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ABSTRACT 

V 
eterinary healthcare encompasses various activities such as predic-
tion, prevention, monitoring, diagnosis, and treatment of livestock. 
This article reviews the advantages and challenges of digitalizing 

animal health and highlights its urgency in terms of national security. The 
advent of novel technologies and their widespread use in animal healthcare 
has facilitated the tracking of animal and product movements in the supply 
chain, monitoring their health in real-time, and utilizing data analytics and 
machine learning to identify patterns and trends in animal health. Technol-
ogy has made possible the detection of disease outbreaks before they 
spread, the stoppage of zoonotic disease spread, and the improvement of 
the general health and welfare of animals. This requires financial support, 
cooperation among team members, and commitment to data security and 
privacy. We must take the digitalization of animal health seriously and in-
vest in the infrastructure and technology required to manage it because it is 
a pillar of national security. 
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INTRODUCTION 

Veterinary healthcare involves prediction, 
prevention, monitoring, diagnosis, and treat-
ment of livestock. The emergence of new tech-
nologies and the exponential increase in their 
application in animal healthcare has enabled 
the monitoring of animal and product move-
ments in the supply chain, real-time tracking of 
their health, and utilization of data analytics 
and machine learning to detect patterns and 
trends in animal health. These advancements 
have led to notable transformations in farms of 
all sizes, resulting in decreased losses, en-
hanced animal welfare and health, precise ani-
mal care, and a rise in the output of meat, milk, 
and eggs. New technologies such as milking 
robots, wearable sensors, and heat detectors 
have been implemented to maximize the out-
comes of cattle breeding. 
 

Still, digitalization poses challenges such as 
the need for standardization and interoperabil-
ity of data, as well as concerns regarding data 
privacy and security. This article examines the 
advantages and difficulties of digitalizing ani-
mal health and highlights its urgency in terms 
of national security. 
 
Veterinary Telemedicine 

The application of technology to deliver ani-
mal healthcare remotely is known as veterinary 
telemedicine. Through the use of video confer-
encing, phone consultations, and other digital 
communication tools, it enables veterinarians 
to diagnose, treat, and monitor animals while 
working remotely. Since it enables pet owners 
to receive veterinary care without having to 
leave their homes, telemedicine in veterinary 
medicine has grown in popularity in recent 
years, particularly during the COVID-19 pan-
demic. Additionally, it gives veterinarians an 
easy way to keep track of and follow up on 
their patients without having to make personal 
visits. 
 

There are many services that can be provid-
ed by veterinary telemedicine, including con-
sultations and follow-up care without requiring 
an in-person visit. Veterinarians can also diag-
nose an animal by remotely interpreting diag-

nostic tests like blood work or X-rays. The use 
of digital technologies like electronic health 
records and telemedicine enables veterinarians 
to handle livestock information and interact 
with owners in a more effective manner, which 
ultimately decreases the amount of time and 
resources required to deliver care. 
 

There are several conditions that can be di-
agnosed remotely through the use of telemedi-
cine, e.g., skin and eye conditions, behavioral 
issues, respiratory infections, and gastrointesti-
nal problems. Diagnosis can be fulfilled by 
asking the animal owners to describe the com-
plaint and send photos or videos showing the 
lesions or symptoms. On the other hand, tele-
medicine has some limitations including diffi-
culty to conduct a full physical examination 
and lab testing remotely. A remote location 
might not have access to specialized equipment 
or a sterile environment necessary for some 
procedures. In veterinary medicine, establish-
ing a relationship with an animal and its owner 
is crucial. Failure to build this connection 
through telemedicine may have an effect on the 
standard of care given. 
 
The Potential of Digital Transformation in 
Animal Healthcare 

The use of technology to enhance animal 
welfare, stop the spread of disease, and guaran-
tee the security of our food supply is known as 
digitalization in the field of animal healthcare. 
Animal health digitalization in is primarily in-
tended to improve the efficiency of animal 
health management and monitoring. This en-
tails using sensors, drones, and other technolo-
gies to continuously monitor animal health as 
well as data analytics and machine learning to 
spot patterns and trends. Utilizing digital trans-
formation in the field of animal healthcare has 
many potential benefits. 

 
A. Early Detection and Prevention of Dis-
ease Outbreaks 

The ability to quickly and accurately identi-
fy disease outbreaks is one of the main ad-
vantages of digitalization in animal health. Re-
al-time animal health monitoring is now possi-
ble with the aid of sensors, drones, and other 
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technology, allowing for the early detection of 
disease symptoms. This can be crucial in the 
case of zoonotic diseases, which can spread 
from animals to people and have the potential 
to spark pandemics around the world. 

 
Diagnosis of diseases through physical 

samples has become more efficient, portable, 
and simplified with the advent of microfluidic 
devices, also known as small chips, that can 
examine very small amounts of fluid without 
requiring laboratory processing. Digital moni-
toring devices can detect exposure to infec-
tious diseases and track outbreaks in real-time, 
allowing for preventative measures like vac-
cination or quarantine protocols. 

 
In 2016, a flock of turkeys in Lincolnshire, 

UK, tested positive for the H5N8 avian influ-
enza virus. The government established a 10-
kilometer surveillance zone around the affect-
ed farm soon after the outbreak was discov-
ered, and all of the nearby poultry were tested 
for the virus. These steps prevented the out-
break from spreading further, and no new cas-
es of the illness were noted in the UK. 
 
B. Prediction of Animal Health Problems 
Before They Take Place 

Advanced artificial intelligence and ma-
chine learning are utilized in predictive tech-
nologies to develop personalized and targeted 
care plans that can predict potential issues and 
implement suitable preventative measures. Us-
ing predictive analytics to anticipate animal 
health issues in advance is a beneficial ap-
proach to avoid or reduce the negative effects 
of potential health problems on animals. The 
techniques and strategies employed to predict 
animal health problems vary depending on the 
animal species and the particular health issue. 

 
One approach is to consistently watch the 

behavior and physical condition of the animal. 
This could involve tracking their eating habits, 
level of movement, and any changes in their 
appearance or actions. By paying attention to 
these factors, it may be possible to detect early 
signs of illness or injury and deal with them 
before they become more serious. An alterna-
tive approach involves utilizing technology, 

such as wearable gadgets and sensors, to ob-
serve the animal's behavior and vital signs. 
These devices can track heart rate, tempera-
ture, and movement patterns, which can offer 
significant information to identify any altera-
tions that may suggest a health issue. 
 

Digital transformation technologies can be 
used to predict a variety of health problems in 
animals. For instance, an animal's gait and 
movement patterns can be tracked to detect 
any signs of lameness or joint problems. Ultra-
sonography and hormone monitoring can pre-
dict and manage reproductive issues. Changes 
in breathing patterns can indicate respiratory 
problems. Thermal imaging involves the use 
of cameras and heat sensors to observe tem-
perature fluctuations in groups of animals, in-
cluding specific body parts like hooves and 
udders. AI-based image recognition of para-
sites in pet stools can speed up the deworming 
process, minimizing the risk of worms spread-
ing within the household. Smart ear tags can 
monitor four important aspects in cows, in-
cluding their eating habits, movement, heat 
detection, and fertility. This data is transmitted 
every 20 minutes, giving an exact and current 
overview of the health of each animal. The 
analysis of large amounts of data can turn di-
agnostic records into a preventative tool, ena-
bling early detection of illnesses. 
 
C. Tracking Animal Movement and Prod-
uct Traceability 

The ability to track the movement of ani-
mals and their products throughout the supply 
chain is another benefit of digitization. It is 
possible to track the source of meat, dairy, and 
other animal products and make sure they are 
safe for consumption by using blockchain 
technology and other digital tools. By doing 
this, you can limit the spread of foodborne ill-
nesses and give consumers confidence that the 
food they eat is safe. 
 

Another advantage of digitization is the ca-
pability to track the movement of animals and 
their products throughout the supply chain. 
Using blockchain technology and other digital 
tools, it is possible to trace the origin of meat, 
dairy, and other animal products and ensure 
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their safety for consumption. This will help to 
stop the spread of foodborne illnesses and re-
assure consumers that the food they are eating 
is secure. 
 

There are several techniques for digital 
tracking of animal movement and product 
traceability. GPS tracking technology can be 
utilized to track the movements and wherea-
bouts of animals by attaching tracking devices 
to them, providing real-time monitoring. Elec-
tronic identification tags have the capability to 
recognize and monitor individual animals 
from the time they are born until they are pro-
cessed. 
 
D. Progress in Individual Animal 
Healthcare Like Never Before 

The use of digital technology has reduced 
the need for constant monitoring and im-
proved communication between humans and 
animals. Thanks to digitalization, farmers can 
accurately pinpoint the first sick animal in a 
large group by observing signs like coughing, 
elevated body temperature, and behavioral 
changes by sound, temperature, and video 
monitoring systems respectively. Smart col-
lars enable pet owners to recognize early indi-
cations of sickness such as lack of energy and 
decreased appetite. 
 

In order to improve the health of both indi-
vidual animals and the entire population, it is 
possible to identify patterns and trends in ani-
mal health using data analytics and machine 
learning. The generation of cumulative 
knowledge is becoming more common in the 
creation of veterinary intelligence systems, 
which can anticipate changes in an animal's 
health status before they happen. This enables 
the implementation of preventive measures 
and personalized health plans. There are al-
ready tools available that can gather and com-
pare animal health data, and notify a veterinar-
ian of a potential problem based on the ani-
mal's behavior, biological indicators, or diag-
nostic results. 
 

The use of antibiotics and other medica-
tions, which may have detrimental effects on 
the environment and public health, may be 

reduced as a result of the digital revolution. In 
2018, scientists at the University of California, 
Davis, created a machine learning algorithm 
that had a 90% accuracy rate in predicting 
when cattle in feedlots would start to develop 
bovine respiratory disease (BRD). Early dis-
ease detection makes it possible to treat affect-
ed animals with focused care, which lowers 
the need for antibiotics and enhances animal 
welfare. 
 
E. One Health Benefits of Digital Transfor-
mation  

The One Health approach is strengthened 
by the improved capacity to predict a shift in 
health condition to take action before a dis-
ease or epidemic occurs, thereby safeguarding 
the health of animals, humans, and the envi-
ronment. The use of antibiotics can be reduced 
to minimize the risk of drug resistance and 
environmental exposure. Responsible use pro-
grams can be implemented to treat sick ani-
mals while preserving the effectiveness of an-
timicrobials. Vaccination and control pro-
grams can also be put in place to lower the 
risk of disease spreading to other animals and 
humans. Early detection of zoonotic diseases 
can prevent them from spreading to nearby 
people. This can lead to fewer losses in food 
production, resulting in improved food and 
nutrition security. 

 
Digital technology can make it easier for 

parties involved in animal, human, and plant 
health as well as environmental specialists to 
communicate with each other. One way this 
can be achieved is through teleconferencing 
platforms that allow for mutual cooperation 
and remote consultation. 
 
The E-Veterinary Clinic as a Digital 
Healthcare Platform 

The term "electronic veterinary clinic" has 
become popular in some veterinary faculties 
in Egypt and other Arab countries. However, 
it is simply a digital version of some services 
offered by traditional clinics, accessed through 
mobile networks and the internet. Figure 1. 
This dilutes the true meaning of the term, 
which should refer to a new technology used 
by veterinarians, farmers, and pet owners to 
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remotely monitor animal health and care, par-
ticularly in remote locations 24/7. This tech-
nology provides a better veterinary medical 
service at a lower cost within a traditional 
clinic or an independent entity based on artifi-
cial intelligence, machine learning, and fourth-
generation technology of communications and 
the Internet of Things 

 
The growth of the livestock sector has led 

to the development of cost-effective and quick 
digital tools (e-clinics) that are specific to each 
species. These tools can assist veterinarians in 
managing the constant influx of animals com-
ing into their clinics. A variety of services, 
such as consultations, diagnoses, treatments, 
and medication prescriptions, are frequently 
provided by e-veterinary clinics. Point-of-care 
testing offers quick outcomes without requir-
ing an outside laboratory, providing instant 
solutions to worried pet owners. For animals 
with chronic conditions, some online veteri-
nary clinics may also provide follow-up care 
and monitoring.  

 
Remote pet owners can access veterinary 

services from an online clinic. It enables com-
munication between pet owners and veterinari-
ans over the phone, video, or the internet. For 
pet owners who might not have access to con-
ventional veterinary clinics or who prefer to 
seek veterinary guidance from the comfort of 

their own homes, this platform offers a practi-
cal and accessible option. 

 
Increased accessibility to veterinary 

healthcare is one of the advantages of e-
veterinary clinics. These virtual clinics pro-
vide a more practical choice for owners who 
might have hectic schedules or have trouble 
getting their animals to a conventional veteri-
nary clinic. E-veterinary clinics are specially 
useful in urgent situations where a veterinari-
an's advice is required right away. 

 
E-veterinary clinics, however, do have 

some drawbacks. A physical examination or 
diagnostic tests that cannot be performed re-
motely may be necessary for some conditions. 
They might not be able to offer urgent care or 
immediate surgical intervention. 

Figure 1: Diagram of an electronic veterinary clinic on a smartphone 
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Smart Materials Based on Molecular 
Qrchitectonics 

Molecular architectonics involves design-
ing molecular building blocks with functional 
cores and auxiliaries and controlling their self-
assembly to create molecular architectures 
with specific properties and applications. This 
field is influenced by concepts such as molec-
ular recognition and host-guest chemistry, 
which use noncovalent interactions to drive 
molecular assembly. Molecular tailoring based 
on host-guest dimensions is a key aspect of 
designing and developing advanced materials. 
Mechanistic insights from biomolecular as-
semblies guide the design of biomimetics and 
biomaterials, and the combination of synthetic 
and biological components generates hybrid 
biomaterials. Molecular architectonics is also 
used to develop biosensing platforms that can 
quickly and accurately detect analytes. Scien-
tists have been working to create artificial an-
tibodies that mimic the recognition ability of 
natural antibodies, but with greater stability 
and durability. These synthetic molecular ar-
chitectonics can replace natural recognition 
elements and are being developed for use in 
low-cost, easy-to-use diagnostic tests for dis-
eases.  
 

Various global organizations, including 
WHO, OIE, FAO, and EPA, have urged the 
creation of affordable, user-friendly, and effi-
cient diagnostic tests for identifying pathogens 
in the early stages. The expense of reagents, 
advanced laboratory equipment, and skilled 
personnel has made disease detection and 
monitoring a significant challenge. Addition-
ally, it is difficult to locate laboratories in re-
mote areas affected by epidemics. Advances 
in molecular biology, nanotechnology, and 
BioMEMS are making it possible to remotely 
diagnose diseases using Lab-on-a-chip tech-
nology. 
 
Development of Biosensors as the Key 
Tools for E-veterinary Clinics 

Biosensors are devices that can detect and 
measure biological signals, such as changes in 
temperature, pH, or the presence of specific 
molecules, and convert them into electrical 
signals that can be analyzed by a computer or 

other device. Biosensors are used in a variety 
of applications, such as diagnosing diseases in 
humans and animals, monitoring environmen-
tal conditions, and detecting chemical pollu-
tants. 
 

Biosensors can help to monitor the health 
of animals in real-time and provide early de-
tection of health problems, which can be par-
ticularly useful for livestock and other animals 
that are difficult to monitor manually. Biosen-
sors can also track the movement and behavior 
of animals, which can provide valuable in-
sights into their daily activities and help to 
ensure their safety. 
 Figure 2. 

Some of the key challenges in building bio-
sensors include developing sensors that are 
accurate, reliable, and easy to use, as well as 
ensuring that they are compatible with the spe-
cific needs of different animal species and en-
vironments. Additionally, there are ethical 
considerations that need to be taken into ac-
count, such as ensuring that biosensors are not 
harmful to animals and that the data collected 
is used responsibly. 
 

Despite these challenges, there are many 
promising developments in the field of biosen-
sors for animal health digitalization. Research-
ers are exploring the use of wearable biosen-
sors that can be attached to animals to monitor 
their vital signs and behavior, as well as the 
use of implantable biosensors that can provide 
even more detailed information about an ani-
mal's health. Advances in artificial intelli-
gence and machine learning are making it eas-
ier to analyze the vast amounts of data gener-
ated by biosensors and use it to improve ani-
mal health outcomes. The use of advanced 
data infrastructure and analytics is enabling 
the gathering of knowledge from various re-
gions and animals worldwide. This allows vet-
erinarians to access insights from others' expe-
riences to improve their understanding of 
treatment options for rare illnesses. Research-
ers can utilize machine learning to analyze 
numerous animal profiles and diagnostic re-
sults to identify subtle health changes and de-
velop new prevention protocols. Retailers can 
rely on digital traceability systems to track the 
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production process of animals and their prod-
ucts, which helps them inform consumers 

about the safety and sustainability of their 
products. 

Veterinary Healthcare Informatics to boost 
telemedicine 

Veterinary healthcare informatics is a field 
that combines veterinary medicine and infor-
mation technology to improve the efficiency of 
veterinary healthcare. Information about ani-
mal health is managed and analyzed using dig-
ital scientific records, data analysis, and other 
applied sciences. The purpose of veterinary 
healthcare informatics is to give vets the re-
sources they need to make wiser decisions re-
garding animal health and raise the standard of 
veterinary care as a whole. Veterinarians can 
easily access and manage patient data, such as 
medical history, results of diagnostic tests, and 
treatment plans, by using electronic medical 
records. 
 

Veterinary healthcare informatics uses tele-
medicine, another technology that enables vet-
erinarians to diagnose and treat animals re-
motely, in addition to electronic medical rec-
ords, to provide remote consultations and other 
services. Additionally, it involves the use of 
data analysis tools to spot patterns and trends 
in disease and animal health, which can aid 
veterinarians in creating more efficient treat-
ment regimens. 

 
Digitalization of Animal Health as a High 
Priority for National Security 

National security is significantly impacted 
by the digitalization of animal health. The po-
tential for animal disease outbreaks to deplete 
food supplies and harm the economy is one of 
the main worries. For instance, a foot-and-
mouth disease outbreak in the UK in 2001 led 
to the slaughter of millions of animals and in-
curred estimated costs to the UK economy of 
£8 billion. There is a growing understanding 
that animal health is a crucial aspect of nation-
al security as similar outbreaks in other nations 
have had similar effects. 
 

In addition to the financial costs associated 
with animal disease outbreaks, zoonotic dis-
eases have the potential to spread from animals 
to people and result in pandemics around the 
world. Understanding and managing animal 
health is crucial for both public health and na-
tional security, as demonstrated by the COVID
-19 pandemic, which is thought to have started 
in bats. 
 

Digitalization has a significant impact on 
both preventing and combating these threats. 

Figure 2: Diagram of a model smart farm 
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Real-time animal health monitoring allows for 
the early detection and containment of out-
breaks before they have a chance to spread. 
Food safety can be ensured and the spread of 
foodborne illnesses can be stopped by tracking 
the movement of animals and their products 
throughout the supply chain. In order to im-
prove the health of both individual animals and 
entire populations, it is possible to identify pat-
terns and trends in animal health using data 
analytics and machine learning. 

 
However, these advantages can only be at-

tained if data security and privacy are safe-
guarded. As was already mentioned, there is a 
chance that private data on the movement and 
health of animals could be stolen or used mali-
ciously. This might have detrimental effects on 
both national security and animal welfare. In 
order to protect data privacy and security, it is 
crucial that the proper safeguards be put in 
place. These safeguards should include the cre-
ation of shared standards for data collection 
and analysis as well as the use of encryption 
and other security measures to protect sensitive 
data. 
 
Challenges and Recommendations for Ani-
mal Health Digitalization 

Even with the abovementioned advantages, 
there are some drawbacks to the digitalization 
of animal health. The requirement for data se-
curity and privacy is one of the major challeng-
es. There is a chance that the sensitive data be-
ing gathered and analyzed will be misused or 
stolen. Due to the possibility that malicious 
actors could use sensitive information about 
animal health and movement to contaminate 
food supplies or spread disease, this could have 
serious repercussions for both animal welfare 
and national security. 
 

The requirement for data standardization 
and interoperability presents another difficulty. 
It can be challenging to integrate and analyze 
the data from so many different sensors and 
data sources in a meaningful way. This may 
result in inefficiencies and lost chances to en-
hance animal health and stop disease out-

breaks. 
 
Increased cooperation between government 

organizations, business leaders, and academic 
researchers is required to address these issues. 
By collaborating, it is possible to create com-
mon standards for data collection and analysis 
and to guarantee the security and privacy of the 
collected data. This will necessitate a sizable 
investment in technology and infrastructure, as 
well as in the education and training of those 
who will be using these new tools. 
 
CONCLUSION 

T 
he digitalization of animal health may 
have an impact on how disease out-
breaks are managed and how sane our 

food supply is. By utilizing new technologies 
and data analytics, it is possible to detect dis-
ease outbreaks before they spread, stop the 
spread of zoonotic diseases, and improve the 
general health and welfare of animals. But do-
ing so will demand a sizeable outlay of cash, 
lots of cooperation among team members, and 
a commitment to data security and privacy. If 
we can overcome these challenges, the benefits 
of digitalization for both animal health and 
public health and safety could be enormous. 
We must take the digitalization of animal 
health seriously and invest in the infrastructure 
and technology required to manage it because 
it affects national security. 
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