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ABSTRACT

Biosecurity measures are designed to prevent the introduction and spread of pathogens, and play a vital role in
the equine industry, controlling endemic diseases and reducing the threat of exotic disease incursion. Equestrian
premises differ with respect to disease risks, biosecurity requirements and available facilities. This narrative
review summarises reported frequency of implementation for selected biosecurity measures, as well as evidence
relating to potential barriers to implementation of biosecurity on equestrian premises. Possible opportunities for
improvement in the adoption of equine biosecurity measures are also discussed.

Introduction

Biosecurity encompasses a range of hygiene and management mea-
sures, designed to reduce the introduction of infectious agents and to
control their spread within populations or facilities (Morley, 2002).
Biosecurity principles revolve around the assessment of risk and po-
tential consequences of pathogen exposure or transmission (Wenzel and
Nusbaum, 2007). The majority of biosecurity measures are directed
towards non-specific disease threats rather than focused towards a
particular pathogen and biosecurity is considered good everyday prac-
tice to avoid significant impacts when disease incursions occur.

Equine infectious diseases, including globally endemic diseases
caused by pathogens such as Streptococcus equi subspecies equi (S. equi;
strangles), equine influenza (EI) and equine herpes virus (EHV), repre-
sent a major welfare concern and result in considerable financial losses,
both for owners and the wider industry (Smyth et al., 2011). In the 2007
Australian EI outbreak, the average cost of veterinary treatment was
calculated at AU$969' per horse, and total household and business
losses were estimated at A$100.3 million (Smyth et al., 2011).
Furthermore, equine infectious disease can have considerable psycho-
logical impact on horse owners and other members of the equine in-
dustry (Taylor et al., 2008).

Biosecurity is critical to controlling endemic infectious disease and

* Corresponding author.
E-mail address: Joanne.Ireland@liverpool.ac.uk (J.L. Ireland).
1 AU$1 = Approximately £ 0.57, €0.64, US$0.69 at 11 January 2023

https://doi.org/10.1016/j.tvjl.2023.105950

mitigating the threat of incursion of exotic equine infectious diseases.
However, there are a number of challenges associated with imple-
menting effective biosecurity on equestrian premises. Available facilities
and use of biosecurity measures are both inconsistent between different
premises and are frequently deficient (Rogers and Cogger, 2010; Rosa-
nowski et al., 2012; USDA, 2018; Crew, 2021). Lack of biosecurity was
ranked as the highest priority welfare issue affecting the United
Kingdom (UK) equine population by a panel of animal welfare experts
(Rioja-Lang et al., 2020). In order to identify areas for improvement, and
to inform effective strategies for improving equine biosecurity, an un-
derstanding of current biosecurity implementation and the factors that
influence it is required.

This narrative review details the frequency with which common
biosecurity measures are implemented on equestrian premises, along-
side factors related to uptake of these measures and potential barriers.
Drawing on infection control research in livestock farming and human
health care, areas offering potential opportunities to improve equine
biosecurity are identified.

Biosecurity measures

Biosecurity recommendations for equestrian premises encompass
both bioexclusion and biocontainment (Johnson and Duggan, 2012;
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Ivens, 2015). Bioexclusion comprises risk reduction strategies that aim
to prevent pathogen entry, and thereby introduction of infectious dis-
ease, to the premises. Examples of bioexclusion measures implemented
on equestrian premises include; quarantine of new arrivals or returning
resident equids, infection control precautions for visitors and avoidance
of contact with other animals (USDA, 2016). Biocontainment measures
focus on limiting pathogen transmission within the resident population,
and preventing onward spread from an infected population, for
example, isolation of equids suspected or confirmed as having a conta-
gious disease (USDA, 2016). Many biosecurity measures contribute to
both bioexclusion and biocontainment, such as maintenance of good
hygiene (including hand hygiene, use of personal protective equipment
[PPE] and disinfection of equipment or vehicles), and vaccination
against specific pathogens (USDA, 2016). The following sections sum-
marise published data on the prevalence of implementation of
commonly recommended bioexclusion and biocontainment measures.

Protocols for newly arriving horses

Newly introduced equids pose a risk for introduction of infectious
disease, and bioexclusion measures implemented for new arrivals are
intended to reduce this risk. Recommendations for newly arriving horses
include inspection for signs of clinical disease prior to entering the
premises, quarantine on arrival, daily temperature checks during quar-
antine and ensuring up-to-date equine influenza vaccination (Johnson
and Duggan, 2012; Ivens, 2015). The most recent National Animal
Health Monitoring System (NAHMS) study obtained survey data from
1920 American properties with at least five resident equids (USDA,
2016). For premises that had received new resident equids in the pre-
ceding year, the most frequently reported health requirements for these
animals were testing for equine infectious anaemia (EIA; 56%),
anthelmintic treatment (50%) and vaccination (49%) in the last year
(USDA, 2016). The high proportion of premises requiring EIA testing
likely reflects compliance with American regulatory requirements for
interstate movement of horses, attendance at competitions or other
events, and change of ownership. In a cross-sectional study of British
non-racing equestrian premises, 77% of premises owners/managers (n =
296/387) reported having a protocol for new arrivals, with passport
check and anthelmintic treatment most commonly undertaken (both
57%; Hodgkinson et al., 2018b). In a survey of randomly selected
non-commercial properties in New Zealand, 95% of respondents indi-
cated that they conducted at least one biosecurity measure for new
horses (Rosanowski et al., 2012). However, 18% of respondents (n =
108/595) reported that health checks were not performed for horses
arriving on their premises, and 18% (n = 105/598) reported that his-
torical information, including medical, vaccination and anthelmintic
history and the horse’s previous location, was not obtained (Rosanowski
et al., 2012). The authors concluded that few surveyed premises un-
dertook biosecurity measures that would protect against infectious dis-
ease (Rosanowski et al., 2012). Collectively, these studies demonstrate
that a considerable proportion of equestrian premises do not implement
any measures to reduce the infectious disease risk posed by introduction
of new horses, and even where some form of protocol exists, it may not
be sufficient to prevent pathogen transmission.

Quarantine

Quarantine is an important measure for reducing the risk of path-
ogen introduction to the resident herd. Quarantining newly arriving
horses has been demonstrated to be effective at preventing the spread of
EI (Nishiura and Satou, 2010; Gildea et al., 2011), yet is undertaken
relatively infrequently. In three cross-sectional studies, utilising
different questionnaire-based methodologies, low frequency of quaran-
tine implementation was reported across a range of premises types in
New Zealand (Rogers and Cogger, 2010; Rosanowski et al., 2012, 2013).
On non-commercial properties, only 31% of respondents (n = 178/572)
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quarantined new horses for > 4 days and 26% did not quarantine
arriving horses at all (Rosanowski et al., 2012). Similarly, only 32% of
interviewed Thoroughbred stud farm managers (n = 9/28) routinely
quarantined stallions, and only 18% (n = 5/28) reported having quar-
antined an arriving mare in the week preceding the survey (Rogers and
Cogger, 2010). In a further study utilising face-to-face interviews of
Thoroughbred and Standardbred stud managers, only 22% routinely
quarantined arriving horses (Rosanowski et al., 2013). Comparable re-
sults were obtained in the American NAHMS survey, where 37% of
premises reported always requiring quarantine of new resident horses
(USDA, 2016). However, only 16% of premises required quarantine for
non-resident equids staying on the premises for < 30 days (USDA,
2016).

Survey data on implementation of quarantine may not provide ac-
curate prevalence estimates for effective quarantine practices. A subset
of premises included in the 2015 NAHMS study (n = 223) subsequently
had a biosecurity assessment undertaken by a veterinarian and/or ani-
mal health technician (USDA, 2018). Overall, 65% of assessed premises
had a separate area in which quarantine of new arrivals would be
possible; however, on 17% of premises, this area allowed nose-to-nose
contact between quarantined and resident equids (USDA, 2018).
While 85% of premises had quarantine areas that prevented shared
water sources, only 21% implemented optimal practices preventing both
direct and indirect contact between quarantined and resident horses
(USDA, 2018). In another American study, 50% of equestrian premises
that regularly received new horses required a quarantine period for
these equids; however, 19% of premises did not have a quarantine area
available (Kirby et al., 2010). Validation of responses achieved by pre-
mises visits undertaken by the researchers revealed that survey re-
sponses overestimated quarantine practices (Kirby et al., 2010),
highlighting that owner-reported data do not necessarily reflect bio-
security implementation in practice.

Visitor protocols

Humans play a significant role in the transmission of pathogens,
particularly through fomite transmission, for example via hands,
clothing or equipment (Goehring et al., 2010; Rossi et al., 2017).
Consequently, visitors to equestrian premises pose a risk for introduc-
tion and/or spread of pathogens. The main function of an equestrian
premises will impact on both the number and type of visitors it receives.
Attendance by equine professionals is commonplace, with 79% of
non-commercial premises (n = 625/791) in New Zealand reporting visit
(s) from at least one professional in the previous year (Rosanowski et al.,
2012). The most frequently reported visiting professionals visiting
equestrian premises were farriers, veterinarians, dental technicians, and
equine therapists, with farriers and riding instructors making the
greatest number of visits per year (Rosanowski et al., 2012). These
visitors spend time handling horses on multiple premises each day and
therefore have the potential to transmit disease between premises.

To mitigate potential risks, visitor protocols for equestrian premises
should include biosecurity measures that minimise opportunities for
fomite transmission via vehicles, people and equipment (Johnson and
Duggan, 2012; Ivens, 2015). Examples of these measures include park-
ing vehicles away from animal areas (USDA, 2016), using the premises’
own or disinfected equipment, handwashing and changing clothes/o-
veralls (Rogers and Cogger, 2010; Rosanowski et al., 2012; USDA,
2016). There is some evidence supporting effectiveness of personal
biosecurity measures taken by visitors in reducing the risk of EI trans-
mission. In a retrospective case-control study of premises in areas
affected by EI during the 2007 Australian outbreak, on multivariable
analysis, use of footbaths was associated with a 73% reduction in odds of
premises becoming infected (Firestone et al., 2011). However, this may
be a proxy indicator for overall biosecurity standards on properties that
used a footbath. Again during the Australian EI outbreak, implementa-
tion of personal biosecurity measures by visitors, including
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handwashing, changing clothes and shoes prior to contacting horses,
was shown to be protective (Firestone et al., 2013).

Findings from biosecurity surveys have demonstrated that it is
relatively uncommon for equestrian premises to have protocols in place
for visiting equine professionals. On non-commercial premises in New
Zealand, only 31% of survey respondents (n = 154/495) had a visitor
protocol, which most commonly comprised requesting that the profes-
sional washed their hands (19% of premises; n = 94/495; Rosanowski
et al., 2012). Similarly, only 25% of surveyed premises in America
requested visitors took some form of infection control precaution, with a
requirement for visitors to clean and disinfect their hands reported by
20% of premises (USDA, 2016). Over half of interviewed stud managers
expected visiting veterinarians to follow their own protocol, but had no
knowledge of what this would include (Rosanowski et al., 2013). An
awareness of the risk posed by dirty equipment was demonstrated by
both commercial and non-commercial owners, with some requesting
that visiting veterinarians (Rogers and Cogger, 2010) and other visitors
(Rosanowski et al., 2012) either cleaned equipment or used equipment
provided.

In a survey of equine veterinarians in Australia following the 2007 EI
outbreak, the majority of participants considered there was little like-
lihood of themselves spreading infectious disease from one client’s horse
to another and 24% stated they did not consider themselves to present
any risk of pathogen transmission (Schemann et al., 2014). Where vet-
erinarians do not recognise potential disease risk, there is likely to be
little encouragement for following recommended biosecurity measures,
particularly when undertaking biosecurity is not seen to be entirely
practical in everyday working life (Schemann et al., 2014).

Prevention of disease spread within equestrian premises

As a herd species, regular direct contact between horses on the same
premises is largely to be expected, and this contact can allow rapid
transmission between horses when infection is introduced onto the
premises. Indirect contact also provides opportunities for transmission
between resident horses before detection of clinical disease. Effective
biocontainment includes measures preventing direct, nose-to-nose
contact and indirect contact between resident horses, for example,
through handwashing between horses or by avoiding equipment sharing
(Johnson and Duggan, 2010).

Results of two surveys of stud farm managers in New Zealand suggest
that implementation of biocontainment measures largely occurs in
response to the presence of disease (Rogers and Cogger, 2010; Rosa-
nowski et al., 2013). In the absence of disease, few studs had policies for
handwashing, changing clothes, changing/cleaning shoes, or cleaning
equipment between groups of horses (<20% of surveyed stud farms in
both studies; Rogers and Cogger, 2010; Rosanowski et al., 2013).
Conversely, in the presence of disease, the majority of studs (>92%)
reported undertaking these measures (Rogers and Cogger, 2010; Rosa-
nowski et al., 2013). However, stud managers demonstrated an aware-
ness of high-risk areas for pathogen transmission, with the majority of
farms regularly cleaning foaling paddocks and disinfecting stocks,
regardless of disease status (Rogers and Cogger, 2010). Both of these
studies utilised face-to-face interviews for data collection, therefore
there may be a risk of social acceptability bias. For example, the reported
prevalence of biocontainment measures when disease was present on
the stud farm may overestimate the true prevalence of these measures if
managers gave the answers that they considered to be most acceptable,
rather than the most accurate response.

Hand hygiene

Good hand hygiene following contact with infected animals is
important for reducing pathogen transmission. Premises biosecurity
assessments of a sample of American equestrian premises identified that
42% had adequate hand hygiene options (hand washing with soap plus
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hand drying materials or hand sanitiser) available within the equine
housing area, although a greater proportion of large premises (>20
resident horses) had hand hygiene facilities compared to smaller pre-
mises (USDA, 2018). Handwashing facilities were available on 86% of
non-racing British premises (n = 606/708) in a cross-sectional study
(Hodgkinson et al., 2018b). However, regardless of availability, re-
spondents reported rarely/never washing their hands prior to (59%) or
after (34%) equine contact (Hodgkinson et al., 2018b).

Minimising contact between groups of horses

Segregating horses by age group is recommended as a method to
reduce direct horse-to-horse contact (Johnson and Duggan, 2010).
Biosecurity assessments conducted on American premises found that
75% housed horses in consistent groups or individually, separate from
other individuals or groups (USDA, 2018). Despite this, 65% of these
premises allowed individuals or groups of horses to share a common
water source (USDA, 2018). In a postal survey of British horse owners,
14% reported that their horses were turned out in an area where contact
with horses from a neighbouring premises was possible (Crew, 2021). In
comparison to new horses, owners perceived returning horses as posing
less risk, less frequently implementing quarantine for resident horses
returning after a period off the premises (Crew, 2021). However, in
addition to the risk of direct contact with potentially infectious animals
at events, there is also a possible risk of disease from contact with
external handlers and transportation vehicles (Mee et al., 2012), which
may be overlooked by owners.

Isolation facilities

Isolation of affected equids is a vital control measure in the event of
an infectious disease outbreak (Johnson and Duggan, 2010). The
importance of preventing shared air space for isolation facilities to
effectively control disease varies depending on the pathogen of concern.
For example, maintaining a separate air space is unlikely to be required
for control of pathogens spread only by oral or direct transmission but is
a key consideration for pathogens capable of airborne transmission such
as EI virus and EHV. A study of EI outbreaks in Ireland highlighted the
importance of ensuring a separate air space when isolating horses,
demonstrating that the majority of horses housed in barns became
clinically affected, whereas fewer horses in stables and even fewer
pasture-kept horses were affected (Gildea et al., 2011). When isolation
facilities are needed and not available, delays and poorly thought
through solutions may lead to inadvertent spread of infection (Gildea
et al., 2011). For 21% of assessed American premises with a separate
isolation area, it was located zero feet from (i.e. immediately adjacent
to) resident horses and 18% had isolation areas between 1 and 30 feet
from the nearest resident horse (USDA, 2018). Although the required
isolation distance to prevent transmission varies considerably depend-
ing on the pathogen, where it is insufficient to prevent nose-to-nose
contact or short-range airborne transmission, segregation of infectious
horses may be ineffective for preventing the spread of infection. Based
on simulation models, reduction of horse-to-horse contact together with
vaccination appeared to be more effective for controlling EI than either
intervention alone (Spence et al., 2018).

Equine influenza vaccination

While vaccination recommendations vary depending on disease risks
in different countries, EI is globally endemic, and vaccination against it
is recommended as part of premises biosecurity plans (Ivens, 2015).
Optimal minimum vaccination rate is based on the level at which herd
immunity can be achieved, according to how contagious the pathogen is
(Fine et al., 2011). It has been stated that a vaccination rate of at least
75% within herds provides better disease control in EI outbreaks (Singh
et al., 2018). In various studies, owner-reported prevalence of EI
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vaccination ranged from 79% to 89% (Hotchkiss et al., 2007; Vilela
et al., 2017; Hodgkinson et al., 2018b; Bambra et al., 2020). However,
estimations of true EI vaccination based on vaccination sales and esti-
mated number of horses suggest a much lower rate. Veterinarian
compliance with datasheet vaccination schedules has been shown to be
poor (Wilson et al., 2021), which may reduce vaccine effectiveness. For
example, longer intervals between primary vaccinations can result in
increased duration of immunity gaps, where antibody levels fall below
those required for clinical protection (Cullinane et al., 2014). Vaccina-
tion alone was not sufficient to prevent the spread of EI within racing
yards, with 34% of horses with an up-to-date vaccination record
developing clinical signs (Gildea et al., 2020).

Limitations of data on frequency of biosecurity measures

The studies discussed above provide valuable data that demonstrates
the variable and often suboptimal implementation of different bio-
security measures on equestrian premises. Many of these studies were
conducted in Australasia, North America, the UK and Ireland. It is
important to note that disease risks, as well as equine management
practices, will affect both biosecurity requirements and practices, and
can differ considerably between geographic locations. As such, findings
from one country are not necessarily generalisable to other equine
populations. Moreover, available evidence about equine biosecurity
implementation likely represents a ‘best case scenario’, and the true
frequency with which these measures are utilised is likely to be lower. A
limitation common to many of these studies is the reliance on ques-
tionnaires to gather owner-reported data, which carries a risk of errors
introduced by non-response bias, where owners with a greater interest
in biosecurity are more likely to participate. It is also likely that bio-
security levels assumed from their responses actually over-estimate
biosecurity in practice. Additionally, a number of the studies of horse
owners in Australasia were undertaken shortly following and in relation
to the 2007 Australian EI outbreak, which is likely to elicit different
responses than may be expected from a population which has not
recently experienced or faced imminent threat of disease.

Whilst biosecurity practices are assumed to control infectious dis-
ease, there is little evidence to quantify the effectiveness of different
interventions. Certain measures are likely to be more effective at con-
trolling disease when implemented in different situations. Subsequently,
while the number of measures and frequency with which each is un-
dertaken may be used to estimate horse owner biosecurity compliance,
this may not directly translate into effectiveness at preventing pathogen
spread.

Challenges and potential barriers to equine biosecurity

The equine industry has some unique features that affect both bio-
security requirements and whether or not measures are implemented.
Horses are kept in a range of establishments including owners’ home
premises, livery yards, riding schools, rented pastures and livestock
farms, and in some instances, horses may be kept at multiple locations
each year (Boden et al., 2013). Horses regularly travel from their home
premises, including short-term movement for ridden exercise or longer
distance travel involving vehicle transport (Robin et al., 2011). In a
survey of 4417 British horse owners, 59% of respondents travelled and
returned home with their horse within one day (Boden et al., 2013).Ina
study in Ontario, 1754 movements to 553 unique locations were un-
dertaken by 330 horses over a seven-month period (Spence et al.,
2019a), representing considerable opportunities for pathogens to be
brought back onto horses’ home premises if no precautionary measures
are taken.

Effective control of infectious disease requires knowledge of the size
and spatial distribution of the at-risk population, as well as the level of
contact between individuals within the population. Horse contact net-
works vary widely between different premises and different sectors of
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the equestrian industry, which has a marked effect on likely pathogen
transmission in an outbreak (Milwid et al., 2019). On livestock farms,
maintaining a closed herd is considered the most important biosecurity
measure (Sayers et al., 2014). It is less common for equestrian premises
to maintain closed herds and on premises where the function of the
business relies upon regular visits by non-resident horses and clients,
such as competition premises or riding schools, aiming for a closed herd
is directly contradictory to business pursuits.

Horse owner compliance with biosecurity recommendations

Studies have identified considerable variation in perceptions, atti-
tudes, motivators and barriers to biosecurity between groups of horse
owners in Australasia (Rogers and Cogger, 2010; Schemann et al., 2011;
Rosanowski et al., 2012; Rosanowski et al., 2013; Schemann et al.,
2013a,b). Voluntary compliance with biosecurity amongst horse owners
is associated with both demographic and attitudinal factors (Schemann
et al., 2011). In an online survey undertaken one year after the 2007 EI
outbreak, 759 Australian horse owners were asked to rate the frequency
of implementation of 16 biosecurity measures on a five-point scale, from
every time to never (Schemann et al., 2011). A biosecurity compliance
index was calculated, with 50% of respondents classed as having high
compliance, 20% medium and 30% low compliance (Schemann et al.,
2011). Factors associated with low compliance included young age
(16-25 years), having at least two children and having no commercial
involvement with horses (Schemann et al., 2011).

Perceptions of vulnerability and risk

In human medicine, several models have been created in order to
explain and predict whether or not people adopt preventive health be-
haviours. While these different models contain a wide variety of com-
ponents, perceptions of vulnerability/susceptibility to, and risk of, the
given health threat are commonly included factors. One of these models
is the protection motivation theory, in which perceived vulnerability is a
key behavioural determinant (Norman et al., 2005). Perceived vulner-
ability is measure of the degree to which an individual perceives
themselves to be susceptible to contracting a contagious disease, and
high perceived vulnerability is likely to improve compliance with per-
forming protective behaviours (Norman et al., 2005). Conversely, low
perceived vulnerability reduces the motivation to perform protective
behaviours. Perceived vulnerability amongst horse owners and premises
managers has been investigated in an Australian-based study following
the 2007 EI outbreak (Schemann et al., 2013a). From a randomly
selected sample of premises within restricted zones during the outbreak,
200 owners and managers were interviewed, 64% of whom had expe-
rienced at least one confirmed EI case on their premises. Overall, 31% of
interviewees considered themselves invulnerable to a future EI outbreak
(Schemann et al., 2013a). Factors associated with low perceived
vulnerability included involvement with racing, rural premises location
and a high level of perceived preparedness for a future outbreak
(Schemann et al., 2013a).

Perceived risk incorporates consideration of both the probability of
disease occurrence as well as the severity of negative consequences of
disease (van der Pligt, 1998). In a questionnaire-based study of 164
Dutch pig farmers, risk perceptions were significant predictors for
adoption of on-farm biosecurity, with self-protection (risk aversion)
behaviour directly contributing to the uptake of risk management stra-
tegies (Valeeva et al., 2011). There are few similar examples of the
application of health behaviour models to predict biosecurity under-
taken by horse owners. In an online survey of 150 Australian horse
owners, low perceived risk of Hendra virus infection was identified as a
barrier to uptake of vaccination (Manyweathers et al., 2017). This risk
perception appeared to be based upon owners’ personal risk assess-
ments, where a lack of fruit bats populations in their area inferred a low
likelihood of disease (Manyweathers et al., 2017), suggesting that
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probability of infection was the predominant consideration rather than
severity of the consequences of a Hendra virus case. In a large
cross-sectional study of owners on non-racing premises in Britain, 60%
considered that their horse was not at risk of infectious disease on an
average day, most frequently based on their horse having no/limited
contact with other/unknown horses (Crew, 2021). Similarly, qualitative
content analysis of data obtained in a large online questionnaire-based
study identified that UK leisure horse owners often considered their
horse to be at low risk of exotic diseases due to no or limited mixing with
other horses (Spence et al., 2019b). On surveyed American premises, the
primary reason stated for not vaccinating resident equids was little risk
of disease exposure (cited by >51% of non-vaccinating premises for all
vaccinable diseases included in the survey; USDA, 2017). It is probable
that management factors influence owner perceptions of risk of disease
exposure and thereby decision-making about vaccination. For example,
lower levels of EI vaccination have been reported by owners whose
horse(s) never left the home premises, had a lack of exposure to new
horses (Bambra et al., 2020), and were not involved in competition
(Koskinen, 2014; Bambra et al., 2020).

Feasibility, facilities and premises-related factors

From studies of livestock farmers, it has been reported that bio-
security measures will only be implemented if farmers consider them to
be feasible and practical (Garforth et al., 2013; Toma et al., 2015). The
feasibility of a measure incorporates multiple factors, including cost,
time, labour, and the physical structure or layout of the premises (Gunn
et al., 2008; Garforth et al., 2013; Alarcon et al., 2014). These factors
also apply to feasibility on equestrian premises, and have been reported
to influence biosecurity implementation. Cost has been reported as a
barrier for EI (Bambra et al., 2020) and Hendra virus vaccination
(Manyweathers et al., 2017). In two studies on New Zealand stud farms,
surveyed managers reported that the main reasons for failing to imple-
ment quarantine protocols for new mares were lack of space to prevent
horse contact and constraints on time (Rogers and Cogger, 2010;
Rosanowski et al., 2013). Similarly, in a survey of non-racing premises in
Britain, the greatest barrier to undertaking biosecurity measures was a
lack of appropriate facilities (Hodgkinson et al., 2018a).

Several positive associations between biosecurity implementation
and premises size, type and number of horse movements have been re-
ported. It is probable that lower perceived infectious disease risk con-
tributes to reduced levels of biosecurity on smaller premises and/or
those with fewer movements. Compared to small (<90 mares) and
medium (91-199 mares) premises, larger Thoroughbred stud farms
(>200 mares) more frequently had protocols for visiting veterinarians,
and where present, visitor protocols were more comprehensive on larger
studs (Rogers and Cogger, 2010). Non-commercial equestrian premises
smaller than 6 ha were less likely to implement biosecurity measures
than larger premises (6-169 ha; Rosanowski et al., 2012). Similarly,
larger premises were more likely to have biosecurity facilities (Crew,
2021), and commercial premises were more likely to have dedicated
isolation/quarantine facilities (Hodgkinson et al., 2018b). A greater
number of British owners on commercial premises described their horse
(s) as being up-to-date with EI vaccination, compared with respondents
that kept their horses at home!. Vaccination for EI is less frequently
implemented by professional owners (including yard owners or
competition riders/owners whose main income came from their
involvement with horses) compared to non-professional owners
(Hodgkinson et al., 2018b). Results of a large online survey demon-
strated an inverse relationship between EI vaccination and the number
of horses owned, with the lowest vaccination rate (66%) reported for
owners of more than five horses (Bambra et al., 2020).

Horse movement from the premises has been associated with
increased likelihood of having biosecurity measures for arriving horses
and measures to identify clinical signs of disease in horses (Rosanowski
et al.,, 2012). Horse movements on and off the premises have been
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utilised as a proxy measure for risk of exposure to disease on American
properties (Traub-Dargatz et al., 2012). Premises that received visiting
or new resident equids introduced within the previous 12 months were
classified as high-risk, while those with no equid movements on or off
the premises were classified as low-risk (Traub-Dargatz et al., 2012).
Medium-risk premises were those with no new or visiting equids in the
previous 12 months, where resident equids returned to the premises
following contact with outside horses while away from the premises. In
general, low-risk premises were less likely to implement biosecurity
measures than medium and high-risk premises, with the exception of
preventing contact of horses with other animals and avoiding spreading
manure on horse grazing areas (Traub-Dargatz et al., 2012).

Improving biosecurity on equestrian premises

The previous sections clearly demonstrate that implementation of
biosecurity measures on equestrian premises is frequently suboptimal,
for a range of reasons. Research investigating barriers and motivators for
protective health behaviours highlights areas where changes to veteri-
nary communication offer potential opportunities to improve equine
biosecurity.

Risk communication

Awareness of disease risk has been reported to influence both on-
farm and personal biosecurity measures. For example, previous experi-
ence and current local disease status influence risk perception, with a
qualitative study identifying that sheep and pig farmers were likely to
undertake increased precautions where disease is reported in the local
area (Garforth et al., 2013). Similarly, concern for the health and welfare
of their horse(s) and a recent disease outbreak on the premises were
identified as key drivers of biosecurity implementation by British
owners (Hodgkinson et al., 2018a). First-hand experience of the disease
or a case occurring on a nearby property were the factors respondents
most frequently reported as likely to prompt them to reconsider vacci-
nating their horse against Hendra virus in the future (Manyweathers
et al.,, 2017). In a qualitative study of people working within the
Australian Thoroughbred breeding industry, awareness of zoonotic
disease risks was a motivating factor for the use of PPE (Taylor et al.,
2020). Results of these studies would suggest that when there is a known
elevated risk of disease, motivating owners to follow recommended
biosecurity measures is likely to be an easier task, supporting a role for
effective risk communication. Increased risk communication can also
have indirect beneficial effects on protective behaviours. For example,
in response to initial Coronavirus (COVID-19) government restrictions
in early 2020, improving biosecurity measures on equestrian premises
was the second most common behaviour change of horse owners
(Hockenhull et al., 2021). Since perceived risk and concern about the
consequences of infectious disease are important motivating factors,
improving risk communication is likely to lead to increased uptake of
biosecurity measures.

Increasing veterinary involvement in equine biosecurity

Research amongst both farmers and horse owners has highlighted
the vital role that veterinarians play in providing biosecurity informa-
tion. Both quantitative and qualitative studies of livestock farmers have
found consistent results, with the majority of surveyed farmers viewing
veterinarians as the most credible and reliable source of information on
disease risk management, based on trust and previous experience
(Garforth et al., 2013; Sayers et al., 2013; Alarcon et al., 2014; Brennan
etal., 2016). During the 2007 Australian EI outbreak, most horse owners
obtained infection control information from governmental sources;
however, owners who received infection control information directly
from a veterinarian were more likely to believe biosecurity measures to
be effective (Schemann et al., 2012). Horse owners in a UK
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questionnaire-based study expressed confidence in their veterinarians’
knowledge, and indicated that support from proactive veterinarians
increased their confidence in implementing biosecurity measures,
leading to lower perceived vulnerability to exotic diseases (Spence et al.,
2019b). Although the majority of surveyed British horse owners on
non-racing premises reported that greater veterinary guidance would be
likely to prompt a change in their biosecurity practices, only 27% of
owners reported that they had ever discussed biosecurity/infection
control with their veterinarian (Hodgkinson et al., 2018a).

Findings from both livestock and equine research indicate that cli-
ents value biosecurity information from their veterinarian, but formal
veterinary biosecurity assessment appears to be rarely undertaken in
equine practice. In the NAHMS study, although 45% of premises had
consulted their veterinarian about vaccinations in the preceding year,
only 6% had their veterinarian perform some form of premises bio-
security assessment (USDA, 2016). While only 42% of British non-racing
premises had some form of biosecurity plan in place (Hodgkinson et al.,
2018b), writing their own biosecurity plan for everyday management
and disease preparedness was considered beneficial by horse owners
completing an online equine biosecurity training course (Schuft et al.,
2021). This proactive approach could be strengthened by increased
veterinary involvement; however a qualitative study of first opinion
equine veterinarians highlighted that proactive discussions about bio-
security are rare, with biosecurity behaviours and provision of advice
largely adopted in response to a disease threat (Spence et al., 2021).
Forty-three percent of UK cattle veterinarians reported setting aside
specific time to discuss biosecurity plans with farmers (Pritchard et al.,
2015), whereas qualitative interviews with UK equine veterinarians
suggested that they find it difficult to achieve this within normal client
contact hours (Spence et al., 2021).

Tailored biosecurity plans

Substantial variation in stable design, layout and horse contact be-
tween and within different premises highlights the difficulties that
owners may face when assessing their own biosecurity practices and
needs. The personalised nature of veterinary advice has the capacity to
capture complex details, such as housing layout and design, and un-
derstanding where owners may need additional veterinary assistance or
work-around solutions is vital. For example, on premises without a
dedicated quarantine/isolation facility, the specific stabling layout
could guide the most appropriate location for effective temporary
isolation. Considerable importance is placed on the ability of veteri-
narians to deliver advice that is relevant to the individual farmer (Gar-
forth et al., 2013). A positive impact of tailored advice has been reported
in a study of 116 beef suckler farms, where results indicated that tailored
biosecurity advice packages could reduce on-farm prevalence of a
number of pathogens (Cardwell et al., 2016). Although the effect of
tailored biosecurity advice has not yet been formally evaluated for
equestrian settings, it is likely that concentrating on premises-specific
nuances would facilitate owners focusing their biosecurity efforts
effectively on measures that would provide the greatest benefit. The
number of resident horses, equine movements onto the premises, degree
of direct and indirect contact between resident horses, implementation
of quarantine measures and history of infectious disease can all be uti-
lised to estimate infectious disease risks at a premises level (Ivens,
2015).

Conclusions

Although the frequency with which individual biosecurity measures
are implemented is variable, this review highlights that overall bio-
security on equestrian premises is suboptimal. While some measures
such as vaccination are reportedly performed by a majority of horse
owners, overall relatively few equestrian premises routine undertake
other measures that would be effective for disease prevention or control.
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Understanding barriers and motivators for horse owner biosecurity
implementation is essential to developing effective strategies to increase
the uptake of equine biosecurity recommendations. While available
evidence provides some insight in to these potential factors, there is a
clear need for further research and development within this area to
improve understanding of factors affecting biosecurity implementation
on equestrian premises.

The 2019 EI outbreak in Europe and the COVID-19 pandemic will
undoubtedly have shaped horse owner risk perceptions and biosecurity
behaviours. This heightened awareness of disease control provides a
foundation for enhancing veterinary client communication around
equine biosecurity. The considerable variability of facilities and mea-
sures undertaken on different premises highlights the requirement for
personalised advice. Evidence from both farm and equine studies in-
dicates that where following protocols proves challenging within the
premises-specific setting, it is likely that owner compliance will be
reduced. Assessing where there may be restrictions on biosecurity
implementation due to available facilities, premises layout, or con-
straints on time or finances provides focus for future guidance. Targeting
biosecurity recommendations specifically for different equestrian pre-
mises should aid improved uptake of any future biosecurity advice.
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