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ABSTRACT


Farm-level biosecurity has become an increasingly central component of disease prevention in livestock systems, with national risk assessment programmes representing a key tool in identifying herd-level vulnerabilities and supporting targeted disease control. This study utilised data generated through the Bioscore Dairy Targeted Advisory Service on Animal Health (TASAH) programme to conduct an exploratory analysis of biosecurity practices across Irish dairy farms, with particular focus on their relevance to the prevention and control of two diseases of current significance within the Irish dairy industry: Bluetongue virus and Digital Dermatitis.
Following a description of the host organisation, Animal Health Ireland, and the activities undertaken during the internship period, the study presents an analysis of the Bioscore Dairy dataset collected during its first year of implementation in 2025. External biosecurity measures were more consistently implemented than internal biosecurity and disease-monitoring practices. In relation to Bluetongue, important weaknesses were identified in animal movement management, quarantine practices, and clinical record-keeping. For Digital Dermatitis, deficiencies were observed in sick animal management, footbath use, and routine locomotion scoring. The relationship between participation in the Irish Johne's Control Programme and broader biosecurity behaviours was also explored, with enrolled farms demonstrating higher disease monitoring scores and greater vaccine usage than non-participating herds. Finally, engagement metrics from two Animal Health Ireland social media campaigns — one focused on Bovine Viral Diarrhoea awareness and one on biosecurity — were analysed to assess the potential of digital communication platforms in promoting preventative herd health behaviours among farmers.
The findings demonstrate that national biosecurity datasets such as Bioscore Dairy represent a valuable tool for identifying weaknesses in disease preparedness and that strengthening biosecurity measures, supported by structured advisory programmes and targeted digital communication, is essential for improving disease control outcomes in Irish dairy systems.
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Activities Carried Out

Animal Health Ireland (AHI) is a not-for-profit organisation constituted as a Company Limited by Guarantee, operating as a partnership between private sector organisations and businesses in the agri-food sector and the Department of Agriculture, Food and the Marine (DAFM). The organisation receives no guaranteed income from the State; government funding is provided on the basis of strict matching with private sector contributions up to an agreed limit, making AHI wholly dependent on its capacity to attract private sector investment. The sustained growth of this support since the organisation’s establishment bears testimony to its ability to deliver measurable and quantifiable outcomes for its stakeholders across the Irish agri-food sector.
AHI’s vision is to be recognised as a world-class resource enabling Irish farmers and the agri-food industry to achieve and maintain the highest international standards of animal health, thereby improving the profitability and sustainability of their enterprises and enhancing the value and competitiveness of Irish products in international markets. This vision is underpinned by a clearly defined mission: to contribute to an economically, socially and environmentally sustainable farming and agri-food sector through improved animal health and welfare. The organisation is guided by five core values — Service, Objectivity, Collaboration, Innovation, and Accountability — which shape its engagement with stakeholders and the design and delivery of all its programmes. Technical advice is developed by a number of specialist Technical Working Groups, whose outputs and policy recommendations are, wherever possible, published in international peer-reviewed journals, ensuring scientific rigour and transparency in all aspects of the organisation’s work. A key feature of AHI’s outreach strategy is the active dissemination of scientific and advisory information through social media platforms, enabling the organisation to engage directly with farmers, veterinary practitioners, and the wider agri-food community in a timely and accessible manner.
AHI’s remit encompasses the pursuit of effective control strategies for economically important diseases of livestock that are not subject to international regulation. The organisation currently manages several national programmes addressing a wide range of species and disease areas. The Irish Johne’s Control Programme targets the control of Mycobacterium avium subsp. paratuberculosis in Irish cattle herds, while the National IBR Eradication Programme (IBRFree) works towards the national eradication of Infectious Bovine Rhinotracheitis. The Pig HealthCheck programme, co-funded by pig producers and DAFM, addresses biosecurity, animal welfare, health monitoring through abattoir data, antimicrobial usage, and veterinary public health in the Irish pig industry. The CalfCare™ programme focuses on reducing the economic and welfare burden of calfhood disease through evidence-based management practices, recognising that direct costs, treatment burdens, and long-term performance losses associated with calf ill-health have significant impacts on farm viability. The national Parasite Control Programme promotes a sustainable, three-pronged approach combining monitoring, targeted testing, and strategic treatment, designed to minimise anthelmintic resistance and move away from blanket treatment practices. Finally, the Biosecurity Programme and Hoof HealthCheck programme address farm-level biosecurity assessment and the prevention and management of lameness, respectively. Across all these initiatives, AHI provides the knowledge, education, and coordination required to establish effective disease control at national scale, benefiting livestock producers, processors, and the wider agri-food industry.
The internship was conducted at Animal Health Ireland from 12 January 2026 to 29 May 2026. Over this approximately five-month period, a diverse range of activities were undertaken spanning animal health education, programme management, data analysis, scientific literature review, and original research. Participation in calf care events and farm-related educational activities provided direct exposure to animal health management practices in the field, fostering an understanding of the practical challenges faced by Irish livestock producers. Attendance at programme management meetings and project catch-up discussions offered valuable insight into the operational and strategic dimensions of AHI’s national programmes, as well as into the collaborative processes through which the organisation coordinates its work across public and private sector stakeholders.
A significant component of the internship involved the development and application of data analysis skills using the R statistical software environment. These competencies were built progressively throughout the placement and applied in the context of ongoing AHI programmes, supporting the organisation’s capacity to analyse complex datasets and generate evidence-based conclusions of relevance to animal health policy and programme design. Alongside this, targeted scientific literature research was conducted on three themes of particular relevance to AHI’s current and emerging priorities: farm biosecurity, Bluetongue virus, and Digital Dermatitis, providing a critical knowledge foundation for the analytical work carried out during the placement.
In line with AHI’s use of social media as a tool for scientific outreach, the internship also involved engagement with two digital awareness campaigns. The first, “Breed Success, Not Disease”, is a national biosecurity campaign developed by AHI to raise awareness among farmers and veterinary practitioners about the importance of on-farm biosecurity measures. Notably, the internship included direct participation in the production of content for this campaign, providing first-hand experience of how evidence-based messaging is developed and communicated to a broad agricultural audience. The second campaign analysed was an awareness initiative focused on Bovine Viral Diarrhoea (BVD). Data from both campaigns were analysed to evaluate their reach, engagement, and effectiveness as public communication tools, offering a complementary perspective to the farm-level data analysis conducted elsewhere in the internship.
The principal research activity undertaken during the internship was an exploratory analysis of data generated through the Bioscore Dairy project, a Targeted Advisory Service on Animal Health (TASAH) initiative. The analysis focused on farm-level biosecurity practices in Irish dairy herds, with particular attention to their relevance for the management and prevention of Bluetongue and Digital Dermatitis. This work contributes directly to AHI’s Biosecurity Programme and forms the analytical foundation of the present thesis.
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1. [bookmark: _Toc233297680]Introduction
Over recent decades, there has been a gradual shift of focus, in terms of animal health, from treatment to prevention. This shift has been facilitated by the ongoing development of the science around biosecurity (Renault et al., 2022). As a concept biosecurity has been defined in multiple ways by different organisations and research groups (European Commission, 2007). An example of one such definition is “biosecurity is a strategic and integrated concept that encompasses the policy and regulatory frameworks (including instruments and activities) that analyse and manage risk in food safety, public health, animal life and health, and plant life and health, including associated environmental risk” (Food and Agriculture Organization of the United Nations, 2007). 
At its core, farm biosecurity can be explained as a set of routine practices designed to diminish or eliminate the risk of introduction and spread of disease agents, at the farm/herd level. These practices incorporate attitudes and behaviours that reflect the key principle that “prevention is better than cure” (Dewulf & Van Immerseel, 2018).
In regard to the Irish Dairy system, many different programmes have been created to tackle specific infectious diseases, with such programmes being developed and managed by Animal Health Ireland (AHI), specifically through the Targeted Advisory Service on Animal Health (TASAH). TASAH is a programme funded by the Irish Department of Agriculture, Food and the Marine (DAFM) in conjunction with the European Union Rural Development Fund, through which farmers can access advisory services relating to animal health and disease prevention. One of the most recent programmes was the Irish Biosecurity Risk Assessment Tool (Bioscore Dairy) TASAH, a structured tool designed to assess biosecurity practices and identify potential weaknesses on dairy farms, providing an opportunity to improve on-farm practices.
Within this context, Bluetongue and Digital Dermatitis currently represent two important disease challenges for the Irish dairy industry, both of which are strongly influenced by farm-level biosecurity practices. The availability of the first year of Bioscore Dairy data therefore provided a unique opportunity to explore the implementation of biosecurity measures across Irish dairy farms and examine their relevance to the prevention and control of these diseases.
In addition to characterising biosecurity practices at farm level, this study also explored the relationship between participation in the Irish Johne’s Control Programme (IJCP) and broader biosecurity-related behaviours. Given the importance of farmer engagement in disease prevention, understanding these associations may help inform future herd health and disease-control initiatives.
Finally, the study also examined engagement metrics from two online awareness campaigns developed by Animal Health Ireland, one focused on BVD and the other on biosecurity. This component aimed to explore the potential role of digital communication platforms in supporting disease awareness and promoting preventative herd health behaviours.
The present study therefore had four main objectives: (i) to characterise the current state of biosecurity practices on Irish dairy farms using the first year of Bioscore Dairy data, with particular focus on their relevance to the prevention and control of Bluetongue and Digital Dermatitis; (ii) to demonstrate the value of a national risk assessment tool such as Bioscore Dairy in identifying herd-level vulnerabilities, classifying farms by risk profile, and informing targeted disease control interventions; (iii) to explore whether participation in a structured voluntary disease control programme, specifically the Irish Johne's Control Programme, is associated with broader biosecurity-related behaviours on farm; and (iv) to analyse engagement metrics from two Animal Health Ireland digital awareness campaigns, examining the potential role of social media as a complementary tool for promoting biosecurity awareness and preventative herd health behaviours among Irish farmers.

2. [bookmark: _Toc233297681]Literature Review
2.1 [bookmark: _Toc233297682]Biosecurity 
2.1.1 [bookmark: _Toc233297683]Importance of Biosecurity
Biosecurity is widely regarded as a cornerstone of disease control programmes in animal production systems, particularly as a key component of the One Health approach (Hulme, 2021). In recent decades, the livestock sector has faced increasing challenges, including the emergence and re-emergence of infectious diseases, the rise of antimicrobial resistance, and the expansion of global trade. It is also important to emphasise that approximately 75% of emerging human pathogens are of animal origin, further highlighting the close interconnection between animal and public health (Saegerman et al., 2012). These developments have intensified the need for preventive strategies that can address multiple risks simultaneously. Biosecurity provides such a foundation by reducing the likelihood of pathogen introduction and spread, thereby contributing to outbreak prevention and supporting public health stability (Alavedra et al., 2025). 
By substantially reducing the risk of pathogen introduction and transmission, effective implementation of biosecurity measures decreases the reliance on preventive interventions such as vaccination, and lowers the need for therapeutic treatments. Beyond disease prevention, successful biosecurity implementation has been associated with improved animal health status, enhanced production performance, and positive economic outcomes (Postma & Dewulf, 2018). Furthermore, a clear association has been demonstrated between higher levels of farm biosecurity and reduced antimicrobial use (Dhaka et al., 2023).
The relationship between biosecurity and herd health has been demonstrated in multiple studies. Herds with higher levels of biosecurity have been shown to exhibit lower disease prevalence compared to herds with suboptimal practices (Postma et al., 2015). Specific biosecurity measures have also been linked to reduced Salmonella occurrence in livestock populations (Ågren et al., 2017). In dairy cattle, biosecurity strategies have proven effective in preventing both the introduction and within-herd spread of Johne’s disease (Ritter et al., 2016). Furthermore, the importance of both external and internal biosecurity has been highlighted in studies examining the prevalence of methicillin-resistant Staphylococcus aureus (MRSA) in poultry, pigs, dairy cattle, and even humans in contact with livestock (Pletinckx et al., 2013).
In addition to its effects on health outcomes, biosecurity has direct implications for production efficiency and economic performance. Improved external biosecurity has been associated with increased productivity, as evidenced by a higher number of weaned piglets per sow per year in herds with stronger biosecurity practices (Postma et al., 2015). Moreover, targeted preventive measures such as vaccination programmes and routine bulk tank milk testing have been linked to improved gross margins in cattle farms, with reported increases of €78 and €103 per cow, respectively (Osawe et al., 2022). These findings highlight that biosecurity should not be viewed solely as a disease prevention tool, but also as a strategic investment contributing to both productivity and financial sustainability in livestock production systems.
Even so, despite this growing body of evidence, research focusing specifically on cattle remains limited compared to the extensive literature available for pigs and poultry, underscoring the need for further investigation in bovine production systems (Postma & Dewulf, 2018).

2.1.2 [bookmark: _Toc233297684]Principles 
Biosecurity principles in livestock production can be organized into five core categories: separation, reduction, route ranking, risk, and size. Separation refers to the segregation of high-risk animals from low-risk individuals. Reduction does not necessarily imply disease eradication, but rather lowering pathogen presence to a level at which animals’ natural immunity can effectively cope. Route ranking involves prioritizing transmission pathways according to their disease-related risk. Risk represents the combination of the probability and impact of pathogen transmission. Finally, size acknowledges that larger herds may be more susceptible to disease introduction and may experience more severe consequences following dissemination (Dewulf & Van Immerseel, 2018).

2.1.3 [bookmark: _Toc233297685]External vs Internal Biosecurity
Biosecurity can be divided into two categories: external biosecurity and internal biosecurity. External biosecurity, also referred to as bio-exclusion, aims to prevent the introduction of disease agents into a herd. It includes procedures such as minimising the number of purchased animals and limiting the number of source herds (Department of Agriculture, Food and the Marine [DAFM], 2021). Assessing the health status of incoming animals and conducting disease testing can further reduce the risk of introduction (Shortall et al., 2017). Additionally, implementing a quarantine period of three to four weeks allows newly introduced animals to adapt to the farm’s feeding system and environmental conditions while preventing the transmission of potential pathogens to the resident herd. Attention must also be given to preventing the introduction of contaminated materials, including manure, slurry, semen, feed, and clothing (DAFM, 2021).
Internal biosecurity, also known as biocontainment, refers to strategies aimed at reducing the spread of disease agents already present within the herd (DAFM, 2021). Such measures include systematic record-keeping, vaccination, minimising animal stress, separating sick animals from healthy individuals, and applying appropriate milking routines (Dewulf & Van Immerseel, 2018).

2.1.4 [bookmark: _Toc233297686]Implementation and Adoption of Biosecurity Measures
Although a substantial proportion of farmers recognise the significance of disease risks, as well as the need for health monitoring and preventive measures to protect animal and public health, the implementation and adoption of biosecurity practices continue to present significant challenges (Renault et al., 2020).
Among these challenges, farmers’ perceptions constitute a primary barrier to effective adoption. Farmers’ knowledge and level of education strongly influence the implementation of biosecurity measures (Alavedra et al., 2025). In addition, their perception of the risk associated with specific diseases significantly affects the likelihood of adopting biosecurity practices (Collineau & D.C. Stärk, 2018). For example, a study found that farmers in Spain demonstrated a higher sense of responsibility towards biosecurity compared to farmers in Germany and Belgium, whose levels of biosecurity knowledge and risk aversion were lower (Renault et al., 2020). Although training farmers about diseases and their control strategies is an important factor in promoting adoption, it is not sufficient on its own to generate behavioural change (Ritter et al., 2017). Clearly communicating that the benefits of biosecurity outweigh the associated costs is a key strategy for encouraging implementation. In this context, veterinarians play a crucial role, as farmers tend to place considerable trust in their advice (Chomyn et al., 2022). However, veterinarians are not always specialised in biosecurity, highlighting the need to provide them with clear and consistent guidance, since inconsistencies in information and recommendations can further hinder adoption (Moore et al., 2008). As such, the successful implementation of farm biosecurity protocols requires a structured and strategic approach, including goal setting, careful planning, execution, and continuous evaluation (Dhaka et al., 2023). 
It is also essential that biosecurity measures are perceived as relevant to farmers’ individual priorities and circumstances. Different farmers are motivated by different values and objectives. Emphasising public health responsibility may not be effective when addressing farmers who primarily prioritise financial performance. Therefore, risk assessments and advisory approaches should take farmers’ characteristics and motivations into account (Renault et al., 2021).
Nevertheless, there remains a clear need for further research on the influence of socioeconomic factors on farm biosecurity (Can & Altuğ, 2014), as well as a deeper understanding of farmers’ attitudes and decision-making processes in order to design interventions that effectively promote behavioural change (Ritter et al., 2017). Additionally, financial incentives and institutional support, combined with tailored information and practical resources, may further facilitate the adoption of biosecurity practices (Dhaka et al., 2023).
The type of cattle production system must also be considered when developing a biosecurity plan. Dairy and beef herds differ substantially in management structure, animal movement patterns, housing systems, and grazing practices, all of which influence disease exposure and the applicability of preventive measures (Dewulf & Van Immerseel, 2018). Studies conducted in European dairy systems have demonstrated considerable variability in the implementation of biosecurity measures, reflecting differences in farm organisation, herd size, and management priorities (Sayers et al., 2013; Brennan & Christley, 2013). This heterogeneity, driven by variation in herd size, production goals, and management practices, complicates the standardisation of biosecurity strategies in cattle farming compared to more intensive, vertically integrated sectors (Dewulf & Van Immerseel, 2018).

2.2 [bookmark: _Toc233297687]Bluetongue
2.2.1 [bookmark: _Toc233297688]Overview 
Bluetongue (BT) is an infectious, non-contagious disease, caused by the bluetongue virus (BTV), which belongs to the genus Orbivirus and family Reoviridae (Saminathan et al., 2020).  Before the 1990s, BT was primarily confined to tropical and subtropical regions, including southern Europe. Since then, however, it has been reported on every continent except Antarctica (Maclachlan, 2010). Transmission occurs primarily via a vector, specifically, the bite of certain Culicoides midge species (Ganter, 2014). Outbreaks are typically highly seasonal, normally peaking between late summer and autumn; however, in more tropical regions, the virus doesn’t display this pattern, being present year-round. BTV affects a range of domestic and wild ruminants, such as sheep, goats, cattle, buffaloes, deer, most antelope species of Africa, and camelids (World Organisation for Animal Health [WOAH], 2021). Despite cattle often having high infection rates, infection is frequently subclinical, only occasionally showing mild clinical manifestations. In contrast, sheep are more prone to developing severe cases, with some being fatal (Barros et al., 2024).
Several cases of bluetongue virus infection have also been reported in carnivores, particularly in domestic dogs and European lynx, with some instances leading to abortion and even death (Hanekom et al., 2024; Jauniaux et al., 2008; Barros et al., 2025). However, the role of carnivores in the ecology and epidemiology of BTV remains largely unexplored (Ul-Rahman et al., 2025a)
The virus high capacity for mutation and reassortment of genome segments among BTV strains can result in the emergence of novel strains with increased virulence or enhanced adaptability to new geographic regions (Barua et al., 2025). Contamination of live attenuated vaccines has also contributed to the emergence of new or reassorted BTV serotypes, as observed with BTV-6, BTV-11, and BTV-28 (Eschbaumer et al., 2010; De Clercq et al., 2009; Bumbarov et al., 2020). Furthermore, global warming increases the risk of new outbreaks through rising temperatures and higher humidity levels, which favour vector proliferation (Purse et al., 2005). To date, more than thirty serotypes have been discovered, of which serotypes 1 to 24 are notifiable to WOAH (van den Brom et al., 2025). 
During the last twenty years, serotype 8 has been the cause of most outbreaks in Europe (Georgaki et al., 2019). It’s first major occurrence in central Europe was recorded in 2006, and in 2023, another significant outbreak occurred, beginning in the Netherlands, and rapidly spreading to other countries. However, this 2023 event was caused by BTV-3, which disseminated much quicker, compared to the 2006/2007 epidemic (Zeiske et al., 2025). It is also important to note that the clinical signs associated with the BTV-3 outbreak appeared to be more severe than those reported during the BTV-8 outbreak (van den Brink et al., 2024). 
Understanding these findings and information related to BT is vital for Ireland’s cattle industry, given that BTV-3, the same serotype that caused the 2023 Netherland’s outbreak, at the time of writing, has already been identified in the county of Wexford (O’Donnell, 2026).

2.2.2 [bookmark: _Toc233297689]Transmission
The spread of the BTV through vectors occurs when Culicoides midges become infected after ingesting blood from an infected animal (Barua et al., 2025). Although Culicoides can actively fly only over short distances, they may also be passively transported over long distances by wind (Ganter, 2014). However, transovarial transmission to new generations of midges has not yet been observed  (White et al., 2005). These insects are more active between sunset and sunrise. Ambient temperatures below the threshold for BT transmission, between 11.0 and 13.0 °C, inhibit viral replication within the midges, thereby preventing further transmission of the disease (Carpenter et al., 2011). Overall, the environmental conditions during late summer and late autumn, particularly humidity, ambient temperature, rainfall, and wind speed, provide the optimal conditions for the prevalence and spread of the Culicoides (Saminathan et al., 2020).
Vector independent transmissions have also been reported, including transplacental transmission (TPT), contact with contaminated equipment- particularly needles- and semen (Saminathan et al., 2020). Horizontal transmission has likewise been documented; although the precise origin of the transmission remains unclear (e.g., saliva, blood-contaminated water or feed, and possibly nasal discharges), its impact primarily concerns the spread of the disease within a herd (Van Der Sluijs et al., 2016). TPT is of epidemiological significance in the introduction of BTV into free zones, as it can result in the birth of clinically healthy offsprings that are nonetheless viraemic. This phenomenon was observed during the 2008 BTV-8 outbreak in Northern Ireland (F. D. Menzies, 2008). 
Carnivores can also become infected through the consumption of infected placental tissues, aborted foetuses, or contaminated meat (Barros et al., 2025). However, vector-borne transmission in carnivores has not yet been demonstrated (Ul-Rahman et al., 2025a)
Overwintering plays a crucial role in the transmission dynamics of BTV (EFSA, 2017). The documented persistence of BTV across consecutive years—particularly during periods considered unfavourable for viral replication—strongly supports the occurrence of this phenomenon (Foxi et al., 2016).
As previously discussed, BTV has historically exhibited a seasonal pattern. Several attempts have been made to define a standard interseasonal period. For example, Mayo et al. (2014) proposed a November–July interval in California, while many authors broadly describe the interseasonal phase as occurring during winter and spring. However, no universally accepted definition exists (EFSA, 2017). This lack of consensus reflects the fact that viral transmission is primarily temperature-dependent. Given that the threshold for BTV replication in vectors ranges between 11 and 13°C, any period during which temperatures exceed this threshold may permit transmission (Carpenter et al., 2011). This was observed during the 2006–2008 outbreaks, when several European countries experienced relatively mild winters, with temperatures remaining above the critical threshold for viral activity (EFSA, 2017).
Entomological studies have documented the presence of various Culicoides species throughout the entire year in temperate regions (Foxi et al., 2016; Mayo et al., 2014; Zimmer et al., 2010). In contrast, in colder regions, no vectors were captured during the winter months (Meiswinkel et al., 2014). In the context of ongoing global warming, projections indicate a progressive extension of the biting season of midges (Brand & Keeling, 2017), accompanied by an increase in the number of insects per generation and accelerated viral replication rates within the vector (Meiswinkel et al., 2014).
Several hypotheses have been proposed to explain the primary mechanism underlying BTV overwintering in vector populations:
1. Prolonged survival of infected adult midges, whereby infected individuals exhibit reduced activity during autumn and re-emerge during transient periods of higher temperature (Foxi et al., 2016; Mayo et al., 2014).
2. Completion of the vector life cycle within animal enclosures, allowing Culicoides populations to persist under sheltered microclimatic conditions, like animal enclosures (Zimmer et al., 2010; Baylis et al., 2010).
Among these, the prolonged survival of infected adult midges is generally regarded as the most plausible mechanism (Foxi et al., 2016; Mayo et al., 2014). The completion of the vector life cycle within animal housing should also be considered, particularly when designing biosecurity protocols and control strategies (Zimmer et al., 2010). 
Although no additional intermediate host has been conclusively identified, multiple reports of BTV infection in carnivores (Ul-Rahman et al., 2025) and various wildlife species challenge the traditional view of bluetongue as an exclusively ruminant disease (Barros et al., 2025; Hanekom et al., 2024; Jauniaux et al., 2008). Nevertheless, the potential reservoir role of these species, as well as their precise contribution to BTV transmission dynamics, remains to be clarified (Ul-Rahman et al., 2025).
The role of transplacental transmission (TPT) in overwintering has also been suggested; however, further research is required to determine its epidemiological significance (EFSA, 2017).

2.2.3 [bookmark: _Toc233297690]Clinical Disease
Following the bite of an infected midge, BTV travels to the regional lymph nodes, where it replicates. Once it enters the bloodstream, the virus disseminates to secondary organs, replicating within endothelial cells and mononuclear phagocytes. This process damages the endothelium and results in the production of disproportionate levels of various cytokines and vasoactive mediators (Saminathan et al., 2020). 
In sheep, clinical manifestations may range from an acute form- with high fever, depression, hyperaemia of lips and nostrils, nasal discharge, oedema of lips, tongue, face, ears and the sub-maxillary region, and, in rare cases, cyanosis of the tongue- to a more chronic stage. In the latter, pyrexia, lameness, necrosis of striated/skeletal muscles, respiratory distress, haemorrhagic diarrhoea and pneumonia may be observed (Darpel et al., 2007). Infection of pregnant animals may result in severe neurological signs in the offspring (Williamson et al., 2008). Despite bluetongue’s mortality being often low, with an average rate in sheep of up to 30%, susceptible sheep may experience mortality rates as high as 70%, and in some cases up to 100% (Saminathan et al., 2020). 
Furthermore, infection in cattle and goats is usually asymptomatic or associated with mild clinical manifestations, making these species important reservoir hosts (Williamson et al., 2008) However, this is not always the case, as different serotypes exhibit varying degrees of virulence. During the 2006 outbreak, BTV-8 caused more severe clinical manifestations in cattle compared to other serotypes (WOAH, 2021). More recently, in 2023, BTV-3 caused even more severe clinical disease in cattle, with higher mortality and greater reproductive losses in cattle than observed during the BTV-8 outbreak in 2006-2008 (van den Brink et al., 2024).

2.2.4 [bookmark: _Toc233297691]Impacts
The introduction and spread of Bluetongue virus (BTV) generate both direct and indirect economic impacts. Direct impacts include high morbidity and mortality in susceptible animals, abortions, foetal malformations, and reductions in milk production and fertility rates, all of which contribute to substantial production losses. Indirect impacts arise from expenditures related to disease control, treatment, and monitoring. Trade restrictions, mandatory health testing, mass vaccination campaigns, and active surveillance programmes—particularly necessary given the largely subclinical nature of infection in cattle—constitute the principal components of BTV’s economic burden (Saminathan et al., 2020; Ganter, 2014). 
In the Netherlands, the 2006 and 2007 outbreaks resulted in estimated economic losses of €32 million and €163.8–175.1 million, respectively. In 2006, control measures accounted for 91% of total losses, whereas in 2007, production losses and treatment costs represented 92% of the overall economic impact. The cattle sector bore the majority of the burden, accounting for 88% of total losses in 2006 and 85% in 2007 (Velthuis et al., 2010).
In Germany, total BTV-related costs between 2006 and 2018 were estimated at €157–203 million. Indirect costs comprised 73% (€132.1 million) of the total, while direct costs accounted for 27% (€48.3 million) (Gethmann et al., 2020). Vaccination of cattle alone amounted to €74 million, representing 56% of total indirect costs. Despite its financial magnitude, the vaccination campaign proved effective, leading to the eradication of the disease and Germany’s declaration of BTV-free status in February 2012 (Gethmann et al., 2020).

2.2.5 [bookmark: _Toc233297692]Biosecurity
Bluetongue virus (BTV) has been recategorized from Category C to Categories D and E under the EU Animal Health Law, removing the requirement for disease-free zones and Union-level eradication programmes (European Commission, 2026). Category D focuses on movement-based controls such as testing, certification, and vaccination, while Category E maintains mandatory surveillance and reporting (European Parliament & European Council, 2016). This reflects that BTV is effectively endemic in the Union, shifting regulatory efforts from territorial containment to risk-based management of spread. Maintaining strict biosecurity measures on farms and during animal movements is therefore critical to prevent introduction and amplification of infection.
The main biosecurity practices for the control and prevention of BTV can be divided into three categories: vaccination, vector control, and movement restrictions. 
Two main categories of vaccines are currently employed against BTV: live attenuated and inactivated. Live attenuated vaccines are generally associated with stronger and longer-lasting immunity, conferring protection that may persist for several years (Bhanuprakash et al., 2009). However, their use has been linked to several adverse effects, including abortion, stillbirth, poor semen quality, and decreased milk yield (Barua et al., 2025). Additionally, these vaccines carry the inherent risk of genetic reassortment with circulating virulent BTV strains, potentially resulting in reversion to virulence and the emergence of novel pathogenic variants (Bhanuprakash et al., 2009).
In contrast, inactivated vaccines don’t present these risks, having as a primary limitation the requirement  for multiple doses and periodic boosters, to maintain protective immunity (Ranjan et al., 2019). As such, these vaccines are currently the most widely used option in Europe and have demonstrated efficacy against several serotypes, particularly BTV-1, BTV-4, and BTV-8 (WOAH, 2021).
Nevertheless, the development and implementation of complementary biosecurity measures remain essential, as vaccines do not provide cross-protection between different serotypes and may not be readily available during emerging outbreaks (Martinelle et al., 2018).
Keeping animals indoors from dusk until dawn, when midges are most active, reduces the number of bites and provides better protection (Baylis et al., 2010; Meiswinkel et al., 2000). Baylis et al. (2010) demonstrated that Culicoides midge abundance was greater outdoors than indoors. Furthermore, in the presence of animals, fewer blood-engorged midges were captured indoors compared to outdoors. Meiswinkel et al. (2000) reported similar findings, corroborating these results. In that study, windows were fitted with gauze, demonstrating that a single layer of gauze can be an effective precautionary measure. Therefore, keeping animals indoors from dusk until dawn with doors and windows closed constitutes an important biosecurity measure (EFSA, 2017). Covering entry points such as windows and doors with fine-mesh fly screens or synthetic pyrethroid-impregnated netting can further reduce vector–host contact (Baker et al., 2015). However, as this study was conducted in horses, further evaluation is necessary to determine its effectiveness in cattle.
Various repellents and insecticides have been evaluated in different studies. Although some repellents, such as N,N-diethyl-meta-toluamide (DEET) and lemon eucalyptus oil, may show some effect (Benelli et al., 2017), their impact is not sufficiently significant to justify continuous use and associated costs (EFSA, 2017). Regarding insecticides, pour-on formulations containing permethrin or deltamethrin are commonly used. However, field trial results are considerably less promising than in vitro findings. Their main limitation is insufficient distribution across the animal’s body. Due to their transient effect, the need for frequent reapplication, and inconclusive evidence regarding their effectiveness in reducing BTV transmission as a standalone measure, their use may be justified primarily in high-value animals or as part of an integrated vector management strategy (EFSA, 2017). Insecticide ear tags represent another method, although further studies are required to confirm their effectiveness (EFSA, 2017).
Eliminating potential breeding sites may also contribute to reducing Culicoides populations. Such sites are typically moist environments, including drinking troughs, watering ponds, natural drainage channels, manure heaps (Foxi et al., 2016), and wet areas within livestock facilities (Zimmer et al., 2010). Organic matter–rich wet soils, stable straw, and dung heaps should be drained and removed (Saminathan et al., 2020). One study suggests the use of neem extract by-products in muddy areas near grazing fields, as these products are relatively inexpensive and provide a residual effect lasting approximately one month (Benelli et al., 2017; Foxi & Delrio, 2013). Considering that some Culicoides species can complete their life cycle indoors, indicating the presence of indoor breeding sites, the removal of residual feed, faeces, and material from silage structures and sheds—particularly manure deposits adhering to walls and used litter—are simple and cost-effective measures that should be implemented (Zimmer et al., 2010). Given the possibility of horizontal transmission (Van Der Sluijs et al., 2016), identifying and isolating potentially infected animals is also important. Cleaning and disinfecting contaminated materials and testing semen prior to use are additional measures to consider (Van Der Sluijs et al., 2016).
Maintaining double fencing (e.g., electric fencing or a 5 m buffer zone separating cattle) helps mitigate contact with other ruminants and wildlife (DAFM, 2021), thereby contributing to biosecurity against BT.
Maintaining a closed-herd system has been identified as one of the most effective biosecurity measures (Shortall et al., 2017). Consequently, purchasing as few animals as possible, from as few herds as possible—preferably from BTV-free herds—helps reduce the risk of introduction. Pre-movement testing and quarantine measures (with new animals isolated for three weeks and tested for specific diseases) are central components in preventing BTV and other infectious diseases (Renault et al., 2021). Additional general practices, such as record keeping, continuous monitoring, and early identification of potentially infected animals, further support BTV prevention (Renault et al., 2021).

2.3 [bookmark: _Toc233297693]Digital Dermatitis
2.3.1 [bookmark: _Toc233297694]Definition
Digital dermatitis (DD) is considered one of the primary causes of lameness in dairy cattle and has increasingly been recognized in beef cattle in recent years (Plummer & Krull, 2017). Although its ethology is not yet fully understood, several studies have shown that DD is caused by a polybacterial complex, with various species of the genus Treponema identified as the most prevalent pathogens (Wilson-Welder et al., 2015). 
This infectious disease primarily affects the interdigital cleft on the plantar surface of the hind foot (Plummer & Krull, 2017). Active lesions typically appear as circumscribed, moist, ulcerative, and erosive masses. Due to their characteristic strawberry-red appearance, these lesions have been referred to by multiple names, including strawberry heel, hairy heel wart, and raspberry warts (Krull et al., 2016). Over time, lesions may progress to a chronic stage, characterized by hypertrophied hairs and epithelial growths. It is important to note, however, that many cases of DD are subclinical, and in clinically affected animals, lameness often becomes apparent only in more advanced stages (Erickson et al., 2024).

2.3.2 [bookmark: _Toc233297695]Transmission
The exact mechanisms of DD transmission between animals are not yet fully understood (Palmer & O’Connell, 2015). Several routes of infection have been suggested, including contact with manure and slurry, as well as direct skin contact between animals, with the gastrointestinal tract potentially acting as a temporary reservoir (Evans et al., 2012). Consequently, mixing healthy animals with those carrying active DD lesions contributes to disease spread, even though the precise process remains unclear  (Orsel et al., 2018). Direct skin-to-skin contact may also be a possible route of infection, although its role requires further investigation (Evans et al., 2012).
Because Treponema species are believed to be invasive (Edwards et al., 2003), and moisture facilitates bacterial penetration of the skin, environmental factors such as high humidity, poor pen hygiene, and widespread presence of slurry and faeces on the farm are important risk factors for the introduction and dissemination of DD (Erickson et al., 2024). Although not confirmed, human equipment, such as boots, have also been proposed as potential indirect vectors for transmission between herds (Oliveira et al., 2017).
Chronic lesions also present a significant risk, as the bacteria may remain encysted within the hair follicles and reactivate at a later stage. Consequently, affected animals may act as carriers, harbouring dormant lesions capable of contributing to further disease transmission (Holzhauer et al., 2024).
Additionally, the detection of Treponema bacteria on foot-trimming equipment—after use on both clinically affected and asymptomatic animals—highlights another potential route of transmission, emphasizing the risk of spreading DD both within and between farms (Sullivan et al., 2014).

2.3.3 [bookmark: _Toc233297696]Clinical Signs
Various scoring systems have been developed to classify DD lesions over time, with the M-stage system being the most widely adopted (Orsel et al., 2018). This system includes five categories: M0 corresponds to normal digital skin; M1 is a small, circumscribed lesion measuring less than 2 cm in diameter; M2 describes an ulcerative lesion or one measuring ≥2 cm; M3 represents the healing stage, during which a previously ulcerative M2 lesion becomes firm and scar-like; and M4 denotes the chronic stage, characterized by a proliferative or hyperkeratotic lesion surface. Finally, M4.1 refers to the presence of an active lesion within an existing M4 lesion (Orsel et al., 2018). Both M1 and M2 stages are considered active lesions and are associated with pain upon palpation (Somers et al., 2005).
In a study by Plummer and Krull (2016), the average time for a clinical DD lesion to cause lameness was 161 days (Krull et al., 2016), with only 39% of cows exhibiting severe clinical signs actually showing lameness (Frankena et al., 2009). Clinical lameness typically occurs only in animals with severe, advanced DD lesions (Krull et al., 2016). Therefore, when a cow presents with clinical lameness but only early signs of DD, other potential causes of lameness should be investigated (Plummer & Krull, 2017)

2.3.4 [bookmark: _Toc233297697]Impact
Lameness associated with clinical disease represents a significant economic burden for farmers. Additionally, farmers must contend with financial losses related to treatment, reduced milk production and fertility, and increased culling (Orsel et al., 2018). 
A study investigated the costs associated with different prevalence levels of DD in Irish Dairy herds found that, in general, the cost of a single DD case is approximately €201.14 per year. At the herd level, digital dermatitis costs €1,005.70 per 100 cows annually in herds with low prevalence (5% lameness), €2,011.40 per 100 cows with moderate prevalence (10% lameness), and €4,022.80 per 100 cows with high prevalence (20% lameness) (Conneely & Ryan, 2024).
A further study showed that cows with a DD lesion produced, on average, 0.63 kg/day less when the disease was moderate (95% CI: 0.16–1.12) and 0.50 kg/day less when severe (95% CI: −0.01–1.00) (Relun et al., 2013). When moderate and severe cases were combined, multiparous cows produced an average of 0.57 kg/day less (95% CI: 0.18–0.96) (Relun et al., 2013).

2.3.5 [bookmark: _Toc233297698]Biosecurity
It is important to recognize that the likelihood of eradicating DD in an infected herd is very low. Therefore, the primary objective should be to manage the disease and prevent its introduction and spread (Palmer & O’Connell, 2015). The implementation of biosecurity measures has been shown to be effective in controlling DD (Pedersen, 2019).
The most effective preventive measure is maintaining a closed herd (Oliveira et al., 2017), as introducing replacement heifers increases DD prevalence (Palmer & O’Connell, 2015; Rodriguez-Lainz et al., 1999).  When new animals are necessary, they should be purchased sparingly from as few herds as possible, and preferably from farms with no history of DD or where the disease risk can be assessed (Plummer & Krull, 2017). 
Since DD can be transmitted via contact with manure and slurry (Evans et al., 2012), transport vehicles and incoming equipment should be disinfected before and after use. Hooves should be carefully inspected prior to transportation, and incoming animals should undergo a quarantine period upon arrival (Hulek et al., 2010). Humans may also contribute to transmission between herds; providing dedicated boots for visitors can reduce this risk  (Oliveira et al., 2017). Physical barriers between grazing herds can further reduce contact with contaminated slurry or manure. Foot-trimming has been shown to reduce DD risk (Relun, Lehebel, Bruggink, et al., 2013), but contaminated tools may also spread infection. Therefore, trimming equipment must be thoroughly cleaned and disinfected between animals and herds (Sullivan et al., 2014). 
Taking a step into internal biosecurity, several measures may be put into work to prevent the spread of DD within the herd. In regard to housing, the hygiene of the environment plays a fundamental roll in relation to DD (Palmer & O’Connell, 2015). Animals with dirtier legs are more likely to develop lesions (Relun, Lehebel, Bruggink, et al., 2013). Pens that are muddy or poorly maintained also increase DD risk (Cortes et al., 2021). Cleaning alleys with automatic scrapers or robots more than eight times a day has been associated with reduced DD prevalence (Oliveira et al., 2017). However, a recent study reported that removal of manure more than ten times a day increased the odds of M2, M4, and M4.1 lesions, potentially due to piles of manure left in inappropriate locations (Holzhauer et al., 2024). As such, further studies to prove its effectiveness would prove useful in managing DD (Holzhauer et al., 2024). 
Floor type is another important factor: slatted floors present lower risk compared to solid concrete (Somers et al., 2005), and solid pathways with rubber mats reduce cases by providing cleaner, drier surfaces (Holzhauer et al., 2024). Increased access to pasture reduces DD risk (Palmer & O’Connell, 2015; Somers et al., 2005) although pathways must be well-maintained to prevent contact with mud and rough surfaces, which can damage hooves and facilitate infection  (Burow et al., 2014). Cubicle-housed animals are more susceptible to DD than those in straw yards, with longer and wider cubicles reducing risk, as small cubicles may increase standing time, resulting in a prolonged contact between heels and slurry (Onyiro et al., 2008; Palmer & O’Connell, 2015).
Footbaths represent one of the primary preventive measures for Digital Dermatitis, as they can reduce active infections while also limiting the reactivation of dormant lesions (Holzhauer et al., 2024). However, standardized protocols for design and management are lacking. Cook (2017) recommended a bath length of 3.0–3.7 m, width of 0.6 m, height of 0.9 m, solution depth of 10 cm, solution renewal after 100–300 cow passes, and use approximately four times per week, with adjustments based on outcomes. Copper sulfate (CuSO₄) has been the only consistently effective compound, with formaldehyde also effective but requiring careful management due to carcinogenicity (Jacobs et al., 2019; Cook, 2017). Other agents, including glutaraldehyde, quaternary ammonium compounds, hydrogen peroxide, sodium carbonate, and sodium hypochlorite, require further validation. Manure contamination reduces the efficacy of all agents (Cook, 2017).
Environmental concerns have led to the prohibition of copper sulfate for animal hygiene under current EU legislation (Gillespie et al., 2024). Proper concentration and solution management are crucial, as incorrect concentrations can worsen bacterial spread or damage hooves, leading to persistent M4 lesions (Holzhauer et al., 2024).
Detailed records of lameness, etiology, treatment outcomes, and footbath use are essential (Orsel et al., 2018). Tools and apps that standardize data collection and analysis, such as the system developed in the United States, can help farmers make informed decisions and predict future outbreaks (Tremblay et al., 2016). 
Vaccination has been explored for the past decade, but no effective vaccine is currently available (Palmer & O’Connell, 2015). Vaccination is considered more useful for protecting young, unexposed animals than for treating or preventing DD in infected cattle (Fidler et al., 2012).

3. [bookmark: _Toc233297699]Materials and Methods
3.1 [bookmark: _Toc233297700]Study Design
This study is an exploratory analysis of data collected through a farm questionnaire survey conducted on Irish dairy farms in 2025 as part of the TASAH. TASAH is a programme funded by the Irish Department of Agriculture, Food and the Marine (DAFM) in conjunction with the European Union Rural Development Fund, through which farmers can access advisory services relating to animal health and disease prevention.
The survey, known as the Irish Biosecurity Risk Assessment Tool (Bioscore Dairy) TASAH, is a structured tool designed to assess biosecurity practices and identify potential weaknesses on dairy farms, providing an opportunity to improve on-farm practices. 
The risk assessment framework was published by Teagasc and University College Dublin (O Donovan et al., 2024), while Animal Health Ireland (AHI) developed the TASAH tool itself.
The questionnaire includes a series of questions addressing management practices relevant to the reduction and mitigation of infectious disease introduction and spread, as well as disease detection. It consisted of a total of 70 questions divided into four sections (A-D):
Section A, titled “Risk of Disease Entry to your Herd”, included 28 questions regarding external biosecurity; Section B, “Speed of Disease Spread within your Herd”, compromised 21 questions addressing internal biosecurity measures; C, “Diagnosis of Infection”, included 12 questions focusing on the ability of farms to detect and diagnose a disease; Section D, “Vaccination/Baseline Resilience”, consisted of 9 questions related to vaccination practices and other factors contributing to herd resilience. 
The Bioscore Dairy TASAH service was available from the 1st of July of 2025 until 31 October 2025 and was open to dairy farmers across Ireland. Farmers participated voluntarily by completing an application through the AHI website and selecting a trained private veterinary practitioner (PVP) from an approved list provided by AHI. All participating PVPs had previously completed TASAH-specific training delivered by AHI. Participating farms were subsequently visited by a trained PVP for a consultation lasting up to three hours, during which farmers were guided through completion of the questionnaire. 
Scores were generated across the three biosecurity sections using a best-worst scaling (BWS) approach, in which 39 veterinary experts ranked management practices according to their perceived biosecurity risk. Individual farm scores were calculated by matching each farmer's responses to their corresponding BWS weightings, summing these across all questions within each section, and expressing the total as a percentage of the maximum possible score. Where BWS-derived weightings were deemed biologically implausible, they were manually adjusted through a structured review process prior to final score calculation. 
Following completion, three scores were generated for each farm: the Risk Factor Score, Speed of Spread Score, and Diagnosis Score, each ranging from 0 to 100%, with higher scores indicating stronger biosecurity performance. The Risk Factor Score reflects the ability to prevent the introduction of infectious diseases into the herd, the Speed of Spread Score reflects the ability to prevent or slow within-herd disease spread, and the Diagnosis of Infection Score reflects the capacity to detect the presence of an infection. Based on these results, the PVP provided three tailored recommendations to each farmer aimed at improving farm biosecurity, free of charge.
In addition to questionnaire-derived variables, the dataset included supplementary farm-level variables not directly collected through the questionnaire. These included herd movement data, which were used to further characterise herd structure, purchasing behaviour, and additional sources of external biosecurity risk. Dairy herd subtype (Brock et al., 2021) was also recorded as part of the dataset and used to derive Herd Status (Closed/Open); the full subtype classification and associated descriptive results were not included in this study.
In conjunction with increased emphasis around biosecurity on Irish farms and application of Bioscore Dairy in 2025, AHI launched the first National Biosecurity Week campaign, titled “Breed Success, Not Disease” on April 13th, 2026. The campaign was delivered as a consolidation of the ongoing Bioscore TASAH and aimed to promote critical biosecurity guidance ahead of the breeding season, focusing on practices related to animal purchasing, disease introduction through visitors, vaccination, and the use of fencing to reduce nose-to-nose contact between herds.
Campaign material was disseminated through multiple social media platforms in the form of posts, videos, and press releases. Data relating to post views and user interactions were subsequently analysed and compared with engagement data from a separate AHI campaign relating to Bovine Viral Diarrhoea (BVD), in order to assess audience engagement and interest in biosecurity-related content.
3.2 [bookmark: _Toc233297701]Variables
For the purpose of this thesis, a subset of 40 questionnaire items was selected from the full Bioscore Dairy dataset for descriptive analysis, along with the three composite biosecurity scores generated through the TASAH assessment. These constituted the primary variables. The selected questionnaire items were chosen based on their relevance to specific biosecurity pathways and management practices associated with the epidemiology and control of Bluetongue and Digital Dermatitis. 

3.2.1 [bookmark: _Toc233297702]Primary Variables 
The primary variables consisted of the selected 40 questions from the questionnaire and the three composite scores: the “Risk Factor Score”, “Speed of Spread Score”, and “Diagnosis of Infection Score”, which were incorporated into the descriptive analysis. Together, these variables represented farm-level biosecurity practices and management behaviours, relevant to the study objectives.

3.2.2 [bookmark: _Toc233297703]Additional Variables
Additional variables included in the dataset were organized into 2 categories: Purchasing Behaviour (Table 1) and Herd Characteristics (Table 2).
The number of animals and source herds introduced over the previous three years — were derived from the Animal Identification and Movement (AIM) database, while the IJCP numbers came from the ICBF programme database.

[bookmark: _Toc233297750]Table 1. Purchasing Behaviour Category
	Purchasing Behaviour
	Description

	Total Moves In
	Represents the total number of animals introduced into the herd over the previous 3 years

	Total Herds Purchased From
	Represents the total number of distinct herds from which animals were purchased over the previous 3 years



[bookmark: _Toc233297751]Table 2. Herd Characteristics Category
	Herd Characteristics
	Description

	Herd Status
	Derived using information on Total Moves In, Total Herds Purchased From, and Dairy Herd Subtype

	Closed Herd
	Herds with zero animal movements and zero source herds, and classified as either dairy or mixed subtypes

	Open Herd
	All other herds

	Participation in the IJCP
	Indicates whether farms were enrolled in the Irish Johne’s Control Programme, a voluntary programme aimed at reducing the risk and prevalence of Johne’s disease

	Yes
	Was enrolled in the programme

	No
	Wasn’t enrolled in the programme



3.3 [bookmark: _Toc233297704]Data Analysis
An exploratory descriptive analysis of the data was carried out. Continuous variables were summarised using mean, median, interquartile range, and percentile distributions, while categorical variables were presented as frequencies and percentages. Relationships between scores and herd-level characteristics were explored using appropriate comparative descriptive methods. Comparisons between two groups were performed using Welch's t-test, while comparisons between three or more groups were performed using Welch's ANOVA, followed by Games-Howell post-hoc tests where applicable. All statistical analyses were performed using R.
During analysis it was observed that of the 1388 observations, 16 had a negative "Diagnosis of Infection Score", and another 15 had a score of 0 across all three scores. These observations were retained in the analysis and after individual investigation were determined to be outliers.

4 [bookmark: _Toc233297705]Results
4.1 [bookmark: _Toc233297706]Herd Characterization

[bookmark: _Toc233297752]Table 3. Descriptive statistics of Purchasing Behaviour variables
	Purchasing Behaviour
	Mean (95% CI)
	Median
	IQR
	5%
	95%
	Count

	Total Moves In
	50.95 (45.22-56.68)
	13.5
	50
	0
	206.65
	1,388

	Total Herds Purchased From
	7.72 (6.68-8.77)
	4.0
	5
	0
	23.65
	1,388



Table 3 presents the descriptive statistics for purchasing behaviour variables. Regarding total moves in, the distribution of the variable showed a strong positive skew, with the mean (50.95; 95% CI: 45.22–56.68) substantially higher than the median (13.5). Variability was substantial, with an interquartile range of 50 and values ranging from 0 at the 5th percentile to 206.65 at the 95th percentile, indicating marked heterogeneity across farms.
Regarding total herds purchased from, the distribution showed a mild positive skew, with the mean (7.72; 95% CI: 6.68–8.77) slightly higher than the median (median= 4). Variability was limited, with an interquartile range of 5, and values ranging from 0 at the 5th percentile to 23.65 at the 95th percentile, indicating relatively low heterogeneity across observations. 
  
[bookmark: _Toc233297753]Table 4. Frequencies and percentages of Herd Characteristics variables
	Herd Characteristics
	
	Count (%)

	Herd Status

	Closed
	
	114 (8.21%)

	Open
	
	1274 (91.79%)

	Participation in the IJCP?

	Yes
	
	280 (20.17%)

	No
	
	1108 (79.83%)



Table 4 presents the frequencies and percentages distribution of herd characteristics variables. A minority of farms were classified as having closed herds (8.21%). Regarding participation in the IJCP, 20.17% of farms were enrolled in the programme.

4.2 [bookmark: _Toc233297707]Biosecurity Practices
4.2.1 [bookmark: _Toc233297708]External Biosecurity

[bookmark: _Toc233297754]Table 5. Frequencies and percentages of external biosecurity variables
	Questions and Answers
	
	Count (%)

	Do you use a contract rearing service?

	Yes
	
	136 (9.8%)

	No
	
	1252 (90.2%)

	When purchasing animals, where do you primarily buy them from?

	Mart
	
	242 (17.44%)

	Auction/Show and Sale
	
	45 (3.24%)

	Private Source
	
	769 (55.4%)

	No Purchase
	
	332 (23.92%)

	Were other animals (from, or destined for a different farm) transported in the same trailer at the same time?

	Always
	
	12 (0.86%)

	Sometimes
	
	155 (11.17%)

	Never
	
	973 (70.1%)

	NA Responses
	
	248 (17.87%)

	In the past 3 years, when you have bought in animals, did you enquire about the status of the source herd for Mortellaro/Digital Dermatitis?

	Yes
	
	216 (15.56%)

	No
	
	813 (58.57%)

	NA
	
	359 (25.86%)

	When you have purchased cattle in the past, did you place them in quarantine as soon as they arrived on the farm?

	Always
	
	373 (26.87%)

	Sometimes
	
	368 (26.51%)

	Never
	
	538 (38.76%)

	NA Responses
	
	109 (7.85%)

	What is the minimum time you quarantined these cattle on your farm for?

	Less than 7 days
	
	229 (34.7%)

	8 to 27 days
	
	295 (44.7%)

	28 days or longer
	
	136 (20.61%)

	Are animals vaccinated upon arrival or during quarantine period on the farm?

	Always
	
	232 (16.71%)

	Sometimes
	
	339 (24.42%)

	Never
	
	515 (37.1%)

	NA Responses
	
	302 (21.76%)

	Are foot baths used upon arrival or during quarantine period on the farm?

	Always
	
	119 (8.57%)

	Sometimes
	
	161 (11.6%)

	Never
	
	 776 (55.9%)

	NA Responses
	
	332 (32.92%)

	In the past 3 years, have your cattle had access to water from either a river, stream, pond or lake?

	Cattle do not have access to water courses (streams, rivers, pond lakes)
	
	1109 (79.9%)

	Cattle sometimes have access to water courses (streams, rivers, pond lakes)
	
	201 (14.5%)

	Cattle have access to water courses (streams, rivers, pond lakes)
	
	78 (5.6%)

	Do you use a contractor to spread slurry on your farm?

	Always
	
	496 (35.73%)

	Sometimes
	
	528 (38.04%)

	Never
	
	364 (26.22%)

	Contractors used to spread slurry- If yes (sometimes/always), has the equipment been washed out and cleaned before it enters your farm?

	Yes
	
	217 (21.64%)

	No
	
	366 (36.49%)

	I Don't Know
	
	420 (41.87%)

	Do you, or any of your farm workers (including family workers) also work or frequently visit (i.e. at least once per week) any other farms?

	Yes
	
	383 (27.59%)

	No
	
	953 (68.66%)

	Don’t Know
	
	52 (3.75%)

	Do these workers use separate overalls/boots for visiting/working at the second farm?

	Yes
	
	309 (35.07%)

	No
	
	572 (64.93%)

	Is it possible for your cattle to make nose to nose contact with other animals from neighbouring farms when grazing?

	No, there are no animals from a neighbouring farm grazing at the boundaries (arable land/forestry)
	
	230 (16.57%)

	No, there are animals on a neighbouring farm but there is a physical boundary around the boundary (river, drain, double fenced)
	
	1008 (72.62%)

	Yes
	
	150 (10.81%)

	In the past 3 years, have you used handling facilities that are also shared with another herd?

	Yes
	
	70 (5.04%)

	No
	
	1318 (94.96%)

	Have you seen evidence of deer on your land?

	Yes
	
	436 (31.41%)

	No
	
	952 (68.59%)



Table 5 presents the frequencies and percentages of external biosecurity variables. Most farmers did not contract rear (90.2%). With regard to purchased animals, few farmers enquired about the source herd’s Digital Dermatitis status (15.56%), while only a small proportion consistently implemented quarantine procedures for incoming animals (26.87%). Similarly, only 16.71% vaccinated newly introduced animals. Footbath usage followed a comparable pattern, with just 8.57% of farms reporting consistent use. In terms of indirect and direct contact risk, potential nose-to-nose contact with neighbouring herds was reported in a small proportion of farms (10.81%), while evidence of deer presence on farm was reported in 31.43% of herds.

4.2.2 [bookmark: _Toc233297709]Internal Biosecurity

[bookmark: _Toc233297755]Table 6. Frequencies and percentages of internal biosecurity variables
	Questions and Answers
	
	Count (%)

	Do you have a specific pen (which is not used for any other purpose e.g. calving) in which you can fully isolate sick/lame/ aborted/Johne’s Disease positive or TB reactor animals?

	Yes, and animal is in separate airspace to other animals
	
	517 (37.25%)

	Yes, but this is in the same airspace as other animals
	
	508 (36.6%)

	No
	
	363 (26.15%)

	Are sick cattle taken care of (fed/watered) before or after healthy cattle or calves?

	After
	
	609 (43.88%)

	Before
	
	178 (12.82%)

	No specific order
	
	601 (43.3%)

	Are calving pens ever used to house sick/lame/aborted/positive Johne’s disease positive animals/TB reactors?

	Sometimes
	
	859 (61.89%)

	Never
	
	529 (38.11%)

	If an animal aborts on the farm, where are the foetal membranes and tissues (placenta/cleaning) disposed of from this animal?

	Removed immediately from calving pen
	
	872 (62.82%)

	They are put in the manure pile or slurry pit
	
	492 (35.45%)

	They are left in the calving pen
	
	24 (1.73%)

	Do you have dogs on your farm, and do these animals have contact with any of your cattle, either at pasture or while being housed?

	Yes, and there is potential for contact
	
	659 (47.48%)

	There is no potential for direct contact with cattle
	
	135 (9.73%)

	There is no potential for indirect contact with cattle
	
	18 (1.3%)

	No – they are not present
	
	576 (41.5%)

	Do you have sheep/goats on your farm, and do these animals have contact with any of your cattle, either at pasture or while being housed?

	Yes, and there is potential for contact
	
	39 (2.81%)

	There is no potential for direct contact with cattle
	
	84 (6.05%)

	There is no potential for indirect contact with cattle
	
	8 (0.58%)

	No - they are not present
	
	1257 (90.56%)



Table 6 presents the frequencies and percentages of internal biosecurity variables. A substantial proportion of farmers reported having a designated pen for sick animals, either in a different airspace (37.25%) or within the same airspace (36.6%). However, 43.3% of farmers reported no specific order when handling sick animals, and 61.89% indicated that calving pens were sometimes used to house sick animals. 
Regarding indirect contact, only 1.73% of farms reported leaving materials associated with abortion events in calving pens. In terms of direct contact with other animals, 41.5% of farms reported no presence of dogs. 

4.2.3 [bookmark: _Toc233297710]Diagnosis of Infection 
[bookmark: _Toc233297756]Table 7. Frequencies and percentages of diagnosis variables
	Questions and Answers
	
	Count (%)

	Do you routinely record all clinical disease problems on farm?

	Yes
	
	672 (48.41%)

	No
	
	448 (32.28%)

	NA Responses
	
	268 (19.31%)

	Do you discuss these results regularly with your vet and/or farm team?

	Yes
	
	645 (46.47%)

	No
	
	457 (32.93%)

	NA Responses
	
	286 (20.61%)

	Do you record cases of Lameness?

	Yes
	
	496 (35.73%)

	No
	
	617 (44.45%)

	NA Responses
	
	275 (19.81%)

	Do you review all cases of Lameness with your vet?

	Yes
	
	457 (32.93%)

	No
	
	626 (45.1%)

	NA Responses
	
	305 (21.97%)

	How often are lameness outbreaks investigated (samples submitted to a lab)?

	Frequently
	
	32 (2.3%)

	Sometimes
	
	80 (5.76%)

	Rarely
	
	236 (23.49%)

	Never
	
	715 (51.51%)

	NA Responses
	
	325 (23.41%)

	How often are animals that die on farm submitted for a post mortem exam?

	Frequently
	
	61 (4.39%)

	Sometimes
	
	330 (23.91%)

	Rarely
	
	452 (32.56%)

	Never
	
	330 (23.78%)

	NA Responses
	
	215 (15.49%)

	Does a suitable qualified nutritionist create and regularly review the diets being fed?

	Yes
	
	381 (27.45%)

	No
	
	1007 (72.55%)

	Are body condition scores monitored regularly and results discussed with farm team/ nutritionist/vet?

	Yes
	
	595 (42.87%)

	No
	
	793 (57.13%)

	Are locomotion scores monitored regularly and results discussed with farm team/vet?

	Yes
	
	363 (26.15%)

	No
	
	1025 (73.85%)

	Are EBI scores used to help select breeding animals (semen/embryo's/ breeding stock)?

	Yes
	
	1052 (75.79%)

	No
	
	336 (24.21%)

	Are health traits within EBI scores part of the selection criteria?

	Yes
	
	832 (59.94%)

	No
	
	556 (40.06%)



Table 7 presents the frequencies and percentages of diagnosis variables. A substantial proportion of farmers neither record clinical cases (32.28%) nor discuss these with a veterinarian or farm team (32.93%). In relation to lameness, 44.45% of farmers do not record clinical cases, 45.1% do not review these with a veterinarian, and 51.51% report never investigating outbreaks through laboratory testing. Regarding monitoring practices, body condition scoring was more commonly performed (42.87%) compared to locomotion scoring (26.15%). 

4.2.4 [bookmark: _Toc233297711]Vaccination/Baseline Resilience

[bookmark: _Toc233297757]Table 8. Percentages of usage of different vaccines
	Response
	Scour
	BVD
	IBR
	Leptospirosis
	Other respiratory vaccines
	Lungworm
	Clostridial diseases
	Other e.g. Autogenous/Imported
	Salmonella

	Yes
	47.41%
	8.21%
	57.56%
	56.77%
	27.16%
	1.59%
	66.35%
	1.80%
	44.96%

	No
	34.65%
	67.58%
	24.57%
	26.44%
	47.91%
	71.90%
	16.71%
	60.52%
	35.09%

	NA
	17.94%
	24.21%
	17.87%
	16.79%
	24.93%
	26.51%
	16.93%
	37.68%
	19.96%



[bookmark: _Toc233297758]Table 9. Descriptive statistics of the total vaccines used
	Measure
	Mean (95% CI)
	Median
	IQR
	5%
	95%
	Count

	Vaccine Count
	3.12 (3.01-3.23)
	3
	4
	0
	6
	1,388



[bookmark: _Toc233297759]Table 10. Proportions and percentages of number of vaccines variables
	
	No vaccination
	At least 1
	More than 1
	3 or more
	6 or more
	All 9

	Count
	257
	1131
	1003
	862
	193
	2

	Percentage
	18.52%
	81.48%
	72.26%
	62.1%
	13.9%
	0.14%



Tables 8, 9, and 10 summarise vaccination practices among participating farms. Table 8 presents the proportion of farms using each individual vaccine. It shows that 67.58% of farmers do not vaccinate against BVD, while 66.35% report vaccinating against clostridial diseases. Lungworm was the least commonly reported, with only 1.59% of farmers administering it.
Table 9 indicates that, on average, farmers administered approximately three vaccines (mean: 3.12; 95% CI: 3.01–3.23).
As shown in Table 10, 18.52% of farms reported not using any vaccines, whereas the majority (72.26%) reported using more than one vaccine. A small portion (13.90%) reported using six or more vaccines.

4.3 [bookmark: _Toc233297712]Biosecurity Scores
4.3.1 [bookmark: _Toc233297713]Description of Scores

[bookmark: _Toc233297760]Table 11. Descriptive statistics of all three scores
	Scores
	Mean (95% CI)
	Median
	IQR
	5%
	95%
	Count

	Risk factor score
	65.55 (64.68-66.43)
	65.65
	22.26
	38.84
	90.21
	1,388

	Speed of spread score 
	52.74 (52.14-53.34)
	53.55
	14.44
	36.06
	70.08
	1,388

	Diagnosis score 
	41.99 (40.9-43.07)
	42.22
	31.58
	7.22
	73.87
	1,388



Table 11 presents descriptive statistics for the three score variables. All three distributions suggested very mild negative skew, with means slightly lower than medians, indicating broadly symmetric distributions with a slight left tail.
The Risk factor score (mean 65.55; 95% CI: 64.68–66.43; median 65.65) showed moderate variability (IQR = 22.26), with values ranging from the 5th percentile (38.84) to the 95th percentile (90.21).
The Speed of spread score (mean 52.74; 95% CI: 52.14–53.34; median 53.55) also showed moderate variability (IQR = 14.44), with a 5th to 95th percentile range of 36.06 to 70.08.
The Diagnosis score (mean 41.99; 95% CI: 40.90–43.07; median 42.22) displayed a wider dispersion (IQR = 31.58), with values spanning from the 5th percentile (7.22) to the 95th percentile (73.87).
4.3.2 [bookmark: _Toc233297714]Distribution of Scores
[bookmark: _Toc233297852]Figure 1. Boxplot (Left) and Histogram (Right) of the distribution of Risk Factor Score



[bookmark: _Toc233297853]Figure 2. Boxplot (Left) and Histogram (Right) of the distribution of Speed of Spread Score


[bookmark: _Toc233297854]Figure 3. Boxplot (Left) and Histogram (Right) of the distribution of Diagnosis Score

Figure 1, Figure 2, and Figure 3 present the distributions of the Risk factor score, Speed of spread score, and Diagnosis score, respectively, using combined histograms and boxplots. All three variables exhibit approximately symmetric, unimodal distributions with no meaningful evidence of skewness. The Risk factor score shows values concentrated around the mid-60s, the Speed of spread score around the mid-50s, and the Diagnosis score around the low-40s, with histograms indicating central clustering in each case. The corresponding boxplots confirm these patterns, with medians positioned near the centre of the interquartile ranges and generally balanced whiskers across all three variables. No substantial outliers are observed. Overall, the results suggest broadly normal-like distributions with moderate variability across herds.

4.3.3 [bookmark: _Toc233297715]Scores vs Herds Characteristics

[bookmark: _Toc233297761]Table 12. Descriptive statistics of Risk Factor Score according to Herd Status
	Herd Status
	Mean (95% CI)
	Median
	IQR
	5%
	95%
	Count
	p-value

	Closed
	73.9 (70.56-77.24)
	79.88
	20.28
	39.48
	93.91
	114
	<0.01

	Open
	64.8 (63.91-65.7)
	64.94
	20.72
	38.81
	89.42
	1,274
	


Welch's t-test: t(129.76) = 5.16, p < 0.001.

[bookmark: _Toc233297762]Table 13. Descriptive statistics of Speed of Spread Score according to Herd Status
	Herd Status
	Mean (95% CI)
	Median
	IQR
	5%
	95%
	Count
	p-value

	Closed
	50.68 (48.54-52.82)
	51.47
	13.21
	33.20
	67.28
	114
	0.05

	Open
	52.93 (52.3-53.55)
	53.61
	14.55
	36.65
	70.21
	1,274
	


Welch's t-test: t(132.92) = -1.97, p = 0.05.

[bookmark: _Toc233297763]Table 14. Descriptive statistics of Diagnosis according to Herd Status
	Herd Status
	Mean (95% CI)
	Median
	IQR
	5%
	95%
	Count
	p-value

	Closed
	41.64 (37.48-45.8)
	39.89
	35.04
	2.49
	76.44
	114
	0.86

	Open
	42.02 (40.9-43.14)
	42.22
	31.36
	7.22
	73.25
	1,274
	


Welch's t-test: t(129.85) = -0.17, p = 0.86 (not significant).  

Tables 12–14 present descriptive statistics for the three score variables according to herd status. Risk factor score differed significantly between herd types (Welch's t-test, t(129.76) = 5.16, p < 0.001), with closed herds showing a markedly higher mean (73.90; 95% CI: 70.56–77.24) than open herds (64.80; 95% CI: 63.91–65.70). 
Speed of spread score was slightly lower in closed herds (50.68; 95% CI: 48.54–52.82) than open herds (52.93; 95% CI: 52.30–53.55); this difference was borderline, falling just at the conventional significance threshold (Welch's t-test, t(132.92) = −1.97, p = 0.05).
Diagnosis score did not differ significantly between herd types (Welch's t-test, t(129.85) = −0.17, p = 0.86), with closed herds (41.64; 95% CI: 37.48–45.80) and open herds (42.02; 95% CI: 40.90–43.14) showing similar mean values. 

[bookmark: _Toc233297764]Table 15. Descriptive statistics of Risk Factor score according to IJCP participation
	IJCP
	Mean (95% CI)
	Median
	IQR
	5%
	95%
	Count
	p-value

	Yes
	66.91 (64.96-68.87)
	67.23
	22.41
	39.92
	91.00
	280
	0.13

	No
	65.21 (64.23-66.19)
	65.38
	22.11
	38.65
	89.93
	1,108
	


Welch's t-test: t(428.92) = -1.53, p = 0.13 (not significant).  

[bookmark: _Toc233297765]Table 16. Descriptive statistics of Speed of spread score according to IJCP participation
	IJCP
	Mean (95% CI)
	Median
	IQR
	5%
	95%
	Count
	p-value

	Yes
	53.92 (52.51-55.33)
	55.41
	15.71
	35.46
	70.67
	280
	0.07

	No
	52.45 (51.79-53.11)
	52.89
	13.87
	36.38
	69.84
	1,108
	


Welch's t-test: t(410.16) = -1.85, p = 0.07 (not significant).  

[bookmark: _Toc233297766]Table 17. Descriptive statistics of Diagnosis score according to IJCP participation
	IJCP
	Mean (95% CI)
	Median
	IQR
	5%
	95%
	Count
	p-value

	Yes
	50.16 (47.55-52.77)
	53.13
	36.63
	11.87
	80.99
	280
	<0.01

	No
	39.92 (38.77-41.07)
	40.25
	28.94
	7.22
	71.62
	1,108
	


Welch's t-test: t(394.93) = -7.04, p < 0.001.  

Tables 15–17 present descriptive statistics for the three score variables according to IJCP participation. Risk factor score did not differ significantly between groups (Welch's t-test, t(428.92) = −1.53, p = 0.13), with IJCP herds showing a slightly higher mean (66.91; 95% CI: 64.96–68.87) than non-IJCP herds (65.21; 95% CI: 64.23–66.19) and no marked differences in distributional shape or variability.
Speed of spread score showed a similar pattern, with IJCP herds reporting somewhat higher values (53.92; 95% CI: 52.51–55.33) than non-IJCP herds (52.45; 95% CI: 51.79–53.11); however, this difference did not reach statistical significance (Welch's t-test, t(410.16) = −1.85, p = 0.07).
Diagnosis score differed significantly between groups (Welch's t-test, t(394.93) = −7.04, p < 0.001), with IJCP herds reporting notably higher values (50.16; 95% CI: 47.55–52.77) than non-IJCP herds (39.92; 95% CI: 38.77–41.07). 
Overall, IJCP herds tended to report higher scores across all three variables compared to non-participating herds, although the only statistically significant difference observed was for the Diagnosis score.

4.3.4 [bookmark: _Toc233297716]Scores vs Behavioural Variables

[bookmark: _Toc233297767]Table 18. Descriptive statistics of Risk Factor score according to Total Moves In
	Total Moves In
	Mean (95% CI)
	Median
	IQR
	5%
	95%
	Count

	0
	73.37 (70.19-76.56)a
	78.78
	22.13
	39.48
	94.50
	134

	<=51
	66.10 (65.09-67.10)b
	66.01
	19.42
	40.40
	89.27
	895

	>51
	61.27 (59.44-63.11)c
	61.37
	23.61
	33.56
	87.70
	359


Welch's ANOVA: F(2, 320.99) = 22.56, p < 0.001. Games-Howell post-hoc comparisons showed all pairwise differences were statistically significant (p < 0.001 for all comparisons). Means not sharing a superscript letter differ significantly.

[bookmark: _Toc233297768]Table 19. Descriptive statistics of Speed of spread score according to Total Moves In
	Total Moves In
	Mean (95% CI)
	Median
	IQR
	5%
	95
	Count

	0
	51.01 (48.95-53.07)ab
	52.18
	13.53
	33.20
	66.49
	134

	<=51
	53.45 (52.74-54.16)a
	54.40
	14.31
	37.34
	70.43
	895

	>51
	51.63 (50.35-52.91)b
	52.13
	13.56
	34.57
	70.12
	359


Welch's ANOVA: F(2, 327.30) = 4.64, p = 0.01. Games-Howell post-hoc comparisons showed a significant difference between herds with ≤51 and >51 moves in (p = 0.04); no other pairwise comparisons reached significance (≤51 vs 0: p = 0.074; >51 vs 0: p = 0.87). Means not sharing a superscript letter differ significantly.

[bookmark: _Toc233297769]Table 20. Descriptive statistics of Diagnosis score according to Total Moves In
	Total Moves In
	Mean (95% CI)
	Median
	IQR
	5%
	95%
	Count

	0
	41.19 (37.34-45.04)
	40.14
	33.82
	1.62
	76.44
	134

	<=51
	42.4 (41.09-43.71)
	42.22
	32.76
	11.43
	73.03
	895

	>51
	41.25 (39.07-43.44)
	42.31
	29.92
	2.49
	76.44
	359


Welch's ANOVA: F(2, 328.81) = 0.49, p = 0.614 (not significant).

Tables 18–20 present descriptive statistics for the three score variables according to total number of moves in. Risk factor score differed significantly according to total moves in (Welch's ANOVA, F(2, 320.99) = 22.56, p < 0.001), with all pairwise comparisons significant (Games-Howell, p < 0.001 for all). Herds with no recorded movements showed the highest Risk factor score (73.37; 95% CI: 70.19–76.56), followed by herds with ≤51 moves (66.10; 95% CI: 65.09–67.10) and those with >51 moves (61.27; 95% CI: 59.44–63.11), indicating a decreasing trend in risk with increasing number of movements.
Speed of spread score also differed significantly according to total moves in (Welch's ANOVA, F(2, 327.30) = 4.64, p = 0.01). Games-Howell post-hoc comparisons revealed that herds with ≤51 moves in had a significantly higher score than herds with >51 moves in (p = 0.04); no significant differences were found between herds with no movements and either of the other two groups (p = 0.074 and p = 0.87, respectively).
Diagnosis score did not differ significantly according to total moves in (Welch's ANOVA, F(2, 328.81) = 0.49, p = 0.614), indicating no detectable association between the number of moves in and Diagnosis score.

4.4 [bookmark: _Toc233297717]Vaccines vs Herd Characterization

[bookmark: _Toc233297770]Table 21. Descriptive statistics of Vaccines administered according to IJCP participation
	IJCP
	No Vaccines
	1 Vaccine
	2 Vaccines
	3-5 Vaccines
	6-8 Vaccines
	9 Vaccines

	Yes
	34 (12.14%)
	8 (2.86%)
	24 (8.57%)
	155 (55.36%)
	58 (20.71%)
	1 (0.36%)

	No
	223 (20.13%)
	120 (10.83%)
	117 (10.56%)
	514 (46.39%)
	133 (12.00%)
	1 (0.09%)


Percentages are calculated by row.

Table 21 presents the distribution of vaccines administered according to participation in the IJCP. Higher proportions of IJCP herds were observed in the 3–5 and 6–8 vaccine categories compared to non-participating herds (55.4% vs 46.4% and 20.7% vs 12%, respectively). The proportion of farms administering nine vaccines was low in both groups (0.4% vs 0.1%). Overall, farms participating in the IJCP tended to administer a greater number of vaccines.

[bookmark: _Toc233297771]Table 22. Descriptive statistics of vaccines administered according to total animal movements into herds
	Moves Category
	No Vaccines
	1 Vaccine
	2 Vaccines
	3-5 Vaccines
	6-8 Vaccines
	9 Vaccines

	0
	27 (20.15%)
	24 (17.91%)
	13 (9.70%)
	57 (42.54%)
	12 (8.96%)
	1 (0.75%)

	<=51
	173 (19.33%)
	75 (8.38%)
	95 (10.61%)
	434 (48.49%)
	118 (13.18%)
	

	>51
	57 (15.88%)
	29 (8.08%)
	33 (9.19%)
	178 (49.58%)
	61 (16.99%)
	1 (0.28%)


Percentages are calculated by row.
Table 22 presents the distribution of vaccines administered according to the number of animal movements into herds. Higher proportions of farms with >51 animal movements were observed in the 3–5 and 6–8 vaccine categories compared to farms with ≤51 and 0 movements (49.6% vs 48.5% vs 42.5%, and 17.0% vs 13.2% vs 9.0%, respectively). In contrast, farms with no animal movements had the highest proportion of farms administering either zero or one vaccine.

4.5 [bookmark: _Toc233297718]Social Media Data

[bookmark: _Toc233297772]Table 23. Number of views per platform for the Biosecurity Week Campaign
	Platform
	Post 1 (Text)
	Post 2 (Video)
	Post 3 (Video)
	Post 4 (Video)
	Post 5 (Text)
	Post 6 (Text)

	Facebook
	1,500
	372
	448
	173
	1,900
	303

	Instagram
	658
	1,000
	541
	278
	530
	185

	TikTok
	966
	790
	308
	263
	771
	779

	LinkedIn
	1,240
	594
	395
	272
	553
	547

	Youtube
	NA
	50
	24
	29
	NA
	NA

	Total
	4,364
	2,806
	1,716
	1,015
	3,754
	1,814



[bookmark: _Toc233297773]Table 24. Number of views per platform for the BVD Awareness Campaign
	Platform
	Part 1
	Part 2
	Part 3
	Full Interview

	Facebook
	22,445
	38,200
	15,400
	3,100

	Instagram
	612
	565
	676
	319

	TikTok
	11,200
	7,435
	17,000
	522

	LinkedIn
	558
	212
	169
	184

	Total
	34,815
	46,412
	33,245
	4,125



Tables 23 and 24 present the number of views across social media platforms for the Biosecurity Week and BVD Awareness campaigns, respectively. For the Biosecurity Week campaign, Instagram generated the highest number of views for most posts, followed by Facebook and TikTok. In contrast, the BVD Awareness campaign generated the greatest number of views on TikTok and Instagram.

[bookmark: _Toc233297774]Table 25. Number of interactions (likes, comments, shares, saves) per platform for the Biosecurity Week Campaign
	Platform
	Post 1 (Text)
	Post 2 (Video)
	Post 3 (Video)
	Post 4 (Video)
	Post 5 (Text)
	Post 6 (Text)

	Facebook
	12
	8
	10
	6
	12
	5

	Instagram
	11
	6
	7
	9
	6
	2

	TikTok
	13
	17
	7
	6
	6
	7

	LinkedIn
	48
	50
	27
	15
	28
	19

	Youtube
	0
	1
	1
	1
	0
	0

	Total
	84
	82
	52
	37
	52
	33



[bookmark: _Toc233297775]Table 26. Number of interactions (likes, comments, shares, saves) per platform for the BVD Awareness Campaign
	Platform
	Part 1
	Part 2
	Part 3
	Full Interview

	Facebook
	75
	70
	21
	9

	Instagram
	14
	11
	5
	4

	TikTok
	231
	371
	634
	23

	LinkedIn
	29
	10
	13
	13

	Total
	349
	462
	673
	49



Tables 25 and 26 summarise the number of interactions across social media platforms for the Biosecurity Week and BVD Awareness campaigns, respectively. Within the Biosecurity Week campaign, LinkedIn generated the highest number of interactions across all six posts, while Facebook and TikTok generated comparatively lower interaction counts. In contrast, TikTok generated the highest number of interactions across all four posts within the BVD Awareness campaign, followed by Facebook.[bookmark: _Toc233297855]Figure 4. Bar plot comparing the combined views from each social media platform from both campaigns (Left) and bar plot comparing the combined interactions from each social media platform from both campaigns (Right)



Figure 4 compares the combined number of views across platforms between both campaigns (left) and the combined number of interactions generated by each campaign (right). Overall, the BVD Awareness campaign generated substantially higher engagement, recording 118,597 views and 1,533 interactions, compared with 15,469 views and 340 interactions for the Biosecurity Week campaign.



[bookmark: _Toc233297856]Figure 5. Bar plot comparing the Total Engagement rate for each campaign (Interactions ÷ Views x 100)

Figure 5 presents the total engagement rate for both campaigns, calculated as interactions divided by views and multiplied by 100. Although the BVD Awareness campaign generated higher absolute numbers of views and interactions, the Biosecurity Week campaign showed a higher overall engagement rate (approximately 2.20%) compared to the BVD Awareness campaign (1.29%).

5 [bookmark: _Toc233297719]Discussion
5.1 [bookmark: _Toc233297720]Overview of Main Findings
The objective of this work has been to utilize data gathered in 2025 from application of the Bioscore research project (O Donovan et al., 2024) to Irish dairy farms in order to derive relevant epidemiological information on two diseases of current interest, Bluetongue and Digital Dermatitis. It has also been an aim of this work to take a holistic view of how information derived from an information gathering exercise such as the Bioscore dairy survey is then applied in a practical arena so that awareness is raised among farmers and veterinary practitioners.  
The Bioscore research project was developed with the aim of creating an audit tool that could not only be utilised directly by farmers themselves, but that was also non-disease-specific, enabling the assessment of farm biosecurity-related behaviours and performance across a broad range of conditions (O Donovan et al., 2024). Its development arose from the recognition that existing farm-level biosecurity audit tools, such as Biocheck (Biocheck Ghent, 2023), were not fully suited to pasture-based dairy farming systems, such as those predominantly used in Ireland. Furthermore, the audit tool was intended to facilitate the benchmarking of dairy farms, while also weighting and prioritising biosecurity practices considered to be of greatest relevance within the Irish dairy industry (O Donovan et al., 2024).
Given that both Bluetongue and Digital Dermatitis are currently significant topics within the Irish dairy industry, this study took the unique opportunity of investigating the biosecurity issues surrounding these two topics, using the 2025 (first year) of data collection from the Bioscore dairy dataset. This work is to the author’s best knowledge, the first investigative study of the Irish Bioscore dairy dataset and begins a process of determining how such national datasets can be used to the betterment of disease control and animal welfare. This work also looks into the relationship between participation in a voluntary national disease control programme (IJCP) and how that influences the level of biosecurity applied on Irish farms, an important factor in mitigating risk from disease.
Bluetongue outbreaks pose a serious threat to Irish dairy cattle production, not only due to their potential to cause substantial economic losses for both individual farmers and the wider sector (Gethmann et al., 2020), but also due to the recent detection of the disease in Ireland (O’Donnell, 2026), which increases the likelihood of future outbreaks.
In relation to Digital Dermatitis, its importance within the Irish dairy industry is reflected in its inclusion in the Hoof HealthCheck lameness programme, developed by AHI (Animal Health Ireland, n.d.-a), as it is recognised as one of the primary causes of lameness in dairy cattle (Plummer & Krull, 2017). Biosecurity plays a particularly important role in the control of these diseases, as many cases are subclinical and therefore difficult to diagnose. Consequently, the implementation of measures aimed at preventing disease introduction and limiting spread are essential for effective disease control.
The unique advantage this study had was its ability to take national farm level biosecurity data and link this to the important factors which influence preparedness and management of related for Bluetongue and Digital dermatitis on Irish dairy farms. The study has demonstrated that data such as the results from the Bioscore dairy data study can be used in identifying existing strengths and, more importantly, the weaknesses associated with the prevention and control of these diseases, while also drawing basic inferences regarding disease control.
5.2 [bookmark: _Toc233297721]Bluetongue 
The analysis was divided into four sections and together with the outputs generated from each, provided an informative overview of the current situation regarding Bluetongue virus. As previously outlined, external biosecurity plays a central role in preventing the introduction of Bluetongue into naive herds, with vaccination and closed-herd management identified as key control strategies (WOAH, 2021; Shortall et al., 2017). Given that the virus transmission is primarily vector-dependent, effective control also requires measures aimed at reducing vector presence and activity, although these aspects were not included in the initial assessment. While horizontal transmission is more closely associated with within-herd spread (Van Der Sluijs et al., 2016), the introduction of infected cattle may still initiate an outbreak at farm level through infection of resident Culicoides midges, which can subsequently transmit the virus throughout the herd (Barua et al., 2025). Consequently, practices such as maintaining a closed-herd system and implementing quarantine procedures for newly introduced animals remain of considerable importance for Bluetongue control.
In the present study, however, closed-herd status was relatively uncommon (114 farms), while most holdings reported regular animal movements (1274). This pattern, combined with inconsistent implementation of quarantine measures (906) and limited vaccination of incoming animals (854), suggests that animal introductions represent a significant vulnerability in herd-level biosecurity.
A further concern identified in this study was the relatively limited recording of clinical cases (448) and inconsistent engagement with veterinary practitioners (457). Although these variables were not specific to Bluetongue infection, they remain highly relevant given that Bluetongue infections are predominantly subclinical. Since systematic record-keeping and early identification of potentially infected animals are essential for monitoring both within-farm prevalence and broader national disease trends (Renault et al., 2021), these findings therefore indicate weaknesses in monitoring and surveillance systems that may delay early detection and reduce the effectiveness of disease control across herds.
A different pattern was observed in relation to vaccination behaviour. Although most farms reported the use of multiple vaccines (three or more = 862), this likely reflects general herd health management practices rather than Bluetongue virus-specific protection. Nevertheless, it may also indicate that vaccination is already a familiar and accepted management tool among farmers, which could be advantageous for future Bluetongue vaccination strategies. Furthermore, these findings suggest a reasonable degree of openness towards vaccination campaigns, potentially supporting their implementation at farm level.
Despite this apparent familiarity with vaccination, variation in vaccine uptake between farms warrants further investigation, particularly regarding the factors influencing farmer decision-making and adoption behaviour. While 62.1% of farms reported the use of multiple vaccines, 18.52% herds indicated that no vaccines were administered. Understanding the reasons underlying this absence of vaccination is therefore important. Further research into the drivers of differential vaccine uptake could support the development of more effective vaccination strategies, ensuring that future disease-specific campaigns are better aligned with farmer behaviour, perceived risk, and practical constraints.
However, it is important to recognise that, although Bluetongue vaccination is often considered central to disease control, currently available vaccines are serotype-specific and do not confer cross-protection between serotypes (Martinelle et al., 2018). Consequently, herds vaccinated against one serotype may remain susceptible to infection by others. This limitation is supported by historical evidence from the Netherlands, where new outbreaks occurred years after successful vaccination campaigns due to the emergence of a different serotype (Zeiske et al., 2025). 
In addition, the high mutation capacity of the virus, which facilitates the emergence of new serotypes with altered virulence and morbidity (Barua et al., 2025), together with climate change and rising global temperatures that increasingly favour vector proliferation and geographical expansion (Purse et al., 2005), represent major limitations of current vaccination strategies. Collectively, these factors contribute to a recurring cycle of outbreak, mass vaccination, temporary suppression, and subsequent re-emergence. The persistence of this cycle is further reflected in the European Commission’s decision to recategorize Bluetongue and approach its control more as an endemic disease (European Commission, 2026).
Therefore, until broadly protective or cross-serotype vaccines, or new and effective vector control strategies, are developed, Bluetongue control cannot rely solely on vaccination. This further emphasises the importance of strengthening complementary biosecurity measures, particularly the maintenance of closed-herd systems, the consistent application of quarantine procedures, and effective record-keeping and monitoring practices.
Within this broader context, the Bioscore dairy dataset, while not capable of predicting the timing or pathway of an outbreak, represents a key tool in preventing a national outbreak. By identifying weaknesses within dairy herd management systems, it can classify herds according to their risk profile, thereby highlighting groups that may function as reservoirs and facilitate the spread of infection to better-prepared holdings in the context of Bluetongue virus control. For example, approximately 18.52% of farms reported no vaccine use, placing them within a higher-risk category for disease introduction and spread.
Accordingly, the implementation of comprehensive biosecurity measures tailored to herd risk profile can substantially reduce outbreak risk. Within such systems, even when infection occurs, improved record-keeping and testing practices may enable earlier detection and containment, thereby limiting transmission to other herds. Farms exhibiting deficiencies in the areas identified in this study should therefore be prioritised, as they represent a greater risk for outbreak occurrence. In this sense, the dataset may also support the management of investment in disease control campaigns, as identifying farms requiring greater attention and targeted support interventions can contribute to more efficient allocation of costs and resources aimed at reducing overall vulnerability.
Ultimately, having good biosecurity measures in place, emerges as the essential mechanism to slow, and potentially disrupt, this recurring cycle, with Bioscore representing an important first step towards improving the efficiency of its implementation.

5.3 [bookmark: _Toc233297722]Digital Dermatitis
The challenge of controlling, or even eradicating, Digital Dermatitis at herd level stems from several factors. The incomplete understanding of the aetiological agents involved in the disease makes the development of effective treatments and vaccines particularly difficult (Wilson-Welder et al., 2015), as uncertainty regarding the specific targets limits the effectiveness and direction of potential interventions. In addition, the exact mechanisms of transmission have not yet been fully defined, further complicating the development of highly effective and targeted control measures (Palmer & O’Connell, 2015).
Moreover, the presence of multiple disease stages, together with the predominantly subclinical nature of most infections, makes identification and treatment of affected animals particularly challenging. Only a relatively small proportion of severe cases develop visible lameness (Frankena et al., 2009), allowing the disease to spread silently within herds and making control more difficult, as well as the possibility of reactivation of chronic lesions (Holzhauer et al., 2024). Consequently, strict biosecurity measures currently represent one of the most effective approaches for improving Digital Dermatitis control (Pedersen, 2019), as the success of disease prevention and limitation depends heavily on farmer compliance and management discipline. To support and facilitate this process, several initiatives are being developed, such as the Sound Cow Innovation Programme (SCIP), which aims to improve the management of dairy cow lameness (Animal Health Ireland, n.d.-c). 
Within this context, Bioscore demonstrates considerable value for both disease control and herd management programmes. By identifying the strengths and weaknesses of individual farms, it not only provides insight into the factors contributing to the presence and introduction risk of infectious diseases but also supports farmers in understanding how herd management practices can be improved to enhance both animal welfare and farm efficiency. As such, both external and internal biosecurity continue to play a central role in limiting Digital Dermatitis transmission (Palmer & O’Connell, 2015), and this study identified several weaknesses that may be limiting progress in disease control.
Maintaining a closed-herd status represents one of the most effective measures for preventing the introduction of Digital Dermatitis (Pedersen, 2019). Where this is not feasible, the consistent implementation of quarantine procedures for newly introduced animals, together with enquiring about the Digital Dermatitis status of the source herd, may also reduce the risk of disease introduction (Oliveira et al., 2017). However, as previously outlined, only a small proportion of farms maintained a closed-herd status (114; 8.21%), relatively few consistently practised quarantine procedures (373; 26.87%), and an even smaller number enquired about the health status of the source herd (216; 15.56%). Collectively, these findings represent important vulnerabilities for disease introduction.
Footbath use has also been identified as an important and effective measure in limiting both the introduction and spread of Digital Dermatitis (Holzhauer et al., 2024). However, uptake of this practice was low, with 776 farmers reporting that they never used footbaths. The absence of standardised protocols regarding footbath composition, duration, and frequency of use (Cook, 2017) may contribute to this inconsistent implementation, as uncertainty surrounding best practice may discourage adoption. Furthermore, strict adherence to footbath protocols is essential, as variations in their structure or application may reduce their effectiveness or even contribute to increased disease spread (Holzhauer et al., 2024). Given the recognised importance of footbaths in Digital Dermatitis control, further studies should focus on the development of standardised protocols capable of adapting to the differing characteristics and requirements of individual farms. At the same time, the Bioscore assessment evaluated only the presence of footbaths at farm entry points, suggesting that future assessments may benefit from also incorporating measures related to the overall frequency and consistency of footbath use within daily farm activities.
Internal biosecurity practices displayed similar weaknesses. Although the precise transmission pathways remain incompletely understood, manure and mud have been recognised as important components in the spread of Digital Dermatitis (Evans et al., 2012). Consequently, separating healthy from infected animals, alongside preventing cross-contamination between contaminated and clean areas, is considered essential. Likewise, healthy animals should ideally be handled before affected individuals. In this study, although most farms reported having dedicated housing for sick animals (1025), it was nonetheless common for calving pens to also be used for sick cattle (859), while many farms did not follow a consistent handling order for affected animals (601). These findings therefore highlight additional areas of vulnerability requiring further attention and improvement.
Monitoring and detection practices also constitute a fundamental component of this disease management (Orsel et al., 2018). Maintaining detailed knowledge of infected animals, infection stages, and historical clinical records allows farmers to better understand disease prevalence and progression within their herds. Many programmes where one of many goals is reducing Digital Dermatitis prevalence, such as the SCIP, place strong emphasis on farmer training in these areas, particularly regarding the use of mobility scoring systems to identify lameness. As previously discussed, many cases of Digital Dermatitis remain subclinical, with lameness only becoming apparent in more advanced stages (Frankena et al., 2009), thereby reinforcing the importance of routine monitoring for effective disease control.
Despite this, a considerable proportion of farms did not consistently record clinical cases of lameness (617; 44.45%), review findings with veterinary practitioners (626; 45.1%), or investigate outbreaks (715; 51.51%). In addition, regular locomotion scoring, although slightly distinct from mobility scoring, represents a valuable tool for assessing both the prevalence and severity of lameness, yet it was not routinely implemented by a large proportion of farmers (1025; 73.85%). This lack of routine monitoring further complicates the already difficult process of identifying and isolating infected animals.
These findings were only possible to identify through the implementation of Bioscore.  Similarly to its application in Bluetongue control, Bioscore could also be used to classify herds according to risk profile and compare them with benchmark herds, thereby improving farmers’ understanding of their herd’s position regarding the management of Digital Dermatitis.
Furthermore, identifying specific weaknesses in farm management may help establish more achievable and targeted biosecurity goals, potentially making the adoption of preventative measures more manageable for farmers. In chronic conditions such as Digital Dermatitis, where complete eradication can be difficult to achieve, demonstrating measurable improvements in herd health and animal welfare may help reinforce continued engagement with disease control practices and encourage wider adoption of preventative management strategies.
This study also suggests incorporating additional hoof health–specific measures into future risk assessments, such as preventive hoof inspection and routine hoof trimming practices. Furthermore, including variables related to housing systems, such as the presence of cubicles and the type of flooring used on farms, could provide a broader understanding of potential herd-level weaknesses associated with hoof health and Digital Dermatitis risk.
5.4 [bookmark: _Toc233297723]Disease Control Programme Influence
The analysis of farmer participation in a voluntary national disease control programme, specifically the IJCP, aimed to explore whether involvement in structured herd health initiatives may be associated with differences in biosecurity-related behaviours on Irish dairy farms. The IJCP promotes disease awareness and provides farmers with veterinary guidance regarding biosecurity, disease management, and the identification of infected animals as part of Johne’s disease control strategies (Animal Health Ireland, n.d.-b). 
Although Bioscore was not specifically designed for Johne’s disease, the programme contributed to its development (O Donovan et al., 2024), making it a useful tool for exploring potential behavioural differences between participating and non-participating herds. Overall, farms enrolled in the IJCP demonstrated higher Diagnosis of Infection scores (Table 17) and administered greater numbers of vaccines compared to non-participating farms (Table 21).
While causality cannot be established in this study, these findings may reflect greater engagement with herd health management and preventative practices among participating farmers. Increased interaction with veterinary practitioners, alongside greater emphasis on disease awareness and monitoring, may encourage behaviours such as improved record keeping, more frequent discussion of disease-related findings, and closer observation of clinical signs. The higher Diagnosis of Infection scores observed among IJCP herds (Table 17) may therefore reflect improved awareness and monitoring of herd health issues among farmers more frequently exposed to disease-focused advisory programmes. This highlights the potential value of structured educational and advisory initiatives in improving farmer awareness of disease presence and herd-level health status. These behaviours are particularly relevant in the context of Digital Dermatitis, where early identification and continuous monitoring are important for effective disease control (Orsel et al., 2018).
Similarly, higher vaccine usage among IJCP farms may reflect a more proactive approach to preventative herd health management. This finding is particularly noteworthy given that vaccination against Johne’s disease is not permitted in Ireland (Animal Health Ireland, 2021), indicating that the higher vaccine usage observed among IJCP herds reflects broader preventative herd health behaviour rather than disease-specific programme requirements. This may partly explain the greater uptake of multiple vaccines observed in these herds, suggesting that structured advisory programmes can positively influence general attitudes towards disease prevention. At the same time, the possibility of some degree of self-selection among farmers already more engaged with preventative herd health practices should also be considered. 
Regardless of the direction of this relationship, the results suggest that structured veterinary-led programmes may influence biosecurity-related behaviours beyond their target disease. In the context of Bluetongue, where vaccination represents a key component of control strategies alongside movement restriction and quarantine, such behavioural tendencies may be particularly relevant for future vaccine adoption and programme implementation.
Although this cross-sectional study could not evaluate changes in biosecurity practices over time, future longitudinal comparisons between participating and non-participating herds could help determine whether continued involvement in structured herd health programmes is associated with measurable improvements in biosecurity-related behaviours and disease preparedness. In this context, Bioscore may also prove valuable as a longitudinal assessment tool, capable not only of identifying weaknesses in farm-level biosecurity, but also of evaluating whether advisory-based programmes contribute to sustained improvements in biosecurity implementation over time. Demonstrating such improvements quantitatively through longitudinal data could further strengthen the scientific credibility of these programmes and potentially increase their attractiveness and acceptance among farmers who may otherwise be reluctant to participate.

5.5 [bookmark: _Toc233297724]Social Media for communication campaigns
Part of the whole infrastructure of Bioscore dairy and its links to Animal Health Ireland is its promotion through media exposure. An important element of any biosecurity programme must be its visibility to the target audience. This work has had the advantage of not only looking at core data from the national Bioscore programme but also following this through to look at how it has been promoted on a national scale.
The present study demonstrated substantially higher numbers of views and interactions (Figure 4) for the Bovine Viral Diarrhoea (BVD) awareness campaign compared to the Biosecurity Week campaign. However, despite lower absolute numbers of views and interactions (Figure 5), the latter demonstrated a higher engagement rate, potentially indicating greater audience interaction with biosecurity-related content.
These findings may partially reflect the current relevance and visibility of BVD within Irish dairy systems, particularly given the long-standing national eradication efforts coordinated by Animal Health Ireland and the significant economic and herd health impacts associated with the disease. Platform algorithms and differences in dissemination strategies may also have influenced overall reach. While the reasons underlying these differences cannot be determined within the present study, it is possible that the higher engagement observed for the Biosecurity Week campaign reflects the broader day-to-day relevance of biosecurity practices across dairy farms. Unlike disease-specific topics, biosecurity encompasses routine management practices applicable to all farms, which may increase the relatability of such content to a wider farming audience. If so, broader herd health themes may prove particularly effective in attracting audience engagement through digital communication platforms.
In terms of platform performance, the results showed considerable variability, with different platforms demonstrating higher reach and interaction depending on the campaign and post type (Tables 25, 26, 27 and 28). This variability further highlights the importance of disseminating information across multiple social media platforms in order to maximise audience reach and engagement. 
The extent to which online campaigns directly influence behavioural change at farm level remains unclear. However, digital communication platforms are increasingly recognised as important tools for agricultural knowledge dissemination and farmer engagement (Moya et al., 2025). Previous studies have highlighted the growing role of social media and digital communication strategies in promoting animal health awareness, improving biosecurity communication, and supporting preventative behaviour among farmers (Rivera-Gomis et al., 2026; Mehmedi et al., 2025).
Given the growing use of digital media among farmers, particularly younger generations, social media campaigns may complement traditional biosecurity communication. Beyond disseminating information, these platforms allow for farmer-centred approaches: sharing practical experiences and outcomes from farmers involved in disease-control programmes may improve relatability and strengthen trust in advisory initiatives, encouraging engagement among producers facing similar challenges. In this way, digital communication may support not only information delivery but also peer-driven awareness and behavioural change. Further research is needed to determine whether increased online engagement translates into measurable improvements in on-farm biosecurity behaviour.

5.6 [bookmark: _Toc233297725]Strengths and Limitations of Study
One of the main strengths of this study was the use of contemporary national-level data generated through the Bioscore Dairy TASAH programme, allowing the exploration of biosecurity-related practices across Irish dairy farms in relation to current disease concerns such as Bluetongue and Digital Dermatitis. The study also benefited from combining biosecurity data with broader herd health considerations, including participation in disease-control programmes and the role of digital communication in promoting animal health awareness.
However, several limitations should also be acknowledged. The dataset's cross-sectional design precludes causal inference, and the absence of direct disease outcome data limits the ability to link specific biosecurity measures to confirmed disease prevalence at herd level. Missing responses for several variables, together with reliance on self-reported farmer data, may have introduced additional bias. Finally, while the social media analysis offered useful insight into online engagement, it could not establish whether increased digital interaction translated into measurable behavioural change at farm level.

6 Conclusion
This study explored farm-level biosecurity practices in Irish dairy herds using data generated through the Bioscore Dairy TASAH programme, with particular focus on factors relevant to the prevention and control of Bluetongue and Digital Dermatitis. By combining descriptive analysis of biosecurity-related measures with broader considerations relating to herd health programmes and digital communication strategies, the study provided insight into current strengths and weaknesses in disease preparedness within Irish dairy systems.
Overall, external biosecurity measures appeared more consistently implemented than internal biosecurity and disease-monitoring practices. In the context of Bluetongue, important weaknesses were identified in relation to animal movements, quarantine practices, and monitoring behaviours, all of which may undermine both disease prevention and early detection. While the generally high uptake of vaccination across farms may indicate openness towards vaccine-based strategies, it is important to recognise that currently available Bluetongue vaccines are serotype-specific and do not confer cross-protection, leaving herds potentially vulnerable to emerging strains. In this context and given the ongoing geographic expansion of the virus across Europe and its recent detection in Ireland, the findings of this study reinforce the view that biosecurity measures — rather than vaccination alone — must form the cornerstone of Bluetongue preparedness in Irish dairy systems. In relation to Digital Dermatitis, weaknesses were identified in several practices associated with disease monitoring and internal biosecurity, including the management of sick animals, recording of clinical cases, footbath use, and routine locomotion scoring. These findings are particularly concerning given the chronic and predominantly subclinical nature of the disease, where early identification and continuous management are essential to prevent silent within-herd spread.
Participation in the Irish Johne's Control Programme was associated with higher Diagnosis of Infection scores and greater vaccine usage, suggesting that structured advisory programmes may positively influence broader herd health behaviours beyond their target disease. This finding carries an important implication: if a programme focused on a single disease can produce measurable improvements in general biosecurity awareness, targeted initiatives focused directly on Bluetongue or Digital Dermatitis could potentially yield even greater impacts on the specific practices most relevant to their control. The social media analysis further highlighted the potential of digital communication platforms as a complementary tool for reaching farmers with biosecurity messaging, with biosecurity-related content demonstrating higher engagement rates despite lower absolute reach than disease-specific campaigns.
Taken together, these findings demonstrate that national biosecurity datasets such as Bioscore Dairy represent a valuable and underutilised resource for identifying herd-level vulnerabilities and guiding the targeted allocation of disease control resources. As the first investigative study of this dataset, this work establishes a foundation for future research, including longitudinal studies to determine whether continued engagement with advisory programmes translates into measurable gains in disease control outcomes over time.

BIBLIOGRAPHIC REFERENCES
Ågren, E. C. C., Frössling, J., Wahlström, H., Emanuelson, U., & Sternberg Lewerin, S. (2017). A questionnaire study of associations between potential risk factors and salmonella status in Swedish dairy herds. Preventive Veterinary Medicine, 143, 21–29. https://doi.org/10.1016/j.prevetmed.2017.05.004
Alavedra, M., Moura, D., Cenci-Goga, B., Saraiva, S., Silva, F., Pires, I., Saraiva, C., Coelho, A. C., & García-Díez, J. (2025). Biosecurity Practices in Portuguese Small Ruminant Farms: Current Status and Future Directions. Veterinary Sciences, 12(4). https://doi.org/10.3390/vetsci12040334
Animal Health Ireland. (n.d.-a). Hoof HealthCheck. Animal Health Ireland. Retrieved April 21, 2026, from https://animalhealthireland.ie/programmes/hoof-healthcheck/
Animal Health Ireland. (n.d.-b). Johne’s Disease. Animal Health Ireland. Retrieved May 11, 2026, from https://animalhealthireland.ie/programmes/johnes-disease/
Animal Health Ireland. (n.d.-c). SCIP - Sound Cow Innovation Programme. Animal Health Ireland. Retrieved April 27, 2026, from https://animalhealthireland.ie/programmes/hoof-healthcheck/scip-sound-cow-innovation-programme/
Animal Health Ireland. (2021). Johne’s disease Frequently Asked Questions. https://animalhealthireland.ie/assets/uploads/2021/04/AHI-Johnes-disease-FAQ-2021.pdf
Baker, T., Carpenter, S., Gubbins, S., Newton, R., Lo Iacono, G., Wood, J., & Harrup, L. E. (2015). Can insecticide-treated netting provide protection for Equids from Culicoides biting midges in the United Kingdom? Parasites and Vectors, 8(1). https://doi.org/10.1186/s13071-015-1182-x
Barros, S. C., Henriques, A. M., Ramos, F., Luís, T., Fagulha, T., Magalhães, A., Caetano, I., Abade dos Santos, F., Correia, F. O., Santana, C. C., Duarte, A., Villalba, R., & Duarte, M. D. (2024). Emergence of Bluetongue Virus Serotype 3 in Portugal (2024). Viruses, 16(12). https://doi.org/10.3390/v16121845
Barros, S. C., Maroco, D., Henriques, A. M., Costa, M. L., Alves, A., Ramos, F., Duarte, A., Fagulha, T., Varanda, I. C., Santos, F. A. dos, Ferreira, A. C., Barahona, M. J., Carvalho, P. M., Orvalho, M., & Duarte, M. D. (2025). Fatal Bluetongue Virus Serotype 3 Infection in Female Dogs: A Case Report from Alentejo, Portugal, 2024. Viruses, 17(2). https://doi.org/10.3390/v17020159
Barua, S., Rana, E. A., Prodhan, M. A., Akter, S. H., Gogoi-Tiwari, J., Sarker, S., Annandale, H., Eagles, D., Abraham, S., & Uddin, J. M. (2025). The Global Burden of Emerging and Re-Emerging Orbiviruses in Livestock: An Emphasis on Bluetongue Virus and Epizootic Hemorrhagic Disease Virus. In Viruses (Vol. 17, Number 1). Multidisciplinary Digital Publishing Institute (MDPI). https://doi.org/10.3390/v17010020
Baylis, M., Parkin, H., Kreppel, K., Carpenter, S., Mellor, P. S., & Mcintyre, K. M. (2010). Evaluation of housing as a means to protect cattle from Culicoides biting midges, the vectors of bluetongue virus. Medical and Veterinary Entomology, 24(1), 38–45. https://doi.org/10.1111/j.1365-2915.2009.00842.x
Benelli, G., Buttazzoni, L., Canale, A., D’Andrea, A., Del Serrone, P., Delrio, G., Foxi, C., Mariani, S., Savini, G., Vadivalagan, C., Murugan, K., Toniolo, C., Nicoletti, M., & Serafini, M. (2017). Bluetongue outbreaks: Looking for effective control strategies against Culicoides vectors. In Research in Veterinary Science (Vol. 115, pp. 263–270). Elsevier B.V. https://doi.org/10.1016/j.rvsc.2017.05.023
Bhanuprakash, V., Indrani, B. K., Hosamani, M., Balamurugan, V., & Singh, R. K. (2009). Bluetongue vaccines: The past, present and future. In Expert Review of Vaccines (Vol. 8, Number 2, pp. 191–204). https://doi.org/10.1586/14760584.8.2.191
Biocheck Ghent. (2023). Biocheck-Dairy. Biocheck Ghent. https://biocheckgent.com/sites/default/files/2023-03/Dairy_EN_V2.0.pdf
Brand, S. P. C., & Keeling, M. J. (2017). The impact of temperature changes on vector-borne disease transmission: Culicoides midges and bluetongue virus. Journal of the Royal Society, Interface, 14(128). https://doi.org/10.1098/rsif.2016.0481
Brock, J., Lange, M., Tratalos, J. A., More, S. J., Graham, D. A., Guelbenzu-Gonzalo, M., & Thulke, H. H. (2021). Combining expert knowledge and machine-learning to classify herd types in livestock systems. Scientific Reports, 11(1). https://doi.org/10.1038/s41598-021-82373-3
Bumbarov, V., Golender, N., Jenckel, M., Wernike, K., Beer, M., Khinich, E., Zalesky, O., & Erster, O. (2020). Characterization of bluetongue virus serotype 28. Transboundary and Emerging Diseases, 67(1), 171–182. https://doi.org/10.1111/tbed.13338
Burow, E., Thomsen, P. T., Rousing, T., & Sørensen, J. T. (2014). Track way distance and cover as risk factors for lameness in Danish dairy cows. Preventive Veterinary Medicine, 113(4), 625–628. https://doi.org/10.1016/j.prevetmed.2013.11.018
Can, M. F., & Altuğ, N. (2014). Socioeconomic implications of biosecurity practices in small-scale dairy farms. Veterinary Quarterly, 34(2), 67–73. https://doi.org/10.1080/01652176.2014.951130
Carpenter, S., Wilson, A., Barber, J., Veronesi, E., Mellor, P., Venter, G., & Gubbins, S. (2011). Temperature Dependence of the Extrinsic Incubation Period of Orbiviruses in Culicoides Biting Midges. PLoS ONE, 6(11). https://doi.org/10.1371/journal.pone.0027987
Chomyn, O., Wapenaar, W., Richens, I. F., Reyneke, R. A., Shortall, O., Kaler, J., & Brennan, M. L. (2022). Assessment of a joint farmer-veterinarian discussion about biosecurity using novel social interaction analyses. https://doi.org/10.1016/j.prevetmed.2022.105831
Collineau, L., & D.C. Stärk, K. (2018). How to Motivate Farmers to Implement Biosecurity Measures. In Biosecurity in Animal Production and Veterinary Medicine: From Principles to Practice (pp. 96–114). CABI.
Conneely, M., & Ryan, E. G. (2024, April). The Cost of Lameness in Irish Dairy Herds. Animal Health Ireland Newsletter, 6. http://hdl.handle.net/10197/28444
Cook, N. B. (2017). A Review of the Design and Management of Footbaths for Dairy Cattle. In Veterinary Clinics of North America - Food Animal Practice (Vol. 33, Number 2, pp. 195–225). W.B. Saunders. https://doi.org/10.1016/j.cvfa.2017.02.004
Cortes, J. A., Thomas, A., Hendrick, S., Janzen, E., Pajor, E. A., & Orsel, K. (2021). Risk factors of digital dermatitis in feedlot cattle. Translational Animal Science, 5(3). https://doi.org/10.1093/tas/txab075
Darpel, K. E., Batten, C. A., Veronesi, E., Shaw, A. E., Anthony, S., Bachanek‐Bankowska, K., Kgosana, L., Bin‐Tarif, A., Carpenter, S., Müller‐Doblies, U. U., Takamatsu, H., Mellor, P. S., Mertens, P. P. C., & Oura, C. A. L. (2007). Clinical signs and pathology shown by British sheep and cattle infected with bluetongue virus serotype 8 derived from the 2006 outbreak in northern Europen. Veterinary Record, 161(8), 253–261. https://doi.org/10.1136/vr.161.8.253
De Clercq, K., Mertens, P., De Leeuw, I., Oura, C., Houdart, P., Potgieter, A. C., Maan, S., Hooyberghs, J., Batten, C., Vandemeulebroucke, E., Wright, I. M., Maan, N., Riocreux, F., Sanders, A., Vanderstede, Y., Nomikou, K., Raemaekers, M., Bin-Tarif, A., Shaw, A., … Vandenbussche, F. (2009). Emergence of bluetongue serotypes in Europe, Part 2: The occurrence of a BTV-11 strain in Belgium. Transboundary and Emerging Diseases, 56(9–10), 355–361. https://doi.org/10.1111/j.1865-1682.2009.01092.x
Department of Agriculture, F. and the M. (2021). Biosecurity Code of Practice for Dairy Cattle. https://assets.gov.ie/static/documents/biosecurity-code-of-practice-for-dairy-cattle.pdf
Dewulf, J., & Van Immerseel, F. (2018). General Principles of  Biosecurity in Animal  Production and  Veterinary Medicine. In J. Dewulf & F. Van Immerseel (Eds.), Biosecurity in Animal Production and Veterinary Medicine: From Principles to Practice (pp. 64–77). CABI.
Dhaka, P., Chantziaras, I., Vijay, D., Bedi, J. S., Makovska, I., Biebaut, E., & Dewulf, J. (2023). Can Improved Farm Biosecurity Reduce the Need for Antimicrobials in Food Animals? A Scoping Review. In Antibiotics (Vol. 12, Number 5). MDPI. https://doi.org/10.3390/antibiotics12050893
Edwards, A. M., Dymock, D., & Jenkinson, H. F. (2003). From tooth to hoof: treponemes in tissue-destructive diseases. Journal of Applied Microbiology, 94(5), 767–780. https://doi.org/10.1046/j.1365-2672.2003.01901.x
EFSA. (2017). Bluetongue: Control, surveillance and safe movement of animals. EFSA Journal, 15(3). https://doi.org/10.2903/J.EFSA.2017.4698
Erickson, S., Booker, C., Song, J., Janzen, E., Jelinski, M., & Schwartzkopf-Genswein, K. (2024). Epidemiology of Digital Dermatitis in Western Canadian Feedlot Cattle. Animals, 14(7). https://doi.org/10.3390/ani14071040
Eschbaumer, M., Hoffmann, B., Moss, A., Savini, G., Leone, A., König, P., Zemke, J., Conraths, F., & Beer, M. (2010). Emergence of bluetongue virus serotype 6 in Europe-German field data and experimental infection of cattle. Veterinary Microbiology, 143(2–4), 189–195. https://doi.org/10.1016/j.vetmic.2009.11.040
European Commission. (2007). A new Animal Health Strategy for the European Union (2007-2013) where "Prevention is better than cureʺ (COM(2007) 539 final). Office for Official Publications of the European Communities. https://op.europa.eu/en/publication-detail/-/publication/f973db47-5c21-4ea9-82f4-5c9c0b175cbc
European Commission. (2026). Commission Implementing Regulation (EU) 2026/169 of 26 January 2026 amending the Annex to Implementing Regulation (EU) 2018/1882 concerning the categorisation of infection with bluetongue virus (serotypes 1–24) as a listed disease. https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32026R0169&qid=1772210569729
European Parliament, & European Council. (2016). Regulation (EU) 2016/429 of 9 March 2016 on transmissible animal diseases and amending and repealing certain acts in the area of animal health (“Animal Health Law”). https://eur-lex.europa.eu/eli/reg/2016/429/oj
Evans, N. J., Timofte, D., Isherwood, D. R., Brown, J. M., Williams, J. M., Sherlock, K., Lehane, M. J., Murray, R. D., Birtles, R. J., Anthony Hart, C., & Carter, S. D. (2012). Host and environmental reservoirs of infection for bovine digital dermatitis treponemes. Veterinary Microbiology, 156(1–2), 102–109. https://doi.org/10.1016/j.vetmic.2011.09.029
F. D. Menzies, S. J. M. I. M. M. J. L. F. S. J. C. B. A. K. M. J. G. J. G. F. W. P. P. S. M. C. A. L. O. (2008). Evidence for transplacental and contact transmission of bluetongue virus in cattle. Veterinary Record, 163(7), 203–209.
Fidler, A. P., Alley, M. L., & Smith, G. W. (2012). Evaluation of a Serpens species bacterin for treatment of digital dermatitis in dairy cattle. Research in Veterinary Science, 93(3), 1258–1260. https://doi.org/10.1016/j.rvsc.2012.07.002
Food and Agriculture Organization of the United Nations. (2007). Biosecurity principles and components. In FAO biosecurity toolkit (pp. 1–20). Food and Agriculture Organization of the United Nations. https://openknowledge.fao.org/server/api/core/bitstreams/65d232b2-f1d9-48a4-a03c-02225dbff57c/content
Foxi, C., & Delrio, G. (2013). Efficacy of a neem cake for the control of Culicoides biting midges larvae. PharmacologyOnline, 3, 110–114.
Foxi, C., Delrio, G., Falchi, G., Marche, M. G., Satta, G., & Ruiu, L. (2016). Role of different Culicoides vectors (Diptera: Ceratopogonidae) in bluetongue virus transmission and overwintering in Sardinia (Italy). Parasites and Vectors, 9(1). https://doi.org/10.1186/s13071-016-1733-9
Frankena, K., Somers, J. G. C. J., Schouten, W. G. P., van Stek, J. V., Metz, J. H. M., Stassen, E. N., & Graat, E. A. M. (2009). The effect of digital lesions and floor type on locomotion score in Dutch dairy cows. Preventive Veterinary Medicine, 88(2), 150–157. https://doi.org/10.1016/j.prevetmed.2008.08.004
Ganter, M. (2014). Bluetongue disease-Global overview and future risks. Small Ruminant Research, 118(1–3), 79–85. https://doi.org/10.1016/j.smallrumres.2013.12.011
Georgaki, A., Murchie, A., McKeown, I., Mercer, D., Millington, S., Thurston, W., Burns, K., Cunningham, B., Harkin, V., & Menzies, F. (2019). Bluetongue Disease Control in Northern Ireland During 2017 and 2018. Frontiers in Veterinary Science, 6. https://doi.org/10.3389/fvets.2019.00456
Gethmann, J., Probst, C., & Conraths, F. J. (2020). Economic Impact of a Bluetongue Serotype 8 Epidemic in Germany. Frontiers in Veterinary Science, 7. https://doi.org/10.3389/fvets.2020.00065
Gillespie, A., Vanhoudt, A., Benedictus, L., McAloon, C. G., Logan, F., Spaninks, M., & Viora, L. (2024). A survey of foot disinfection practices for control of bovine digital dermatitis: Evaluating solution depth, footbath hygiene, and the potential of footbaths as infection reservoirs for Treponema species. Journal of Dairy Science, 107(9), 7256–7266. https://doi.org/10.3168/jds.2023-24108
Hanekom, J., Ebersohn, K., Penzhorn, L., Quan, M., Leisewitz, A., Guthrie, A., & Fosgate, G. T. (2024). Bluetongue Virus Infection in Farm Dogs Exposed to an Infected Sheep Flock in South Africa. Transboundary and Emerging Diseases, 2024. https://doi.org/10.1155/2024/2446398
Holzhauer, M., Kalsbeek, S., & Frankena, K. (2024). Evaluation of selected risk factors for different stages of digital dermatitis in Dutch dairy cows. Veterinary Journal, 304. https://doi.org/10.1016/j.tvjl.2024.106086
Hulek, M., Sommerfeld-Stur, I., & Kofler, J. (2010). Prevalence of digital dermatitis in first lactation cows assessed at breeding cattle auctions. Veterinary Journal, 183(2), 161–165. https://doi.org/10.1016/j.tvjl.2008.11.001
Hulme, P. E. (2021). One Biosecurity: A unified concept to integrate human, animal, plant, and environmental health. In Emerging Topics in Life Sciences (Vol. 4, Number 5, pp. 539–549). Portland Press Ltd. https://doi.org/10.1042/ETLS20200067
Jauniaux, T. P., De Clercq, K. E., Cassart, D. E., Kennedy, S., Vandenbussche, F. E., Vandemeulebroucke, E. L., Vanbinst, T. M., Verheyden, B. I., Goris, N. E., & Coignoul, F. L. (2008). Bluetongue in Eurasian lynx. In Emerging Infectious Diseases (Vol. 14, Number 9, pp. 1496–1498). https://doi.org/10.3201/eid1409.080434
Krull, A. C., Shearer, J. K., Gorden, P. J., Scott, H. M., & Plummer, P. J. (2016). Digital dermatitis: Natural lesion progression and regression in Holstein dairy cattle over 3 years. Journal of Dairy Science, 99(5), 3718–3731. https://doi.org/10.3168/jds.2015-10535
Maclachlan, N. J. (2010). Global Implications of the Recent Emergence of Bluetongue Virus in Europe. In Veterinary Clinics of North America - Food Animal Practice (Vol. 26, Number 1, pp. 163–171). https://doi.org/10.1016/j.cvfa.2009.10.012
Martinelle, L., Dal Pozzo, F., Thys, C., De Leeuw, I., Van Campe, W., De Clercq, K., Thiry, E., & Saegerman, C. (2018). Assessment of cross-protection induced by a bluetongue virus (BTV) serotype 8 vaccine towards other BTV serotypes in experimental conditions. Veterinary Research, 49(1). https://doi.org/10.1186/s13567-018-0556-4
Mayo, C. E., Mullens, B. A., Reisen, W. K., Osborne, C. J., Gibbs, E. P. J., Gardner, I. A., & MacLachlan, N. J. (2014). Seasonal and interseasonal dynamics of bluetongue virus infection of dairy cattle and Culicoides sonorensis midges in northern California--implications for virus overwintering in temperate zones. PloS One, 9(9), e106975. https://doi.org/10.1371/journal.pone.0106975
Mehmedi, B., Niemi, J., Saegerman, C., De Meneghi, D., Iatrou, A. M., Yildiz, R., Chantziaras, I., Allepuz, A., Toppari, I., Batikas, G., Viltrop, A., & Niine, T. (2025). Tailored biosecurity training for veterinarians and farmers: bridging knowledge and practice gaps. Frontiers in Veterinary Science, 12. https://doi.org/10.3389/fvets.2025.1643029
Meiswinkel, R., Baylis, M., & Labuschagne, K. (2000). Stabling and the protection of horses from Culicoides bolitinos (Diptera: Ceratopogonidae), a recently identified vector of African horse sickness. In Bulletin of Entomological Research (Vol. 90).
Meiswinkel, R., Scolamacchia, F., Dik, M., Mudde, J., Dijkstra, E., Van Der Ven, I. J. K., & Elbers, A. R. W. (2014). The Mondrian matrix: Culicoides biting midge abundance and seasonal incidence during the 2006-2008 epidemic of bluetongue in the Netherlands. Medical and Veterinary Entomology, 28(1), 10–20. https://doi.org/10.1111/mve.12013
Moore, D. A., Merryman, M. L., Hartman, M. L., & Klingborg, D. J. (2008). Comparison of published recommendations regarding biosecurity practices for various production animal species and classes. Journal of the American Veterinary Medical Association, 233(2), 249–256. https://doi.org/10.2460/javma.233.2.249
Moya, S., Lamont, K., Brennan, M. L., Ciavarino, G., Costa, M., Allepuz, A., Tamminen, L. M., Correia-Gomes, C., De Carvalho Ferreira, H., Dogusan, M. M., Imperial, T., De Meneghi, D., Kjosevski, M., Chantziaras, I., & Burrell, A. (2025). Stakeholders’ perspectives on communicating biosecurity to encourage behavior change in farmers. Frontiers in Veterinary Science, 12. https://doi.org/10.3389/fvets.2025.1562648
O Donovan, S. M., McAloon, C. G., O’Grady, L., Geraghty, T., Burrell, A., McCarthy, M. C., Donlon, J., Tratalos, J. A., & Mee, J. F. (2024). Use of conjoint analysis to weight biosecurity practices on pasture-based dairy farms to develop a novel audit tool—BioscoreDairy. Frontiers in Veterinary Science, 11. https://doi.org/10.3389/fvets.2024.1462783
O’Donnell, C. (2026, January). Bluetongue now detected in three more herds in Wexford. Agriland. https://www.agriland.ie/farming-news/bluetongue-now-detected-in-three-more-herds-in-wexford/
Oliveira, V. H. S., Sørensen, J. T., & Thomsen, P. T. (2017). Associations between biosecurity practices and bovine digital dermatitis in Danish dairy herds. Journal of Dairy Science, 100(10), 8398–8408. https://doi.org/10.3168/jds.2017-12815
Onyiro, O. M., Andrews, L. J., & Brotherstone, S. (2008). Genetic parameters for digital dermatitis and correlations with locomotion, production, fertility traits, and longevity in Holstein-Friesian dairy cows. Journal of Dairy Science, 91(10), 4037–4046. https://doi.org/10.3168/jds.2008-1190
Orsel, K., Plummer, P., Shearer, J., De Buck, J., Carter, S. D., Guatteo, R., & Barkema, H. W. (2018). Missing pieces of the puzzle to effectively control digital dermatitis. Transboundary and Emerging Diseases, 65, 186–198. https://doi.org/10.1111/tbed.12729
Osawe, O. W., || D. L., & Mee $, J. F. (2022). Economic analysis of biosecurity adoption in dairy farming: evidence from Ireland. Journal of Animal Science, 100, 1–10. https://doi.org/10.1093/jas/skac218
Palmer, M. A., & O’Connell, N. E. (2015). Digital dermatitis in dairy cows: A review of risk factors and potential sources of between-animal variation in susceptibility. In Animals (Vol. 5, Number 3, pp. 512–535). MDPI AG. https://doi.org/10.3390/ani5030369
Pedersen, S. (2019). Stamping Out Digital Dermatitis. Veterinary Ireland Journal, 9(3), 147–151.
Pletinckx, L. J., Verhegghe, M., Crombé, F., Dewulf, J., De Bleecker, Y., Rasschaert, G., Butaye, P., Goddeeris, B. M., & De Man, I. (2013). Evidence of possible methicillin-resistant Staphylococcus aureus ST398 spread between pigs and other animals and people residing on the same farm. Preventive Veterinary Medicine, 109(3–4), 293–303. https://doi.org/10.1016/j.prevetmed.2012.10.019
Plummer, P. J., & Krull, A. (2017). Clinical Perspectives of Digital Dermatitis in Dairy and Beef Cattle. In Veterinary Clinics of North America - Food Animal Practice (Vol. 33, Number 2, pp. 165–181). W.B. Saunders. https://doi.org/10.1016/j.cvfa.2017.02.002
Postma, M., Backhans, A., Collineau, L., Loesken, S., Sjölund, M., Belloc, C., Emanuelson, U., Grosse Beilage, E., Stärk, K. D. C., & Dewulf, J. (2015). The biosecurity status and its associations with production and management characteristics in farrow-to-finish pig herds. Animal, 10(3), 478–489. https://doi.org/10.1017/S1751731115002487
Postma, M., & Dewulf, J. (2018). Biosecurity and its Relationship with Health, Production and Antimicrobial Use. In Biosecurity in Animal Production and Veterinary Medicine: From Principles to Practice (pp. 78–95). CABI.
Purse, B. V., Mellor, P. S., Rogers, D. J., Samuel, A. R., Mertens, P. P. C., & Baylis, M. (2005). Climate change and the recent emergence of bluetongue in Europe. Nature Reviews Microbiology, 3(2), 171–181. https://doi.org/10.1038/nrmicro1090
Ranjan, K., Prasad, M., Brar, B., Lambe, U., Kumar, R., Ghosh, M., & Prasad, G. (2019). Bluetongue virus vaccine: Conventional to modern approach. In Acta Virologica (Vol. 63, Number 1, pp. 3–18). AEPress, s.r.o. https://doi.org/10.4149/av_2019_109
Relun, A., Lehebel, A., Bruggink, M., Bareille, N., & Guatteo, R. (2013). Estimation of the relative impact of treatment and herd management practices on prevention of digital dermatitis in French dairy herds. Preventive Veterinary Medicine, 110(3–4), 558–562. https://doi.org/10.1016/j.prevetmed.2012.12.015
Relun, A., Lehebel, A., Chesnin, A., Guatteo, R., & Bareille, N. (2013). Association between digital dermatitis lesions and test-day milk yield of Holstein cows from 41 French dairy farms. Journal of Dairy Science, 96(4), 2190–2200. https://doi.org/10.3168/jds.2012-5934
Renault, V., Damiaans, B., Humblet, M., Jiménez Ruiz, S., García Bocanegra, I., Brennan, M. L., Casal, J., Petit, E., Pieper, L., Simoneit, C., Tourette, I., Wuyckhuise, L., Sarrazin, S., Dewulf, J., & Saegerman, C. (2020). Cattle farmers’ perception of biosecurity measures and the main predictors of behaviour change: the first European‐wide pilot study. Transboundary and Emerging Diseases, 00, 1–15. https://doi.org/10.1111/tbed.13935
Renault, V., Humblet, M. F., Pham, P. N., & Saegerman, C. (2021). Biosecurity at cattle farms: Strengths, weaknesses, opportunities and threats. In Pathogens (Vol. 10, Number 10). MDPI. https://doi.org/10.3390/pathogens10101315
Renault, V., Humblet, M. F., & Saegerman, C. (2022). Biosecurity concept: Origins, evolution and perspectives. In Animals (Vol. 12, Number 1). MDPI. https://doi.org/10.3390/ani12010063
Ritter, C., Jansen, J., Roche, S., Kelton, D. F., Adams, C. L., Orsel, K., Erskine, R. J., Benedictus, G., Lam, T. J. G. M., & Barkema, H. W. (2017). Invited review: Determinants of farmers’ adoption of management-based strategies for infectious disease prevention and control. In Journal of Dairy Science (Vol. 100, Number 5, pp. 3329–3347). Elsevier Inc. https://doi.org/10.3168/jds.2016-11977
Ritter, C., Jansen, J., Roth, K., Kastelic, J. P., Adams, C. L., & Barkema, H. W. (2016). Dairy farmers’ perceptions toward the implementation of on-farm Johne’s disease prevention and control strategies. Journal of Dairy Science, 99(11), 9114–9125. https://doi.org/10.3168/jds.2016-10896
Rivera-Gomis, J., Serrano-Jara, D., & Berezowski, J. (2026). Scoping review on farmer information sources for animal health. In Preventive Veterinary Medicine (Vol. 246). Elsevier B.V. https://doi.org/10.1016/j.prevetmed.2025.106732
Rodriguez-Lainz, A., Melendez-Retamal, P., Hird, D. W., Read, D. H., & Walker, R. L. (1999). Farm- and host-level risk factors for papillomatous digital dermatitis in Chilean dairy cattle. Preventive Veterinary Medicine, 42(2), 87–97. https://doi.org/10.1016/S0167-5877(99)00067-7
Saegerman, C., Dal Pozzo, F., & Humblet, M.-F. (2012). Reducing hazards for humans from animals: emerging and re-emerging zoonoses. Italian Journal of Public Health, 9(2). https://doi.org/10.2427/6336
Saminathan, M., Singh, K. P., Khorajiya, J. H., Dinesh, M., Vineetha, S., Maity, M., Rahman, A. F., Misri, J., Malik, Y. S., Gupta, V. K., Singh, R. K., & Dhama, K. (2020). An updated review on bluetongue virus: epidemiology, pathobiology, and advances in diagnosis and control with special reference to India. In Veterinary Quarterly (Vol. 40, Number 1, pp. 258–321). Taylor and Francis Ltd. https://doi.org/10.1080/01652176.2020.1831708
Shortall, O., Green, M., Brennan, M., Wapenaar, W., & Kaler, J. (2017). Exploring expert opinion on the practicality and effectiveness of biosecurity measures on dairy farms in the United Kingdom using choice modeling. Journal of Dairy Science, 100(3), 2225–2239. https://doi.org/10.3168/jds.2016-11435
Somers, J. G. C. J., Frankena, K., Noordhuizen-Stassen, E. N., & Metz, J. H. M. (2005). Risk factors for digital dermatitis in dairy cows kept in cubicle houses in The Netherlands. Preventive Veterinary Medicine, 71(1–2), 11–21. https://doi.org/10.1016/j.prevetmed.2005.05.002
Sullivan, L. E., Blowey, R. W., Carter, S. D., Duncan, J. S., Grove-White, D. H., Page, P., Iveson, T., Angell, J. W., & Evans, N. J. (2014). Presence of digital dermatitis treponemes on cattle and sheep hoof trimming equipment. Veterinary Record, 175(8). https://doi.org/10.1136/vr.102269
Tremblay, M., Bennett, T., & Döpfer, D. (2016). The DD Check App for prevention and control of digital dermatitis in dairy herds. Preventive Veterinary Medicine, 132, 1–13. https://doi.org/10.1016/j.prevetmed.2016.07.016
Ul-Rahman, A., Shabbir, M. Z., & Wensman, J. J. (2025a). Bluetongue virus in carnivores: expanding the host range and implications for disease ecology. In Veterinary Quarterly (Vol. 45, Number 1). Taylor and Francis Ltd. https://doi.org/10.1080/01652176.2025.2588740
Ul-Rahman, A., Shabbir, M. Z., & Wensman, J. J. (2025b). Bluetongue virus in carnivores: expanding the host range and implications for disease ecology. In Veterinary Quarterly (Vol. 45, Number 1). Taylor and Francis Ltd. https://doi.org/10.1080/01652176.2025.2588740
van den Brink, K. M. J. A., Santman-Berends, I. M. G. A., Harkema, L., Scherpenzeel, C. G. M., Dijkstra, E., Bisschop, P. I. H., Peterson, K., van de Burgwal, N. S., Waldeck, H. W. F., Dijkstra, T., Holwerda, M., Spierenburg, M. A. H., & van den Brom, R. (2024). Bluetongue virus serotype 3 in ruminants in the Netherlands: Clinical signs, seroprevalence and pathological findings. Veterinary Record, 195(4), no. https://doi.org/10.1002/vetr.4533
van den Brom, R., Santman-Berends, I., van der Heijden, M. G., Harders, F., Engelsma, M., van Gennip, R. G. P., Maris-Veldhuis, M. A., Feddema, A. J., Peterson, K., Golender, N., Spierenburg, M., van Rijn, P. A., & Holwerda, M. (2025). Bluetongue virus serotype 12 in sheep and cattle in the Netherlands in 2024 – A BTV serotype reported in Europe for the first time. Veterinary Microbiology, 301. https://doi.org/10.1016/j.vetmic.2024.110365
Van Der Sluijs, M. T. W., De Smit, A. J., & Moormann, R. J. M. (2016). Vector independent transmission of the vector-borne bluetongue virus. In Critical Reviews in Microbiology (Vol. 42, Number 1, pp. 57–64). Taylor and Francis Ltd. https://doi.org/10.3109/1040841X.2013.879850
Velthuis, A. G. J., Saatkamp, H. W., Mourits, M. C. M., de Koeijer, A. A., & Elbers, A. R. W. (2010). Financial consequences of the Dutch bluetongue serotype 8 epidemics of 2006 and 2007. Preventive Veterinary Medicine, 93(4), 294–304. https://doi.org/10.1016/j.prevetmed.2009.11.007
White, D. M., Wilson, W. C., Blair, C. D., & Beaty, B. J. (2005). Studies on overwintering of bluetongue viruses in insects. Journal of General Virology, 86(2), 453–462. https://doi.org/10.1099/vir.0.80290-0
Williamson, S., Woodger, N., & Darpel, K. (2008). Differential diagnosis of bluetongue in cattle and sheep. In Practice, 30(5), 242–251. https://doi.org/10.1136/inpract.30.5.242
Wilson-Welder, J. H., Alt, D. P., & Nally, J. E. (2015). Digital dermatitis in cattle: Current bacterial and immunological findings. In Animals (Vol. 5, Number 4, pp. 1114–1135). MDPI AG. https://doi.org/10.3390/ani5040400
World Organisation for Animal Health (WOAH). (2021). Bluetongue (Infection with Bluetongue virus). In World Organisation for Animal Health (WOAH) (Ed.), Manual of Diagnostic Tests and Vaccines for Terrestrial Animals (3.1.3). World Organisation for Animal Health (WOAH). https://www.woah.org/en/what-we-do/standards/codes-and-manuals/#chapter/?rid=299&volume_no=3&ismanual=true&language=102&standard_type=6&animal_type=7
Zeiske, S., Sick, F., Kampen, H., Hoffmann, B., Beer, M., & Wernike, K. (2025). Experimental BTV-3 and BTV-8 infection of Culicoides sonorensis biting midges. Parasites and Vectors , 18(1). https://doi.org/10.1186/s13071-025-06883-z
Zimmer, J.-Y., Saegerman, C., Losson, B., & Haubruge, E. (2010). Breeding Sites of Bluetongue Virus Vectors, Belgium. Emerging Infectious Diseases, 16(3), 575–576. https://doi.org/10.3201/eid1603.091311

[image: Capa de estágio com título e nome do estudante]
Views

BVD Awareness Campaign	Views	118597	Biosecurity Week Campaign	Views	15469	



Interactions

BVD Awareness Campaign	Interactions	1533	Biosecurity Week Campaign	Interactions	340	



Engagement Rate

Campaign	BVD	Biosecurity	1.29E-2	2.1999999999999999E-2	



2

image3.png
Risk Factor Score pct

100

3
10d 21093 Jojoe YsIy




image4.png
Frequency

150

H

Histogram of Risk Factor Score pct

Risk Factor Score pct

7

100




image5.png
Risk Factor Score pct

100

3
10d 21093 Jojoe YsIy




image6.png
Frequency

150

H

Histogram of Risk Factor Score pct

Risk Factor Score pct

7

100




image7.png
Speed of spread score pct

3 <
12d 81095 peaids jo psadg

]




image8.png
Histogram of Speed of Spread Score pct

200

Frequency

100

2

50
Speed of Spread Score pet

7




image9.png
Speed of spread score pct

3 <
12d 81095 peaids jo psadg

]




image10.png
Histogram of Speed of Spread Score pct

200

Frequency

100

2

50
Speed of Spread Score pet

7




image11.png
Diagnosis score pct

75

3

12d a103s sisoubeig

8





image12.png
Histogram of Diagnosis Score pct

Frequency

Diagnosis Score pct





image13.png
Diagnosis score pct

75

3

12d a103s sisoubeig

8





image14.png
Histogram of Diagnosis Score pct

Frequency

Diagnosis Score pct





image15.png
Views
150000

100000
50 000
0 |

Views

m BVD Awareness Campaign

W Biosecurity Week Campaign




image16.png
Interactions
2000
1500
1000
500

0 ||
Interactions
m BVD Awareness Campaign

W Biosecurity Week Campaign




Microsoft_Excel_Chart.xls
Chart1

		Views		Views



BVD Awareness Campaign

Biosecurity Week Campaign

Views

118597

15469



Sheet1

				BVD Awareness Campaign		Biosecurity Week Campaign

		Views		118,597		15,469






Microsoft_Excel_Chart1.xls
Chart1

		Interactions		Interactions



BVD Awareness Campaign

Biosecurity Week Campaign

Interactions

1533

340



Sheet1

				BVD Awareness Campaign		Biosecurity Week Campaign

		Interactions		1,533		340






image17.png
A Descriptive Analysis of Bioscore Dairy with Relevance to Bluetongue and Digital
Dermatitis

Tomas Fernandes

ICBAS





image1.jpeg
[MPORTO

\\ ICBAS | it Kk
SCHOOL OF MEDICINE AND
».9 BIOMEDICAL SCIENCES




image2.jpeg




