additionally, the concussed jockey group (n = 
12) was compared against a matched control group for both 
cognitive (n = 103) and biomarker data (n = 51). Baseline 
data was collected for two years from the whole cohort, and 
all concussion events across the three-year period were 
followed up.

The study also gathered data across the two baseline 
periods on measures of stress and each jockey’s history 
of concussion. In this arm of the study, blood samples, 
psychological data and cognitive data provided by jockeys 
(n = 40) across each of the two years were used to assess 
the temporal associations between workplace stress, 
inflammation, and cognitive performance.

The final study employed a cross-sectional design to assess 
whether a history of concussion or blood biomarkers of 
concussion were associated with performance on CONVIRT 
(n = 29) or were just traditional measures of cognition in the 
field (CogSport, n = 45).

 

Objective 3

Results and key findings

Study 1. Biomarkers of concussion

•      The biomarkers neurofilament light (NfL) and 
Glial fibrillary acidic protein (GFAP) appear to be 
good indicators of the timing of concussion injury 
resolution.

•      Cognition (as measured by CogSport) and self-
reported concussion symptoms generally return to 
pre-injury status within one month, but NfL levels 
may still be higher at one month and beyond, which 
suggests the injury has not resolved.

•      Based on standard concussion management 
practices, there is a chance that some athletes are 
returning to play before their brain injury has resolved. 

Study 2. Stress, inflammation and cognition

•      When compared with mainstream occupations, 
jockeys are reporting high levels of workplace stress.

•      High workplace stress is due to increasing demands and 
a burden of personal responsibility, and not low rewards.

•      Jockeys with increased workplace stress have poorer 
attention.

•      Jockeys with increased workplace stress have higher 
levels of the tumour necrotic factor alpha:interleukin 
10 (TNFα:IL10) ratio, which suggests that 
increased workplace stress results in a primarily 
proinflammatory response.

•      Jockeys with an increased TNFα:IL10 ratio perform 
more poorly on measures of attention.

Study 3. Concussion history, biomarkers of inflammation 
and CONVIRT cognitive test performance

•      About 80% of the 45 jockeys reported a concussion 
event, with 53% of those jockeys reporting loss of 
consciousness. 

•      After statistically controlling for age and gender, 
jockeys with more concussions performed more poorly 
on the CONVIRT measure of saccadic reaction time 
and speed.

•      After statistically controlling for age and gender, jockeys 
with higher levels of serum tau proteins performed 
more poorly on CONVIRT measures of attention and 
decision-making. Tau proteins are proteins that 
stabilise microtubules and are abundant in the central 
nervous system. Diseases such as Alzheimer’s disease 
and Parkinson’s disease are associated with tau 
proteins that have become defective and no longer 
stabilise microtubules properly.

Improve the safety of industry participants 
and the welfare of horses, and enhance the 
sustainability of the industry  
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Figure 1. A jockey undergoing testing as part of the project.
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Implications for industry

The NfL and GFAP biomarkers appear sensitive indicators 
of concussion status and can help discern when an injury 
has fully resolved. The risk of serious and potentially chronic 
disease may be elevated for persons who sustain a concussion 
on top of a brain injury that has not fully resolved. Given the 
international spotlight on concussion management at present, 
a shift towards considering injury resolution may soon be used 
to assist with concussion management decisions. With further 
research, it is hypothesised that these tests may soon be 
validated to help identify and manage concussions.

The search for novel ways to better measure concussion 
recovery and inform prognosis is a big part of helping reduce 
workplace risk. To that end, the promising findings from 
the present study help bring the field one step closer to 
routinely using evidence-based biomarkers of concussion 
and behavioural measures of cognition (CONVIRT) to 
better inform decisions around best practice concussion 
management for jockeys. 

Unlike other cognitive tests, the CONVIRT battery measures 
elements of the visual system that are compromised by 
concussion. By assessing attention, decision-making and 
visual processing speed using eye-tracking technology in a 
virtual horse race, the CONVIRT tool has clear advantages 
over traditional computer-based concussion tests, and may 
be used to assess if jockeys are ‘fit to ride’. CONVIRT continues 
to provide evidence to improve industry acceptance and 
promote safer workplace practices. 
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Research approach and progress

Cytobrush samples from 300 mares were collected at four sites 
throughout Australia and New Zealand at the beginning of the 
2018 and the 2019 breeding seasons. 

At the end of those seasons, cytobrush samples from mares 
that were not pregnant were collected when available, as well as 
samples from mares after foaling in the following year.

In addition, swab samples from 10 stallions were collected 
throughout the 2018 breeding season. Additional swab samples 
from seven of these stallions were obtained during the 2019 
breeding season to determine the stability of the microbiome 
over a period that included prolonged sexual rest.

DNA was extracted from the uterine cytobrush and penile 
swab samples, and the genomic DNA recovered was used as a 
template for PCR amplification of the V3-V4 variable region of 
the bacterial 16S rRNA gene. Amplicons were sequenced on an 
Illumina MiSeq instrument.

The findings in mares to date are:

1.      Equine uterine cytobrush samples yield sufficient quantities 
of DNA to be used in high-throughput sequencing 
technologies.

2.      A rich microbiome is present in the equine uterus of barren 
and maiden mares that is not reflected by conventional 
culture results.

3.      Known equine uterine pathogens were found in more 
abundance in unsuccessfully bred barren mares than in 
successfully bred mares, even when not found by traditional 
culturing methods.

The findings in stallions to date are:

1.      Equine penile swab samples yield sufficient quantities 
of DNA to be used in high-throughput sequencing 
technologies.

2.      A rich microbiome is present on the equine penis.

3.      Stallions shuttled between hemispheres have a richer and 
more diverse microbiome at the beginning of the breeding 
season than ‘resident’ stallions.

4.      The stallion’s penile microbiome decreases in bacterial 
richness and diversity throughout the season.

5.      The stability of the ‘resident’ microbiome during the breeding 
season varies considerably between stallions, and generally 
the microbiome seems to be more stable between breeding 
seasons than within a breeding season. 

Implications for industry

Establishing culture-independent methods enables the 
identification of a higher number of microorganisms, and 
therefore potential candidate pathogens that can be linked to 
equine infertility. 

Comparison of the microbiome at several different time 
points enables an assessment of whether the bacterial 
population in the equine uterus is stable over time. Taking 
factors such as age, stallion choice and reproductive status 
into account allows correlation of these factors with any 
changes in the microbiome.

The assessment of the microbiome present on the stallion’s 
penis at different time points informs on the acquisition and 
changes of different bacteria during the season. The finding 
that the microbiome is influenced by travel and breeding 
activity informs new hypotheses that can characterise these 
factors in further studies. The stallions in this study were all of 
acceptable fertility, but including subfertile stallions in future 
studies could potentially lead to new insights into the role of 
the microbiome in stallion fertility. 
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Background  

Endometritis (inflammation of the endometrium) is 
an important cause of infertility in mares. Pregnancy 
rates in severely affected mares are significantly 
lower than rates in unaffected mares. This not only 
leads to increased costs but also to foals being born 
later in the season, which means lower prices at 
yearling sales and also lower performance in races 
throughout their lives. This explains why subfertility, 
in particular endometritis, has been the focus of 
intense research efforts for many years. However, the 
pathogenesis is complex and still poorly understood. 
Currently, limited information on the microbial 
population in the equine uterus is available beyond 
the detection of specific pathogens in some subfertile 
mares. Given that less than 1% of environmental 
bacteria are cultivable on common media and 
based on the results of molecular identification 
techniques in other species, it is likely that these 
cultured species represent a minority of the resident 
population. The in-depth analysis of the uterine 
microbiome (community of microorganisms) in fertile 
and subfertile mares is an essential step towards 
improved reproductive health in horses. 
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The uterine microbiome –  
key to equine infertility?

The role of the microbial resident population on the 
stallion’s penis in the development of endometritis has 
not yet been investigated. Again, while routine culture 
methods are performed, it is highly likely that only a 
subset of bacteria present can be identified. 

Objectives 

The objectives of this project are to:

1. Identify differences in the microflora (bacterial species) 
of the vagina between fertile and infertile mares.

2. Compare traditional culture-dependent methods 
of assessing the presence of bacteria in the equine 
uterus with novel culture-independent techniques, 
such as 16S rRNA sequencing.

3. Assess the microbiome in fertile and infertile mares at 
several time points.

4. Assess the microbiome on the stallion’s penis at 
several time points during the breeding season.

Objective 1
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Background

Stallions are selected on the basis of pedigree and 
athleticism rather than reproductive traits. As a 
result, the fertility of these animals is lower than most 
domesticated livestock species. In 2010, the University 
of Newcastle began collaborations with several 
Hunter Valley thoroughbred stud farms to investigate 
factors affecting stallion fertility. The resulting 
research revealed that stallion sperm fertility is highly 
dependent on their ability to efficiently produce energy 
using an unusual metabolic strategy. We have now 
developed a test to predict the likelihood of pregnancy 
by measuring this pathway. This new test has greater 
prognostic value than any conventional tests of sperm 
quality. We are now working closely with the University 
of Newcastle’s Research Centre for Organic Electronics 
to design a simple device, along with a disposable 
cartridge, to allow this test to be performed quickly and 
easily on-farm.

Objectives

The overall aim of this program of research is to help the 
thoroughbred horse breeding industry by developing 
strategies to increase reproductive performance and, 
as such, we are directly addressing the AgriFutures 
Thoroughbred Horses Program objective to improve 
breeding outcomes. 

The major objective is to produce a device capable of 
measuring the metabolic rate of spermatozoa in a post-
breeding ‘dismount’ semen sample to identify samples that 
are unlikely to produce a pregnancy. This will allow stallion 
managers to schedule the mare to be re-bred on the same 
cycle to increase the chance of a positive pregnancy. By 
increasing per-cycle conception rates, mares will conceive 
earlier in the breeding season, resulting in earlier foals, 
which attract higher prices at yearling sales and are more 
competitive in age-related races.

PRJ-011712

 Principal investigator:  Dr Zamira Gibb 
Organisation:  The University of Newcastle

May 2019 to May 2022

Improve breeding outcomes and  
foal health and development

Project timeframe

A novel device for the  
on-farm assessment of  
stallion sperm fertility

Objective 1

For updates on this project, visit agrifutures.
com.au/thoroughbred-horses

Research approach and progress

In October 2019, we delivered prototype devices (which 
we have named ‘Equility’) and reusable cartridges to four 
prominent thoroughbred stud farms in the Hunter Valley. We 
conducted training sessions on each farm, and provided the 
required reagents and technical support during the trial period. 
Each stud farm collected ‘Equility’ device readout data and 
the pregnancy results associated with each sperm sample, 
and when we divided the samples according to positive and 
negative 14-day pregnancy test results, we found that the 
’Equility’ device readout was significantly higher from the 
‘positive’ pregnancy samples compared to the ‘negative’ 
pregnancy samples. However, there were considerable 
concerns around the usability of the prototype cartridges, 
which we then redesigned and tested during the 2020 breeding 
season. Unfortunately, the production of the prototype readers 
for the 2020 breeding season was delayed due to COVID-19-
associated difficulties in obtaining electrical components. 
However, we were able to conduct a small field trial at the end 
of the season to validate the repeatability and usability of 
the new cartridges. Using our research pony stallions, we are 
presently field testing a completely automated ‘Equility’ device 
(using the 2020 cartridge design) that will require minimal 
human intervention, and will provide information about the 
likelihood of a successful pregnancy (with respect to sperm 
metabolic status) within an hour of breeding. 

Implications for industry

While the primary objective of developing this device is to 
improve the efficiency and sustainability of thoroughbred 
breeding practices, we anticipate that the device will also 
become an invaluable tool in scientific research, and will find 
a place on the laboratory bench alongside the microscope 
and the flow cytometer.

During the project, we will gain valuable insights into the 
basic biology of the stallion spermatozoon. We will be 
able to investigate potential associations between sperm 
metabolism and fertility, with external factors such as 
environmental fluctuations, changes to management 
practices and stallion health. This information will be pivotal 
in guiding device modifications and stallion management 
strategies as the project proceeds. 
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Figure 1. ‘Equility’ device readout: the fluorescence of 
‘dismount’ sperm samples that resulted in pregnancies was 
significantly higher than those from samples which did not 
result in pregnancies. ** P<0.01.
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Background

Diarrhoea is among the most common and important 
causes of foal illness. Up to 60-80% of foals less 
than six months of age are affected, and it is a major 
issue in the thoroughbred breeding industry. Several 
infectious agents are associated with foal diarrhoea, 
including pathogens such as Clostridium difficile, C. 
perfringens and Salmonella spp. that can result in 
substantial illness and death and are transmissible 
to humans.

Infectious diarrhoea is often associated with 
generalised inflammation responses that may 
damage other body systems and cause further 
illness. The treatment of diarrhoea in foals typically 
involves administration of fluids, anti-inflammatory 
treatments, nutritional support and antibiotics. 
However, none of these treatments address the 
inevitable disruption to the balance of the bacteria in 
the intestines (microbiota). Through use of advanced 
laboratory methods (metagenomic sequencing), it is 
known that substantial disruption to the microbiota 
occurs in foals with diarrhoea.

Novel approaches to the (re-)establishment of the 
healthy intestinal microbiota in foals are urgently 
needed to improve the management and outcomes 
of foals with infectious diarrhoea. In humans with 
C difficile enteritis, the transplantation of faeces/
intestinal contents from healthy individuals (faecal 
microbiota transplant; FMT) results in impressive 
efficacy for achievement of clinical cure (up to 90%) 
and minimal complications are reported. This research 
study will investigate the clinical and laboratory 
(metagenomics) effects of FMT in foals with infectious 
diarrhoea. It is anticipated that good efficacy of this 
method will be determined, providing benefits to the 
Australian thoroughbred industry through development 
of evidence-based management strategies for this 
problematic condition.

PRJ-012082

 Principal investigator:  Professor  
Kristopher Hughes 

Organisation:  Charles Sturt University

July 2020 to November 2022

Improve breeding outcomes and  
foal health and development

Project timeframe

Effects of faecal microbiota 
transplant therapy on  
infectious diarrhoea in foals

Objective 1

To receive updates on this project and the 
AgriFutures Thoroughbred Horses Program, visit 
agrifutures.com.au/throughbred-horses

Objectives

1.      Assess the effectiveness of faecal microbiota 
transplantation (FMT) for the management of diarrhoea 
in foals, to develop innovative treatment approaches to 
reduce negative impacts of diarrhoea on foal health.

2.      Assess the effects of FMT on restoring the normal balance 
of intestinal bacteria (bacterial microbiota) in foals with 
infectious diarrhoea; through using faecal samples before 
and after treatment, the effects will be determined using 
sophisticated laboratory methods.

3.      Determine the outcomes (survival, complications) of  
foals with infectious diarrhoea. These data will be 
obtained prospectively and will provide capacity for 
evidence-led and contemporary recommendations and 
effective communication with horse owners and breeders 
on anticipated outcomes and risk of complications in 
foals with diarrhoea.

4.      Investigate how commonly specific infectious agents  
are involved in foal diarrhoea to provide information 
relevant to the Australian thoroughbred population for 
clinical decision making, infection control, and  
biosecurity on farms. 

Research approach and progress

The project involves a prospective randomised 
placebo-controlled study of foals with confirmed 
or suspected infectious diarrhoea and clinical 
and clinicopathological evidence of a systemic 
inflammatory response syndrome that are presented 
for veterinary management. Recruited foals are 
randomly allocated to a faecal microbiota transplant 
(FMT) or control group. Foals in the FMT group receive 
200 ml of FMT fluid once daily for three days by 
nasogastric intubation. The FMT is prepared using fresh 
faeces from a healthy adult horse donor confirmed 
to be free of specific pathogens (e.g. C. difficile, C. 
perfringens, cryptosporidium and Salmonella spp.) 
using molecular methods. Foals in the control group 
receive 200 ml of isotonic electrolyte solution daily 
for three days. All foals receive veterinary treatment 
for diarrhoea, including intravenous fluids, anti-
inflammatory medications and nutritional support.

Faecal samples will be collected by rectal swabbing 
immediately prior to group allocation (day 0 [d0] and on 
d1, d4 and d7). For each sample, DNA extraction, gene 
amplification and next-generation gene sequencing will be 
undertaken to determine the faecal bacterial microbiota 
profiles and changes in the microbiota with treatment.

Once the high-throughput sequencing has been 
completed, sequences will be processed using dedicated 
software to characterise the microbiota, including 
diversity and richness. Comparisons will be made 
within and between groups to determine differences in 
microbiota community membership and structure.

During the 2020 foaling season, the prevalence of 
infectious diarrhoea was less than previous years. Six 
foals were recruited into the study, of which three were 
administered FMT. Treatment was tolerated by all foals 
and no adverse effects of treatment occurred. The study 
will continue with foal recruitment during the 2021 and 
2022 foaling seasons. 

Implications for industry

This research project will provide important information 
to advance understanding of diarrhoea in foals and 
novel management strategies for this life-threatening 
condition. Specifically, this research project will deliver 
knowledge on:

1.      The prevalence of important bacterial pathogens in 
foals with diarrhoea.

2.      The efficacy of FMT in affected foals, including 
clinical effects and outcomes and improvement/
normalisation of the microbiota.

3.      The safety of FMT in foals.

This study will generate information that can be directly 
applied to the thoroughbred industry in a time-efficient 
and cost-effective manner. Integration of novel treatments, 
supported by evidence-led findings, into management 
strategies for foals with diarrhoea, both on-farm and in 
veterinary hospitals, will lead to benefits for foal health and 
enhance the sustainability of the thoroughbred industry. 
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Objectives

The primary aim of this project is to uncover the biochemical 
profile of the equine pregnancy and translate this 
knowledge into an on-farm test that can rapidly detect early 
pregnancy in the mare.

Secondly, we will seek to understand the interaction 
between the equine embryo and maternal endometrium, 
and investigate the factors that contribute to early embryo 
loss and the long-sought-after ‘maternal recognition of 
pregnancy’ signal in the mare.

Improve breeding outcomes and  
foal health and development

Developing a novel  
diagnostic test for early  
pregnancy in the mare

Objective 1

For updates on this project, visit  
agrifutures.com.au/thoroughbred-horses

Research approach and progress 

PhD student and veterinarian Rukmali Wimalarathne has been 
working with thoroughbred studs in the Hunter Valley to collect 
bloods from mares at seven and 14 days after breeding, and 
compare the plasma protein and lipid profiles across sample 
groups. All the samples for the proteomic analysis have now 
been processed and Rukmali is working her way through a 
vast dataset to determine statistically significant differences 
between the groups. So far, she has identified a pregnancy-
associated protein that is upregulated in the plasma of day 7 
pregnant mares, and several immune system proteins that are 
down in pregnant mares compared to non-pregnant mares at 
day 7. The next step will be to develop ELISA type tests specific 
to each protein so we can validate these further, especially in 
terms of how consistent the differences are in each mare, and 
determine whether the differences are pronounced enough to 
be useful in a pregnancy test setting. 

Lipidomic analysis of the plasma samples is also underway. 
We are trialling an untargeted lipidomics approach, meaning 
we hope to capture all the different families of lipids rather 
than focusing on selected groups to compare. Lipidomics is a 
relatively young field of research and methods for analysing 
these data are still being optimised, so this has been another 
focal point of Rukmali’s project. She has been working closely 
with an expert team in Sydney to identify the best ways to 
approach the bioinformatic analysis and draw out meaningful 
results. Based on a preliminary analysis, there appear to be 10 
upregulated lipid ions and seven downregulated lipid ions; we 
will work to finalise the full dataset over the coming months 
and identify the biological significance of any changes or 
patterns in the lipid profile (both between pregnant and non-
pregnant mares, and as the pregnancy progresses from day 7 
to day 14). Once mare history data become available, we hope 
to also look at whether there are any correlations between 
certain lipid or protein profiles and the incidence of pregnancy 
loss later in gestation. 

PhD student Stephanie Waugh has been working on in vitro 
culture of endometrial organoids (tiny 3D cell cultures that 
functionally mimic the mare’s endometrium at the time of 
oestrus and early pregnancy). She has completed extensive 
validation and profiling of these organoids using RNA 
sequencing and is now proceeding with functional experiments 
looking at the response of the endometrium to the early 
embryo, as well as to sperm and seminal plasma.

Implications for industry

Developing a robust early pregnancy test and/or biomarker will 
directly benefit thoroughbred breeding practice.

Specifically, earlier pregnancy detection will enable non-
pregnant mares to re-enter the breeding cycle earlier, 
which reduces economic losses associated with labour and 
maintenance of these mares while waiting for pregnancy 
diagnosis. For mares that fail to conceive on multiple cycles, the 
shorter timeframe will provide another chance to conceive in a 
given breeding season. Faster turnaround over the season will 
ultimately mean more foals born closer to 1 August (the ‘horses’ 
birthday’) and higher profitability. 
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Background

Currently, the most common way to detect pregnancy 
in mares is by transrectal ultrasound at day 14 after 
breeding. If a mare is found to be not pregnant, she 
can be bred again about a week after the scan. This 
means that every missed cycle delays foaling by 
three weeks. Foals born later in the season have been 
shown to yield lower prices at sales and not perform 
as well as their slightly older counterparts. An early 
pregnancy test that can be performed quickly at the 
stud by analysing a collected blood sample could allow 
non-pregnant mares to re-enter the breeding program 
more quickly and reduce this delay, ultimately avoiding 
some of the lost time and lost profits associated with 
suboptimal fertility in thoroughbred breeding. We also 
know little about the causes of subfertility and the high 
rates of early pregnancy loss in horses, so studying 
the interactions between the early embryo and the 
maternal system will help us to identify and potentially 
prevent some of these problems.

PRJ-011748

 Principal investigator:  Dr Aleona Swegen 
Organisation:  The University of Newcastle

May 2019 to December 2022
Project timeframe
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Improve breeding outcomes and  
foal health and development

Evaluation of equine  
endometrium using confocal  
laser endomicroscopy

Objective 1

For updates on this project, visit 
agrifutures.com.au/thoroughbred-horses 
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PRJ-012123

 Principal investigator:  Dr Kristy Gallacher 
Organisation:  The University of Adelaide

July 2020 to December 2022
Project timeframe

Research approach and progress 

Sampling and data collection is underway and good progress 
has been made to image nearly all the mares required for 
experiment one. Data interpretation is in progress. 

Implications for industry

Our research aims to develop CLE as an imaging modality 
to examine and diagnose conditions of the equine uterus in 
real time, and improve upon current diagnostic techniques 
used to assess uterine health. The knowledge generated 
from this research will improve awareness and treatment of 
mares identified with endometritis. It will lead to a potential 
improvement in fertility, breeding outcomes and viable foals 
of thoroughbred broodmares.  

Acknowledgements

Confocal laser endomicroscopy device supplied by Optiscan 
(Melbourne, Australia).

Figure 1. Equine endometrial epithelium imaged using confocal laser endomicroscopy (The Five2 ViewnVivo, Optiscan Australia).

Figure 2. Image from hysteroscopy (endoscopic examiniation 
of the equine endometrium).

CLE enables examination of multiple sections and depths of 
the endometrium at high magnification in what is a real-time 
‘virtual’ biopsy. This contrasts with a surgical biopsy, where 
a small (less than 0.1% of uterine tissue) section is removed 
at random and relied upon to make a general assessment 
of the health of the uterine lining. CLE has the potential 
to revolutionise endometrial imaging and enable multiple 
virtual biopsies to be taken quickly and efficiently. It would 
enable a move from the current gold standard of taking 
a blind random biopsy to a more targeted approach that 
focuses on areas of concern highlighted by CLE.  

Objectives

The main objective of this project will be to develop CLE as a 
novel diagnostic tool to assess uterine health in the mare.

The first aim is to determine the optimum phase of the 
mare’s oestrous cycle to use CLE for assessing endometrial 
tissue, to achieve maximal image quality and diagnostic 
yield. Improving the quality and efficiency of imaging of 
the uterus will improve our understanding and diagnostic 
capabilities and, in turn, lead to improved health 
recommendations and treatment of reproductive disorders 
of the mare.

Our second aim is to create a universal grading system for 
this imaging modality by indexing a wide variety of equine 
endometrial tissue. An expected outcome will be an atlas 
describing the use of CLE for grading equine endometrium 
that can be interpreted and used by other clinicians to 
assess equine uterine health. 

Background

Poor reproductive performance in the mare has major 
financial and health implications for the equine 
industry. A large proportion of barren mares have 
endometritis (infection or inflammation of the uterus), 
which can result in failure to conceive, early embryonic 
death, and irregular oestrous cycles. Endometritis has 
a significant economic impact because affected mares 
often require intensive clinical breeding management 
and more cycles to become pregnant or not, all of 
which incur additional costs to the owner. Diagnosis 
of this condition can often be challenging and costly, 
and can require multiple tests that do not always give 
a complete representation of uterine health. The gold 
standard diagnostic test is histological examination 
of an endometrial biopsy. Other stall-side tests, such 
as endometrial culture and cytology, do not always 
correlate highly. Confocal laser endomicroscopy (CLE) 
is a new advanced imaging modality that is used in 
human medicine for a wide variety of gastroenterology 
conditions. 
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Implications for industry

Better diagnosis of the cause of pregnancy loss and a better 
understanding of associated risk factors will reduce foetal 
losses, enhance mare welfare, and increase productivity for 
the thoroughbred industry.

Subsequent development of an industry-wide surveillance 
system using the outputs from this project could also 
have significant benefits by providing early warning of an 
outbreak of pregnancy loss. Previous outbreaks include Mare 
Reproductive Loss Syndrome in Kentucky in 2001 and, in 
Australia, the Equine Amnionitis and Foetal Loss Syndrome 
in 2004-05 and Equine Chlamydiosis in 2016. We believe that 
these syndromes were present earlier but not diagnosed. An 
industry-wide surveillance system could have led to earlier 
diagnosis of these syndromes, preventing significant losses.  
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Research approach and progress 

During the first year of this project, the pathologists reviewed 
more than 450 sets of laboratory reports and post-mortem 
material and are well on their way to producing a detailed visual 
atlas of the features of equine pregnancy loss. We are expecting 
this to be an extremely valuable resource for veterinary 
pathologists because the information it contains arises from 
decades of experience and specialist knowledge in our team.

The team has also run training workshops to improve 
veterinarians’ post-mortem skills. Draft manuals on equine 
foetal post-mortem methods are being updated following these 
workshops. They will be a resource that veterinarians can use 
in the field to maximise their chances of receiving a laboratory 
diagnosis of the cause of pregnancy loss. 

On the epidemiology side, data associated with the laboratory 
reports is being used to develop an annual baseline of 
pregnancy loss expected in Australia. This will be used to 
underpin the surveillance system so that spikes and changes 
in distribution of equine pregnancy loss are detected and 
investigated sooner.   

Improve breeding outcomes and  
foal health and development

The pathology and  
epidemiology of equine  
pregnancy loss

Objectives 

The main objective is to improve diagnosis and prevention 
of mid-to-late-term pregnancy loss in thoroughbred 
mares in Australia. We aim to improve mare welfare and 
support the thoroughbred breeding industry.

We also aim to build the foundation of a surveillance 
system for mid-to-late-term pregnancy loss in 
thoroughbreds in Australia. This system could provide 
early warning of an outbreak of pregnancy loss so that 
industry losses are limited.

Objective 1

Read what else Dr Brookes had to say about 
this project at agrifutures.com.au/improving-
diagnosis-and-preventing-pregnancy-loss

Background

Currently, we estimate annual losses of more than 5% of 
pre-term thoroughbred foals in Australia. These losses 
are important to individual mares, their owners and 
the thoroughbred industry. They impact mare welfare, 
have environmental implications (e.g. more travel when 
mares return to stallions and higher use of antimicrobial 
products), and incur costs and productivity losses to 
owners and the industry. Despite the size and impact of 
these losses, the causes and characteristics of mid-to-
late-term pregnancy loss in thoroughbreds in Australia 
are poorly described and understood. Therefore, a 
definitive diagnosis is often not made. Consequently, 
owners and stud managers are unable to take measures 
to reduce repeat losses from affected mares or prevent 
further losses in other mares. 

Our multidisciplinary team includes an equine medicine 
specialist (Dr Joan Carrick), equine scientist (Claudia 
Macleay), specialist veterinary pathologists (Dr Angela 
Begg, Dr Mel Stewart, Associate Professor Pat Shearer), 
and specialist veterinary epidemiologists (Dr Victoria 
Brookes and Associate Professor Jane Heller).

PRJ-011719

 Principal investigator:        Dr Victoria Brookes 
Organisation:  Charles Sturt University

March 2020 to July 2023
Project timeframe
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Objective 2

45

Reduce the incidence 
and impact of  
diseases and  
parasites in horses

O
bjective 2

Reduce the incidence and im
pact of diseases and parasites in horses



Research approach and progress 

As the basis for antimicrobial (AML) selection and ongoing 
surveillance, results of conventional (phenotypic) bacterial 
identification have been collated for 1161 isolates from 
South Australia and NSW for the period 2010-2020. Agar 
disk diffusion test (ADDT) antimicrobial sensitivity results 
were available for 1072 of these isolates over this period. This 
information has been collected into a searchable database 
(antiobiogram), allowing filtering (stratification) of results to 
support clinical decision-making. Data can be interrogated, for 
example, by evaluation of the region from which samples were 
collected (NSW or SA), the type of practice from which samples 
were obtained (ambulatory vs hospital-based practice), the type 
of sample submitted, the bacterial isolate, the year collected 
and, where relevant, the age of the horse (foal vs adult). 

Sample types submitted, and bacteria isolated, differed 
significantly according to location (SA vs NSW) and practice 
type. Across both locations and all practices involved in 
the study, Streptococcus equi subspecies zooepidemicus 
and Escherichia coli were the organisms most commonly 
identified. Sensitivity patterns varied according to bacterial 
type and by location, with isolates from NSW typically less 
sensitive to available AMLs. Multidrug-resistant isolates were 
commonly observed (51.4% of all isolates), particularly among 
Enterococcus and Pseudomonas spp. (100% of isolates), and 
members of the order Enterobacterales (98.7% of isolates). 
Across the duration of the study, increased resistance to 
commonly used AMLs was observed for Staphylococcus 
and Pseudomonas spp., but there was no temporal increase 
in multidrug or extreme drug resistance profiles. The 
identification of 327 bacteria by MALDI-TOF was successful 
for 312 isolates (95.4%). Of the isolates identified, the majority 
(284/312, 94.0%) were identified to genus and species level. 
By comparison, phenotypic identification was successful 
to this level for only 237 isolates (of 312, 76.0%). Agreement 
between the two techniques was 91.3% to family level, 87.3% 
to genus level, and 75% to species level, and was greater for 
Gram negative isolates. Of 78 instances of disagreement, the 
greater number (n = 50) were minor differences (defined as 
discrepancy at species level or other difference unlikely to 
affect clinical outcome). However major differences (defined as 
an inconsistency at family level or a difference of a lesser order 
likely to influence clinical outcome) occurred on 28 occasions, 
including discordant discrimination of Str. equi subspecies 
on two occasions, failure to identify uncommon isolates by 
phenotypic methods (n = 9) and conflicted identification of 
Enterococcus spp. on 10 occasions. 

Determination of AML sensitivity was performed by 
assessment of the minimum inhibitory concentration (MIC) for 
229 isolates. MIC testing is preferable to ADDT because of the 
qualitative nature of the latter and the lack of interpretative 
criteria for veterinary pathogens. Comparison between the two 
techniques was possible for 1932 AML-bacteria combinations. 
Agreement was observed for the majority of comparisons 
(1505/1932, 77.9%), with minor errors (resistant or sensitive 
by one technique, intermediate by the alternate technique) 

observed for 199 comparisons (10.3%). Major errors (defined 
as resistant by ADDT and sensitive by MIC determination) were 
observed for 152 comparisons (7.9%) and very major errors 
(defined as sensitive by ADDT and resistant by MIC) were 
observed on 76 occasions (3.9%). The clinical implication of a 
major error is that an AML that is likely to be effective will be 
overlooked based on ADDT result, whereas a very major error 
would likely result in the inappropriate selection of an AML 
based on apparent sensitivity in ADDT. Results for MIC enable 
recognition of resistance distributions, facilitating recognition 
of acquired AML resistance within bacterial populations. For 
the individual patient, comparison of MIC results with available 
information on drug pharmacokinetics permits astute selection 
of AMLs that are likely to achieve effective drug concentrations 
at the site of infection.  
 

Implications for industry

The collation of available laboratory results for clinical isolates 
was completed in this project as the basis of comparison with 
newer laboratory processes for improved identification and 
AML sensitivity testing of equine isolates. However, this data 
is invaluable as the basis for rational clinical decision making, 
by guiding the empiric selection of AMLs. Treatment choices 
can be refined as bacterial identification and sensitivity 
testing processes progress. Failure to collate these results 
to guide treatment of future patients and to monitor AML 
sensitivity/resistance at a population level represents a missed 
opportunity to use existing data. Available guidelines for the 
appropriate preparation of antibiograms have been reviewed, 
and recommendations for collation of equine-specific results 
have been developed. The current study demonstrated that 
MALDI-TOF was better able than phenotypic methods to 
achieve bacterial identification to species level. The observed 
disparity between MALDI-TOF and phenotypic recognition of 
enterococci and S. equi subspecies emphasises the clinical 
importance of accurate identification. Determination of MIC 
values for specific AMLs and bacterial isolates provided data 
of direct relevance to treatment of the individual animal, 
while also allowing characterisation of resistance profiles for 
clinically relevant isolates. 
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Reduce the incidence and impact  
of diseases and parasites in horses

Improved bacterial  
identification and antimicrobial 
susceptibility testing

Objectives

This project will accurately identify bacterial species 
from clinical cases of equine infectious disease. It will 
determine antimicrobial susceptibility of each isolate 
using matrix-assisted laser desorption ionisation-time 
of flight (MALDI-TOF) mass spectroscopy (to identify 
bacteria). It will use Sensititre® plates to determine 
minimum inhibitory concentrations (MIC) for each isolate. 
These methods are state-of-the-art techniques not 
commonly available in veterinary diagnostic laboratories, 
yet both offer improved diagnosis and more rapid results 
than are currently possible using existing laboratory 
techniques. Comparison of advanced techniques with 
results from existing laboratory tests will provide a 
rational basis to determine if, and when, more advanced 
technology is justified in equine veterinary practice. 
More immediately, findings from these tests will 
provide a comprehensive survey of bacteria-causing 
disease in south-eastern Australia, representing horse 
populations from distinct locations. Improved knowledge 
of antimicrobial susceptibility will ensure improved 
diagnosis and treatment of bacterial disease in horses.

Objective 2

Background

According to the World Health Organization (WHO), 
antimicrobial resistance is a major global health concern 
for people and the animals in our care. Resistance 
has been reported worldwide for bacterial species 
isolated from horses, but there is limited information 
on antimicrobial resistance patterns in equine bacterial 
isolates from Australia. International studies may not 
be relevant to Australian horses as there is marked 
variability in antimicrobial susceptibility for different 
geographical locations.

This information is important to veterinary and human 
medicine due to potential human exposure to resistant 
bacteria via close contact with horses, and the adverse 
effects of antimicrobial resistance for equine and 
human patients, including increased morbidity, mortality 
and costs of treatment. This project will evaluate two 
techniques that offer greater accuracy in determination 
of bacteria identified and antimicrobial sensitivity 
testing, and that can be conducted faster than current 
laboratory techniques, ultimately providing improved 
health care for horses.

PRJ-011233

 Principal investigator:          Professor  
Sharanne Raidal 
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September 2018 to June 2021
Project timeframe
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Research approach and progress 

This is a longitudinal study over a two-year period from 2019 
to 2020 that is following pregnant thoroughbred mares and 
their foals from 14 studs in 2019, and nine studs in 2020. The 
investigations included: C. psittaci prevalence in mares, foals 
and birds, EHV-1 coinfection, genotyping of C. psittaci in foetal 
loss (as well as positive animal) cases, and modelling of the 
chlamydial infections risk factors.

2019 investigations are now available as the original 
manuscript in The Veterinary Journal: Anstey et al. 2021. 
‘Epidemiology of Chlamydia psittaci infections in the pregnant 
Thoroughbred mares and foals’, at https://doi.org/10.1016/j.
tvjl.2021.105683

2020 investigations

Due to COVID-19 limitations, investigations were done on eight 
of the previous farms in the Hunter region. Of those, six were 
previously affected by Chlamydia, and two were control (not 
affected) farms, using the same study design.

A total 151 mares were sampled at four time points on two 
sites (nasal and vaginal) from June to November (covering 
later pregnancy, and at birth). Their 128 foals (and placentae 
where available) were sampled at a single time point at 
birth or abortion event. This resulted in totals of more than 
925 mare swabs and more than 458 single time point foal/
placental swabs. 

C. psittaci abortion cases

• There were three C. psittaci abortion events on 
participating farms, however the aborting mares were 
not a part of the studied cohort. 

• Samples from the aborted material were included in our 
investigations. For the first time, in two of the cases, we 
had paired samples from the aborting mare. C. psittaci 
was detected in both paired mares and foetuses, with 
higher loads in placental/foetal samples.

• The molecular analyses once again identified the same  
C. psittaci ST24 strain in the aborted foetuses and 
mares. 

The mares and foals

• 7/151 (4.63%) mares from two farms and 1/128 (0.78%) 
live foals from one farm tested positive for C. psittaci. 
One foal had co-infection with EHV-1. 

• For the first time, we characterised strain detected in  
a live foal as a C. psittaci ST24 strain, although  
infection was in lower infectious loads. 

• Testing and molecular epidemiology of C. psittaci  
is ongoing.

Reduce the incidence and impact  
of diseases and parasites in horses

Understanding the  
epidemiology of Chlamydia 
psittaci infections in mares

Objectives

In this project, the objective is to reduce pregnancy losses 
in Australia’s thoroughbred industry by revealing basic 
information on the epidemiology of C. psittaci infection 
and disease, focusing on two key aspects of this disease: 
C. psittaci-infected mare and foal; and the potential avian 
reservoirs of C. psittaci infection. 

To support this objective, the project will address key 
questions about the epidemiology of equine chlamydiosis by 
aiming to improve our understanding of:

1.      The incidence and shedding of C. psittaci infection 
in mares, the duration of infection and the risk of 
associated equine pregnancy loss.

2.      The incidence and shedding of C. psittaci in newborn 
foals and placental material.

3.      The avian reservoirs of equine C. psittaci infection and 
the potential routes of transmission to horses.

Furthermore, understanding the equine chlamydial infections 
will also reduce the risk of C. psittaci infection spill-over to 
humans (namely veterinarians and stud workers). 

Objective 2

Background

Equine reproductive loss due to infectious agents 
impacts significantly on Australian thoroughbred 
breeders. While a variety of bacterial and viral agents 
are a recognised cause of equine foetal loss, Chlamydia 
psittaci has recently emerged as a cause of reproductive 
loss as well as zoonotic disease of veterinarians and 
stud workers. During 2016-17, studies have confirmed 
that prevalence rates of C. psittaci-infected equine 
pregnancy losses (>20%) were higher than were originally 
considered. To date, cases of C. psittaci equine pregnancy 
losses were also described in Victoria and Queensland, 
suggesting that this problem may be widespread. A 
recent retrospective study has provided evidence that 
this pathogen has been a cause of sporadic equine foetal 
loss in Australia for more than 30 years. Additionally, C. 
psittaci can induce respiratory distress in neonatal foals.

While molecular methods have pointed to birds as 
reservoirs for this pathogen, little else is known about 
equine chlamydial infections, the potential routes of 
transmission to horses, and the exact role of C. psittaci 
in abortion. This challenges efforts to effectively manage 
infected animals and reduce the risks to animal and 
human health.

PRJ-011402

 Principal investigators:  Professor Peter Timms 
and Dr Martina Jelocnik 

Organisation:  University of the Sunshine Coast

June 2018 to December 2021
Project timeframe

Implications for industry

That C. psittaci infection is a significant issue in mare/foal 
health is being confirmed by this project. Since the 2014 index 
equine abortion case, we have shown that equine foetal loss 
happens every year in the Hunter region. Infecting strains 
are of clonal, virulent genotypes, denoted ST24. Surveillance 
should include testing for Chlamydia and molecular 
characterisation of strains. The recent advent of C. psittaci 
(and EHV-1) rapid diagnostic testing in horses shows promise 
for on-farm management strategies for C. psittaci, as observed 
in AgriFutures Australia Project No. PRJ-011628. 

Investigating C. psittaci infections in newborn foals that 
can compromise foal health is also needed, as this will aid 
informed management strategies. 

Equine parturition (and/or handling aborted material) can 
now be considered as a time of higher risk for transmission of 
C. psittaci to attending staff, thereby this information is also 
critical for alerting staff to the zoonotic risk and the need to 
implement biosecurity measures.  
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Reduce the incidence and impact  
of diseases and parasites in horses

Improving the detection of 
parasitic infections and  
control strategies of horses

Objectives 

1.      To determine the types of important intestinal parasites 
of thoroughbred horses in different climatic regions 
across Australia.

2.      To assess the practices used by breeders and 
veterinarians to control parasitic infections in Australian 
thoroughbred horses.

3.      To determine the status of dewormer resistance in 
intestinal parasites against commonly used dewormers 
of thoroughbred horses.

4.      To develop rapid and reliable diagnosis of parasitic 
infections in horses.

5.      To train a research student in equine parasitology.

Objective 2

For updates on this project, visit  
agrifutures.com.au/thoroughbred-horses 

Background

Currently, there is an incomplete understanding of 
the gastrointestinal parasites that affect the health, 
performance and welfare of thoroughbred horses in 
Australia. Although documented for some important 
parasitic nematode species, the true extent of 
resistance in parasites of horses to the commonly 
used dewormers in Australia is unknown. This project 
aims to determine the types of intestinal parasites, 
assess practices to control parasites, understand 
the resistance to dewormers, and develop a rapid 
diagnostic tool for infections in horses. It is envisaged 
that the findings of the project will pave the way for the 
development of evidence-based worm management 
strategies, as well as strategies to manage the 
development of resistance to dewormers in the 
thoroughbred industry in Australia. 

PRJ-011191

 Principal investigator:     Associate Professor  
Abdul Jabbar 

Organisation:  The University of Melbourne

September 2018 to June 2022
Project timeframe

Research approach and progress

The PhD student, Ghazanfar Abbas, started working with 
the project team on 27 August 2019.

To understand the worm control practices used by breeders 
or farm/operation managers and veterinarians, the surveys 
have been completed and data analyses are underway. Table 
1 provides a summary of respondents who participated in 
both surveys from different states of Australia. 

To study the type of intestinal parasites of Australian 
thoroughbred horses, longitudinal and cross-section 
studies are underway. For longitudinal studies, 15 farms 
were selected across four climatic zones of Australia and 
almost 25 faecal samples per farm were collected every 
1-2 months. This part of the project is complete, and data 
for 2,800 faecal samples from foals, yearlings, dry mares, 
wet mares, stallions and geldings are being analysed. Table 
2 provides information on the overall prevalence of three 
types of parasites. Figure 1 shows the distribution of faecal 
egg counts in the four climatic zones across four seasons.

For the cross-sectional epidemiological study, 87 
properties will be tested, and 14 of them have already 
been tested. The hard lockdowns in Melbourne in 2020 
delayed in the progress of this part of the project and led 
to at least a six-month extension for the completion of the 
project. We have examined 40 horses that were submitted 
for post-mortem at the Melbourne Veterinary School.

To assess the efficacy of dewormers against intestinal 
parasites of horses, we have conducted faecal egg count 
reduction tests and egg re-appearance studies in New 
South Wales, Queensland, Victoria and Western Australia. 
Dewormers were selected based on responses from 
breeders and veterinarians in the surveys. To date, we have 
found anthelmintic resistance or low egg re-appearance 
period in parasitic nematodes of horses against single 
(oxfendazole, ivermectin, moxidectin) and combinations 
of anthelmintic (oxfendazole and pyrantel, abamectin and 
morantel, and ivermectin and fenbendazole).        

Table 1. Number of respondents to worm control practices surveys.

Survey respondents NSW VIC QLD SA WA TAS Total

Veterinarians 11 35 13 6 9 2 76

Breeders 28 26 7 4 12 7 84

Table 2. Overall prevalence of intestinal nematodes in thoroughbred horses in the longitudinal epidemiological study.

Type of nematode egg % Prevalence Mean EPG ± SD Range

Strongyles 54.45 (972/1785) 439.09 ± 913.73 (0-7800)

Parascaris spp. 6.61 (118/1785) 89.75 ± 1007.66 (0-35955)

Triodontophorus spp. 0.78 (14/1785) 0.90 ± 12.52 (0-300)

Total 61.96 (1106/1785) 264.42 ± 977.71 (0-35955)
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Outputs to date

1.      Established the first Australian Equine Parasitology 
Advisory Panel (AEPAP). The panel comprises equine 
veterinarians, researchers, academics and industry 
stakeholders. Boehringer Ingelheim is the industry 
partner. This panel will develop guidelines for the control 
of horse parasites.

2.      Various members of the AEPAP attended the  
following conferences:

• Science Week of the Australian and New Zealand 
College of Veterinary Scientists, on the Gold Coast, 
4-6 July 2019.

• Australian Society for Parasitology, in Adelaide,  
8-11 July 2019.

• Bain Fallon Memorial Lectures meeting, on the Gold 
Coast, 21-25 July 2019.

• Global Network of Equine Parasitology, in Maddison, 
Wisconsin, USA, 12 July 2019.

• Equine Veterinarians Australia (NSW branch), in 
Scone, 11 September 2019.

• Two annual meetings of the AEPAP, in Melbourne, 
October 2018 and August 2019.

• Australian Society for Parasitology, online, 30-31  
July 2020.

• VetFest 2020, Virtual conference of the Australian 
Veterinary Association, online, 20-25 June 2020.

• Sustainable control of worms in Australian 
horses, online, 13 October 2020.

• Annual meeting of the American Association of 
Veterinary Parasitologists, online, 19-22 June 
2020.

• Faculty of Veterinary and Agricultural Sciences, 
The University of Melbourne, Postgraduate 
Symposium, online, 16 December 2020 

3.      Publication of the journal article ‘Systematic review of 
gastrointestinal nematodes of horses from Australia’. 
 
Saeed et al. 2019. Systematic review of 
gastrointestinal nematodes of horses from Australia. 
Parasites and Vectors, vol. 12, 188. https://doi.
org/10.1186/s13071-019-3445-4. Currently, three 
more publications are under preparation. 

Figure 1. Seasonal distribution of faecal egg counts in four climatic zones of Australia. Abbreviations: WRF: winter rainfall zones; 
SRF: summer rainfall zones; NSRF: non-seasonal rainfall zone; MED: Mediterranean zone. 
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Implications for industry

It is envisaged that the findings of this project will help 
educate thoroughbred breeders and farm/operation managers 
regarding worm control strategies for horses. Furthermore, 
veterinarians will be able to use the parasite knowledge 
of Australian horses rather than extrapolating overseas 
knowledge to recommend worm control regimes for horses in 
Australia. It is anticipated that the knowledge generated in the 
project will help to manage the development of resistance to 
dewormers in the Australian thoroughbred industry. 
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Reduce the incidence and impact  
of diseases and parasites in horses

Can iso-PGs indicate the need  
for surgery and predict survival  
in colic horses?

Objective 2

Background

Colic is the leading cause of death in horses between 
the ages of one and 20 years. In many cases of equine 
colic, the decision to refer to a surgical facility is delayed 
due to the lack of precise tests to evaluate the severity 
the colic. Often, these horses arrive already dead or 
severely compromised to a degree that the only option 
is to humanely euthanise the horse due to already 
existing intestinal injury. In other cases, earlier surgical 
intervention would have significantly increased the 
survival prognosis of these horses.

Horses with colic have intestinal ischemia and/or 
inflammation that is characterised by oxidative stress. 
Isoprostanes have emerged over the past decade as the 
“gold standard” biological marker for the assessment 
of oxidative stress and have been used extensively to 
quantify reduced perfusion of tissues in association with 
risk factors in various diseases.

With this project, we aim to provide evidence for using 
abdominal fluid isoprostane levels as an early screening 
tool and biomarker of gastrointestinal ischemia. 
Abdominal fluid is a potentially ideal body fluid for 
isoprostane quantification generated during hypoxic 
conditions involving intestines, and is routinely retrieved 
as part of a standard colic case work-up. 

We propose measuring abdominal fluid concentrations of 
isoprostanes and their metabolites in normal horses and 
horses with colic to form a foundation for the development 
of a stall-side test that is easily accessible to equine 
clinicians that need to make a decision regarding surgery, 
and that provides a more reliable prognosis. 

Objectives

The purpose of this study is to determine abdominal fluid 
concentrations of isoprostanes and their metabolites 
in a population of normal horses and horses with colic. 
The hypothesis of this study is that abdominal fluid 
isoprostane level is a sensitive biomarker that predicts the 
need for surgery, and that isoprostanes may be used as a 
therapeutic target. 

The two major objectives are: 

1.      Determine the feasibility of using abdominal fluid 
isoprostane concentrations as a biomarker for the 
presence of gastrointestinal disease requiring surgical 
intervention in horses with colic. 

2.      Assess the viability of using abdominal fluid 
isoprostane concentrations as a prognosticator for 
horses with colic. 

The data from this study will lead to a broader multi-centre 
research project that will investigate the feasibility of 
using isoprostanes as a therapeutic target and to prevent 
potential sequalas as laminitis, the number two killing 
factor of horses after colic. 

PRJ-012057

Principal investigator:                  Associate Professor 
                                                                            Erik Noschka
Organisation:  The University of Adelaide

July 2020 to December 2022
Project timeframe

For updates on this project, visit  
agrifutures.com.au/thoroughbred-horses

Research approach and progress

The first peritoneal fluid samples for this prospective study 
were collected in July 2020 and have been continuously 
collected at five equine clinics until now. We aim to continue 
collecting these samples until the middle of 2022, when we 
hope to have 350 peritoneal fluid samples retrieved. To date, 
at least 168 peritoneal fluid samples have been collected 
and frozen in a -80 °C freezer to be analysed. These 
peritoneal fluid samples include samples from clinically 
healthy (control) horses and horses with colic (medically and 
surgically treated horses). 

An initial physical examination is performed on all horses 
presented as colic cases to the equine clinics. Individual 
patient data are recorded, including history, gastrointestinal/
colic examination and test findings, specific diagnoses, 
ideal treatment recommended at the time of peritoneal fluid 
collection and necessity of surgical intervention.

Peritoneal sample collection (abdominocentesis) is carried 
out by clipping an area of hair immediately caudal to 
the xyphoid and to the right of the linea alba, or another 
suitable location determined by ultrasonography of the 
ventral abdomen. The area is scrubbed alternately using 
chlorhexidine/polyvidone iodine and alcohol solutions for 
a minimum of two minutes before a sterile stainless-steel 
teat cannula/spinal needle is inserted through a small stab 
incision into the abdominal wall and peritoneal cavity. All 
samples are obtained by gravity flow from the teat cannula/
spinal needle in a sterile tube containing EDTA. Samples 
are centrifuged at 400 x g for 10 minutes and, subsequently, 
the acellular supernatant is immediately collected and 
aliquoted in ice-chilled 1.5cc Eppendorf tubes. All samples 
are stored at -80 °C within two hours after collection.

We aim to analyse the first 180 peritoneal fluid samples 
to quantify peritoneal isoprostane concentrations in July/
August 2021 at the Biochemical, Genetics and Molecular 
Pathology Laboratory at the Women’s and Children’s 
Hospital in North Adelaide. Total F2-isoprostane (15-F2t-
isoprostane or 8-iso-PGF2α) and isoprostane metabolite 
concentrations will be quantified by selected ion monitoring 
liquid chromatography mass spectrometry employing 
[2H4]8-iso-PGF2α as an internal standard using stable 
isotope dilution methodology. Compounds will be analysed 
and expressed in ng/ml. 

Implications for industry

In 2010, the Australian horse industry’s contribution to GDP 
was estimated at more than $6.3 billion. Colic is one of the 
most prevalent and potentially devastating conditions in 
horses, with exploratory abdominal surgeries being frequently 
conducted since reliable screening tools and biomarkers for 
the severity of abdominal tissue damage are not available. 
However, surgery is not benign and can result in severe 
complications. The long-term goal of this investigation is 
to identify the presence of ischemia and oxidative stress in 
horses with colic and to reduce the number of deaths due to 
colic by developing a stall-side test capable of identifying colic 
horses in need of surgery as soon as possible and expediting 
their timely referral. This study will also contribute to positive 
animal welfare and may have secondary environmental and 
social benefits for the equestrian community and industry by 
addressing this industry-wide well-recognised problem. 
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Reduce the incidence and impact  
of diseases and parasites in horses

Detecting the silent carrier:  
Can we eradicate strangles  
from endemic premises?

Objectives 

Identification of asymptomatic carrier horses

This project will conduct serological antibody surveys 
to determine the proportion of horses under Australian 
management conditions that have antibodies to 
Streptococcus equi, the bacteria that causes strangles. 
Strangles antibody-positive horses will then be further tested 
to determine the proportion that are asymptomatic carriers. 
By determining the best methods to identify carrier horses, 
this research will enable veterinarians to more readily detect 
and treat carrier animals. This will reduce the opportunity 
available for these carriers to contribute to outbreaks among 
susceptible horses.

Isolation and sequence analysis of S. equi strains from 
carrier horses

By isolating S. equi from the guttural pouch of carrier horses, 
this research will enable comparison of the genetic code of 
carrier strains with strains from contemporary outbreaks of 
strangles. This will enable a more accurate assessment of the 
role the carrier horse plays in contributing to outbreaks.

Objective 2

For updates on this project, visit  
agrifutures.com.au/thoroughbred-horses 

Background

Strangles is the most commonly diagnosed infectious 
disease in horses worldwide. The thoroughbred 
industry, and the horse industry more broadly, in 
Australia experiences outbreaks of strangles each 
year, and these have the potential to severely disrupt 
horse businesses and prevent horses and riders 
from participating in horse riding activities and 
competitions. The underlying reason why outbreaks 
occur, even in closed groups of horses, is that a small 
proportion of recovered horses remain silent carriers. 
These carrier animals can shed bacteria and infect in-
contact susceptible horses. 

Currently, we do not have much information on the 
proportion of horses that have been previously infected 
under Australian management conditions, nor on the 
proportion of these horses that remain silent carriers. 
This project will provide the industry with data on the 
proportion of infected horses and the risk posed by 
silent carriers. Comparisons of the genetic sequence of 
isolates from carriers and from outbreaks will increase 
our understanding of the contribution of carriers to 
contemporary outbreaks. 

PRJ-012165

 Principal investigator:    Professor James Gilkerson
Organisation:  The University of Melbourne

July 2020 to June 2023
Project timeframe

Research approach and progress

We are currently recruiting horse farms and stables to 
participate in our serological (antibody) survey. Horses on 
these premises will be bled and these serum samples will be 
tested for the presence of antibodies to S. equi.  We anticipate 
that there will be differences in the proportion of antibody-
positive horses on different premises, which may reflect 
how recently the property has had a problem with strangles. 
Follow-up bacteriological testing will be performed on 
antibody-positive horses in an effort to identify carrier horses.

The research team at The University of Melbourne has recently 
recruited a new post-graduate student (Stephen Dennis) and a 
research assistant (Kim Jeffers) to support this research.

Implications for industry

Strangles is a serious endemic disease in horses 
worldwide that has important ramifications for 
international transport of horses, as well as serious 
economic impacts on local operations. Large-scale 
outbreaks of strangles have resulted in quarantine of 
horses on properties until the situation was controlled, 
caused the cancelation of horse events, and resulted 
in whole yearling drafts being withdrawn from sales. 
Simply isolating affected horses until all clinical signs 
have resolved is the most common way that strangles 
is dealt with under Australian management conditions. 
However, this allows a proportion of horses to develop 
into asymptomatic carriers. This research will establish 
protocols to identify these carriers and enable us to more 
fully understand the role that these horses play in the 
epidemiology of this disease. 
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Research approach and progress 

Soil and foal faecal samples (n = 722) were collected from 
eight NSW thoroughbred studs, with R. equi pneumonia cases 
during the foaling season recorded. Farms were categorised 
based on disease prevalence as either low (<3%; n = 3), 
medium (3-10%; n = 3) or high (>10%, n = 2). To date, 102 
samples have been investigated for bacteriophages against 
R. equi. Phages were isolated relatively consistently across 
all farms; however, soil was found to be the most likely source 
(61% of soil samples compared to 34% of faecal samples). 

We have extracted, isolated and purified 21 lytic phages from 
soil samples. Initial infectivity screening of 13 of these phages 
against 21 virulent R. equi isolates was determined in vitro. 
Results showed some phages with broad spectrum targeting 
up to 13 hosts/isolates, compared to some phages that were 
only infective for one isolate. Three phages with the highest 
host range were obtained from farms with low or no disease 
prevalence. 

We continue to process soil samples to expand our sample 
size to investigate the theorical relationship between phages, 
R. equi burdens and disease. Quantitative PCR (qPCR) assays 
have been developed to enumerate soil R. equi. Once qPCR 
analysis has been completed, statistical analysis of data will 
explore the relationship between the presence and host range 
of phages with rhodococcal levels and disease prevalence. 

Whole genome sequencing of both phages and R. equi has 
commenced to investigate the genetics that underpin virulent 
R. equi susceptibility to lytic phages. Multi-locus sequence 
typing (MLST) was performed on R. equi isolates according 
to the DNA sequence of seven housekeeping genes. Sixteen 
R. equi MLST strain types were identified, with phylogenetic 
analysis showing no clear associations between strains and 
phage susceptibility, therefore we are directing our focus to 
other areas within the R. equi genome that may influence 
susceptibility to phages.

Lytic phages belonging to the Siphoviridae family have 
been identified through imaging and sequencing (n = 12). 
These phages have genomes ranging in size from 46 to 77 
kilobase pairs. Five phages have strong sequence homology 
to previously reported R. equi bacteriophages, while others 
appear to be novel. Genomic characterisation of these phages 
is ongoing.

Implications for industry

This project will open up the potential for phage-mediated 
disease management strategies to combat ‘rattles’. Through 
the identification, isolation and evaluation of phages that 
naturally occur in the Australian stud environment, this 
research may provide evidence to foster the application of 

‘phage cocktails’ (a mixture of lytic phages effective against 
R. equi) as a novel biological means to reduce the risk of 
‘rattles’. This could be the most realistic and environmentally 
viable strategy against ‘rattles’, with positive impacts on 
water use and foal crop health, and reduced costs associated 
with screening for and treating infected foals. The resulting 
reduction in disease prevalence should result in reduced 
antimicrobial use to treat foals. Given the recent emergence 
of multidrug-resistant virulent R. equi strains in Kentucky, the 
need to mitigate drivers of resistance through novel phage 
strategies is imminent if we wish to successfully treat ‘rattles’ 
foals using current therapeutics.    
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Reduce the incidence and impact  
of diseases and parasites in horses

Bacteriophage and  
R. equi pneumonia risk

Bacteriophages (‘phages’) are naturally occurring 
viruses that specifically infect bacteria. They are used 
in food safety to reduce the risk of bacteria-based food 
poisonings. In human medicine, they are being evaluated 
as a way to treat multidrug-resistant bacterial infections. 
Investigations have identified a few lytic phages capable 
of infecting and killing virulent strains of R. equi. Do 
such lytic phages exist on Australian thoroughbred 
farms and, if so, do they influence the likelihood of farm 
managers seeing cases of R. equi pneumonia in their 
foals?  Can these phages be used to effectively suppress 
environmental build-up of the bacteria and reduce 
disease risk? Such an application could be a turning point 
for the industry, decreasing bacterial burden and the 
overall risk of ‘rattles’. 

Objectives

•      Investigate the relationship between environmental 
bacteriophage, virulent Rhodococcus equi on farms 
and the risk of  
R. equi pneumonia in foals.

•      Isolate and characterise phages that infect  
R. equi. 

•      Explore the genetics that make virulent R. equi 
susceptibility to deadly infection with specific 
phages.

•      Develop phage strategies to reduce virulent  
R. equi burdens in soil.

Objective 2

Background

Rhodococcus equi pneumonia (‘rattles’) is a significant 
disease of foals in Australia and worldwide. Virulent 
strains of Rhodococcus equi thrive in the equine 
environment, making the disease an ever-present 
threat to foal health. Risk of disease is exacerbated 
by dry and dusty conditions and low pasture cover, 
features that will be commonplace in the face of 
climate change. Although management methods to 
reduce airborne exposure, such as selective irrigation, 
can reduce the risk of ‘rattles’ in foals, such strategies 
are problematic in Australia during times of drought 
and restricted water access. The lack of a vaccine for 
this disease, and the emergence of antimicrobial drug 
resistance strains of the bacteria, reflect the need to 
explore other biological methods to mitigate the risk of 
this disease.
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Figure 1. Lytic phages against Rhodococcus equi.
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Research approach and progress 

•      Collate and examine current data, and consult all relevant 
and interested parties and agencies, to gain an accurate 
assessment of the number of thoroughbred horses retired 
from the racing and breeding industry annually and the 
fate of these horses.

•      Collate, study, benchmark and assess the many and 
various programs currently in use by the thoroughbred 
racing and breeding industry to provide ‘re-homing’ 
opportunities. This will include examination of global best 
practice and programs used successfully by other animal 
industries and horse breeds.

•      Review the level of thoroughbred horse breeding needed 
to meet the needs of the racing industry but to prevent 
excessive breeding.

•      Review federal, state and territory regulatory 
arrangements relevant to the ongoing welfare of 
horses, and particularly both racing and non-racing 
thoroughbreds, including the challenges and benefits of 
introducing a national traceability system for all horses.

•      Identify opportunities for industry-led quality assurance 
schemes, including the development of national 
standards for equine health, welfare, housing, handling, 
transportation and husbandry practices.

Improve the safety of industry participants  
and the welfare of horses and enhance  
the sustainability of the industry 

Thoroughbred welfare initiative

Objectives

The panel will produce a report making practical policy 
recommendations that will enable the industry to 
improve welfare outcomes for thoroughbred horses 
leaving the racing and breeding industries. These 
recommendations will be presented in a report that 
details the significant research and consultation 
that underpins the panel’s findings. The report will be 
presented to the steering committee, which will, along 
with the participants who have bought into the process, 
seek to have these recommendations adopted by 
governments (likely both federal and state) as well as by 
the relevant regulatory bodies in racing and breeding. 

Background

The challenges of the welfare, rehoming, retraining 
and end of life for thoroughbreds are national issues 
that should be of concern to all participants in the 
industry. At present, each state racing jurisdiction 
deals with these issues in very different ways, with no 
agreed approach or minimum standards across the 
thoroughbred industry. Industry participants believe 
this lack of commonality undermines our ability to 
adopt best practice and leaves our industry vulnerable 
to criticism. In the face of this national challenge, we 
believe in the need for a national discussion and a 
national approach to solutions. The national bodies 
for thoroughbred breeders, trainers and jockeys, 
allied with other industry participants such as major 
race clubs, have established an independent body, 
the Thoroughbred Aftercare Welfare Working Group 
(TAWWG), to address these issues. This panel has been 
tasked with reviewing the current welfare landscape in 
the Australian thoroughbred industry, to look to world’s 
best practice for guidance, to consult with participants 
in the industry and also draw upon the learnings 
from other animal industries. The TAWWG is focused 
primarily on horses exiting the thoroughbred industry, 
whether as retired racehorses or unraced animals, 
through to end-of-life management.

PRJ-012730
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•      Identify opportunities for structural improvement 
to existing arrangements for data collection and 
reporting, inter-jurisdictional co-ordination and national 
communications processes to ensure accurate industry 
information with regard to thoroughbred horses across 
Australia.

•      Identify opportunities for appropriate further research 
and development to enhance the long-term welfare of 
thoroughbred horses across Australia.

•      Make recommendations to enhance the welfare of 
all thoroughbred horses and therefore enhance the 
reputation of the thoroughbred industry as an industry 
that genuinely cares about the welfare of all thoroughbred 
horses.

•      Give consideration to the regulatory framework and 
the effectiveness of current oversight and supervisory 
procedures and practices for facilities that process horses 
for human and animal consumption. This will include 
assessment of current levels of relevant education and 
training of management and workers in these facilities 
with respect to horse behaviour, management and welfare. 
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Rapid point of care diagnosis  
of equine Hendra Virus using 
LAMP technology

Objectives

Hendra Virus (HeV) infection is a massive concern 
to stakeholders in the equine community. Currently, 
quantitative reverse transcription (qRT) PCR is the gold 
standard for detection of HeV. However, processing 
and transport of diagnostic samples results in long 
delays of results, leading to considerable stress on 
industry stakeholders and preventing timely treatment 
of horses in Queensland.  

The major objectives of this project are:

1.  Optimise and validate a HeV LAMP test to a level 
that it can be deployed to protect human health 
and improve horse welfare.

2.  Undertake field testing of HeV LAMP to evaluate 
practicality and functionality when operated by 
veterinarians, and compare with parallel results 
from qRT-PCR submissions. Evaluate HeV LAMP 
specificity and limit of detection and correlate 
with diagnostic laboratory results. 

3.  Develop, in collaboration with GeneWorks, the 
EVA, WHS QLD/NSW and BQ, an interactive 
computer-based biosecurity workflow system 
to maximise performance and safety without 
compromising assay performance.

Background

Hendra Virus (HeV) is a highly lethal zoonotic 
paramyxovirus. In the first 20 years after discovery, 52 
HeV incidents have occurred involving 94 equine and 
seven human cases, and resulting in the fatalities of 
four people. HeV is not going to be eradicated from 
Australia given the prevalence and broad co-habitation 
of horses and bats.  

Development and implementation of HeV LAMP 
point-of-care (POC) technology can be considered 
an important added measure to protect industry 
contributors (horse owners, horses carers, 
veterinarians), enable prompt therapeutic treatment 
of horses that may be infected, and avoid significant 
industry disruption due to delayed diagnosis of HeV at 
equine training or breeding facilities. It is predicted that 
a rapid, easily available POC test will have high uptake 
by the equine industry to maximise horse welfare and 
human safety. It is anticipated that uptake of the HeV 
LAMP assay would likely be close to 100% of equine 
veterinary practices.

.
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Improve the safety of industry participants 
and the welfare of horses and enhance the 
sustainability of the industry Research approach and progress 

Exciting progress has been made by UQ and the team at 
Biosecurity Sciences Laboratory in the development of a 
rapid, point-of-care (POC) Hendra Virus test. Combination 
of a five-minute chemical and heat inactivation step to 
prepare samples for testing and inactivate any pathogenic 
materials in the sample, rendering the sample non-infectious, 
subsequently enables safe handling of samples in-clinic. Virus 
inactivation proof of concept has been established via cell 
culture experiments that demonstrated the virus becomes 
inactivated and non-infectious in samples when a combination 
of a five-minute chemical and heat inactivation step is applied 
during preparation of the sample for HeV testing (Figure 1).

In addition to virus inactivation of samples in the field, further 
quality assurance measures have been incorporated into the 
HeV testing regime by means of a two-step testing protocol. 
The first step is to confirm host DNA presence in the sample, 
and that no biological elements are present that may inhibit 
and prevent detection of HeV, causing false negative results. 
Only when a true positive result of the internal control is 
confirmed may further testing of the sample for HeV proceed, 
with results obtained in less than one hour.

Development of the POC Hendra Virus LAMP test has now 
advanced to the manufacturing stage, and commercial kits 
containing all components required to perform HeV LAMP 
testing at POC have started rolling out (Figure 2). HeV testing 
kits contain all components required to perform the test on 
the Genie III (Optigene Ltd), including individual internal test 
controls using synthetic positive material for both the internal 
control and HeV kits, in addition to detailed instructions on 
how to prepare the components for testing. Beta testing of the 
GeneWorks HeV kits is underway, with Dr Ben Ahern (UQ) being 
the first equine veterinarian to be trained to perform the test 
stable-side in-clinic. The UQ, Biosecurity Sciences Laboratory 
and GeneWorks teams are on track for commercial release of 
the HeV testing system by mid-2021.

Implications for industry

One of the major impacts of this research is the ability to 
obtain the HeV status of a horse in less than one hour post 
sample collection, compared with hours or days waiting for 
results to be issued by a diagnostic laboratory. Currently, 
horses suspected of being infected with HeV cannot be treated 
and often suffer and die without readily available treatment 
while waiting for qRT-PCR results. During this delay, human 
exposure to HeV infectious material is of immense concern.  

This project implicitly aims to address this clear deficit in 

the equine industry by allowing for rapid LAMP testing that 
is the equivalent of the current gold standard RT-PCR test. 
This research will benefit a) horses by enabling appropriate 
treatment more quickly; b) people caring for horses, as reduced 
exposure prior to diagnosis allows for appropriate handling; 
and c) the industry at large by reducing case mishandling 
errors due to delays in diagnosis.

Figure 1. Vero cells inoculated with (A) Lysis buffer spiked with 
infectious HeV and diluted with virus transport media heat 
treated at 95 °C for five minutes. No cytopathic effect (CPE) 
or infection observed; (B) Lysis buffer spiked with infectious 
HeV and diluted with equine whole blood heat treated at 95 
°C for five minutes. No cytopathic effect (CPE) or infection 
observed; (C) Lysis buffer spiked with infectious HeV and 
diluted with virus transport media and incubated at RT for five 
minutes. Fused and multi-nucleated infected cells (syncytia) 
observed, demonstrating HeV infection; (D) Lysis buffer spiked 
with infectious HeV and diluted with equine whole blood and 
incubated at RT for five minutes. Fused and multi-nucleated 
infected cells (syncytia) observed, demonstrating HeV 
infection.
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Figure 2. Hendra Virus point-of-care testing kits: (A) Hendra 
Virus internal positive control RT-LAMP kit with synthetic 
positive control; (B) Hendra Virus RT-LAMP kit with synthetic 
positive control.
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Research approach and progress

The first three objectives of this project have been 
completed and objective four is underway. 

The first objective, identification of the genes and 
pathways most likely to be targeted for gene doping, 
identified 84 genes. These were genes that had been 
identified in published studies investigating the genetics 
of horse performance. We also included genes that are 
likely to be targets for editing because they encode for 
normal doping agents observed in horse and human 
doping (for example, growth hormone is not associated 
with performance but is used as a human doping agent 
so was included). As expected, the genes included 
encoded for proteins involved in skeletal and cardiac 
muscle structure and function, and oxygen and energy 
metabolism, and structural proteins such as collagens. 

The second and third objectives involved design and 
manufacture of the prototype kit, which included 
almost 388,000 DNA bases from the 2.7 billion in the 
horse genome. This kit was successfully trialled on 
DNA extracted from different types of samples (n = 16), 
including blood collected in different anticoagulants, 
old blood samples, and hair. The DNA read length was 
150 base pairs and the samples were sequenced from 
both ends of the DNA with a NovaSeq Whole Genome 
Analyser. The kit successfully isolated the DNA from the 
targeted genes with excellent sensitivity and efficiency. 
The genes had a large amount of coverage, indicating 
there was room to incorporate more genes in the 
analysis. One improvement that will be incorporated into 

the next version of the kit is the inclusion of genes on the 
X and Y chromosomes to identify the sex of the sampled 
horse. The development of the simple analysis method is 
still being completed. 

The final step of the project is the identification of 
parent-parent-offspring trios for typing on the improved 
second version of the kit. This will allow us to better 
understand the rate of de novo (new) DNA mutations in 
foals compared to their parents. 

Implications for industry

The impact of this project is in the development of a practical 
method to identify gene editing in horses. Any manipulation 
of the heritable genome is prohibited by the International 
Stud Book Committee, but current methods to detect this are 
expensive and difficult to use. This kit will give authorities a 
cheaper, simpler method to identify horses that have been 
subject to this manipulation. 

The PI is working with other researchers, the International 
Federation of Horseracing Authorities and the International 
Stud Book Committee to ensure that all parts of the industry 
are aware of gene editing and the availability of antidoping tools 
to protect against it.  
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Figure 1. Alignment of a sequenced sample illustrating the DNA variants in and around the EPO gene. The single base pair variants 
in the sample are represented by coloured letters: A, C, G, T. The normal EPO sequence in difference species is represented by the 
purple blocks (coding sequences) and lines (non-coding parts of the EPO gene). 

Science fact not fiction: Detecting 
gene-edited racehorses

Objectives

The outcome of this project is the development of a kit 
to detect gene editing in horses. The objectives are:

1.      Identify the genes and pathways most likely to be 
targeted by a person wanting to gene dope a horse 
using gene editing.

2.      Develop a custom kit to target the identified coding 
DNA sequences from a whole genome DNA sample.

3.      Test the prototype kit to optimise the methods  
of its use.

4.      Develop the bioinformatics pipeline to analyse  
the samples.

5.      Test the developed kit on parent-parent-offspring 
trio groups to determine the inter-generational 
mutation rate.

Background

The horse racing industry relies on the principle of 
fair play in competition. This is important for both the 
welfare of its horses and consumer confidence in 
wagering, a major source of industry income. Antidoping 
control is one way the industry can protect itself from 
breaches of integrity.

Gene editing is a technique used to alter an animal’s 
DNA. This is strictly prohibited in thoroughbred 
industries. Currently, the only way to identify whether 
a horse has been gene edited is to compare its DNA 
sequence to that of its parents via whole genome 
sequencing (technology that maps a horse’s entire 
DNA blueprint). Differences in a foal’s sequence 
compared to its parents could indicate an artificially 
created mutation – the result of gene editing. While 
effective, this approach is expensive, requires specialist 
knowledge to interpret the analysis, and creates large 
amounts of data that must be securely stored. This 
project will develop a simpler and more affordable 
method to perform the DNA comparison and analysis.
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Improve the safety of industry participants 
and the welfare of horses and enhance the 
sustainability of the industry
Wellbeing: Racing demographics,  
reasons for retirement and  
post-racing destinations

Objectives

To provide a descriptive analysis of the number of horses 
that leave the thoroughbred racing industry, temporarily 
and permanently, each year. 

To provide an estimate of the age of these horses when 
they leave the racing industry and the reasons for leaving, 
as well as the outcome for these horses after their racing 
careers have ended.

Objective 3

Background

The lack of reliable data on the number of horses that 
exit the racing season each year and their outcomes 
is a risk to the social license of the Australian racing 
industry. Industry records identified that 36% of horses 
were “inactive” at the end of the 2017-18 racing season. 
A survey of a representative sample of inactive horses 
that raced and trained during the 2017-18 season was 
conducted to determine the number of horses that leave 
the racing industry permanently each year, as well as 
their ages and reason for leaving. 

This work, together with other AgriFutures Australia 
projects investigating reasons why foals fail to enter 
training, will provide an estimate of the number of 
horses that leave the thoroughbred breeding and racing 
industries each year. These estimates will assist breeding 
and racing authorities to develop and appropriately 
resource important industry initiatives aimed at 
improving traceability and post-racing career options for 
those horses that leave the racing industry each year. 

Research approach and progress 

Data were received for 37,750 horses that raced or trained during 
the 2017-18 racing season. Horses were categorised as inactive 
if they had:

1.      Temporarily (spelling, non-active stable training, transferred) 
exited the racing stable. 

2.      Permanently (retired, deceased) exited the racing stable.

3.      An “active” status in the Racing Australia database but  
had not trialled or raced in the last six months of the  
racing season. 

A geographically representative sample of inactive horses was 
enrolled in a survey. The survey was sent to the last registered 
trainer of thoroughbreds enrolled in the survey and responses 
were received for 70% of these surveys (Figure 1). Information 
on the current status, age and reason for exit for thoroughbreds 
that exited the racing stable during the 2017-18 racing season 
was collected.

Survey results estimated that 18% of horses that trained 
and raced in the 2017-18 racing season permanently left the 
industry, either through retirement (16%) or because they were 
deceased (2%). More than two-thirds of horses that retired were 
participating in activities outside the thoroughbred industry, with 
a median age of retirement of five years. The vast majority of 
deceased horses died or were euthanised privately, with less than 
1% of deceased horses sent to an abattoir.

The reasons for retirement were predominately voluntary, 
with less than one-third of retired horses leaving due to 
injury. Interestingly, nearly half of these injured horses were 
participating in ridden activities in their post-racing careers.

Estimates from these studies will assist thoroughbred 
breeding and racing industries understand the drivers of 
exit and the scale of horses moving into the wider horse 
industry each year. The results of this study agree with a study 
investigating the outcomes for horses from the 2010 Victorian 
foal crop and provide robust benchmarks for the industry to 
measure the success of current industry initiatives aimed at 
off-the-track thoroughbreds. 

Implications for industry

The estimates from this study provide state racing and breeding 
authorities with a benchmark on the dynamic nature of the 
thoroughbred racing population and the nature of the activities 
that these horses participate in following the end of their 
racing careers. This information will enable racing authorities 
to make evidence-based decisions to improve traceability 
and management of horses as they move into the wider horse 
industry. It also reinforces the need for programs such as the 
Off the Track thoroughbred initiatives, and gives an indication of 
the scale of resources needed to be directed to these important 
programs. Understanding the factors that drive retirement 
of horses from the racing industry may enable changes to 
programming or the introduction of initiatives that improve 
retention and participation of racehorses in the racing industry. 
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Figure 1. Flow chart of survey enrolment and response rate for horses that raced and trained during the 2017-18 racing season.
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Research approach and progress 

An industry reference group (IRG) assists with the selection 
of medications to be investigated. The IRG comprises 
representatives from Equine Veterinarians Australia, Chief 
Racing Veterinarians from NSW, Victoria and Queensland, 
Racing Australia’s Veterinary Advisory Committee and 
Harness Racing Australia. This group meets at least once 
a year with the research project team to discuss which 
substances have been identified as problematic in Australian 
racing and require further investigation. These substances 
include registered therapeutic drugs as well as substances 
administered for no apparent health benefit. These 
substances are prioritised to then be administered to the 
research horses.

Prior to administration to the horses, animal care and ethics 
approval is obtained through CSU’s Animal Care and Ethics 
Committee. Detailed administration protocols appropriate 
for each drug (e.g. route of administration, dosage, frequency 
and duration of sampling) are developed for approval by this 
committee. 

Charles Sturt University maintains a herd of 20 thoroughbred 
horses (10 mares and 10 geldings) that are used for the drug 
administration studies. This ensures the health and drug 
administration history of the horses are well-documented, 
rather than conducting studies on random horses. Between 
four and six administration studies are scheduled each 
year, with eight to 12 horses in each study. This prevents the 
overuse of individual horses. Blood and urine samples are 
collected before drug administration to obtain baselines. 
The drug is administered, with a series of blood and urine 
samples then collected over a period of time. Each horse is 
trained to urinate to the whistle to enable the non-invasive 
collection of urine samples. 

Once the trials have been concluded, the blood and urine 
samples will be shipped to the nominated racing forensic 
laboratory. Samples are analysed using state-of-the-art 
equipment and well-established, standardised techniques. 
Laboratory methodologies are developed and enhanced. 

Unfortunately, COVID-19 took its toll on this project, with 
research suspended for most of 2020. However, to date, 
eight drug administration studies have been carried out in 
the horses and are currently under analysis with the three 
racing forensic laboratories. Four administration studies are 
scheduled for completion in 2021 and early 2022.

Implications for industry

Using a large group of horses for each drug administration 
gives an insight to the variation in drug metabolism between 
horses, which informs racing authorities, veterinarians and 
trainers of suitable withdrawal from competition times. 

With reliable pharmacokinetic and drug elimination data, 
appropriate times between drug treatment and return to 
competition can be established to prevent a positive swab. 
Veterinarians can treat racehorses with more confidence 
and allow trainers to better plan a horse’s return to racing. If 
trainers are confident that their veterinarians can predict an 
accurate return-to-racing time, then trainers are more likely 
to pursue effective veterinary treatment for their racehorses, 
which contributes to better health and welfare outcomes.

Furthermore, studies into non-therapeutic drugs enables 
the racing forensic laboratories to refine their analytical 
methodology to detect their use in racing. This acts as a 
deterrent to trainers acting outside the rules, thus preserving 
the integrity of racing. 
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Maintaining welfare and  
integrity in Australian racing

registered for use in other species, with little 
information on how the horse metabolises such a drug. 
The project will provide insight into the metabolism of 
off-label therapeutic drugs, while demonstrating that 
the presence of more dubious substances is not due 
to accidental exposure. There is also the potential to 
develop new methods of drug detection, such as hair 
analysis and metabolomics.  

Objectives

•     Improve the health and welfare of sick and injured 
horses treated with specific therapeutic drugs by 
providing more accurate drug metabolism data to 
veterinarians so that they can make more informed 
judgements.

•      Investigate off-label use of therapeutic drugs in racing 
thoroughbreds by determining pharmacokinetic 
profiles of such drugs, and indicate that testing for 
these drugs does occur in racing.

•      Reduce the risk of a horse returning a positive sample 
after legitimate treatment with specific therapeutic 
drugs. This will lead to greater integrity in racing.

•      Improve the welfare of all racing thoroughbreds through 
greater assurance about the safe and appropriate use 
of therapeutic drugs.

•       Establish the infrastructure and system for rapid 
and cost-effective testing of new therapeutic drugs, 
according to international standards of best practice, 
for the long-term benefit of the thoroughbred industry.

•      Contribute substantially to the international screening 
limits for blood and urine for the detection of prohibited 
substances in racehorses.

Objective 3

Background

Each year, thousands of Australian thoroughbreds 
compete in racing. Illness and training injuries 
are common, but there is still uncertainty about 
treatment regimens, excretion and detection periods 
for many important therapeutic drugs. Furthermore, 
there is a growing practice of registered drugs being 
used off-label. These can impact the horse’s welfare, 
the reputation of the trainer and/or owner, and the 
integrity of racing.

This project seeks to enable horses to be treated 
with much more confidence by removing deterrents 
to the trainer seeking veterinary treatment based on 
the fear of their horse returning a positive swab. By 
encouraging trainers to seek appropriate treatment 
for their horses, the impact of disease and injury will 
be reduced. 

This project will produce reliable blood and 
urinary excretion data for important equine drugs 
not previously assessed. Increasingly, inhalants 
are being used to treat equine asthma but the 
pharmacokinetics of this route of administration 
are poorly understood. Veterinarians do prescribe 
medications for off-label use, including those 
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Figure 1. A study horse being treated as part of the project.
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Diagnostic imaging to reduce 
thoroughbred racing fatality

There is still a paucity of strong evidence-based medicine 
pertaining to the clinical relevance of these imaging 
results and how they should be interpreted. Our research is 
focused on increasing the veterinary industry’s knowledge 
of the imaging appearance of subclinical and clinical 
pathology in racehorse fetlocks so that we can more 
accurately advise veterinarians, trainers, owners and racing 
authorities responsible for these horses. 

Objectives

•     To determine the imaging appearance of subclinical/
clinical fetlock pathology in racing thoroughbred 
fatalities at racetracks in south-east Queensland.

•      To compare the ability of radiography, low-field 
standing magnetic resonance imaging (MRI) 
and computed tomography (CT) to diagnose and 
characterise these pathologies. By comparing 
relevant pathological findings and their appearance/
visibility with the various imaging modalities, we will 
gain further knowledge about the relative strengths 
and weaknesses of each modality specifically for 
thoroughbred racehorses in work.

•      To identify any trends or common imaging findings 
in these fatal cases that could potentially serve as 
markers of horses in the training and racing population 
that are at increased risk of breakdown. With improved 
knowledge of the occurrence and appearance of 
injuries in horses that suffer catastrophic fetlock 
fractures, we hope to develop strategies to earlier 
identify at-risk horses, strategies for appropriate 
treatment, and educated management decisions.

Objective 6

Background

Many catastrophic fetlock injuries in racehorses are 
the manifestation of bone fatigue and microfractures 
that have the potential to be detected early with 
certain advanced imaging modalities. Decisions 
regarding the health of these bones and horses’ 
fitness to race are increasingly being made on the 
basis of the results of these imaging modalities, many 
of which have only become more readily available in 
Australia in the last five to 10 years. 

Radiography has historically been the most relied 
upon imaging modality by Australian racetrack 
veterinarians, but is only useful in diagnosing 
advanced stages of fetlock bone pathology. Imaging 
modalities such as high-field MRI and CT have a 
higher sensitivity and specificity for changes within 
the subchondral bone and articular cartilage, but 
to date, screening horses in racing or training for 
potential fetlock pathology has been limited by the 
need for general anaesthesia for advanced image 
acquisition. The advent of standing low-field MRI and 
standing CT provides us with an opportunity to use 
these modalities for racehorses in work without major 
disruption to their training regime. 
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Research approach and progress 

Cadaver limbs were collected from 20 thoroughbred 
racehorses that were euthanised or died while in work (racing 
or training) in south-east Queensland. All distal limbs of each 
horse underwent a complete radiographic, low-field magnetic 
resonance imaging (MRI) and non-contrast and contrast 
arthrography computed tomography (CT) examination of 
the fetlock region, followed by gross pathology and targeted 
histopathology. Data was collected on signalment and race 
history of each horse. Descriptive and statistical analyses 
were performed, and horses were grouped by reason for 
death, age and limb. In particular, investigation was focused 
on the imaging and post-mortem findings in the parasagittal 
grooves (PSG) and on the distribution and prevalence of 
osseous STIR hyperintensity in the fetlock.

Proximal sesamoid bone fracture predominated as the cause 
of fetlock fracture, and tibial or humeral stress fracture 
was most common in horses with fracture distant to the 
fetlock. Certain imaging and post-mortem findings were 
more prevalent in the horses with catastrophic fracture. 
It is possible that many of the changes identified indicate 
skeletal overload and bone fatigue, suggesting an increased 
risk of fracture overall, rather than indicating a specific risk 
of fracture at the location of fetlock pathology. Fetlocks 
contralateral to limbs with fracture often had the most 
substantial changes. The most clinically relevant finding 
to apply to fracture prevention in this study is asymmetry 
between lateral and medial fetlock pathology in the horses 
with fracture. Asymmetry in sclerosis in the PSGs or condyles 
and asymmetry in POD lesion severity were associated with 
fracture. Lysis in the lateral PSG with surrounding sclerosis or 
STIR hyperintensity was also associated with fetlock fracture. 

Many gross pathological and imaging findings were not 
related to fracture risk and were common across the study 
population. It is important to be aware of these findings so 
that they do not contribute to horses being removed from 
work unnecessarily. Interpretation of fracture risk and clinical 
relevance can be improved by assessing the severity and 
distribution of the advanced imaging findings and by taking 
into account the horse’s signalment and exercise history. 
Bilateral advanced imaging is recommended in racehorses 
with suspected fetlock pathology.

Implications for industry

Decisions surrounding training and racing regimes of 
thoroughbreds in work are multifactorial, becoming further 
complicated when horses are carrying musculoskeletal 
injuries which may or may not put them at risk of breakdown. 
With certain imaging and post-mortem findings occurring 
with increased prevalence in horses with catastrophic 
fracture, and others proving ubiquitous among the racing 
population, the results of this work will contribute to the 
veterinary community’s ability to evaluate patients with 
evidence-based, educated decision-making processes. The 
information obtained by this study is contributing to a slowly 
growing body of literature accessed not only nationally but 
also at an international level. 

With this added information, we hope to contribute to a 
reduction in the number of horses removed from racing 
prematurely or unnecessarily, while simultaneously increase 
our accuracy in the identification of individuals who are truly 
at risk of catastrophic fracture. 
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Figure 1. A study horse undergoing advanced imaging as part 
of the project.
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Sesamoid bone adaptation  
and repair in thoroughbred 
racehorses in training

Objectives

This project aims to provide a deep understanding of 
how the sesamoid bone accumulates and effectively 
repairs microdamage in response to training and racing 
in racehorses. The sesamoid bone is becoming the most 
important site of fatal injury amid the increasing use of 
synthetic racetrack surfaces, and non-fatal sesamoid 
injuries also have an important negative impact on the 
racing industry. This project addresses Objective 6 of the 
AgriFutures Thoroughbred Horses Program RD&E Plan, as 
a deeper understanding of how bone injuries develop, and 
how previous accumulated injuries contributes to this, will 
reduce the risk of musculoskeletal injuries, both fatal and 
non-fatal. The project also addresses the short-term goals 
of Objective 3 because breakdown injuries in horses are 
the most common cause of jockey injuries, result in poor 
equine welfare outcomes, and are a major threat to the 
sustainability of the industry.

Objective 6

Background

The high injury rate in international horses  
competing at the Melbourne Spring Racing Carnival, 
and the death of one of the favourites in the 2019 
Breeders Cup at Santa Anita Park, highlight the 
threat of musculoskeletal breakdown injuries for 
the thoroughbred racing industry. Much of our 
research to date has focused on cannon bone injury. 
However, with the increasing use of synthetic tracks 
in Australia, sesamoid fractures have become more 
prominent and there is limited research on this 
fatal condition. To develop preventative strategies 
for sesamoid fractures, an understanding of bone 
adaptation and repair is essential. In this study, 
we are investigating in detail how sesamoid bones 
adapt, accumulate microdamage, and repair that 
microdamage in response to training and racing. We 
will then be able to develop injury prevention tools to 
account for injuries to the sesamoid bone due to its 
increasing importance.
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Reducing injury and breakdown  
of horses in work and training

Research approach and progress 

This project commenced in December 2020. Both sesamoid 
bones from a forelimb have been collected from 64 racehorses 
that were in various stages of training or resting from training, 
and that died or were euthanased due to sustaining limb 
injuries or for reasons unrelated to limb injury.

Implications for industry

We will develop a deep understanding of how microdamage 
develops and is repaired in sesamoid bones that will inform 
the improvement of training regimens and management 
practices that minimise sesamoid injury risk. Due to our 
close collaborative relationship with industry partners and 
participants, adoption is expected to be high. A benefit from 
this project will be a decrease in risk, rather than an increase 
in productivity. As such, it is also expected that there will be a 
financial benefit through reduced catastrophic bone fractures 
and career-limiting injuries of racing thoroughbreds, with the 
key benefits being improved horse and human health and 
wellbeing, and the sustainability of the industry. 
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