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Abstract

Biosecurity is a crucial aspect of managing animal disease risks in pig farming, where the importance of
biosecurity measures has become increasingly evident especially as the global pork industry faces
increasing challenges from infectious diseases like African swine fever and porcine reproductive and
respiratory syndrome. This paper highlights the critical role of biosecurity in preventing disease
outbreaks, protecting herd health, and ensuring sustainable pork production while addressing the
economic implications of biosecurity measures, as they directly impact the profitability of pig farms.
Additionally, it discusses the challenges and strategies for implementing biosecurity in large-scale
farming systems, where animals have outdoor access, increasing susceptibility to wildlife-borne diseases.
The review further explores internal and external biosecurity measures, including visitor and worker
protocols, transportation hygiene, quarantine measures, animal movement and segregation, the
importance of clean food, water, bedding, cleaning and disinfection, boot baths, waste management and
proper disposal of dead animals are essential components of a comprehensive biosecurity program. In
addition, it highlights, the emerging technologies in biosecurity, such as using sensors and algorithms,
smart feeding and watering systems, and RFID tags to monitor individual feeding and drinking
behaviours, which are essential components of a comprehensive biosecurity program. The primary goal
of these biosecurity practices is to protect animal health, ensure the sustainability of pig farming, and
safeguard public health within the One Health framework.

Keywords: Biosecurity, pig farming, strategies, biosecurity technology.

Introduction

Biosecurity is described as "a set of management and physical measures designed to reduce the
risk of introduction, establishment, and spread of animal diseases, infections, or infestations to,
farm, and within an animal population” in the Terrestrial Animal Health Code by the World
Organization for Animal Health [OIE] M. According to the U.S. Association of State
Departments of Agriculture, "biosecurity" is "the vital work of strategy, efforts, and planning
to protect human, animal, and environmental health against biological threats." It became
popular in the 1980s about animal health and production systems 2, Infectious animal diseases
that cause morbidity, death, and economic losses globally are fueled by the high density of
animal production locations and their associated interacting structures [, Several previous
instances of disease spread resulting from inadequate biosecurity measures have been
documented, including the foot-and-mouth disease [FMD] epidemic in the United Kingdom in
2001 ™, the high pathogenic strain of porcine reproductive and respiratory syndrome [HP-
PRRS] 1, and porcine epidemic diarrhoea [PED] 6. African swine fever in India in 2020 [,
Therefore, it is crucial to continue highlighting the role that biosecurity plays in the prevention
of illness. The importance of pig health and its connection to biosecurity has come into more
prominence in swine farms in recent years as a result of the emergence and reemergence of
hard-to-control illnesses involving African swine fever and porcine epidemic diarrhoea 1, "At
the farm level, biosecurity can be categorized into External biosecurity, which focuses on
reducing the risk of entry of new pathogens, and Internal biosecurity, which focuses on
lowering the risk of internal dissemination of pathogens" [?. Recent research has shown a
positive relationship between biosecurity and farm profitability, greater consumer acceptability
of quality and safety of food supply, healthy animals that are more productive improved
animal welfare, and improved efficiency and productivity 1,
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Alternatively, as part of the One Health concept biosecurity
can be divided into five stages: B1, Bio-Exclusion: Reducing
the Risk of Introduction; B2, Bio-Compartmentation:
Reducing the Spread Within the Same Facility [Intraherd
Transmission]; B3, Bio-Containment: Reducing the Spread to
Other Animal Facilities [Inter-Herd Transmission]; B4, Bio-
Prevention: Reducing the Risk of Human Contamination; and
B5, Bio-Preservation: Reducing the Risk of Environmental
Bio contamination [l According to numerous studies,
technical aspects of livestock production, such as growth or
feed conversion rates, and the level of biosecurity are
correlated. Additionally, biosecurity can at least preemptively
assist in reducing the use of antimicrobial agents in animal
husbandry 191,

Economic importance of biosecurity

Pigs are significant among livestock animals since they are
raised by socioeconomically underprivileged individuals. Pigs
have a greater potential than other livestock species to help
farmers see a faster return on their investment because of
some inborn characteristics, including high fecundity,
improved feed conversion efficiency, early maturity, and
short generation intervals M. If pigs' health is properly cared
for, pig farming can be quite profitable. However, if
infections are not successfully prevented and controlled, it can
result in significant losses. In pig farms, maintaining
appropriate biosecurity is crucial for preventing diseases and
safeguarding the animals' well-being. Recently, cleanliness
practices have become more significant as a biosecurity tool
on swine farm sites 2, Another way for farmers to increase
sustainability and long-term profitability is to enhance
biosecurity. Implementing efficient biosecurity measures
protects animal health and adds to pork safety, increasing
customer confidence and market competitiveness [*1,

Over the past 30 years, a series of infectious disease outbreaks
have had severe consequences on many industries, but pig
producers have likely suffered more than other industries.
Many of these have been extremely contagious viral illnesses,
such as pig respiratory and reproductive syndrome [PRRS],
swine influenza, Aujeszky's disease, transmissible
gastroenteritis [TGE], Foot-and-mouth disease [FMD] and
classical swine fever [CSF] The entire viability of the pig
business has been threatened by post-weaning multi- systemic
wasting syndrome [PMWS], which has been related to
porcine circovirus [PCV-2] infection. When introduced into
unprepared herds, even long-established endemic diseases
like enzootic pneumonia [EP] and swine dysentery [SD] can
result in significant losses [*4l. The porcine epidemic diarrhoea
virus [PEDV], which has been responsible for enormous
economic losses to the swine sector due to high piglet
mortality rates, first emerged in the US in May 2013.PEDV
caused the deaths of about 8 million pigs, which resulted in an
industry-wide economic loss of more than 1.8 billion US
dollars *%1, Similarly, the OIE confirmed 11 outbreaks in the
Indian states of Assam and Arunachal Pradesh on May 21,
2020, where 3701 pigs perished from ASF [, Farmers lost
thousands of pigs in this process and animals that died from
disease. As a result, pig farming in both states became chaotic
and many farmers lost their jobs. One of the most crucial parts
of livestock production nowadays is disease prevention, as the
spread of ASFV has been stopped by isolation, mobility
limitations, and sanitation, cleaning and disinfection 161,

Extensive rearing
Strict biosecurity protocols are more challenging to
implement in alternative farms where animals have external
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access. These animals are significantly more likely to be
exposed to various infections circulating in wildlife, such as
the African swine fever virus, which is much higher 07, Of
course, the biggest problem with raising pigs outside is their
interaction with wildlife, particularly wild boars. Infections
such as brucellosis, classical swine fever 81 African swine
fever 91 and Aujeszky's disease % are thought to be
contracted through contact with wildlife. Pigs may also come
into contact with other animals that carry diseases. Certain
leptospiral serovars from several wild species, such as
hedgehogs, foxes, and rats, are invariably exposed to pigs
raised outside %1, Several pathogens that can affect pigs can
be found in rodents, including Brachyspira hyodysenteriae,
Lawsonia intracellularis, 1 species of Salmonella and
Yersinia, protozoa like toxoplasma gondii, helminths like
Trichinella spp. and Echinococcus multilocularis, and
Erysipelothrix rhusiopathiae. 4 Another vector that is
particularly challenging to manage in extensive systems is
birds. For instance, they might be involved in the transmission
of avian tuberculosis, salmonellosis, or transmissible
gastroenteritis [, Last but not least, animals raised outside
are more approachable to inquisitive visitors, which promotes
the transmission of zoonotic diseases 21,

Fencing is strongly advised, if not mandatory, to minimise
contact between wildlife and domestic pigs raised with
outdoor access ?4, The most crucial precautions for extensive
farms include fencing to prevent wild suids from entering the
agricultural area and coming into direct contact between
farmed and wild suids. These precautions apply to all
production systems, not only extensive ones, as this kind of
interaction can occur in farms where animals are maintained
in outside runs or in buildings where there are one or more
exterior wall portions open. 21

Strategies to improve bio-security in pig farms

Farm biosafety strategies are a collection of precautions and
guidelines that, when established in place, may decrease the
danger of disease occurrence and spread on farms [2°1. To
achieve high levels of biosecurity and to manage or avoid
diseases, farmers must use the necessary technologies and
strategies [?61,

Bio-Exclusion

All actions performed to prevent the entry of infectious agents
into farms and the prevention dissemination of infectious
agents from farms [bio-containment] are collectively referred
to as external biosecurity or bio-exclusion.

Visitors and Workers

A pig unit may also risk contacting a disease from visitors to
livestock enterprises, such as veterinarians, livestock
consultants, inseminators, and feed suppliers 7. 13 28 A
significant source of disease transmission during outbreaks of
highly contagious diseases is people entering the swine farm,
both as workers and visitors [2. Various pig diseases,
including Salmonella, PRRSV, PED, TGEV and Brachyspira
can be transmitted by fomites carried by humans [boots,
garments, etc.] or even by the people themselves through
contaminated skin [13 29-31],

The key measures to reduce these potential risks are
reviewed as follows:

Only necessary visitors should be permitted to enter the area
or buildings housing the animals 28, and to reduce the risk,
these visitors should be provided with protective clothing and
footwear. Additionally, boots should be cleaned with a
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disinfecting solution after scrubbing off any visible dirt at the
end of the visit. Working staff can reduce or even prevent the
spread of pathogens by providing on-farm laundry facilities
for all protective clothing worn on the farm. Finally, hands
should be washed before and after handling sick or young
animals [?7: 2832,

Setting up a distinct boundary between clean and dirty areas is
a crucial step in limiting the number of visitors and vehicles
on the farm 3. The 'dirty road' should always be used for all
incoming and outgoing traffic that serves numerous
businesses [such as feed, liquid manure, external animal
transportation, etc. Deliveries of safe goods and animals are
permitted on the "clean road," but only in trucks thoroughly
washed and sanitized whereas, liquid manure should be
transported through the dirty road which should also provide
reasonably simple access for visitors, suppliers, and
customers 31,

Regular training on disease prevention techniques, such as
cleanliness and disease security, should be provided to staff
members. When teaching recruited staff fundamental hygiene
and disinfection techniques, it's important to take into account
the prevention of the infectious agent's introduction and
spread from both external and internal sources 34,

Transportation

Vehicles can have infections in their cabins, on their surfaces,
and in their tyres, which serve as fomites to spread disease.
Research has shown that bacteria can endure for long periods
on vehicle surfaces, which raises the possibility of cross-
contamination between farms % 361, Therefore, reducing this
risk requires effective vehicle biosecurity controls. Moreover,
the spread of diseases in pig farms can be significantly
facilitated by vehicles used for transporting animals between
farms or to the abattoir, as well as by the drivers of these
vehicles 7. A truck should not pick up animals from various
farms since it increases the danger of infection transmission.
As a result, determining a list of “permitted transports and
permissible actions” for every vehicle and planning its route
plans accordingly would be the initial step This is especially
critical if the truck has come from a location where various
animals have mixed, such as auction markets or slaughter
factories [® %1 Additionally, transporting finishers to slaughter
in the morning and weakness in the afternoon does not
provide appropriate cleaning and disinfection time between
journeys. Implementing a three-week batch weaning strategy
lowers the need for frequent pig movement and supports a
sanitary approach [all-in, all-out] . Consequently, livestock
trucks should be maintained clean, and all visitors and drivers
should wear clean footwear [, Cleaning and disinfecting
trucks is challenging in practice and requires careful planning
and execution %, Most people agree that the following
actions must be followed to make this cleaning and
disinfection successful: removing of organic debris, washing
with hot, soapy water, or descaling, drying, and finally
disinfecting with the appropriate solutions & #°1. However,
trucks can take days to dry naturally throughout winter,
especially in cool climates. Alternatives like air drying or
heated boxes have been developed in response to this ©4,
Finally, implementing an external parking area is necessary
for any operations [Such as farm visits by veterinarians] that
do not necessitate vehicle entry 421,

Quarantine measures
Direct contact is one of the most efficient ways that pathogens
spread among infected and susceptible organisms 3. The
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term "quarantine” refers to the temporary isolation of animals
before they are brought into a herd or area for a specific
period. The total duration of the quarantine relies on three
factors: a] the time it takes for the diseases on our "avoid" list
to incubate; b] how long they are contagious; and c] how long
it takes to make a diagnosis. If a test for unwanted diseases
comes back positive, it is also essential to prepare a backup
plan [31. As biocontention units, quarantines need to be built
to prevent the spread of any pathogen that the newly
purchased animals might have carried with them.
Consequently, it is necessary to cut off the direct connection
between the main farm and the quarantine unit . Most
frequently, it is stated that quarantines must be situated not
less than 1000 meters from any other pig unit referring to
their location. This is regarded as the ideal distance for the
majority of pathogens [But not all] that are transmitted by air,
as well as those that are transmitted by rodents, flies, etc., [*°1.
Nevertheless, some viral pathogens, including Aujeszky's
disease virus, foot and mouth disease virus, porcine
reproductive respiratory virus 2 [PRRSV2], and bacteria,
including Mycoplasma hyopneumoniae, have been reported to
be transmitted or may be transmitted by air over longer
distances [up to 20 km for foot and mouth disease virus and 9
km for Aujeszky's disease virus, PRRSV2, or M.
hyopneumoniae [ 100 Animals should have regular
examinations to check for any sickness or unusual behaviour
as well as to screen for serious diseases. At least two weeks
before their discharge from isolation, the animals should be
vaccinated 2,

Measures related to sick animals

Isolating sick pigs is the best way to prevent other animals
from coming into contact with diseases through their
excretions and secretions 071, Preferably, separated animals
ought to be kept in a distinct isolation shed that is located
distant from the normal animal house. A proper sick animal
shed should have its dwelling and be isolated from the other
animals. An animal should never be brought back to the
normal stables after it has been in the sick bay since there is a
high probability that it may spread any remaining diseases to
healthy animals. As a result, farm labourers should have
separate access to the sick animal shed and follow all required
hygienic procedures [Such as changing into new clothes,
taking off shoes, cleaning their hands, etc.] when entering and
exiting this place 8. Moreover, farm labourers should visit
the sick animal shed at the end.

Internal biosecurity measures

Biocontainment or internal biosecurity, which has been
defined as a set of management practices that prevent the
spread of infectious agents between animal groups on a farm
or the management practices intended to prevent the
infectious agent from leaving the farm, is a crucial element of
farm-level biosecurity. The best way to maintain
biocontainment integrity is to avoid direct and indirect contact
between groups of animals, especially high-risk groups [*41,

Animal flow and segregation

Managing animal flow and segregation is one of the most
important parts of internal biosecurity. Specifically, these
approaches entail organizing pig mobility and housing in such
a way that disease transmission is reduced. For instance, the
strict adoption of all-in/all-out [AIAO] management
procedures is an effective way to stop disease transmission.
AIAO systems ensure that pigs are closely matched by age
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and progress through production phases in the same groups,
lowering disease spread and enhancing animal performance
(6, Moreover, this approach has been shown to effectively
minimise the circulation of pathogens and eliminate the need
for multiple drug applications on farms . Another key part
of managing animal flow is to separate pigs based on age.
Numerous pathogens can be found in sows, and early weaning
techniques were created to stop some diseases from being
passed from mother to offspring ©" “. However, early
weaning can harm pig welfare and is not authorised in some
areas [®. Studies have reported that the primary methods of
preventing porcine pleuropneumonia are internal biosecurity
measures to break the chain of infection, such as age- and
litter-segregated rearing, which should be practised 19 5,

Feed, Water and Bedding

Feed and water can become contaminated and contribute to
maintaining hazardous or endemic diseases. Particular care
must be taken when using food waste to feed pigs because
some bacteria can persist in tainted meat waste [which might
include processed pork products like dry cured meats that
have not been cooked]. For various pandemic diseases, such
as FMD, hog cholera, and African swine fever, the risks of
pigs having access to [or ingesting] uncooked meat or food
products [i.e., swill] have been emphasised B8 In
consequence, to reduce these disease risks, swill feeding has
been banned in several countries.

This risk can be kept below critical status by reducing the
possibility that a disease would enter the feed supply chain,
such as by keeping high-risk ingredients out of facilities,
expanding biosecurity to mills, and considering proactive
mitigation measures. % 551 The development of “feed
quarantine” storage facilities for incoming products and the
scheduling of a validated sampling procedure for ingredients
with higher risk are a few of these. ¢! According to numerous
studies, adding Chemical feed additives to feedstuff has been
proven to be effective at reducing the risk of both viruses and
bacteria. 7 %8 QOrganic acids like formic, lactic, or propionic
are effective additions, but fatty acids and essential oils have
also been effective against specific pathogens. % With
organic acids [OA], salmonella can be reduced and pig
growth can be improved. The OA lowers pH to 3.8-4.2 when
administered in water and/or feed, altering or directly
preventing the growth of most gastrointestinal bacteria except
lactobacilli. OA additionally controls the intestinal
fermentation patterns of feed and creates a better
gastrointestinal environment with improved feed utilization
and growth. 9621, Adding formaldehyde was another strategy
that has been demonstrated to effectively reduce the risk of
PEDV and Salmonella (63 84,

Pigs obtain their water mostly through three sources: feed,
drinking, and metabolism. Poor water availability has been
linked to reduced feed intake, slower growth rates, and
urinary tract infections in sows 661, Moreover, improper
cleaning of drinkers leads to a high bacterial load in drinking
water samples intended for livestock. Contaminated drinkers
and feeders can easily transmit pathogenic bacteria from
animals of a previous batch to newly arriving pigs through
water or feed consumption [°71. Leptospirosis is a condition
that has historically been linked to water contamination.
Water can get contaminated with leptospira from rats and
other animals, and even rats can be consumed by pigs.
Additionally, the majority of diseases with a fecal-oral
transmission cycle can travel through water. '3 Therefore, the
bacteriological quality of the water should be checked
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regularly, at least once a year 71 Regular cleaning and
disinfection of water systems, tanks, and pipelines are
necessary since biofilm can be a source of bacteria for pigs
[68]

Similar to feed and water, bedding material for pigs in
confinement can introduce ASFV into a healthy herd. Straws,
sawdust, and wood shavings have all been shown to transmit
other pathogens just as well. It's essential to take into account
the risks associated with straw, shavings, and other bedding
materials acting as fomites 4. These materials must not
originate from places where animals or faeces may have been
present, and they must be stored in covered areas away from
the reach of birds and other pests [,

Cleaning and Disinfection

Cleaning and disinfection are multi-step procedures that
include clearing the area of any visible debris, cleaning it with
a detergent solution, rinsing it off, and then applying an
appropriate disinfectant at the right dilution for the suggested
amount of time. While cleaning can lower the amount of
bacteria on a concrete surface by about 90%, the bacterial
load can decrease by up to 96% when disinfection is applied
afterwards "1, Buildings, barns, tools, clothes, and footwear
that have come into touch with pigs must be cleansed and
disinfected 2, Separate cleaning and disinfection should be
performed on all removable equipment, including feeders,
drinkers, and other loose equipment [, The best way to clean
and disinfect an area is to work your way up and down the
property, from clean to dirty. To reduce the possibility of
contaminating previously cleaned areas, it is crucial to include
the entire stable in the cleaning and disinfection process,
including the ceiling, walls, floor, water pipes, ventilation
system, manure removal system, and all current equipment
[72, Seven steps make up the complete cleaning and
disinfection protocol: dry cleaning, wet cleaning, rinsing,
drying, disinfecting, drying, and assessing the efficiency of
the procedure [72 731,

Boot baths

Boot bath is an essential biosecurity tool to stop the growth
and spread of bacteria that cause disease. Wet, dirty, or
contaminated  surfaces are breeding grounds for
microorganisms. The amount of pathogens in boots is not
decreased by simply stepping on a boot bath and leaving the
faeces in them before soaking them in the disinfectant
solution [ 751, For this reason, it is advised to wash the boots
with a brush and soapy water first. Then, after the boot is
clean, it should be submerged in the disinfection solution for
at least five minutes, making sure that at least 15 centimetres
of the boot sole are covered 13l However, it is not very
practical, though, to have to stand in a disinfectant bath for a
long time before moving on to another sector. By keeping an
extra pair of boots available at every disinfection bath, one
can prevent this difficulty by keeping the other pairs of boots
in the disinfection solution while the other pair is being
utilised. Additionally, the presence of foot baths highlights the
significance of biosecurity on farm grounds for both
personnel and visitors (19,

Dead animal disposal

The disposal of carcasses on pig farms is an important part of
biosecurity control since it prevents disease spread and
maintains livestock health. Dead animals should be removed
and disposed of by burning, burial, or composting to reduce
disease survival and prevent access by scavengers L[,
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However, Groundwater contamination, air pollution, and high
costs make traditional procedures like burial, pit disposal,
landfilling, burning, and rendering unsuitable for the
environment ™, The disposal of carcasses in piggeries has
evolved into an increasingly complex and ecologically
meticulous process. Through composting, dead animals
naturally break down into organic materials that can be
applied as fertilizer. Incineration, on the other hand, is the

high-temperature burning of carcasses to reduce them to ash.
751

Manure disposal and waste management

Manure disposal and waste management are critical aspects of
biosecurity in swine farms, where pig farming produces a
significant amount of organic waste, including urine, faeces,
wastewater from farm maintenance and cleaning, animal food
waste, and animal mortality such as viscera, placenta,
stillbirths, corpses, and other body fragments; if not properly
managed, this waste poses risks to the environment, human
and animal health /8], Agricultural waste and by-products can
be transformed into valuable resources through intensified
conversion processes, leading to the production of value-
added products such as bioenergy, bio fertilizers,
biomaterials, and biomolecules, depending on the volume of
biomass available 84, It has been recommended that manure
from other swine facilities not be dispersed, sprayed, or
injected within 3.2 km of pig farms due to the increased
danger involved if the manure originates from other pig farms
71, Therefore, improper waste management, including
collection, storage, and disposal, can constitute a health risk.
Manure may include zoonotic diseases that can be transmitted
through food and water for human use and other transmission
routes [78. 79, 801,

Certain methods of managing manure in pig production
typically involve storing liquid manure in tanks for several
months in the case of a deep pit and 2-8 weeks in the case of a
pull plug. Other methods use manure in solid forms, like
bedding various materials for disposal, corresponding
composting, and solid-liquid separation, which uses the waste
completely B4, However, there are environmentally friendly
substitutes, such as composting, which the FAO describes as
"the mixing of decomposing organic matter under aerobic
conditions used to improve soil structure and provide
nutrients” 2, It is an aerobic process in which microbes
convert organic material into more stable and usable
chemicals for soil and crops [,

Biosecurity technologies in swine farming

Technological advancements have greatly strengthened
biosecurity in pig farming, improving disease prevention,
early detection, and farm management efficiency.
Increasingly, modern farms are adopting automated systems,
sensors, and data analytics to safeguard herds from infectious
diseases and minimize economic losses. Similar technological
applications have been evaluated in human healthcare
environments, specifically through the use of sensors to track
hand washing hygiene among farm workers % %1, Likewise,
various sensors, including cameras, microphones, and
accelerometers, have been adapted for use in production
settings to gather data. This data is then analyzed using
sophisticated algorithms in computational software, providing
valuable insights to farm personnel (€61,

In a related context, continuous monitoring of animals in
commercial settings is essential for mitigating risks in human
food production, such as declining livestock performance and
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health. Precision Livestock Farming [PLF] addresses this
need by using modern technologies like sensors and
algorithms to automatically gather data, enabling optimized
management practices % %I, Some examples of precision in
pig production include electronic feeders that track animals'
feed intake, [ smart feeding and watering systems that help
minimize contamination by reducing human contact, 1 and
RFID tags monitoring individual feeding and drinking
behaviours, all crucial for swine health and welfare [,
Advancements such as sensors that detect estrus behaviour in
sows to optimize the timing of insemination Y, real-time
sound analysis for monitoring animal health, 2 and 24/7
environmental monitoring sensors in  stables have
significantly improved farming efficiency [*31,

Moreover, the integration of technologies like geofencing and
electronic sow feeder systems ! in swine production could
further enhance the monitoring of biosecurity protocols,
allowing for better oversight of both direct and indirect
connections between production systems ¢, These advanced
tools contribute to precise real-time monitoring and prompt
notifications, thereby boosting production efficiency and self-
sufficiency while also improving animal welfare.

Building on these innovations, biosecurity protocols in pig
farming have further advanced through the use of specific
tools like Adenosine triphosphate [ATP] monitoring. For
instance, in a study conducted on 20 pig farms, implementing
customized biosecurity incorporating ATP monitoring as a
biomarker for hygiene assessments significantly reduced the
prevalence of certain pathogens, underscoring the potential of
real-time environmental evaluations to enhance biosecurity
measures 4. In line with these advancements, another
innovation is the Biorisk® system by Pig CHAMP Pro
Europa, which, instead of focusing on animals, is designed for
farm staff. It tracks staff activities on pig farms to ensure
proper biosecurity measures are maintained. 4 By
implementing these monitoring systems, pig farms can
enhance biosecurity compliance, ensuring that workers adhere
to hygiene protocols that further protect livestock from
potential disease outbreaks.

Conclusion

Biosecurity is a crucial element of modern livestock
production. By adopting comprehensive biosecurity
strategies, pig farmers can protect their herds, prevent disease
outbreaks, and ensure the economic viability of their
operations. Continued attention to biosecurity, together with
advances in research, technology, and education, will be
crucial in managing growing animal health concerns,
safeguarding the integrity of the global food supply, and
securing a sustainable future for swine agriculture.
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