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Abstract: Artificial Intelligence (Al) is increasingly transforming veterinary science by integrating computational intelligence, machine
learning, deep learning, computer vision, predictive analytics, and intelligent decision-support systems into animal healthcare and
veterinary education. This review critically examines Al's expanding role in veterinary diagnostics, epidemiology, precision livestock
farming, veterinary education, clinical decision-support systems, and One Health frameworks. Recent advances in machine learning (ML),
deep learning (DL), convolutional neural networks (CNNs), natural language processing (NLP), and sensor-based monitoring
technologies have significantly enhanced the analysis of complex biological, clinical, imaging, and environmental datasets. Al-assisted
systems are now widely used for radiographic interpretation, histopathology, disease forecasting, livestock monitoring, behavioural
analysis, and predictive health management. The review also evaluates Al's role in competency-based veterinary education through
adaptive learning systems, simulation-based training, intelligent tutoring platforms, and Al-assisted assessment methodologies. India-
specific developments, including NADRES disease forecasting systems, smart dairy monitoring technologies, Al-assisted telemedicine,
and digital livestock advisory platforms, are critically examined to highlight AI's emerging role in strengthening veterinary services in
resource-diverse settings. Despite substantial opportunities, implementation challenges remain significant, including limited veterinary
datasets, algorithmic bias, digital inequality, infrastructural limitations, ethical concerns, transparency issues, and regulatory uncertainty.
The review further examines the policy implications, data governance requirements, and ethical considerations associated with the
deployment of Al in veterinary systems. It concludes that AI should serve as an augmentative and supportive technology rather than a
replacement for veterinary expertise and professional judgment. Responsible integration of Al into veterinary science requires
interdisciplinary collaboration, institutional reforms, standardised datasets, ethical governance, scientific validation, and continuous
capacity building. With appropriate oversight and evidence-based implementation, AI has the potential to substantially improve animal
healthcare, veterinary education, livestock sustainability, and global One Health preparedness.
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1. Introduction

Artificial Intelligence (AI) has become a key technological
breakthrough in healthcare, agriculture, and biomedical
sciences. Al involves computer systems that perform tasks
once requiring human intelligence, such as learning,
reasoning, pattern recognition, prediction, and decision-
making. Advances in machine learning, deep learning,
computer vision, natural language processing, and predictive
analytics have greatly enhanced the ability of intelligent
systems to analyse extensive and complex datasets.

In veterinary science, Al is increasingly shaping diagnostics,
epidemiology, livestock management, veterinary education,
research, and public health surveillance. Traditional
veterinary systems often face challenges such as delayed
diagnostics, uneven access to specialised expertise, a shortage
of veterinarians, rising livestock populations, emerging
infectious diseases, antimicrobial resistance, and growing
expectations regarding animal welfare and food security. Al-
driven systems offer opportunities for predictive, preventive,
and precision-based approaches to veterinary healthcare and
livestock management.

Al technologies are now widely applied across various
sectors, including radiology, pathology, precision livestock

farming, disease surveillance, telemedicine, and clinical
decision-support systems. Deep learning models have
demonstrated high accuracy when analysing radiographs, CT
scans, MRI images, and histopathological samples.
Moreover, wearable sensors, thermal imaging, and loT—
enabled livestock monitoring systems are increasingly used to
manage reproduction, analyse behaviour, assess animal
welfare, and predict diseases.

Veterinary education is also undergoing a significant digital
transformation. Al-enabled adaptive learning platforms,
simulation-based clinical training, virtual laboratories, and
intelligent tutoring systems are enabling competency-based
and learner-centred educational models. These technologies
support personalised learning, enhance clinical preparedness,
and reduce ethical concerns associated with live-animal
training.

India offers a crucial setting for Al adoption, given its large
livestock sector, rapidly growing digital infrastructure, and
focus on food security and zoonotic disease readiness.
Innovative Indian projects such as Al-based disease
prediction tools, digital dairy advisory services, and
telemedicine demonstrate how veterinary informatics is
becoming increasingly vital to improving animal healthcare.
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Despite advancements, many challenges remain. The lack of
standardised veterinary datasets, algorithm biases, limited
transparency, infrastructure gaps, cybersecurity concerns, and
regulatory uncertainties all impede the widespread adoption
of Al in veterinary science. Moreover, excessive dependence
on automated systems could potentially weaken independent
clinical reasoning and professional judgement if not properly
overseen.

Against this background, this review critically explores the
conceptual bases, applications, educational impacts, ethical
issues, policy considerations, and prospects of Artificial
Intelligence in veterinary science. It also assesses
developments specific to India and offers global comparative
insights, analysing the opportunities and challenges
associated with Al-powered veterinary systems.

2. Literature Search Strategy

For this review, literature was gathered from various sources,
including PubMed, Scopus, Web of Science, CAB Abstracts,
and Google Scholar, as well as reports from organisations
such as WHO, WOAH, FAO, ICAR-NIVEDI, and NITI
Aayog. The search incorporated keywords including
“Artificial Intelligence,” “Veterinary Science,” ‘“Machine
Learning,” “Deep Learning,” “Computer Vision,” “Precision
Livestock Farming,” “Veterinary Education,” “Veterinary
Informatics,” and “One Health.” The selected materials,
which included peer-reviewed articles, reviews, conference
proceedings, policy papers, and institutional reports from
2010 to 2025, were carefully assessed for their scientific
relevance and thematic focus.

3. Core Technologies of Artificial Intelligence in
Veterinary Science

3.1 Machine Learning

Machine Learning (ML) is a key area of Artificial Intelligence
and a cornerstone of contemporary veterinary informatics.
ML models identify predictive patterns from both past and
current data without needing explicit programming. Their
applications are growing in areas such as disease prediction,
epidemiological monitoring, reproductive management,
precision livestock farming, and veterinary diagnostics.

Supervised learning algorithms such as Random Forests,
Support Vector Machines (SVMs), Artificial Neural
Networks (ANNs), and Decision Trees are widely used in
veterinary diagnostics and predictive analytics. These models
are trained on labelled datasets to learn relationships between
input variables and known clinical outcomes. Applications
include disease classification, radiographic interpretation,
mastitis prediction, and epidemiological forecasting.

Unsupervised learning techniques analyse unlabelled data to
discover hidden patterns, clusters, or associations. These
include clustering algorithms, Principal Component Analysis
(PCA), and autoencoders, which are increasingly used in
behavioural analysis, genomic profiling, disease pattern
detection, and epidemiological clustering.

Semi-supervised learning combines limited labelled data with
large unlabelled datasets and is particularly valuable in
veterinary medicine, where annotated datasets are often
scarce. These systems improve performance in medical image
analysis, disease prediction, and genomic studies while
reducing reliance on extensive manual labelling.

3.2 Deep Learning and Convolutional Neural Networks

Deep Learning (DL), a specialised branch of machine
learning, uses multi-layered neural networks to learn complex
nonlinear relationships from large datasets. DL systems have
emerged as some of the most transformative technologies in
veterinary diagnostics and image analysis.

Convolutional Neural Networks (CNNs) remain the primary
deep learning architecture for veterinary imaging. They
automatically identify spatial features such as textures, edges,
lesions, and anatomical structures across imaging modalities,
including radiographs, CT scans, MRI, ultrasonography, and
histopathological slides. Advanced CNN models, including
ResNet, EfficientNet, U-Net, YOLO, and VGGNet, have
shown high accuracy in diagnosing pulmonary lesions,
detecting cardiomegaly, identifying orthopaedic issues, and
classifying tumours.

Recent studies have reported diagnostic performance
comparable to that of veterinary specialists in selected
imaging tasks. Deep learning systems have also shown utility
in cytology, lymphoma classification, reticulocyte
identification, and detection of mitotic figures.

Beyond imaging, recurrent neural networks (RNNs) and Long
Short-Term Memory (LSTM) architectures are increasingly
used for signal analysis of ECG data, respiratory sounds,
electronic medical records, and environmental monitoring
datasets.

3.3 Computer Vision

Computer vision enables automated analysis and
interpretation of visual information from images and videos.
In veterinary science, computer vision systems are widely
used for diagnostics, behavioural tracking, precision livestock
farming, and welfare monitoring.

Al-assisted imaging systems are becoming more common for
automatically interpreting radiographs, MRI scans, CT
images, ultrasonography, and pathology slides. They help in
early disease detection, minimise observer differences, and
enhance diagnostic consistency.

In livestock farming, computer vision technologies are
increasingly integrated with cameras, thermal imaging
systems, and [oT platforms to monitor animal movement,
gait, feeding behaviour, posture, lameness, stress responses,
and reproductive activity. These systems enable real-time
health monitoring and predictive livestock management.

3.4 Natural Language Processing

Natural Language Processing (NLP) allows for intelligent
analysis of both written and spoken language data. Veterinary
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healthcare systems generate extensive amounts of
unstructured information, including electronic medical
records, pathology reports, necropsy reports, laboratory
records, and epidemiological documents.

NLP systems are increasingly used for disease classification,
syndromic surveillance, automated information retrieval, and
predictive  analytics. =~ NLP-assisted  systems  have
demonstrated  utility  in  identifying  respiratory,
gastrointestinal, and urinary diseases from veterinary clinical
records.

Additionally, NLP supports veterinary educational systems
through intelligent tutoring platforms, Al-based chatbots,
literature mining, and automated question-answer systems.

4. Applications of Artificial Intelligence in
Veterinary Science

4.1 Veterinary Diagnostics

A key application of Al in veterinary science is diagnostic
medicine, where machine learning and deep learning are
increasingly used to interpret radiographs, CT scans, MRI
images, ultrasonography, cytology, and histopathology.

Al-assisted diagnostic systems improve lesion detection,
disease classification, and diagnostic accuracy while reducing
variability in interpretation and workflow burden. CNN-
based systems have demonstrated utility in detecting
pulmonary lesions, cardiomegaly, spinal disorders, fractures,
neurological diseases, and neoplastic conditions.

Digital pathology is another rapidly evolving field. Al-
assisted histopathological analysis systems support tumour
grading, cell classification, mitotic figure detection, and
analysis of inflammatory lesions.

Despite promising outcomes, most veterinary Al diagnostic
systems remain constrained by limited datasets, a lack of
multicentric validation, and species-specific variability.

4.2 Disease Surveillance and Epidemiology

Al-driven epidemiological systems are becoming more
common for disease prediction, outbreak monitoring, and
syndrome analysis. They combine climatic factors,
environmental data, livestock records, genomic information,
and clinical datasets to assess disease risk.

Machine learning algorithms support early detection of
infectious diseases, zoonoses, and antimicrobial resistance
trends. Predictive surveillance systems substantially
strengthen One Health preparedness by integrating animal,
human, and environmental health monitoring.

Natural Language Processing is increasingly applied in
syndromic surveillance through automated extraction of
epidemiological information from veterinary records and
laboratory databases.

4.3 Precision Livestock Farming

Precision Livestock Farming (PLF) is among the rapidly
expanding fields of Al in veterinary science. It combines Al
with IoT devices, wearable sensors, thermal imaging,
automated milking systems, and predictive analytics to enable
real-time monitoring of livestock.

Al-assisted systems support reproductive management,
disease prediction, feeding optimisation, welfare monitoring,
environmental stress assessment, and behavioural analysis.
Smart livestock systems continuously monitor parameters
such as rumination activity, milk yield, locomotion, heart rate,
body temperature, and oestrus behaviour.

Predictive models are increasingly used to forecast mastitis,
detect ketosis, identify lameness, and assess reproductive
efficiency. These technologies improve productivity, reduce
economic losses, and enhance animal welfare.

4.4 Clinical Decision-Support Systems

Clinical decision-support systems help veterinarians interpret
clinical findings, laboratory results, imaging data, and
treatment responses. Al-assisted platforms enhance
diagnostic confidence, optimise therapeutic planning, and
support evidence-based veterinary practice.

These systems also facilitate telemedicine, remote
consultations, and digital healthcare delivery, particularly in
underserved rural areas.

4.5 Research and Bioinformatics

Al applications in veterinary research include genomic
analysis, biomarker discovery, vaccine development,
antimicrobial resistance analysis, and host-pathogen
interaction studies.

Machine learning and deep learning systems support analysis
of large molecular and genomic datasets. Transfer learning
and data augmentation approaches are especially useful in
veterinary medicine, where annotated datasets remain
limited.

5. Artificial
Education

Intelligence  in  Veterinary

5.1 Personalised and Adaptive Learning

Al-assisted adaptive learning systems are increasingly
transforming veterinary education through personalised
instructional models. These systems continuously analyse
learner performance and dynamically modify educational
content, assessments, and learning pathways.

Adaptive educational platforms enhance learner engagement,
provide personalised feedback, track competencies, and
support self-directed learning. Students who find certain
topics, such as ECG interpretation, radiology, or pathology,
challenging can access targeted remedial modules and
additional simulations.
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Learning analytics generated through Al systems also help
institutions  identify curriculum gaps and optimise
instructional strategies.

5.2 Simulation-Based Veterinary Education

Simulation-based training has become an integral part of
competency-based  veterinary  education.  Al-enabled
simulations offer structured, risk-free environments for
developing psychomotor skills, clinical reasoning, and
diagnostic competence.

Virtual surgical platforms, 3D anatomical visualisation
systems, and Al-assisted clinical simulations support repeated
competency acquisition while reducing ethical concerns
associated with live-animal training.

Simulation systems are increasingly applied in surgery,
anaesthesia, emergency medicine, obstetrics, diagnostic
imaging, and herd health management.

5.3 Al-Assisted Assessment
Al-assisted assessment systems enhance objectivity,

standardisation, and efficiency in veterinary education.
Intelligent systems analyse written examinations, practical

performance, simulation-based exercises, and clinical
reasoning tasks.
Computer vision technologies can assess procedural

accuracy, surgical movement patterns, and diagnostic
workflows. NLP-based systems are increasingly used to
automate the evaluation of written assignments and case
discussions.

Adaptive assessment systems dynamically adjust question
difficulty based on learner performance and facilitate
competency-based evaluation.

5.4 Curriculum Transformation

The growing integration of Al into veterinary healthcare has
necessitated curriculum reform in veterinary education.
Modern curricula increasingly incorporate Al literacy, data
analytics, bioinformatics, telemedicine, digital diagnostics,
and precision livestock farming.

Interdisciplinary learning across veterinary science, computer
science, epidemiology, engineering, and biotechnology is
increasingly important.

5.5 Challenges in AI-Based Veterinary Education

Despite substantial opportunities, implementation challenges
remain significant. Many veterinary institutions lack
advanced digital infrastructure, simulation labs, Al-enabled
diagnostic systems, and reliable internet connectivity.

Faculty preparedness and digital literacy also remain variable.
Excessive dependence on Al systems may reduce
independent clinical reasoning and experiential learning if not
appropriately balanced.

Regulatory uncertainty, ethical concerns, cybersecurity risks,
and financial constraints further complicate large-scale
implementation.

6. India-Specific and Case

Studies

Developments

6.1 NADRES Disease Forecasting System

The National Animal Disease Referral Expert System
(NADRES), developed by ICAR-NIVEDI, is one of India’s
earliest large-scale Al-assisted livestock disease forecasting
systems. The core concept of NADRES is to integrate disease
surveillance data with weather variables, geospatial data,
livestock population data, and predictive machine-learning
algorithms to generate advanced disease-risk forecasts.

The system analyses historical and real-time datasets to
identify disease trends, hotspots, and environmental risk
factors linked to outbreaks of major livestock diseases,
including Foot-and-Mouth Disease (FMD), Hemorrhagic
Septicemia (HS), Black Quarter (BQ), Peste des Petits
Ruminants (PPR), Bluetongue, Anthrax, Lumpy Skin
Disease, Avian Influenza, and Swine Fever.

The upgraded NADRES_v2 platform leverages advanced Al
and predictive analytics to forecast livestock diseases up to 2
months in advance. It issues disease alerts at district and state
levels and shares advisories with veterinarians and farmers
via SMS, mobile apps, GIS dashboards, and digital
forecasting bulletins.

NADRES has achieved several important milestones in
India’s veterinary informatics and disease surveillance
ecosystem.

6.2 Al-Assisted Dairy Advisory Platforms

Amul’s “Sarlaben” platform is a notable example of Al-
powered digital advisory systems in India’s dairy industry. It
leverages machine learning, NLP, and collaborative datasets
to deliver tailored advice to farmers on animal health, feeding,
reproduction, and productivity.

The main idea behind “Sarlaben” is to offer dairy farmers
real-time, personalised Al-powered advice, utilising large
cooperative datasets, predictive analytics, and natural
language systems. The Al assistant acts as a 24/7 digital
extension worker, answering questions about cattle health,
breeding, feeding, vaccination, milk yield, reproductive
management, government programs, and cooperative
processes.

The system is built upon Amul’s extensive digital ecosystem,

which includes:

e Over 2 billion annual milk procurement transaction
records,

e Veterinary treatment data from millions of cattle,

o Artificial insemination records,

o Farmer-wise cattle census data,

o Satellite-based fodder information, and

e Operational databases from Automatic Milk Collection
Systems (AMCS).
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Such systems improve digital inclusivity and support
precision dairy farming in rural settings.

6.3 Smart Dairy Monitoring Systems

Smart Dairy Monitoring Systems are an advanced integration
of Artificial Intelligence (Al), Internet of Things (IoT), sensor
technologies, and data analytics, tailored for modern dairy
farming. They enable continuous real-time tracking of animal
health, milk output, reproductive status, feeding habits,
environmental factors, and welfare indicators. The core idea
is to shift traditional dairy farming towards a precision, data-
driven management approach that enhances productivity,
prevents diseases, promotes animal well-being, and boosts
farm profitability.

Smart dairy systems integrate wearable sensors, RFID tags,
thermal cameras, biosensors, automated milking systems, and
cloud-based analytics platforms. Data collected from
individual animals are analysed using machine learning and
predictive algorithms to detect deviations from normal
physiological or behavioural patterns. Parameters such as
body temperature, rumination activity, feed intake, milk yield,
heart rate, movement, and oestrus behaviour are continuously
monitored to generate early warnings of diseases,
reproductive disorders, stress, or metabolic abnormalities.

The major applications of smart monitoring systems are:

o Early disease detection, such as mastitis, lameness,
ketosis, respiratory disease, and heat stress.

e Automated milk analysers and sensor-based systems
detect changes in milk conductivity, temperature, somatic
cell count, and composition, allowing timely intervention
and reduced economic losses.

e Reproductive management, like estrus detection
technologies, improves heat detection accuracy and
breeding efficiency.

e Precision monitoring has significantly enhanced
conception rates and reduced reproductive losses in dairy
herds.

o Environmental monitoring is also integrated into smart
dairy systems.

Major achievements of smart dairy monitoring systems
include:

e Improved milk productivity,

o Early disease forecasting,

e Reduced veterinary costs,

« Enhanced reproductive efficiency,

e Better animal welfare,

o Real-time herd management, and

o Data-driven farm decision-making.

6.4 Al Research Collaborations

Indian veterinary institutions such as GADVASU and ICAR
institutes are forming more partnerships with engineering and
computational science organisations to advance Al-driven
livestock monitoring, disease tracking, and precision
agriculture research.

The core concept of GADVASU’s Al research initiatives is to
integrate veterinary science with advanced computational

technologies, data analytics, sensor systems, and precision
livestock management to improve animal healthcare,
productivity, sustainability, and disease surveillance.

Such collaborations support capacity building and the
development of indigenous Al models adapted to local
livestock systems.

6.5 Challenges in India

The integration of Artificial Intelligence (AI) and digital
technologies into veterinary education has created significant
opportunities to transform teaching, learning, clinical
training, and assessment systems. Al-driven tools such as
adaptive learning platforms, virtual simulations, intelligent
tutoring systems, computer vision, and data analytics are
increasingly  supporting competency-based veterinary
education.

Despite these advancements, veterinary institutions encounter
significant challenges that could hinder the effective and
equitable adoption of Al-driven educational systems. Key
issues include the digital divide, faculty readiness, excessive
dependence on Al technologies, and regulatory limitations.
Additional challenges involve uneven infrastructure, a
shortage of standardised veterinary datasets, limited
simulation facilities, and insufficient digital literacy.

Large-scale implementation of Al in veterinary science will
require substantial investments in infrastructure, training, and
regulatory governance.

The following table outlines the challenge areas in veterinary
service delivery and education.

Challenge | Veterinary Service . .
Arca Delivery Veterinary Education
Data Issues Poor quality, Lack of QaFasets for
fragmented training
Infrastructure Weak rural Limited digital labs
connectivity
Adoption Resistance from Faculty untrained in Al
vets/farmers
. . Concerns over . .
Ethics/Privacy livestock data Not widely discussed
Cost/Funding | Expensive Al tools | Low research investment

7. Ethical, Regulatory, and

Considerations

Policy

The growing integration of Artificial Intelligence (AI) across
veterinary education, diagnostics, clinical practice, livestock
farming, and disease surveillance has raised significant
ethical and regulatory challenges that must be carefully
addressed to ensure responsible and safe implementation.

While AI offers substantial benefits in improving efficiency,
diagnostic accuracy, predictive analytics, and precision
animal healthcare, its integration into veterinary systems
raises significant ethical, legal, and regulatory concerns. Data
privacy, transparency, accountability, cybersecurity, and
algorithmic fairness remain major challenges.

Veterinary Al systems commonly depend on sensitive clinical
records, farm databases, diagnostic images, and educational
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datasets. Consequently, implementing suitable data

governance frameworks is crucial.

Algorithmic bias is a significant concern. Many veterinary
datasets are species-specific, geographically localised, or
inconsistently labelled, which limits their generalizability and
increases the likelihood of inaccurate predictions.

The inherent "black-box” nature of many deep learning
models makes explainability and professional accountability
more difficult. There is a need for clear legal frameworks to
define responsibility in cases of Al-assisted diagnostic errors
or inappropriate treatment suggestions.

Veterinary regulatory authorities must therefore develop
guidelines regarding Al-assisted diagnostics, telemedicine,
simulation-based education, competency standards, and
quality assurance.

International coordination among organisations such as the
WHO, WOAH, FAO, and national veterinary councils will be
essential for standardisation and ethical governance.

8. Global Perspective and Comparative Insights

Globally, Al adoption in veterinary science is advancing
rapidly, particularly in North America, Europe, Australia, and
parts of Asia. Developed countries have increasingly
integrated Al into veterinary diagnostics, robotic systems,
digital pathology, precision livestock farming, and
telemedicine.

Countries like the Netherlands, Denmark, Australia, and New
Zealand have implemented sophisticated sensor-based
livestock systems that combine automated milking, predictive
analytics, and behavioural monitoring.

Veterinary educational institutions in developed countries are
increasingly incorporating Al literacy, digital diagnostics,
simulation-based education, and bioinformatics into
veterinary curricula.

Developing countries, compared to other countries, face
issues such as digital inequality, infrastructure shortages,
limited datasets, and regulatory gaps. Conversely, nations
such as India have significant opportunities to develop
scalable, cost-effective Al systems that are tailored to local
livestock management and public health requirements.

The global trend clearly indicates a transition toward
predictive, preventive, and data-integrated veterinary
healthcare systems.

9. Critical  Analysis: and

Limitations

Opportunities

Artificial Intelligence (AI) has become a transformative force
in veterinary science, impacting areas such as education,
diagnostics, livestock management, epidemiology, and
service delivery. Although Al provides significant advantages
in boosting efficiency, accuracy, and access to veterinary
care, it also presents critical issues related to ethics,
trustworthiness, reliance on technology, and fairness.

Consequently, Al's role in veterinary science can be seen as
both a major benefit and a potential drawback, depending on
how it is implemented, governed, and overseen by humans.

From a positive perspective, Al has significantly advanced
veterinary diagnostics and precision medicine. Machine
learning and deep learning systems can analyse radiographs,
MRI scans, histopathology slides, and clinical records with
high accuracy, often matching that of specialist veterinarians.
Al-assisted systems improve early disease detection, reduce
diagnostic delays, and support evidence-based treatment
planning. In livestock farming, Al-enabled precision
monitoring systems improve reproductive management,
disease surveillance, feeding efficiency, and animal welfare
by analysing real-time sensor and behavioural data. These
technologies help reduce economic losses and improve farm
productivity.

Al also improves veterinary education by enabling adaptive
learning, virtual simulations, intelligent tutoring systems, and
Al-driven assessments. Students benefit from customised
learning paths, repeated clinical practice, and simulation-
based training that does not involve harming animals. In
epidemiology and public health, Al enhances disease
prediction, outbreak detection, and One Health readiness
through predictive analytics and real-time monitoring
systems, such as India’s NADRES platform.

Despite these advantages, Al also poses several significant
disadvantages and risks. A major concern is over-reliance on
Al systems. Excessive dependence on automated diagnostics
or decision-support systems may weaken independent clinical
reasoning, observational skills, and practical competence
among veterinary professionals and students. Veterinary
medicine requires empathy, ethical judgment, communication
skills, and experiential learning that algorithms cannot fully
replace.

Another major challenge is ensuring data quality and avoiding
algorithmic bias. Al relies heavily on large, accurate, and
representative datasets. In veterinary medicine, data can often
be limited, species-specific, regionally biased, or poorly
standardised. Such inaccuracies or gaps can lead to incorrect
predictions, false diagnoses, or reduced reliability, especially
for underrepresented species and conditions.

Ethical and regulatory concerns also remain significant. Al
systems may function as “black boxes,” making the reasoning
behind recommendations difficult to interpret. Questions
about accountability, data privacy, cybersecurity, and legal
liability become complex when Al-assisted errors occur.
Additionally, implementation costs, digital infrastructure
requirements, and technical expertise may limit Al adoption
in resource-constrained regions and widen the digital divide
between advanced and underdeveloped institutions.

In veterinary education, excessive digitalisation may reduce
direct teacher-student interaction and hands-on animal
handling. Simulation-based systems, while valuable, cannot
entirely replace real clinical exposure and field-based
learning.
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10. Future Directions

The future of veterinary science will involve increasing
integration of Al-assisted diagnostics, digital surveillance
systems, precision livestock ecosystems, telemedicine, and
intelligent educational technologies.

Emerging technologies, including explainable Al (XAl),
federated learning, multimodal Al systems, digital twins,
edge Al, Al-assisted genomics, and robotic veterinary
systems, are expected to further transform veterinary
healthcare delivery.

Future research should prioritise the development of
multicentric veterinary datasets, standardised validation
frameworks, interoperable digital ecosystems, and ethical
governance models.

Veterinary education must increasingly integrate Al literacy,
data interpretation skills, and interdisciplinary digital
competencies into curricula.

Substantial investments in digital infrastructure, faculty
development, simulation laboratories, and veterinary
informatics research will be necessary to ensure equitable and
sustainable Al integration.

11. Conclusion

Artificial Intelligence is rapidly transforming veterinary
science by strengthening diagnostics, disease surveillance,
livestock management, veterinary education, and clinical
decision-support systems. Machine learning, deep learning,
computer vision, and predictive analytics have significantly
enhanced the capacity of veterinary systems to process
complex biological and clinical datasets.

Al-assisted technologies have proven highly useful in areas
such as radiographic interpretation, digital pathology,
precision livestock farming, behavioural monitoring,
epidemiological ~ forecasting, and competency-based
veterinary education. Initiatives specific to India, such as
NADRES disease forecasting systems, Al-powered dairy
advisory platforms, and smart livestock monitoring tools,
underscore the growing role of veterinary informatics in
resource-diverse environments.

Despite these advances, significant challenges persist in data
standardisation, algorithmic bias, digital inequality,
explainability, cybersecurity, infrastructure limitations, and
regulatory preparedness. Most existing veterinary Al systems
still require broader validation and stronger governance
frameworks.

Importantly, Al should not be seen as a replacement for
veterinary expertise, ethical judgment, or experiential
learning. Rather, it should serve as an augmentative and
supportive technology that strengthens evidence-based
veterinary practice.

Responsible implementation of Al in veterinary science will
require interdisciplinary collaboration, institutional reforms,
standardised datasets, ethical governance, regulatory

oversight, and continuous professional training. With
appropriate scientific validation and balanced integration, Al
has substantial potential to improve animal healthcare,
livestock sustainability, veterinary education, and One Health
preparedness worldwide.

References

[1] Banzato, T., Bernardi, M., Cherubini, G. B., & Zotti,
A. (2018). A methodological approach for deep
learning to distinguish between meningiomas and
gliomas on canine MR-images. BMC Veterinary
Research, 14(1), 1-9. https://doi.org/10.1186/s12917-
018-1675-2

[2] Bollig, N., Clarke, L., Elsmo, E. J., Craven, M., &
Prittie, J. (2020). Machine learning for syndromic
surveillance using veterinary necropsy reports.
Preventive Veterinary Medicine, 181, 105048.
https://doi.org/10.1016/j.prevetmed.2020.105048

[3] Bui, A. A, & Nguyen, M. M. (2021). Artificial
intelligence and machine learning in veterinary
medicine:  Current  applications and  future
perspectives. Veterinary Sciences, 8(12), 1-18.
https://doi.org/10.3390/vetsci8120325

[4] Dhand, N. K., Wang, Z., Hu, K., Thomson, P. C.,
House, J. K., & Khatkar, M. S. (2025). Review of
applications of deep learning in veterinary diagnostics
and animal health. Frontiers in Veterinary Science, 12,
1511522. https://doi.org/10.3389/fvets.2025.1511522

[S] Esteva, A., Robicquet, A., Ramsundar, B., Kuleshov,
V., DePristo, M., Chou, K., ... Dean, J. (2019). A guide
to deep learning in healthcare. Nature Medicine, 25(1),
24-29. https://doi.org/10.1038/s41591-018-0316-z

[6] Hossein-Zadeh, N. G. (2025). Artificial intelligence in
veterinary and animal science. Journal of Animal
Health, 18(2), 45-58.

[71 Krizhevsky, A., Sutskever, 1., & Hinton, G. E. (2012).
ImageNet classification with deep convolutional
neural networks. Advances in Neural Information
Processing Systems, 25, 1097-1105.

[8] Liakos, K. G., Busato, P., Moshou, D., Pearson, S., &
Bochtis, D. (2018). Machine learning in agriculture: A
review. Sensors, 18(8), 2674.
https://doi.org/10.3390/s18082674

[9] NITI Aayog. (2023). Telemedicine for livestock health
in India.

[10] NIVEDI. (2024). Disease forecasting systems in
livestock

[11] Pérez-Garcia, E. (2026). Artificial intelligence in
veterinary education. Veterinary Education Review,
12(1), 22-39.

[12] Russell, S., & Norvig, P. (2021). Artificial intelligence:
A modern approach (4th ed.). Pearson.

[13] Sharma, A., & Kumar, V. (2022). Artificial intelligence
in livestock farming and veterinary healthcare:
Emerging opportunities and challenges. Journal of
Animal Research, 12(4), 523-534.
https://doi.org/10.30954/2277-940X.04.2022.2

[14] Sharma, R., & Kumar, P. (2025). Precision livestock
farming and artificial intelligence applications in India.
Indian Journal of Animal Research, 59(3), 201-215.

[15] Shorten, C., & Khoshgoftaar, T. M. (2019). A survey
on image data augmentation for deep learning. Journal

Volume 15 Issue 5, May 2026
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal
www.ijsr.net

Paper |D: SR26517192814

DOI: https://dx.doi.org/10.21275/SR26517192814

1116


http://www.ijsr.net/
https://doi.org/10.3389/fvets.2025.1511522
https://doi.org/10.1038/s41591-018-0316-z
https://doi.org/10.3390/s18082674

International Journal of Science and Research (IJSR)

ISSN: 2319-7064

Impact Factor 2025: 7.089

[18]

[19]

(20]

(21]

(23]

[24]

[25]

[26]

(27]

(28]

Paper |D: SR26517192814

of Big Data, 6(1), 60. https://doi.org/10.1186/s40537-
019-0197-0

Tomar, D., & Agarwal, S. (2021). Artificial
intelligence in veterinary education and clinical
practice. Indian Journal of Veterinary Sciences and
Biotechnology, 17(2), 1-8.

Vinicki, M., Contreras, V., Navarro, A., & Peralta, O.
A. (2018). Using convolutional neural networks for
determining reticulocyte percentage in cats. Veterinary
Clinical Pathology, 47(4), 620-627.
https://doi.org/10.1111/vcp.12658

World Organisation for Animal Health (WOAH).
(2023). Digital transformation and artificial
intelligence in animal health systems. WOAH.
https://www.woah.org

Xiao, S., Dhand, N. K., Wang, Z., Hu, K., Thomson, P.
C., House, J. K., & Khatkar, M. S. (2025). Review of
applications of deep learning in veterinary diagnostics
and animal health. Frontiers in Veterinary Science, 12,
Article 1511522.
https://doi.org/10.3389/fvets.2025.1511522

Yoon, H. Y., Jeong, H. H., Kang, J. H., Kim, Y. H., &
Lee, K. C. (2018). Prediction of radiographic
abnormalities by the use of bag-of-features and
convolutional neural networks. Veterinary Radiology
& Ultrasound, 59(2), 163-171.
https://doi.org/10.1111/vru.12582

ICAR-NIVEDI. (2024). NADRES v2: National animal
disease referral expert system. ICAR-National Institute
of Veterinary Epidemiology and Disease Informatics.
https://nivedi.res.in

Gujarat Cooperative Milk Marketing Federation
(GCMMF). (2025). Amul Al initiative: Sarlaben
digital  dairy advisory platform. @ GCMMEF.
https://amul.com

Guru Angad Dev Veterinary and Animal Sciences
University (GADVASU). (2025). Al and machine
learning initiatives in livestock health and precision
farming. GADVASU. https://gadvasu.in

Food and Agriculture Organisation of the United
Nations (FAO). (2022). Artificial intelligence and
digital technologies in sustainable livestock systems.
FAO. https://www.fao.org

World Health Organisation. (2021). Ethics and
governance of artificial intelligence for health. WHO.
https://www.who.int

Asif Hilal Khan and Jan Mohd Muneeb. Atrtificial
intelligence in veterinary sciences: A paradigm shift.
International Journal of Veterinary Sciences and
Animal Husbandry 2025; SP-10(7): 04-08
Hesameddin Akbarein, Mohammad Hussein Taaghi,
Mahyar Mohebbi, Parham Soufizadeh. Applications
and Considerations of Artificial Intelligence in
Veterinary Sciences: A Narrative Review. Veterinary
Medicine and Science Veterinary Medicine and
Science, 2025; 11:€70315,
https://doi.org/10.1002/vms3.70315

Olalekan Chris Akinsulie, Ibrahim Idris, Victor
Ayodele Aliyu, Sammuel Shahzad, Lamilekan Gabriel
Banwo, Seto Charles Ogunleye, Mercy Olorunshola,
Deborah O. Okedoyin, Charles Ugwu, Ifeoluwa Peace
Oladapo, Joy Olaoluwa Gbadegoye, Qudus Afolabi
Akande, Pius Babawale, Sahar Rostami and Kehinde

[29]

Olugboyega Soetan (2025). The potential application
of artificial intelligence in veterinary clinical practice
and biomedical research. Frontiers in Veterinary
Science. DOI 10.3389/fvets. 2024.1347550

World Organisation for Animal Health. (2024). Digital
technologies in animal health systems

Volume 15 Issue 5, May 2026
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal

WWWw.ijsr.net
DOI: https://dx.doi.org/10.21275/SR26517192814

1117


http://www.ijsr.net/
https://doi.org/10.1186/s40537-019-0197-0
https://doi.org/10.1186/s40537-019-0197-0
https://www.woah.org/
https://doi.org/10.3389/fvets.2025.1511522
https://nivedi.res.in/
https://amul.com/
https://gadvasu.in/
https://www.fao.org/
https://www.who.int/
https://doi.org/10.1002/vms3.70315



