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Abstract Animal welfare is intricately linked to effective disease prevention and control measures. This study explores the various
strategies and methodologies employed in veterinary epidemiology, biosecurity, and infection control to enhance animal health and
welfare, highlights the critical role of veterinary epidemiology in identifying risk factors and implementing control measures for
livestock diseases, and discusses the importance of systematic reviews in synthesizing research on animal health, welfare, and food
safety, providing a scientifically defensible summary of current knowledge. Effective infection control practices within veterinary
settings are examined, emphasizing the need for consistent implementation and the challenges posed by antimicrobial resistance.
Additionally, this study underscores the necessity of evaluating subsidized veterinary services to ensure their effectiveness in
controlling zoonotic diseases and promoting animal welfare. The findings suggest that a multifaceted approach, including biosecurity,
systematic reviews, and robust infection control practices, is essential for improving animal welfare through better disease prevention
and control.
KeywordsAnimal welfare; Disease prevention; Veterinary epidemiology; Biosecurity; Infection control

1 Introduction
Animal welfare is a multifaceted discipline that intersects with veterinary medicine, animal husbandry, and
applied animal ethology. It encompasses the ethical treatment of animals, ensuring their well-being, and
minimizing suffering through proper management and care (Fraser, 1989). The importance of animal welfare
extends beyond ethical considerations; it is also crucial for maintaining the health and productivity of animals,
which in turn impacts human health and economic outcomes (Fraser, 2008; Hemsworth et al., 2015). The
scientific assessment of animal welfare involves evaluating the physical and psychological states of animals, often
through indirect physiological and behavioral indices (Broom, 1988). This comprehensive approach helps in
understanding and improving the living conditions of animals, thereby promoting their overall well-being.

The relationship between disease prevention, control, and animal welfare is intricate and deeply interconnected.
Good management practices and high standards of animal welfare are essential in reducing the risk of infections
and diseases in farm animals. Environments that promote positive affective states and reduce stress can enhance
the immune response, thereby lowering susceptibility to diseases (Düpjan and Dawkins, 2022). Conversely, poor
welfare conditions can lead to increased stress and compromised immune function, making animals more
vulnerable to infections (Heath, 2012; Hemsworth et al., 2015). Effective disease control measures, including
preparedness and proven management techniques, are vital in minimizing the adverse impacts of disease
outbreaks on animal welfare. Thus, improving animal welfare is not only an ethical imperative but also a practical
strategy for disease prevention and control.

This study explores the role of disease prevention and control in enhancing animal welfare, examining scientific
frameworks and methods for assessing animal welfare and its correlation with disease prevention, investigating
the impact of good welfare practices on disease resistance and overall health, identifying effective management
strategies to mitigate the adverse effects of disease outbreaks on animal welfare, comprehensively understanding
the dynamic interactions between welfare, immunity, and disease, and highlighting future research areas aimed at
contributing to ongoing efforts to improve animal welfare through better disease prevention and control strategies.
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2 The Impact of Disease on Animal Welfare
2.1 Physical health implications
Disease significantly impacts the physical health of animals, leading to adverse welfare outcomes. For instance,
diseases in sheep can cause pain, reduce mobility, and lead to other health complications that affect both
individual animals and entire flocks (Roger, 2008). The physical health of animals is closely linked to their overall
welfare, as poor health can lead to decreased productivity and increased mortality rates. Effective management
and preventive measures are essential to mitigate these impacts and ensure the physical well-being of animals
(Heath, 2012; Düpjan and Dawkins, 2022).

2.2 Behavioral and psychological effects
The behavioral and psychological effects of disease on animals are profound. Animals suffering from diseases
often exhibit signs of stress, anxiety, and depression, which can further exacerbate their physical health issues
(Düpjan and Dawkins, 2022). For example, sheep are capable of experiencing emotions and memory, and diseases
can significantly alter their behavior and cognitive functions (Roger, 2008). Environments that promote positive
emotions and reduce stress can help in mitigating these adverse effects, highlighting the importance of good
welfare practices in disease prevention.

2.3 Economic and ethical considerations
The economic and ethical considerations of disease prevention and control are critical in the context of animal
welfare. Economically, disease outbreaks can lead to significant financial losses due to decreased productivity,
increased veterinary costs, and potential loss of livestock (Heath, 2012). Ethically, there is a moral obligation to
ensure the well-being of animals under human care. This includes implementing preventive measures and
maintaining high standards of animal welfare to minimize suffering and promote health (Roger, 2008). The ethical
approach to disease control is a major determinant of the standards for the generally accepted treatment of animals,
emphasizing the need for a multidisciplinary approach to understanding and improving animal welfare (Roger, 2008).

3 Strategies for Disease Prevention
3.1 Biosecurity measures
Biosecurity measures are critical in preventing the introduction and spread of infectious diseases within and
between animal herds. Effective biosecurity practices include external barriers to prevent disease entry and
internal measures to control disease spread within a herd. For instance, the Norwegian Control Program for
Bovine Respiratory Syncytial Virus (BRSV) and Bovine Coronavirus (BCoV) emphasizes external biosecurity by
classifying herds based on antibody testing and implementing strict regulations on animal trade to reduce virus
transmission (Figure 1) (Stokstad et al., 2020). Similarly, a study on Belgian cattle farms highlighted the need for
improved biosecurity practices, such as quarantining new animals and using farm-specific protective clothing, to
prevent disease transmission. Additionally, the implementation of biosecurity measures in pig herds across four
European countries showed that higher biosecurity levels were associated with healthier animals and reduced
disease incidence (Postma et al., 2016).

3.2 Vaccination programs
Vaccination is a cornerstone of disease prevention in livestock, providing immunity against specific pathogens and
reducing the overall disease burden. An economic assessment of bluetongue virus control in Austria and
Switzerland demonstrated the cost-effectiveness of vaccination programs in managing disease outbreaks and
reducing the need for other interventions (Stärk, 2018). In Cambodia and Laos, knowledge-based interventions,
including vaccination, significantly improved livestock health and farmers' attitudes towards disease prevention
(MacPhillamy et al., 2021). Furthermore, the association between vaccination and improved internal biosecurity
in pig herds suggests that a comprehensive preventive approach, including vaccination, is essential for
maintaining animal health (Postma et al., 2016).

3.3 Nutritional interventions
Proper nutrition plays a vital role in enhancing the immune system of animals, making them less susceptible to
diseases. Nutritional interventions can include the provision of balanced diets, supplementation with vitamins and
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minerals, and ensuring access to clean water. While specific studies on nutritional interventions were not
highlighted in the provided data, it is well-established that good nutrition supports overall animal health and
resilience against infections.

Figure 1 Classification of herds in the Norwegian control program for bovine respiratory syncytial virus (BRSV) and bovine
coronavirus (BCoV). Samples of milk and serum are analyzed for antibodies against BRSV and BCoV using a BCoV/BRSV
multiplex immunoassay (Adopted from Stokstad et al., 2020)

3.4 Environmental management
Environmental management involves maintaining clean and hygienic living conditions for animals to reduce the
risk of disease. This includes regular cleaning and disinfection of animal housing, proper waste disposal, and
ensuring adequate ventilation. The Norwegian BRSV/BCoV control program also emphasizes the importance of
improving the animal's environment as part of a comprehensive disease prevention strategy (Stokstad et al., 2020).
Additionally, a study on biosecurity practices in Belgian cattle farms found that better environmental management
practices, such as reducing animal-to-animal contact and controlling professional visits, could significantly lower
the risk of disease transmission (Sarrazin et al., 2014). Effective environmental management is thus a crucial
component of disease prevention and control in livestock farming.

4 Disease Control Methods
4.1 Early detection and diagnosis
Early detection and diagnosis are critical components in the control of animal diseases. Effective surveillance
systems are essential for the timely identification of disease outbreaks, which allows for prompt intervention and
minimizes the spread of infections. Diagnostic tests play a crucial role in this process, enabling the early detection
of infected animals and facilitating the implementation of control measures. For instance, the availability of
adequate diagnostic tests is vital for the early detection of notifiable diseases, which can significantly impact
livestock health and human health (Álvarez et al., 2019). Surveillance systems systematically collect, collate, and
analyze data on disease occurrence, helping to detect changes in disease trends and distribution (Fenner et al.,
1987). In animal shelters, diagnostic tools are used to identify infectious diseases such as heartworm, with
protocols in place for testing and managing infected animals (Colby et al., 2011; DiGangi, 2020).

4.2 Quarantine and isolation practices
Quarantine and isolation practices are fundamental in preventing the spread of infectious diseases among animal
populations. These measures involve separating healthy animals from those that are suspected or confirmed to be
infected. Quarantine is particularly important during the introduction of new animals into a herd or shelter, as it
helps to prevent the introduction of new pathogens. Effective quarantine and isolation protocols are essential for
controlling diseases such as canine parvovirus and feline upper respiratory disease in animal shelters (Steneroden
et al., 2011). Movement control and quarantine are also key strategies in the broader context of disease eradication
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and control, helping to prevent the spread of diseases from infected to clean animals (Modisane, 2009). The
implementation of these practices requires collaboration between animal health authorities, livestock industries,
and veterinary research institutions (Álvarez et al., 2019).

4.3 Treatment protocols
Treatment protocols are designed to manage and mitigate the impact of diseases once they have been detected.
These protocols can include the administration of medications, supportive care, and other therapeutic
interventions. For example, in the case of heartworm infection in dogs, treatment protocols may involve the use of
melarsomine and adjunctive therapies such as doxycycline and prednisone (Colby et al., 2011; DiGangi, 2020).
The choice of treatment protocol can vary depending on the resources available and the specific needs of the
animal population. In some cases, treatment may also involve the use of vaccines to prevent the spread of the
disease (Fenner et al., 1987). However, the effectiveness of treatment protocols can be limited by factors such as
cost and the availability of veterinary expertise, particularly in animal shelters.

4.4 Eradication programs
Eradication programs aim to completely eliminate specific diseases from animal populations. These programs
often involve a combination of strategies, including vaccination, culling of infected animals, and strict biosecurity
measures. The success of eradication programs depends on the strength and capacity of veterinary services,
cross-border efforts for disease surveillance, and the availability of financial support (Modisane, 2009). For
example, the global eradication of Rinderpest was achieved through coordinated efforts involving vaccination and
surveillance (Heath, 2012). In developed countries, countrywide eradication programs are commonly practiced for
serious exotic diseases that pose significant threats to livestock health (Fenner et al., 1987). The implementation of
eradication programs requires the commitment of animal industries and relevant authorities to develop and
regularly test contingency plans (Rubira, 2007).

5 Technological Advances in Disease Prevention and Control
5.1 Genetic resistance breeding
Genetic resistance breeding involves selecting and breeding animals that possess natural resistance to specific
diseases. This approach can significantly reduce the incidence of diseases in livestock populations, thereby
improving overall animal welfare. By focusing on genetic traits that confer resistance, farmers can develop herds
that are less susceptible to infections, reducing the need for medical interventions and enhancing the sustainability
of livestock farming.

5.2 Precision livestock farming
Precision Livestock Farming (PLF) leverages advanced technologies such as sensors, cameras, and microphones
to monitor the health and welfare of animals in real-time. These technologies enable farmers to detect early signs
of disease, stress, or discomfort, allowing for timely interventions. For instance, sensors can track vital signs and
behaviors, while algorithms analyze the data to provide actionable insights. This approach not only improves
animal welfare but also enhances productivity and sustainability in livestock farming (Benjamin and Yik, 2019;
Buller et al., 2020; Silva et al., 2022; Džermeikaitė et al., 2023).

5.3 Use of artificial intelligence in disease surveillance
Artificial Intelligence (AI) has revolutionized disease surveillance in livestock by enabling the early detection and
management of illnesses. AI systems can analyze vast amounts of data from various sources, such as sensors and
cameras, to identify patterns indicative of disease. These systems can predict outbreaks, monitor animal behaviors,
and even suggest preventive measures. AI-driven technologies ensure healthier livestock by providing accurate
and timely diagnoses, thus improving animal welfare and reducing economic losses (Figure 2) (Racewicz et al.,
2021; Morota et al., 2022; Zhang et al., 2023).

5.4 Innovations in veterinary medicine
Innovations in veterinary medicine, including the development of new vaccines, diagnostic tools, and treatment
methods, have significantly contributed to disease prevention and control in livestock. Advanced diagnostic tools,
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such as biosensors and wearable devices, allow for the continuous monitoring of animal health, enabling early
detection of diseases like ketosis or mastitis. These innovations not only improve the effectiveness of disease
management but also enhance the overall welfare of animals by reducing the need for invasive procedures and
minimizing stress (Racewicz et al., 2021; Silva et al., 2022; Džermeikaitė et al., 2023).

Figure 2 The application of AI in animal welfare (Adopted from Zhang et al., 2023)

5.5 Integrated health management systems
Integrated health management systems combine various technological advancements, such as PLF, AI, and
innovative veterinary practices, to create a comprehensive approach to animal health. These systems facilitate the
seamless integration of data from multiple sources, providing a holistic view of animal health and welfare. By
leveraging these integrated systems, farmers can make informed decisions, optimize disease prevention strategies,
and ensure the well-being of their livestock (Benjamin and Yik, 2019; Buller et al., 2020; Racewicz et al., 2021;
Silva et al., 2022).

6 Policy and Regulation
6.1 International guidelines and standards
International guidelines and standards play a crucial role in the prevention and control of diseases to improve
animal welfare. The World Organisation for Animal Health (OIE) is a key intergovernmental organization that sets
global standards for animal welfare. Established in 1924, the OIE has 178 member countries and territories and
has developed comprehensive guidelines that address various aspects of animal welfare, including the transport of
animals, slaughter for food, disease control, and the use of animals in research and education (Littin et al., 2013).
The OIE’s guiding principles for animal welfare emphasize the importance of disease prevention, veterinary
treatment, appropriate shelter, and nutrition, ensuring that animals are healthy, comfortable, and able to express
innate behaviors (Littin et al., 2013).

In 2012, the OIE adopted 10 ‘General Principles for the Welfare of Animals in Livestock Production Systems’,
which draw on extensive scientific research. These principles cover genetic selection, environmental influences,
group management, air quality, access to feed and water, disease prevention, pain management, human-animal



Animal Molecular Breeding 2024, Vol.14, No.3, 228-238
http://animalscipublisher.com/index.php/amb

233

relationships, and the skills of animal handlers (Fraser et al., 2013). These guidelines provide a robust framework
for developing and implementing animal welfare standards globally.

6.2 National policies and implementation
National policies and their implementation are critical for translating international guidelines into actionable
measures that improve animal welfare. Countries adopt and adapt the OIE’s standards to fit their specific contexts,
considering cultural, socio-economic, political, and scientific factors. The flexibility in the OIE’s guidelines
allows member countries to implement and review standards in ways that support compliance and ensure they
remain current (Littin et al., 2013). This adaptability is essential for addressing the unique challenges faced by
different nations in disease prevention and control.

6.3 Role of non-governmental organizations
Non-Governmental Organizations (NGOs) play a significant role in advocating for and supporting the
implementation of animal welfare standards. NGOs often collaborate with intergovernmental organizations like
the OIE and national governments to promote best practices and raise awareness about animal welfare issues.
They contribute to the development and review of standards, ensuring that they are based on scientific evidence
and ethical considerations (Littin et al., 2013). By engaging both the public and private sectors, NGOs help
improve compliance with animal welfare guidelines and foster a culture of care and responsibility towards
animals.

7 Case Study
7.1 Background of the case study
This case study focuses on the efforts undertaken in Iraq to control infectious diseases in farm animals. The
primary aim of these efforts is to enhance agricultural production, ensure food security and safety, protect public
health, and improve animal welfare. The strategies implemented are in line with the guidelines provided by the
World Organization for Animal Health, which emphasize the importance of good governance and high-quality
veterinary services (Al-Shuwaili and Tarsh, 2022).

7.2 Disease challenge and impact on welfare
Infectious diseases pose a significant threat to farm animals, leading to high morbidity and mortality rates, which
in turn affect productivity and animal welfare. The presence of diseases not only causes physical suffering to the
animals but also impacts their emotional well-being, as animals are capable of experiencing pain, stress, and other
negative emotions (Roger, 2008; Düpjan and Dawkins, 2022). In Iraq, the challenge has been to manage these
diseases effectively to prevent outbreaks and minimize their impact on both individual animals and entire herds
(Al-Shuwaili and Tarsh, 2022).

7.3 Prevention and control measures applied
Iraq has implemented a comprehensive set of measures to control and prevent animal diseases. These measures
include legislation and policy implementation: Enforcing laws and resolutions aimed at combating communicable
diseases and setting national policies for disease prevention (Al-Shuwaili and Tarsh, 2022). Vaccination programs:
Introducing health and vaccination programs to protect animals from various infectious diseases (Al-Shuwaili and
Tarsh, 2022). Biosecurity measures: Implementing biosecurity protocols such as disinfection of establishments,
equipment, and vehicles, and imposing temporary bans on animal movements to prevent the spread of pathogens
(Robertson, 2020; Al-Shuwaili and Tarsh, 2022). Veterinary services: Ensuring the availability of high-quality
veterinary services for early detection and rapid response to disease outbreaks (Robertson, 2020; Al-Shuwaili and
Tarsh, 2022). Public awareness and education: Educating farmers about the importance of disease prevention and
biosecurity measures to enhance compliance and effectiveness (Laanen et al., 2014).

7.4 Outcomes and lessons learned
The implementation of these measures in Iraq has led to several positive outcomes. Reduction in disease incidence:
There has been a noticeable decrease in the incidence of infectious diseases among farm animals, which has
contributed to improved animal welfare and productivity (Al-Shuwaili and Tarsh, 2022). Enhanced animal welfare:
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By preventing diseases and ensuring timely treatment, the overall welfare of farm animals has improved, as they
experience less pain and stress (Roger, 2008; Düpjan and Dawkins, 2022). Strengthened veterinary services: The
focus on good governance and high-quality veterinary services has strengthened the overall animal health system
in Iraq, making it more resilient to future outbreaks (Robertson, 2020; Al-Shuwaili and Tarsh, 2022). Increased
awareness and compliance: Farmers have become more aware of the importance of disease prevention and
biosecurity, leading to better compliance with recommended practices (Laanen et al., 2014).

Lessons learned from this case study highlight the importance of a multi-faceted approach to disease prevention
and control. Effective legislation, robust veterinary services, comprehensive vaccination programs, and strong
biosecurity measures are all critical components. Additionally, educating farmers and ensuring their active
participation in disease prevention efforts are essential for long-term success (Laanen et al., 2014; Robertson,
2020; Al-Shuwaili and Tarsh, 2022).

8 Challenges and Future Directions
8.1 Emerging diseases and threats
Emerging infectious diseases pose significant challenges to animal welfare and public health. The increasing
globalization of trade, climate change, and evolving human behaviors create opportunities for pathogens to spread
and adapt to new environments. Diseases such as avian influenza, rabies, and Rift Valley fever exemplify the
global risks associated with zoonotic diseases, which can have devastating impacts on both animal and human
populations (Sunstrum et al., 2019). Effective strategies to control these diseases at their source are essential,
requiring early detection, prevention, and control measures that integrate new models and partnerships (Sunstrum
et al., 2019). Additionally, the threat of bioterrorism and the need for robust preparedness plans highlight the
importance of continuous threat analysis and the development of comprehensive response strategies (Cardoen et
al., 2017).

8.2 Gaps in current practices
Current practices in disease prevention and control reveal several critical gaps. For instance, there is a need for improved
diagnostic tools, vaccines, and pharmaceuticals to address infectious diseases in animals. The DISCONTOOLS
database identifies significant gaps in vaccine development and pharmaceuticals, particularly for zoonotic and
epizootic diseases (O'Brien et al., 2016). Furthermore, the evaluation of subsidized veterinary services is often
inadequate, with limited comprehensive assessments available in the peer-reviewed literature. This lack of
evaluation hinders the ability to guide program delivery and future research effectively (Baker et al., 2018).
Additionally, the adoption of disease control and welfare practices among livestock producers is inconsistent, with
barriers such as costs and insufficient knowledge impeding widespread implementation (Buchan et al., 2023).

8.3 Future research needs
Future research should focus on several key areas to enhance disease prevention and control for improved animal welfare.
Interdisciplinary research is crucial to understanding the complex relationships between animal welfare, immunity, and
disease resistance. Studies should explore the interactions between affective states, the gut microbiome, and immune
function to develop drug-free methods of improving animal health (Düpjan and Dawkins, 2022). Additionally, there is a
need for strategic research agendas that address emerging infectious diseases, incorporating both natural and social science
perspectives to develop effective prevention and control measures (Wentholt et al., 2012). The development of new
diagnostic tools, vaccines, and pharmaceuticals should be prioritized, with a focus on addressing the most critical gaps
identified through expert consultations and databases like DISCONTOOLS (O'Brien et al., 2016). Finally, comprehensive
evaluations of veterinary services and disease control programs are necessary to ensure their effectiveness and to inform
future research and policy decisions (Baker et al., 2018).

9 Concluding Remarks
This study highlights several critical aspects of disease prevention and control in improving animal welfare.
Effective veterinary services are essential for controlling and preventing animal diseases, which in turn protect
public health and ensure food security. Good management practices and improved animal welfare standards can
reduce the risk of infections without relying on medication, emphasizing the complex relationship between
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welfare, immunity, and disease. Veterinary epidemiology plays a crucial role in disease prevention and control,
with biosecurity measures being vital for maintaining disease-free animal populations. The ethical and legal
responsibilities towards animals necessitate preventive measures to ensure their welfare, particularly in the context
of specific diseases affecting sheep. Various strategies, including movement control, quarantine, vaccination, and
treatment, are employed globally to control animal diseases, with success depending on the strength of veterinary
services and cross-border cooperation. The interplay between disease protection and animal protection often
results in synergistic benefits, although contradictions can arise, particularly in the context of animal transport.
Preparedness and proven management techniques are essential for minimizing the adverse impact of disease
outbreaks on animal welfare. Farmers' perspectives on disease prevention and biosecurity highlight the need for
better information and motivation to implement preventive measures. Ethical considerations also extend to the
welfare of free-living wild animals, where interventions should be carefully weighed. Finally, the development of
a modern animal disease prevention and control system is crucial for ensuring animal and public health, as
demonstrated by China’s progress in this area.

The findings underscore the importance of integrating disease prevention and control measures with animal
welfare practices. Effective veterinary services and good management practices not only prevent disease
outbreaks but also enhance the overall well-being of animals. The ethical responsibility towards animals
necessitates a proactive approach to disease prevention, ensuring that animals are not only healthy but also free
from pain and distress. Biosecurity measures are critical in maintaining disease-free environments, which directly
impacts animal welfare by reducing morbidity and mortality rates. The synergy between disease protection and
animal protection highlights the dual benefits of preventive measures, although care must be taken to address
potential contradictions, especially during transport. Preparedness and emergency management are vital for
minimizing the impact of disease outbreaks on animal welfare, ensuring that animals receive timely and
appropriate care. Understanding farmers' perspectives and providing them with adequate information and
motivation can lead to better implementation of preventive measures, ultimately improving animal welfare.
Ethical interventions for free-living wild animals should be carefully considered to avoid unintended
consequences, ensuring that welfare improvements are genuinely beneficial. The development of robust animal
disease prevention and control systems, as seen in China, is essential for safeguarding animal welfare on a broader
scale.

In conclusion, the integration of disease prevention and control measures with animal welfare practices is essential
for ensuring the health and well-being of animals. Effective veterinary services, good management practices, and
robust biosecurity measures are critical components of this integration. Ethical considerations and preparedness
are also vital in minimizing the adverse impact of disease outbreaks on animal welfare. By understanding and
addressing the perspectives of farmers and other stakeholders, we can enhance the implementation of preventive
measures, leading to improved animal welfare. The progress made in countries like China demonstrates the
importance of developing modern animal disease prevention and control systems that align with public health and
biosafety goals. Continued research and collaboration are necessary to further refine these practices and ensure
that animal welfare remains a priority in disease prevention and control efforts.

Acknowledgements
Author would like to express our gratitude to the two anonymous peer reviewers for their critical assessment and constructive
suggestions on our manuscript.

Conflict of Interest Disclosure
Author affirms that this research was conducted without any commercial or financial relationships that could be construed as a
potential conflict of interest.

References
Al-Shuwaili A., and Tarsh J., 2022, Control of infectious diseases in farm animals in iraq, Iraq Journal of Market Research and Consumer Protection,

14(2):121-126.
https://doi.org/10.28936/jmracpc14.2.2022.(14)

https://doi.org/10.28936/jmracpc14.2.2022.(14)


Animal Molecular Breeding 2024, Vol.14, No.3, 228-238
http://animalscipublisher.com/index.php/amb

236

Álvarez J., Bakker D., and Bezos J., 2019, Editorial: epidemiology and control of notifiable animal diseases, Frontiers in Veterinary Science, 6: 43.
https://doi.org/10.3389/fvets.2019.00043
PMID: 30863752 PMCID: PMC6399111

Baker T., Kutz S., Toews L., Edwards N., and Rock M., 2018, Are we adequately evaluating subsidized veterinary services? a scoping review, Preventive
Veterinary Medicine, 157: 59-69.
https://doi.org/10.1016/j.prevetmed.2018.05.015
PMID: 30086850

Benjamin M., and Yik S., 2019, Precision livestock farming in swine welfare: a review for swine practitioners, Animals, 9(4): 133.
https://doi.org/10.3390/ani9040133
PMID: 30935123 PMCID: PMC6523486

Broom D., 1988, The scientific assessment of animal welfare, Applied Animal Behaviour Science, 20(1-2): 5-19.
https://doi.org/10.1016/0168-1591(88)90122-0

Buchan M.S., Lhermie G., Mijar S., Pajor E., and Orsel K., 2023, Individual drivers and barriers to adoption of disease control and welfare practices in dairy
and beef cattle production: a scoping review, Frontiers in Veterinary Science, 10: 1104754.
https://doi.org/10.3389/fvets.2023.1104754
PMID: 37483294 PMCID: PMC10357041

Buller H., Blokhuis H., Lokhorst K., Silberberg M., and Veissier I., 2020, Animal welfare management in a digital world, Animals, 10(10): 1779.
https://doi.org/10.3390/ani10101779
PMID: 33019558 PMCID: PMC7599464

Cardoen S., De Clercq K., Vanholme L., De Winter P., Thiry E., and van Huffel X., 2017, Preparedness activities and research needs in addressing emerging
infectious animal and zoonotic diseases, Rev. Sci. Tech., 36(2): 557-568.
https://doi.org/10.20506/rst.36.2.2674
PMID: 30152463

Colby K.N., Levy J., Dunn K., and Michaud R., 2011, Diagnostic, treatment, and prevention protocols for canine heartworm infection in animal sheltering
agencies, Veterinary Parasitology, 176(4): 333-341.
https://doi.org/10.1016/j.vetpar.2011.01.018
PMID: 21353743

DiGangi B., 2020, The American heartworm society and association of shelter veterinarians' 2019 shelter heartworm management practices survey, Veterinary
Parasitology, 282: 109130.
https://doi.org/10.1016/j.vetpar.2020.109130

Düpjan S., and Dawkins M., 2022, Animal welfare and resistance to disease: interaction of affective states and the immune system, Frontiers in Veterinary
Science, 9: 929805..
https://doi.org/10.3389/fvets.2022.929805
PMID: 35774975 PMCID: PMC9237619

Džermeikaitė K., Bačėninaitė D., and Antanaitis R., 2023, Innovations in cattle farming: application of innovative technologies and sensors in the diagnosis of
diseases, Animals, 13(5): 780.
https://doi.org/10.3390/ani13050780
PMID: 36899637 PMCID: PMC10000156

Fenner F., Bachmann P., Gibbs E., Murphy F., Studdert M., and White D., 1987, Surveillance, control, and eradication of viral diseases, Veterinary Virology,
pp.305-318.
https://doi.org/10.1016/B978-0-12-253055-5.50020-7

Fraser A., 1989, Animal welfare practice: primary factors and objectives, Applied Animal Behaviour Science, 22: 159-176.
https://doi.org/10.1016/0168-1591(89)90052-X

Fraser D., 2008, Understanding animal welfare, Acta Veterinaria Scandinavica, 50: S1-S1.
https://doi.org/10.1186/1751-0147-50-S1-S1

Fraser D., Duncan I.J.H., Edwards S.A., Grandin T., Gregory N.G., Guyonnet V., Hemsworth P., Huertas S., Huzzey J., Mellor D., Mench J., Špinka M., and
Whay H., 2013, General principles for the welfare of animals in production systems: the underlying science and its application, Veterinary Journal, 198(1):
19-27.
https://doi.org/10.1016/j.tvjl.2013.06.028
PMID: 23899406

Hemsworth P., Mellor D., Cronin G., and Tilbrook A., 2015, Scientific assessment of animal welfare, New Zealand Veterinary Journal, 63(1): 24-30.
https://doi.org/10.1080/00480169.2014.966167
PMID: 25263963

Heath S., 2012, Management of animal welfare in disease outbreaks, Animal Frontiers, 2: 60-63.
https://doi.org/10.2527/AF.2012-0050

Laanen M., Maes D., Hendriksen C., Gelaude P., Vliegher S., Rosseel Y., and Dewulf J., 2014, Pig, cattle and poultry farmers with a known interest in research
have comparable perspectives on disease prevention and on-farm biosecurity, Preventive Veterinary Medicine, 115(1-2): 1-9.
https://doi.org/10.1016/j.prevetmed.2014.03.015

https://doi.org/10.3389/fvets.2019.00043
https://doi.org/10.1016/j.prevetmed.2018.05.015
https://doi.org/10.3390/ani9040133
https://doi.org/10.1016/0168-1591(88)90122-0
https://doi.org/10.3389/fvets.2023.1104754
https://doi.org/10.3390/ani10101779
https://doi.org/10.20506/rst.36.2.2674
https://doi.org/10.1016/j.vetpar.2011.01.018
https://doi.org/10.1016/j.vetpar.2020.109130
https://doi.org/10.3389/fvets.2022.929805
https://doi.org/10.3390/ani13050780
https://doi.org/10.1016/B978-0-12-253055-5.50020-7
https://doi.org/10.1016/0168-1591(89)90052-X
https://doi.org/10.1186/1751-0147-50-S1-S1
https://doi.org/10.1016/j.tvjl.2013.06.028
https://doi.org/10.1080/00480169.2014.966167
https://doi.org/10.2527/AF.2012-0050
https://doi.org/10.1016/j.prevetmed.2014.03.015


Animal Molecular Breeding 2024, Vol.14, No.3, 228-238
http://animalscipublisher.com/index.php/amb

237

Littin K.E., Sheridan A., Johnson C.B., and Bayvel A.C.D., 2013, Animal welfare and intergovernmental organisations: the role of intergovernmental
organisations such as the OIE in animal welfare, Animal Welfare, 22(1): 141-142.
https://doi.org/10.7120/09627286.22.1.141

MacPhillamy I., Olmo L., Young J., Nampanya S., Suon S., Khounsy S., Windsor P., Toribio J., and Bush R., 2021, Changes in farmer animal health and
biosecurity knowledge, attitudes, and practices: insights from cambodia and laos, Transboundary and Emerging Diseases, 69(4): e517-e531.
https://doi.org/10.1111/tbed.14328
PMID: 34558209

Modisane B.M., 2009, Field services: eradication and control of animal diseases, The Onderstepoort Journal of Veterinary Research, 76(1): 115-121.
https://doi.org/10.4102/OJVR.V76I1.74
PMID: 19967936

Morota G., Ha D., and Chen J., 2022, 19 How can artificial intelligence accelerate phenotyping efforts in animal breeding?, Journal of Animal Science,
100(Suppl 3): 11.
https://doi.org/10.1093/jas/skac247.020

O'Brien D., Scudamore J., Charlier J., and Delavergne M., 2016, DISCONTOOLS: a database to identify research gaps on vaccines, pharmaceuticals and
diagnostics for the control of infectious diseases of animals, BMC Veterinary Research, 13(1): 1.
https://doi.org/10.1186/s12917-016-0931-1
PMID: 28049469 PMCID: PMC5209808

Postma M., Backhans A., Collineau L., Loesken S., Sjölund M., Belloc C., Emanuelson U., Beilage E., Stark K., and Dewulf J., 2016, The biosecurity status
and its associations with production and management characteristics in farrow-to-finish pig herds, Animal: an International Journal of Animal Bioscience,
10(3): 478-489.
https://doi.org/10.1017/S1751731115002487

Racewicz P., Ludwiczak A., Skrzypczak E., Składanowska-Baryza J., Biesiada H., Nowak T., Nowaczewski S., Zaborowicz M., Stanisz M., and Ślósarz P.,
2021, Welfare health and productivity in commercial pig herds, Animals, 11(4): 1176.
https://doi.org/10.3390/ani11041176
PMID: 33924224 PMCID: PMC8074599

Robertson I., 2020, Disease control, prevention and on-farm biosecurity: the role of veterinary epidemiology, Engineering, 6(1): 20-25.
https://doi.org/10.1016/j.eng.2019.10.004

Roger P., 2008, The impact of disease and disease prevention on sheep welfare, Small Ruminant Research, 76: 104-111.
https://doi.org/10.1016/J.SMALLRUMRES.2007.12.005

Rubira R., 2007, Disease control options for emergency animal diseases--necessary yet sensitive elimination of disease, Veterinaria Italiana, 43(2): 333-348.
Sarrazin S., Cay A., Laureyns J., and Dewulf J., 2014, A survey on biosecurity and management practices in selected Belgian cattle farms, Preventive Veterinary

Medicine, 117(1): 129-139.
https://doi.org/10.1016/j.prevetmed.2014.07.014

Silva S.R., Sacarrão-Birrento L., Almeida M., Ribeiro D., Guedes C., Montaña J., Pereira A., Zaralis K., Geraldo A., Tzamaloukas O., Cabrera M., Castro N.,
Argüello A., Hernández-Castellano L., Alonso-Diez Á.J., Martín M., Cal-Pereyra L., Stilwell G., and Almeida A., 2022, Extensive sheep and goat
production: the role of novel technologies towards sustainability and animal welfare, Animals, 12(7): 885.
https://doi.org/10.3390/ani12070885
PMID: 35405874 PMCID: PMC8996830

Stärk K., 2018, Improving the impact of disease control strategies with limited resources: where to invest?, Veterinary Record, 182(9): 255-256.
https://doi.org/10.1136/vr.k907

Steneroden K.K., Hill A.E., and Salman M.D., 2011, A needs-assessment and demographic survey of infection-control and disease awareness in western US
animal shelters, Preventive Veterinary Medicine, 98(1): 52-57.
https://doi.org/10.1016/j.prevetmed.2010.11.001
PMID: 21126786

Stokstad M., Klem T.B., Myrmel M., Oma V.S., Toftaker I., Østerås O., and Nødtvedt A., 2020, Using biosecurity measures to combat respiratory disease in
cattle: the norwegian control program for bovine respiratory syncytial virus and bovine coronavirus, Frontiers in Veterinary Science, 7: 167.
https://doi.org/10.3389/fvets.2020.00167
PMID: 32318587 PMCID: PMC7154156

Sunstrum J., Shoyinka A., Power L., Maxwell D., Stobierski M., Signs K., Sidge J., O'Brien D., Robbe-Austerman S., and Davidson P., 2019, Notes from the
field: zoonotic mycobacterium bovis disease in deer hunters-michigan, 2002–2017, Morbidity and Mortality Weekly Report, 68(37): 807-808.
https://doi.org/10.15585/mmwr.mm6837a3
PMID: 31536485 PMCID: PMC6755821

Wentholt M.T.A., Cardoen S., Imberechts H., Huffel X., Ooms B.W., and Frewer L.J., 2012, Defining European preparedness and research needs regarding
emerging infectious animal diseases: results from a delphi expert consultation, Preventive Veterinary Medicine, 103(2-3): 81-92.
https://doi.org/10.1016/j.prevetmed.2011.09.021
PMID: 22000288

https://doi.org/10.7120/09627286.22.1.141
https://doi.org/10.1111/tbed.14328
https://doi.org/10.4102/OJVR.V76I1.74
https://doi.org/10.1093/jas/skac247.020
https://doi.org/10.1186/s12917-016-0931-1
https://doi.org/10.1017/S1751731115002487
https://doi.org/10.3390/ani11041176
https://doi.org/10.1016/j.eng.2019.10.004
https://doi.org/10.1016/J.SMALLRUMRES.2007.12.005
https://doi.org/10.1016/j.prevetmed.2014.07.014
https://doi.org/10.3390/ani12070885
https://doi.org/10.1136/vr.k907
https://doi.org/10.1016/j.prevetmed.2010.11.001
https://doi.org/10.3389/fvets.2020.00167
https://doi.org/10.15585/mmwr.mm6837a3
https://doi.org/10.1016/j.prevetmed.2011.09.021


Animal Molecular Breeding 2024, Vol.14, No.3, 228-238
http://animalscipublisher.com/index.php/amb

238

Zhang L., Guo W.Q., Lv C.R., Guo M., Yang M., Fu Q.Y., and Liu X.M., 2023, Advancements in artificial intelligence technology for improving animal welfare:
current applications and research progress, Animal Research and One Health, 2(1): 93-109.
https://doi.org/10.1002/aro2.44

Disclaimer/Publisher’s Note
The statements, opinions, and data contained in all publications are solely those of the individual authors and contributors and do not
represent the views of the publishing house and/or its editors. The publisher and/or its editors disclaim all responsibility for any harm or
damage to persons or property that may result from the application of ideas, methods, instructions, or products discussed in the content.
Publisher remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1002/aro2.44

