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ABSTRACT

Biosecurity has emerged as a critical component of modern swine production, particularly
given the emergence of diseases such as African swine fever, porcine epidemic diarrhea, and
porcine respiratory and reproductive syndrome. The fundamental principles of biosecurity in
pig farming encompass both external and internal measures designed to prevent disease
introduction and spread. External biosecurity addresses pathogen entry through
replacement animals, personnel, vehicles, and feed, while internal biosecurity focuses on
managing disease transmission within farm premises. Effective biosecurity programs
integrate risk assessment, facility design, personnel management, and continuous
monitoring to reduce disease incidence, minimize antimicrobial use, and improve overall
farm productivity. Implementation of comprehensive biosecurity measures requires
understanding disease epidemiology, recognizing behavioral factors influencing farmer
compliance, and establishing systematic protocols supported by veterinary expertise and
appropriate resource allocation.

INTRODUCTION

iosecurity in pig farming refers to the introduction and spread of pathogens within
systematic application of measures and between farms (Alarcon et al., 2021). In
designed to reduce the probability of intensive livestock production systems, the

May 2026 327|Page


http://www.vigyanvarta.in/

Vigyan Varta an International E-Magazine for Science Enthusiasts

E-ISSN: 2582-9467
Popular Article
Gupta and Singh (2026)

't‘ag,

-
-
745

Yigyan Varta

WWWw.vigyanvarta.in Vol. 7, Issue 5

concentration of animals and movement of
animals, feed, and personnel between farms
create substantial risk for rapid pathogen
dissemination. The recent global emergence of
devastating swine diseases, including African
swine fever in Asia and Europe and porcine
epidemic diarrhea in the Americas, has
underscored the critical importance of robust
biosecurity protocols. Moreover, effective
biosecurity contributes to reducing reliance on
antimicrobial agents, addressing growing
concerns regarding antimicrobial resistance
and public health implications. The
implementation of science-based biosecurity
practices represents one of the most cost-
effective strategies for maintaining herd health
and optimizing production performance in
contemporary swine operations.

External Biosecurity Measures

Introduction of Replacement Animals and
Quarantine

The introduction of replacement animals
represents the highest-risk pathway for
pathogen entry into swine herds (Alarcon et
al., 2021). Modern production systems require
periodic genetic replacement, typically every
2-2.5 years, necessitating careful management
of external sources. Effective external
biosecurity protocols mandate establishing
health requirements lists for supplier farms,
specifying diagnostic testing for relevant
pathogens, and implementing rigorous
quarantine procedures. Quarantine facilities
must function as biocontainment units,
physically separated from main farm
operations by a minimum distance of 1000
meters to prevent airborne transmission of
most pathogens. Quarantine design should
incorporate all-in/all-out management
principles, preventing commingling of
different introduction cohorts. Duration of
quarantine depends on incubation periods and
contagious periods of pathogens on the
"avoid" list, typically ranging from 3-6 weeks
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(Dewulf & Van Immerseel, 2019). Alternative
strategies include using semen from certified,
disease-free boar studs, which carry lower
pathogen risk than the introduction of
replacement females.

Personnel and Vehicle Management

Personnel and wvehicles represent critical
fomite vectors for pathogen transmission
between farms. Visitors and delivery vehicles
should be restricted to farm perimeters, with
access limited to essential personnel only.
Clear delimitation of clean areas (within the
farm perimeter, in contact with pigs) and dirty
areas (external to the farm) prevents pathogen
introduction.  Controlled entry through
reception facilities with visitor registration
documenting recent farm visits is essential.
Personnel entering animal facilities must
change into farm-exclusive clothing and boots,
with showering recommended for high-
biosecurity operations. Studies demonstrate
that contaminated boots and coveralls readily
transmit pathogens such as porcine epidemic
diarrhea virus, making proper decontamination
procedures critical (Kim et al., 2017).
Transport vehicles require systematic cleaning
and disinfection protocols, including removal
of organic matter, washing with soapy water,
drying, and application of appropriate
disinfectants. Loading and unloading facilities
should incorporate physical separation,
preventing direct contact between external
transport vehicles and farm animals (Alarcon
etal., 2021).

Internal Biosecurity Measures

Animal Movement and All-In/All-Out
Management

Internal biosecurity focuses on limiting
pathogen transmission once pathogens have
been introduced into the farm. Strict
implementation of all-in/all-out management
by the production phase prevents mixing
animals of different ages and disease statuses,
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substantially reducing disease transmission.
This system involves depopulating pens
completely, followed by thorough cleaning
and disinfection before introducing new
cohorts. All-in/all-out systems demonstrate
documented  effectiveness in  reducing
respiratory and enteric disease incidence and
reducing antimicrobial wusage on farms.
Workflow organization requiring personnel to
work from younger to older animals prevents
contamination. Cross-fostering in
maternity units should be limited to prevent
transmission of maternal pathogens to new
cohorts (Alarcon et al., 2021).

reverse

Facility Design and Cleaning Practices

Facility design substantially influences disease
transmission patterns. Solid pen partitions
facilitate enteric disease transmission, while
discontinuous separations promote respiratory
pathogen spread. Flooring material selection
involves trade-offs between animal comfort
and pathogen control; straw bedding increases
comfort but elevates diarrhea outbreak risk.
Comprehensive cleaning and disinfection
protocols following the removal of animals are
essential. This process includes removal of
organic debris, washing with soapy water,
rinsing, drying, and application of appropriate
disinfectants. Foot baths serve as important
barriers when properly maintained; initial
cleaning with a brush and soapy water
removes organic matter before immersion in
disinfectant solution for a minimum of 5
minutes with coverage of at least 15 c¢cm of
boot sole. Disinfecting solutions require daily
replacement or replacement every 3 days at
maximum (Alarcon et al., 2021).

Biosecurity Assessment and Monitoring

Quantitative assessment of farm biosecurity
enables objective identification of
improvement priorities and benchmarking
against peer operations. Scoring systems such
as Biocheck.UGent™ assigns weighted values
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to biosecurity practices based on their relative
importance in preventing pathogen
transmission,  providing  farmers  with
numerical biosecurity indices (Silva et al.,
2018).

Bayesian

Machine-learning  algorithms and

Belief Networks enable the
prediction of disease outbreak probability
based on biosecurity practice configurations.
Item response theory identifies which
biosecurity measures serve as markers of
overall farm biosecurity implementation,
reducing the number of variables required for
comprehensive assessment. The relationship
between biosecurity status and production
characteristics demonstrates
associations between

positive
comprehensive
improved  productivity,
reduced antimicrobial use, and enhanced
profitability (Postma et al., 2015). Regular
assessment  facilitates  identification  of
implementation gaps and guides prioritization
of improvement investments.

biosecurity  and

Factors Influencing

Implementation

Biosecurity

Despite documented benefits, biosecurity
implementation faces substantial barriers
related to farmer perception, knowledge, and
motivation. Personal factors influencing
adoption include farmer age, gender (women
typically better  protocol

compliance), education level, and access to

demonstrate

technical information sources. Risk perception
significantly influences biosecurity
investment; outbreaks of high-impact diseases
substantially increase farmers' willingness to
implement measures. Veterinarians represent
the most trusted source of biosecurity
information for most farmers, emphasizing the
importance of veterinary involvement in
program design and implementation. However,
farm size and economic viability also
influence adoption, with smaller operations
facing disproportionate implementation costs.
Economic incentives, including premium

prices for disease-free products, reduced
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therapeutic antimicrobial costs, and improved
feed efficiency, provide powerful motivators
for biosecurity investment. Government-led
educational initiatives and support
mechanisms enhance adoption, particularly
when aligned with farmer-identified priorities
and perceived farm needs (Alarcon et al.,
2021).

Feed and Water Safety

Feed ingredients and water represent potential
pathogen sources requiring management.
While heat treatment through pelleting
effectively inactivates many pathogens, non-
heat-treated ingredients may harbor viable
pathogens. Feed mill biosecurity practices,
including ingredient storage quarantine, visitor
and vehicle movement restrictions, and
sampling protocols for high-risk ingredients,
reduce contamination risk. Chemical additives,
including organic acids, fatty acids, and
essential oils, demonstrate efficacy against
certain pathogens. Drinking water should
undergo regular bacteriological testing, with
water system cleaning and disinfection,
preventing biofilm accumulation, serving as
bacterial reservoirs. Treatment technologies,
including reverse osmosis, ultraviolet light
irradiation, and chemical disinfectants,
enhance water safety in high-biosecurity
operations. Integration of feed and water
biosecurity into comprehensive farm protocols
ensures the elimination of multiple potential
pathogen sources (Alarcon et al., 2021).

CONCLUSION

Biosecurity has become indispensable for
sustainable swine production, offering benefits
extending beyond disease prevention to
encompass improved productivity, reduced
antimicrobial dependency, and enhanced
profitability. Effective biosecurity requires
systematic integration of external measures
addressing pathogen introduction and internal
measures limiting transmission within farms.
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Implementation success depends upon a clear
understanding of disease epidemiology,
comprehensive risk assessment, appropriate
facility design, rigorous personnel training,
and sustained management commitment.
Emerging  assessment  tools  enabling
quantitative biosecurity evaluation facilitate
objective  prioritization of improvement
measures and benchmarking against industry
standards. Future advancement requires
continued investment in epidemiological
research clarifying disease transmission
mechanisms, development of user-friendly
assessment and monitoring systems, and
multidisciplinary — approaches incorporating
insights from veterinary medicine, facility
engineering, behavioral science, and farm
management. Commitment to biosecurity
principles protects animal health and welfare,
supports food security and safety, and reduces
reliance on antimicrobial interventions,
contributing to public health and agricultural
sustainability.
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