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ABSTRACT
Over the last decades, biosecurity has received increasing attention in veterinary medicine

ARTICLE HISTORY
Received 2 September

and was recently integrated as a competency for One Health field epidemiology framework
by international bodies. It is also a standard in the European System of Evaluation of
Veterinary Training and in the accreditation of veterinary colleges by the American
Veterinary Medical Association Council on Education. To help veterinary students and staff
acquire biosecurity skills within veterinary education establishments, we first develop
animal biosecurity research, and we spread its results through four interconnected
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instruments: biosecurity standard operating policies and procedures, a dedicated
biosecurity website, an annual biosecurity day, and the production of checklists to assess
the biosecurity level of compliance. The use of biosecurity standard operating procedures,
the number of visits on the faculty biosecurity website, the number of people trained,
and regular biosecurity audits performed are all factors that have contributed to the
animal biosecurity to comply with the requirements of the European Association of
Establishments for Veterinary Education and by the Council on Outcomes-based Veterinary
Education, in the CBVE 2.0 book published by the American Association of Veterinary
Medical Colleges. These approaches also contribute to the acquisition and maintenance of
the accreditation delivered by the ad hoc bodies. The participation of students in the
process allows a better comprehension and appropriation of animal biosecurity.

Introduction

Over the last decades, animal biosecurity has received increasing attention in veterinary medicine (Figure 1)
and has been integrated into the Animal Health Law (European Parliament and Council 2016).

Several definitions of animal biosecurity exist, but according to a recent world survey, the most sig-
nificant popular definition was the one that conceptualised the rules of 5Bio’s (bio-exclusion, biocontain-
ment, bio-compartmentation, bio-prevention, and bio-preservation) (Saegerman et al. 2023). Within this
definition, animal biosecurity consists in all measures (1) to limit the risk of introduction (bio-exclusion)
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Figure 1. Number of publications (vertical axis) present in PubMed (US National Library of Medicine, National Institutes
of Health) mentioning ‘biosecurity’ or ‘infection control’ and ‘animal’ in title/abstract, by year of publication (horizontal
axis), 1992-2025 (N=2315). Data were extracted on 31 December 2025.

into an animal facility; (2) to limit the spread of the pathogen within the same facility (bio-compartmentation);
(3) to limit the spread of a pathogen outside the facility (inter-herd transmission) (bio-containment); (4)
to prevent the risk of human contamination (bio-prevention); and (5) to prevent any environmental
bio-contamination and persistence of the pathogen (bio-preservation) (Saegerman et al. 2023).

In terms of education, biosecurity was recently integrated by WHO, FAO and WOAH as a competency
for One Health field epidemiology framework, especially in domain number six related to infection pre-
vention and control, biosafety and biosecurity (COHFE 2024); it includes three subdomains, i.e. prepared-
ness, implementation procedures, and evaluation of continuous quality improvement (COHFE 2024).
Training levels and timelines for acquiring biosecurity knowledge, skills, attitudes and competencies in
One Health field epidemiology training programmes are described in Figure 2 (COHFE 2024).

The European Association of Establishments for Veterinary Education (EAEVE) monitors the harmoni-
sation of the minimum standards set down in the study programme for veterinary surgeons in the
European Union Directive 2005/36. This is implemented through the European System of Evaluation of
Veterinary Training, which is managed by the EAEVE in collaboration with the Federation of Veterinarians
of Europe (FVE). In America, the evaluation of veterinary training is monitored by the American Veterinary
Medical Association (AVMA) - Council on Education (COE). In this work, we focus on the situation in
Europe. One objective of the EAEVE is to maintain a list of Evaluated and Accredited Veterinary Education
establishments (VEE). Other objectives are to reinforce cooperation between member establishments and
to act as a discussion forum to improve and harmonize veterinary education. Additional tasks are the
facilitation to exchange information, staff, student and teaching materials between members. Members
are the faculties, schools and universities involved in teaching and research in veterinary medicine and
science. In 2025, out of the 112 VEEs existing in Europe, 100 are members of the EAEVE; among them,
79 VEEs are accredited, 5 are with pending accreditation, 12 have not yet been visited and the remaining
4 are not accredited. Most of the non-member VEEs have not graduated their first cohort of students,
which is a prerequisite. Some non-European VEEs are Associate Members of EAEVE, i.e. from Asia, the
Middle East, North Africa and South America.

Biosecurity is a standard in the European System of Evaluation of Veterinary Training. Indeed, some
EAEVE standards should be considered as related to biosecurity, especially standards 4.3 (livestock facil-
ities, animal housing, core clinical teaching facilities and equipment used by the VEE for teaching pur-
poses), 4.6 (isolation and containment of animals with communicable diseases) and 4.9 (biosecurity
standard operating policies and procedures (SOPs) integrated in a manual, its dedicated Committee and
a system of Quality assurance). A critical point considered by EAEVE experts during a visit is the avail-
ability of relevant biosecurity SOPs (manual), easily accessible on a website, amended regularly, taught
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Figure 2. Training levels and timelines for acquiring knowledge, skills, attitudes and competencies in One Health field

epidemiology training programmes (adapted from COHFE, 2024).

Legend. Knowledge is the assimilation of information through learning. Skill is the ability to apply knowledge and to complete tasks and solve
problems. Attitude is the person’s feelings, values and beliefs, which influence their behaviour and the performance of tasks. Competency is
the proven ability to apply knowledge, skills and personal, social and methodological abilities (attitudes and behaviours), in work or study
situations and in professional and personal development in terms of responsibility and autonomy (COHFE 2024).

to staff and students, posted on relevant places (colour code on the floor, pictograms or QR codes on
the doors), and fully and correctly implemented (e.g. clean barrier, no cross-over between clean and dirty
areas) in all relevant places (e.g. clinics, anatomy & necropsy roomes, isolation facilities, ambulatory clinics,
teaching farms). In addition, veterinary education and practices need to be environmentally-conscious
implementing the 3R approach, i.e. reducing waste, reusing tools, and recycling resources and products
(e.g. personal protective equipment, disposable materials, single-use plastics, water consumption, green-
house gas emission) but with the same evidence-based level of protection.

To help veterinary students and staff acquire biosecurity skills, we first develop animal biosecurity
research, and we spread its results through four interconnected instruments: biosecurity standard oper-
ating procedures, a dedicated biosecurity website, an annual biosecurity day, and the production of
checklists to assess the biosecurity level of compliance. The aim of this paper is to present the developed
biosecurity materials and experiences to contribute to the spread of biosecurity standards and evaluation
tools in VEE, using a Veterinary Faculty as an example.

Materials and methods

A VEE biosecurity unit was created at the Veterinary Medicine Faculty of the University of Liége (ULiége).
This University includes eleven faculties representing the humanities, health sciences, science and tech-
nology, one of which is the Veterinary Medicine Faculty, in a separate building. The first task of the VEE
biosecurity unit was to develop and refine biosecurity standards operating policies and procedures
(SOPs). The second task was the creation of a biosecurity website for VEE students, staff and visitors. The
third task was the organization of a VEE annual Biosecurity Day combining didactic presentations and
practical workshops to popularize and spread scientific knowledge operationally among the VEE staff
and students. The fourth task was to produce checklists to properly assess the level of biosecurity com-
pliance towards SOPs. All these materials and methods were created based on existing documentation
such as: the 2018 Infection Control, Prevention, and Biosecurity Guidelines elaborated by the American
Animal Hospital Association (AAHA) (Stull et al. 2018), the 2023 standard operating procedure of the
European System of Evaluation of Veterinary Training (ESEVT SOP 2023), the accreditation policies and
procedures of the AVMA-COE (AVMA, 2025a), and the FAO Laboratory Mapping Tool (Mouillé et al. 2018);
and other relevant supporting scientific literature helped developing the tools (Brass et al. 2017; Morley,
2002; Humblet et al. 2017; Saegerman and Humblet 2018; Sarrazin et al. 2018; Humblet et al. 2020a,
2020b, 2020c; Humblet and Saegerman 2023).
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Results
Creation of a veterinary education establishment biosecurity unit

The first step to promote biosecurity was the creation of a specific VEE unit dedicated specifically to
animal biosecurity (Box 1). This unit has an advisory capacity, targeting biosecurity within the framework
of teaching activities involving a biological risk (clinics, anatomy and necropsy room, farms, paraclinics,
teaching labs, practical activities and tutorial classes) and provides recommendations to the VEE.
Advisements of the VEE biosecurity unit addresses the adoption of biosecurity procedures (SOPs) and
adequation of infrastructures where live or dead animals, animal products and biological samples are
found. The unit defines procedures allowing the assessment and management of biological risks within
the framework of teaching activities, the assessment of compliance with biosecurity SOPs and the sur-
veillance of antibiotic resistance in the VEE.

The main missions of the VEE biosecurity unit are: (i) the development and the update of the biose-
curity SOPs/Manual and website, with special focus on new legislations, emergence of infectious diseases
and recommendations from bodies, either internal to the University, such as the Department of
Occupational Protection and Hygiene (SUPHT), or external like the Department of Prevention and
Occupational Health Medicine (COHEZIO), and international bodies that delivered biosecurity standards
like the COHFE at the world level, and the EAEVE at the European level; (ii) the implementation of a
biosecurity educational programme for all actors of the VEE through, among others, the organisation of
the annual Biosecurity Day especially dedicated to the staff members of the VEE but also for interested
veterinary practitioners; (iii) the assessment of human and logistical means required to reach the objec-
tives mentioned above, in collaboration with the relevant departments of the VEE (strategic plan) and
(iv) the elaboration of crisis scenarios. An activity report is produced annually that summarises all activ-
ities performed by the VEE biosecurity unit and its executive committee. Each annual activity report is
shared with all members of the VEE biosecurity unit and invited members; it is uploaded on the biose-
curity website for all interested parties (transparency).

Regarding the composition of the VEE biosecurity unit, members are assigned by the VEE Council for a
2-year term, renewable mandate. The President is elected internally, for a 2-year- and renewable mandate
as well. Each VEE Department is represented in the VEE biosecurity unit; some preclinical and clinical stu-
dents are also members of the body. Permanent guests include: the VEE Biosafety Officer, an Occupational
Health Doctor, the President of the VEE Biosafety Committee (responsible for activities related with con-
tained use of Genetically Modified Microorganisms (GMMs) and pathogens, i.e. mainly research laboratories
and laboratory animal facilities), and the VEE Dean (Figure 3). This guest status may facilitate the implemen-
tation of certain proposals from the VEE biosafety unit, which provides advisory guidance.

Regarding the operation of the VEE biosecurity unit, meetings are held at least three times a year, and
whenever circumstances require, to address ongoing matters and assess submitted issues. A report is
systematically written by the secretary, validated by all members of the VEE biosecurity unit and for-
warded to the Dean, the Dean’s office and any person concerned by topics discussed.

Elaboration of biosecurity standard operating policies and procedures integrated into a manual

The manual of biosecurity SOPs constitutes the first biosecurity instrument for a VEE. This manual is
subdivided into eighteen chapters (Table 1 and Appendix A) and is updated every 5years or sooner if

Box 1. Creation of a veterinary education establishment biosecurity unit.

Define the members of the Executive Committee for daily activities (president of the unit and a biosecurity logistician)
Obtain formal recognition of the VEE for the biosecurity team to be a consultative body

Ensure all animal species and teaching laboratories are considered

Define the tasks of the biosecurity team and have them validated by the VEE

Organise regular meetings (e.g. at least 3 per year, with additional sessions if needed)

Provide feedback through meetings, meeting reports and an annual report

Legend. VEE: Veterinary Educational Establishments.
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Figure 3. Organisation and governance of VEE biosecurity.

Legend. COHFE, the Competencies for One Health field epidemiology framework proposed by WHO-FAO-WOAH; SOPs, standard operating
policies and procedures; VEE, Veterinary Education Establishment; AMR, antimicrobial resistance; EAEVE, European Association of Establishments
for Veterinary Education.

Table 1. Table of contents of the biosecurity standard operating policies and procedures integrated into a manual
(example of the Faculty of Veterinary Medicine, University of Liége, Belgium).

Chapter 1 General Biosecurity SOP
Chapter 2 Equine Biosecurity SOP
Chapter 3 Ruminant Biosecurity SOP
Chapter 4 Pig Farm Biosecurity SOP
Chapter 5 Small Animal Biosecurity SOP
Chapter 6 Bird, Pet Rabbit / Rodent / Pet Poultry, Zoological and Exotic Animal (BRRPZE) Biosecurity SOP
Chapter 7 Food Science Biosecurity: Extra Muros Practical Works
Chapter 8 Experimental Farm (FePEx) Biosecurity SOP
Chapter 9 Veterinary Management of Animal Resources (DRA) Biosecurity SOP
Chapter 10 Anatomy Biosecurity SOP
Chapter 11 Wildlife Health and Pathology Biosecurity SOP
Chapter 12 Teaching Laboratories and Diagnostic Biosecurity SOP
Chapter 13 Pest control SOP
Chapter 14 Laundry SOP
Chapter 15 Antimicrobial Resistance SOP
Chapter 16 Quality Assurance and Biosecurity in the Faculty of Veterinary Medicine
Chapter 17 Crisis Scenarios SOP
Chapter 18 Future Tasks of the Biosecurity Unit (CFB)
References
Appendices

Legend. SOP, standard operating policy and procedure; DRA, Department of Animal Resources.

warranted. These SOPs are now widely used in European VEEs and worldwide. The last update was made
in June 2025.

Development of a dedicated biosecurity website

Since 2012, a website dedicated to biosecurity (https://www.fmv-biosecurite.ulg.ac.be/?langue=en) was
developed and updated by the VEE biosecurity unit and the professor in charge of teaching biosecu-
rity in the VEE (Figure 4). This website constitutes the second instrument and translates the biosecurity
SOPs (manual) into concise, operational (practical) educational information with extensive iconogra-
phy. Key stakeholders can visit this website (i.e. students or visitors, private veterinarians, staff, stu-
dents with reduced mobility). The first page, called ‘help and information;, contains an introductive
section explaining the importance of biosecurity in VEE and a user guide that includes several scenar-
ios (e.g. classification of animals according to their category of risk in different clinics), profiles (con-
tent adapted to each user profile), colour inserts (blue inserts highlight the fact that the content is
not directly relevant to a specific profile of the current user and sepia inserts highlight the fact that
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Figure 4. The biosecurity website is a concise, operational and educational translation of the veterinary education

establishment biosecurity standard operating policies and procedures.
Legend. On the left, the welcome page of the website; on the right, an example of items for the general information.

the content has already been set out elsewhere, e.g. in another scenario), site map (detailed table of
the website contents), and a problem report (see Section “Reporting a biosecurity issue”). The other
pages are directly related to the different chapters of the Manual of biosecurity SOPs (e.g. ‘pets’ cor-
respond to the biosecurity SOPs for the small animal clinic). Annual website statistics show a mean of
1760 visits and 75,036 pages viewed per year. Visits are distributed worldwide and are consistent
over time.

Biosecurity teaching aligned with standard operating procedures

Course in the preclinical degree in veterinary medicine

The same biosecurity module is delivered in different VEEs. According to COHFE, biosecurity is consid-
ered as a core competency within the One Health field epidemiology framework. Accordingly, a biose-
curity component included in the course ‘Veterinary Epidemiology, risk analysis, biosecurity and good
veterinary practices’ is taught at ULiége, UNamur and UCLouvain in the third year of the preclinical
degree in veterinary medicine. This course is organised as follows: a 2-hour theoretical introduction cov-
ering the main principles of biosecurity and selected topics on biosecurity quality assurance, followed by
30h of e-learning, via the ULiege eCampus platform and the companion website specifically dedicated
to biosecurity in the VEE (see Section “Development of a dedicated biosecurity website”). Didactic mate-
rials include lecture slides (theoretical course), biosecurity SOPs and the content of the biosecurity web-
site. Each chapter is related to a SOP and is followed by a formative self-evaluation. Student must
correctly answer a short multiple-choice questionnaire after each chapter to unlock the access to the
next chapter. Each student of the ULiege, ULouvain and UNamur needs to pass a final written examina-
tion, which consists of a multiple-choice questionnaire. It would be desirable to harmonise the biosecu-
rity component of veterinary epidemiology across the various universities offering preclinical courses to
ensure that all students are prepared before embarking on clinical courses, which are only offered by
ULiege and UGent in Belgium.

Paraclinical activities on biosecurity

Biosecurity paraclinical activities are organized in the second year of the clinical degree in veterinary
medicine. Note that paraclinics are defined as specialized activities that support diagnosis, research, or
education without being directly involved in the clinical care of animals. They include preparation and
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the conduct of a biosecurity audit by students, using digital tools (via tablets) in a farm, followed by
veterinary practice simulations (2 x %2 day) (Figure 5).

Continuing education

Biosecurity training sessions for technical staff and stablemen are conducted annually. All personnel
working in areas hosting teaching activities are required to participate. The training is mandatory, pro-
vided under the authority of the management to ensure the compliance with the chain of command,
and its content is validated by the VEE biosecurity unit.

In addition, students in clinical degree must complete a several-month internship in veterinary struc-
ture (private veterinarians, centres, clinics) or within various institutions or companies. Therefore, educat-
ing private veterinarians on animal biosecurity (continuing education) is crucial to maintain a high level
of biosecurity in all places where animals are kept whatever the structure and to set an example for
students in a real-world context. Indeed, continuing education is delivered via the annual biosecurity day
(see Section “Annual biosecurity day”) and via conferences. Conferences target veterinary practitioners,
for example, through one-day training sessions on biosecurity and antimicrobial resistance in a One
Health framework (25 November 2024, FORMAVET). Continuing education activities are also organized for
VEE representatives, such as an invited lecture on the development, implementation, and evaluation of
biosecurity SOPs during the 38th EAEVE General Assembly and Educational Day (Dublin, 12-13 June
2025). In addition, invited talks will address biosecurity challenges related to African Swine Fever for
members of the Swine and Poultry Infectious Diseases Research Center (Saint-Hyacinthe, Canada; 4
October 2024). Training activities have also been provided for members of the COST Action CA20103
BETTER, including a four-day training school at ULiege covering the design, implementation, and assess-
ment of biosecurity SOPs in a VEE (14-18 November 2022).

Continuing education is also supported by contributions to book chapters on animal biosecurity
(Sarrazin et al. 2018; Saegerman and Humblet 2018), publications on biosecurity compliance (Humblet
et al. 2017; Humblet and Saegerman 2023) and integrated management of blood-feeding arthropods
(Humblet et al. 2020a, 2020b, 2020c). It is further reinforced through research projects. Teaching and
research combined offer significant added value over teaching alone by bringing cutting-edge knowledge,

Acceptability (apart from
any practical
i e messur considerations of
currently being possible implementation, Feasibility (is the measure or

implemented on s the measure acceptable to  ouid it be feasible on your
you, .. is it appropriate, farm)?

[B] E
% * LIEGE
& université
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drop-down mea) fair and reasonable)? A
measure could be acceptable
but not necessarily achievable
on your farm (not feasible).

Category ID Biosecurity measure YES or NO Score form 0 to 4 Score form 0 to 4

Infrastructure | qO1 |Is there a quarantine area? Yes (1)

2

5

Infrastructure q02 |Quarantine isolated from other buildings on the farm? No (0) > Moderate (3) Low (2)

Procedure | q03 passage of animals introduced through the quarantine? Yes (1)

Procedure | 04 |Access to the without passing through another part of the farm? No (0) > High (4) Moderate (3)

Is the quarantine system "all in, all out"? In this system, between the departure of animals from a
Procedure q05 |room and the arrival of the next animals, a sanitary vacuum, of varying length, is used to wash and No (0) > Moderate (3) Low (2)
disinfect the room in order to reduce contamination between animals.

Paraclinics of biosecurity

Vet students with farmers
(true field conditions/day one skills)

BSMTOOLS

FMV ULiege

Figure 5. Each digital tool called BSMTOOLS [A] is used by students in field conditions to conduct a biosecurity audit
[B] for a specific disease (paraclinics).

Legend. The audit aims to assess the level of protection on a farm and identify biosecurity measures (BSM) that could be implemented to
improve the level of protection against sources of introduction of a specific disease (e.g. influenza). To answer this question, the average sit-
uation on the farm over the year is considered. The student must complete the entire questionnaire with the farmer, cross-checking the
answers with what they observed during the preliminary visit to the farm (cross-check validation).
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fostering deeper student engagement with current advancements, providing richer mentorship, and
enhancing faculty skills, leading to a more dynamic, relevant, and prestigious academic environment,
though balancing them effectively remains a challenge.

In addition, several final-year student theses have been undertaken to promote the appropriation of
biosecurity among students. One example of a thesis topic includes the implementation of a quality
approach regarding biosecurity within the ULiége Faculty of Veterinary Medicine. Other topics address
how to assess the biosecurity level in stud farms, based on a survey among 70 Belgian and French
breeders. Additional work focuses on reducing the incidence of nosocomial infections in the intensive
care unit of a small animal hospital. One thesis proposes an action plan against African swine fever in
the pig farm of the ULiége Faculty of Veterinary Medicine. Another explores the viruses carried by
European bats and presents a method for prioritizing zoonotic and epidemic risks in France and
Belgium.

Annual biosecurity day

Since 2013, an annual biosecurity day is organised by the VEE biosecurity unit and the Internal service
for prevention and protection at work (SUPHT). This biosecurity day combines morning theoretical pre-
sentations and afternoon practical workshops (practical exercises, world café, or case studies to solve) to
popularise and disseminate operational scientific knowledge among VEE staff and students. Each biose-
curity day is primarily aimed at the VEE staff, within the frameworks of continuing education, but also
welcomes students and private practitioners, authorities, and other interested stakeholders. This educa-
tion day is free for all ULiége staff members and students, with opportunities for interactions and dis-
cussions between all participants and trainers (e.g. coffee break, lunch). The day is certified as continuing
education by the Federal Authority. Topics differ every year and focus on practical biosecurity as imple-
mented in the sectors of the VEE housing teaching activities, mainly clinics and microbiology laborato-
ries. Topics are selected by the VEE biosecurity unit based on suggestions from participants to the
previous edition, to address as much as possible their expectations and needs (Table 2). For example,
the 2025 edition focused on cleaning and disinfection in veterinary medicine. The VEE staff members are
required to attend at least once every five years (i.e. continuing education). To date, 13 editions have
been organised; they gathered around 100 participants each year (ranging from 90 to 140). All presen-
tations are made available on the biosecurity website.

Implementation and auditing of biosecurity standard operating policies and procedures

Implementing biosecurity Standard Operating Policies and Procedures (SOPs) involves establishing and
enforcing measures to prevent the introduction and spread of harmful organisms such as pathogens,
pests, and invasive species. These SOPs typically include isolation, cleaning, and disinfection protocols, as

Table 2. Topics of the VEE biosecurity days since 2013.

Year Topic Number of participants

2013 Biosecurity measures to take upon returning from a trip abroad. 71
Managing antibiotic resistance at a VEE

2014 Practical aspects of controlling insects that carry pathogens 90

2015 Importance of biosecurity in managing the risk of introduction of exotic diseases: 65

canine leishmaniasis and heartworm disease, African swine fever, foot-and-mouth
disease, and West Nile fever

2016 Basic hygiene and biosecurity in clinics 17
2017 Management of infectious patients 119
2018 Importance of biosecurity in crisis management 86
2019 Multitopic day 143
2020 Field biosecurity 108
2021 VEE initiatives related to COVID-19 and biosecurity 100
2022 Zoonotic risks associated with disaster situations — focus on floods 112
2023 Influenza viruses 66
2024 The role of veterinarians in the prevention of zoonotic diseases 70
2025 Cleaning and disinfection in veterinary medicine 80

Legend. VEE: Veterinary Education Establishment.
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well as risk assessments and regular monitoring. To support the implementation of biosecurity measures
within the VEE, panels are displayed on walls of different clinics and laboratories used in teaching activ-
ities. These panels highlight the top 10 biosecurity measures that all people, mainly students and staff,
must follow during their activities in the facilities (Figure 6). These measures were defined by the heads
of clinics, laboratories and activities, in collaboration with the VEE biosecurity unit.

A system of signposting is implemented on doors and walls throughout the VEE facilities. Such a
system highlights key measures and behaviours, informs people about specific hazards (biological, phys-
ical and chemical) and indicates the mandatory personal protective equipment. Biosecurity signposting
is the responsibility of the heads of clinics and laboratories, under the supervision of the VEE biosecurity
unit. For standardisation, biosecurity signs are consistent across all VEE sites and were developed in col-
laboration with the ULiége Department of Infrastructure and the SUPHT. Safety signs (e.g. localisation of
emergency exits, fire extinguishers, etc.) comply with current legislation and are the responsibility of
the SUPHT.

Quality assurance in biosecurity is the responsibility of the VEE biosecurity unit. The unit works as
follow: clinics and sectors exposed to biological risks linked to teaching activities submit any
biosecurity-related issue to the unit. With the help of the biosecurity logistician, the unit gathers infor-
mation to build a case, which is then discussed during meetings. Proposed solutions are communicated

@ LIEGE université
Médecine Vétérinaire

Hand hygiene

CLEA

- Before an aspetic procedure
After exposure to a body fluid
- After direct contact with a patient
After any contact with a patient's environment

Personal hygiene

No jewellery
- Surgical tape over visible piercings
= Short nails
= Hair tied back

Mandatory outfit
- Students

White lab coat
- Staff

Green CVU gown
Disinfection

- Table between two patients

Wear gloves
- Wound care

- Handling drains and probes
= In case of any contact with a class 3 or a class 4 patient

Any invasive procedure or wound care must be performed
on the patient placed on the consultation table

Dispose of needles (non re-capped! )
and blades in dedicated containers

Forbidden to drink or eat in care areas

Figure 6. Example of a panel in the small animal clinic highlighting top biosecurity measures.
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to the applicant as formal recommendations. As an example, the small animal clinic consulted the unit
regarding a series of surgical site infections. The unit proposed an action plan consisting of 1) an audit
of practices, 2) environmental sampling to validate the cleaning and disinfection protocols and 3) sug-
gestions of improvements based on the audit and the sampling results, following an evidence-based
approach.

The purpose of an audit is, first, to evaluate (@ ‘access’) the effectiveness of compliance with the
SOPs (manual) and to identify areas for improvement. The second step is to develop a written biosecurity
plan to properly address the identified deficiencies (Q ‘plan’). The third step is to implement the bios-
ecurity action plan with an appropriate timeframe (e ‘implement’). Finally, a surveillance programme is
developed and implemented to validate the effectiveness of the action plan (@ ‘monitor’) (Figure 7).

Audits to assess the compliance with SOPs are performed regularly using different complementary
tools (Figure 8).

+ Audits for veterinary hospital: a specific audit form for veterinary hospitals has been adapted
to European VEE using the 2018 Infection Control, Prevention, and Biosecurity Guidelines from the
AAHA (Stull et al. 2018). Results are presented as a barometer after compiling scores and as a
spider diagram, allowing rapid identification of problem areas. If a score is insufficient, recom-
mended measures are automatically suggested based on their acceptability and feasibility, dis-
playing the potential impact of each measure on the overall score (Figure 9).

«  Flash audits: these sector-specific audits were developed based on the top 10 biosecurity mea-
sures that people must follow during their activities in the facilities (see Section “Implementation
and auditing of biosecurity standard operating policies and procedures”) (Figure 10).

Evaluate the respect of
the SOPs/Manual &
identify margins of

improvement

Develop &
implement a
surveillance
programme

Develop a written
biosecurity plan
to address

properly the

identified
deficiencies

Figure 7. The virtuous circle for implementing and monitoring biosecurity standard operating policies and
procedures.

w0
4
s For each activity and For animal hospital(s)
) during the activity during the activity
«©
$

Flash audit Stewardship Audit checklist for Audit checklist
targeting 10 EL Audit animal hospital for
critical BSM by compliance infrastructure (international microbiological

clinic/activity of BSM standards) teaching labs

Figure 8. Organisation of audits related to VEE biosecurity SOP.
Legend. BSM, biosecurity measures; €)@ @ @ @, five complementary audit tools.
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Designated practice area & access restriction | q03 |Is there an isolation area ? Fully (2)
Designated practice area & access restriction | q04 |If yes, is the isolation area directly accessible from the outside? Yes (1)
Designated practice area & access restriction | q05 |Is there an area dedicated to the handling of diagnostic specimens ? Fully (2)
Designated practice area & access restriction | q06 |Is there a break area for the staff ? Fully(2)
Designated practice area & access restriction | q07 |Are clients not allowed in the italisation area ? Partially (1) >> Verylow (1) Very low (1)
Designated practice area & access restriction | q08 Are clients not allowed in areas where infectious patients are handled and Fully (2)

housed (e.g. isolation unit) ?

Are clients not allowed in the s area (operating room and
Designated practice area & access restriction| q09 |/ CUents notallowed in the surgery area (operating room an Fully (2)
induction/preparation area, if existing) ?

Protective equipment available q10 |Are household, reusable gloves used ? Not (0) >> Very low (1) Very low (1)

Protective equipment available q11 |Are disposable gloves made of latex, nitrile or other material? Fully (2)

Figure 9. Example of audit for an animal hospital according to international standards (e.g. small animals), based on
the recommendations of the American animal Hospital Association (adapted from Stull et al. 2018).

64,08

Take corrective action and check their implementation

Current average % of implementation of the Current (dotted line) and imp! d (bold line)
i " i
measures by entity % of ohof the by entity
Anatomy 100.
100. Zoological medicine 920. ‘Compagnion animals.
Zoological medicine gl Compagnion animals -
2 4. i’ 70
Widite Department of Animal waaite 2 Dspsrtitest of Anisal
p \ Ressources
Teachinglabs | | [ Equids Teaching labs Equids
Swine \. " : * JFEPEX Swine FEPEX
Slaughterhouses - - “Imagery Slaughterhouses. . Imagery
Ruminants “Necropsy roam Ruminants Necropsy roam

Figure 10. Dashboard of all clinics and activities inside the veterinary education establishment, using flash audits tar-
geting ten critical points per clinic or activity.

Legend. Above, a global barometer for the veterinary education establishment; Left, percentage of implementation of the measures per clinic
or activity at the time of the audit; Right, percentage of implementation of the measures per clinic or activity after implementation of cor-
rective action(s).

«  Stewardship: some students or other dedicated people (e.g. technicians) are assigned to conduct,
supervise or manage weekly biosecurity in the clinic or activity. For example, the clinic of rumi-
nants has developed a checklist that includes 89 questions. In case of deficiencies, students or
technicians propose corrective actions to ensure the proper functioning of the clinic during the
week. This stewardship offers students and/or technicians a sense of responsibility for biosecurity
(Figure 11).

« Infrastructure audits: these are carried out by the executive committee of the VEE biosecurity
unit in preparation for EAEVE visits. These audits are unannounced inspections of infrastructures
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Figure 11. Trend analysis of weekly compliance rates with biosecurity measures in a clinic of ruminants.

Legend. The weekly percentage of compliance with biosecurity measures follows a normal distribution (Shapiro-Wilk test; p-value = 0.30). The
mean percentage of compliance +/- 1.96 standard error (S.E.) is plotted on the figure, corresponding to a 95% confidence interval. This allows
identifying outliers, such as weeks 7 and 8, which correspond to exceptionally high compliance rates in the clinic.

in facilities hosting teaching activities with biological risks. They help identify deficiencies of infra-
structures and support requests for financial resources to overcome them (e.g. replacing tables
and stools in anatomy dissection rooms, installing sinks in the large animal clinic, etc.). The audit
framework includes identifying problems, developing an action plan to address them, tracking the
status of each action, assigning responsibility and setting deadlines for completion.

- Specific audit for microbiology teaching laboratories: This audit was developed using the FAO
Laboratory Mapping Tool (Mouillé et al., 2018) and further improved with elements from the
checklist included in the document entitled ‘Medical biology analysis laboratories: assessment and
prevention of infectious risks’ (INRS, 2024).

Reporting a biosecurity issue

Reporting an issue can be done in several ways, in addition to the observations made during audits. For
example, via above-mentioned biosecurity website, users can submit a biosecurity issue. The information
is then immediately shared with all members of the VEE biosecurity unit via a specific email address,
enabling a coordinated action.

In May 2023, the VEE implemented an online system for reporting adverse events affecting people
directly or indirectly, regardless of their nature. This tool allows the VEE security officers and the biose-
curity logistician to collect reports from ULiege staff members and students regarding incidents or acci-
dents occurring in the VEE. Its purpose is to identify high-risk areas or activities and propose preventive
actions, as well as adapt infrastructures and procedures when necessary. The system is easy (via a smart-
phone application) and quick to use, encouraging its broad use. Each report includes five key elements:
the location and time of the event, people involved, a description of the event and any photo that
contextualises it. According to the International Labour Organisation (ILO), an accident is an unexpected
and unplanned event arising out of or in connection with work that results in personal injury, disease,
or death, whereas an incident is any unplanned event that disrupts normal operations, with or without
injury or damage. Accidents are therefore a subset of incidents where harm or injury occurs (ILO, 2015).
The purpose of this reporting system is to detect warning signs (anticipation) before an accident occurs,
so that preventing measures can be taken. As an example, during two years of use, 80 adverse events
related to biosecurity in the faculty of veterinary medicine at the University of Liege (Belgium) were
entered into the reporting system. Of these, 56 involved animals. The animal species involved were men-
tioned in 51 events: 14 events involved a horse (e.g. kicking, crushing against a wall, crushing of the foot,
twisting of the hand during restraint), 37 involving mostly cats and sometimes dogs (31 bites or
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scratches), 7 punctures from used needles, and 4 cuts (e.g. scalpel blades, tin cans). As a result, an aware-
ness campaign was launched in the small animal clinic to reduce the bites and scratches, by strength-
ening student training in animal restraint provided by veterinary assistants. Correct horse handling was
also reaffirmed during clinic training.

Discussion

This section describes the best practices to develop an animal biosecurity framework inside a VEE, sup-
ported by scientific literature references. In this section we discuss also the place of the distance educa-
tion and e-learning in veterinary medicine with a focus on animal biosecurity. Finally, we compare the
animal biosecurity framework presented in relation to other works and we present some perspectives.

Veterinary education establishment biosecurity unit

Biosecurity governance requires the identification and active involvement of all actors who may be
affected by biosecurity issues or who can influence the efficacy of biosecurity (Reed and Curzon 2015).
The establishment of biosecurity governance in a VEE first needs the creation of a specific consultative
entity that brings together all key players of the VEE, including students, and assumes responsibility for
biosecurity across all facilities (clinics, facilities, teaching laboratories). This entity must be created on a
democratic basis and recognized by the VEE authority. In addition, according to scientific literature, the
presence of specific actors and stakeholders significantly increases the planning of activities (Brody 2003).
Regular meetings should be organized throughout the year to make appropriate decisions. An executive
committee should be identified for daily operations, rapid assessment, and decision making. Regular
feedback to the dean of the VEE is of prime importance, and all activities should be compiled in meeting
reports and in an annual report to ensure transparency and information sharing.

Standard operating policies and procedures

Standard operating policies and procedures are the keystone of biosecurity within a VEE. These SOPs must
be developed for each clinic and activity involving biological risks, following the guidance of the VEE biose-
curity unit, which should include students. All SOPs should be assembled into a Manual (handbook), updated
every five years by the VEE biosecurity unit and made freely accessible online. Whenever an activity or infra-
structure changes (e.g. creation of a new clinic), the corresponding SOP must be updated and communi-
cated to all relevant stakeholders. A printed copy of the SOP should be available in each clinic or department.
A pictogram with a QR code that links directly to the biosecurity website should be displayed in every
activity location, allowing students and staff members to directly access the relevant SOP at any time.

Biosecurity website

The development of a specific updated website on animal biosecurity is strongly recommended. This
website should illustrate and operationalize existing SOPs and guide visitors through essential informa-
tion (e.g. location of a specific clinic, requirements before hospitalisation, rules to follow during hospital-
isation, precautions after a patient discharge). Furthermore, the website should be a centre of knowledge
for biosecurity, sharing up-to-date information (e.g. summaries after each biosecurity day). A system of
issue reporting should also be included on the website.

Biosecurity learning

According to the WHO, FAO and WOAH, biosecurity is included in the competencies for One Health field
epidemiology (COHFE 2024). Indeed, we recommend the integration of biosecurity in the curriculum of
animal epidemiology with clear reference to biosecurity. Generally, in the VEE curriculum, the observation,
handling, containment and care of animals are competencies for both preclinical (healthy animals) and
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clinical (sick animals) students. Biosecurity principles and SOPs are important to deliver to preclinical stu-
dents, especially before moving to clinics and animal hospitals, to avoid any errors in biosecurity proto-
cols that can impact the animal patient, staff, owner, and the student himself/herself (e.g. biting), and the
environment. Training in biosecurity should enhance awareness about the transmission of diseases and
target the main principles of biosecurity and quality assurance related to the SOPs. A mix between
face-to-face and elearning activities is possible, with regular formative evaluation. In clinical degree, more
attention should be devoted to biosecurity during different activities (clinics, facilities, teaching lab) and
specific paraclinics on biosecurity with the objective of students performing by themselves a biosecurity
audit in a facility under the supervision of a coach to support and stimulate initiatives. For veterinary
practitioners (especially those that supervise students), continuing education on biosecurity is needed,
targeting their needs and expectations (Saegerman et al. 2024).

Annual biosecurity day

The themes addressed during annual biosecurity days raise awareness among staff, supervisors, students,
veterinary practitioners and authorities about important issues, promote reflection and collective action
on specific topics (developing a community of biosecurity practices), and mobilize resources for causes.
We recommend that the topic of each annual biosecurity day be defined by participants of the previous
year. Biosecurity days should be practical, to promote an inclusive, active and participative approach
(Saegerman et al. 2004). Moreover, this participation increases engagement and responsibility of the
community regarding biosecurity at the VEE level.

Implementation and audit of biosecurity

Implementation of biosecurity SOPs by students is stimulated by communication sharing (Moya et al.
2025), stewardship (Kwik et al. 2003) and is facilitated when biosecurity is based on evidence (Xu and
Yuan 2019). The conduct of an audit is a key element in learning about the implementation of biosecu-
rity SOPs and in identifying areas for improvement. This improvement is a continuous process (virtuous
circle) and must consider the fact that people are replaced over time. We recommend the implementa-
tion of several types of audits and the involvement of students and staff members in the process. In this
way, they are more empowered and engaged in biosecurity of clinics, facilities, and teaching labs. Audit
digitalization allows an easier integration and summarization of information at the clinic, facility, depart-
ment, activity or VEE level. Improving biosecurity is progressive and requires vision and support (Box 2).

Reporting biosecurity incidents

The purpose of an incident reporting system must be to prevent further accidents. In several domains
(e.g. aviation, radiology), the detection and reporting of incidents help to prevent accidents (Nicholson
and Tait 2002; Sarvananthan et al. 2021). Digitalization of the reporting system should be an incentive
to obtain more high-quality data (e.g. development of an app, use of a QR code). The system should
also be sufficiently sensitive and biosecurity-specific. Indeed, the definition should evolve over time to
reach a good compromise between sensitivity and specificity of the system. Importantly, a maximum
number of incidents should be reported and analysed. We recommend the regular data analysis by the

Box 2. Progressive pathway to improve biosecurity.

A clear vision provided by the biosecurity team and supported by the Dean
Step-by-step approach

Acknowledgement is better than criticism

Good ideas for improvement do not come solely form the ‘boss’

Regular assessment based on a co-constructed grid and form

Uses of biosecurity day and practical training as levers for change
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VEE biosecurity unit to identify activities at risk, the reasons for incidents and areas for improvement
(management options to prevent accidents). Upon responding to the notifier, the app administrators
remind the importance of following the mandatory procedure in force in the Institution in the event
of an accident (for insurance purposes and follow-up by the internal and external, i.e. occupational
health doctor, services for prevention and protection at work). Key strategies include proper training,
adherence to safety protocols, use of PPE, and robust reporting and analysis of incidents.

Place of the distance education and e-learning in veterinary medicine with a focus on animal
biosecurity

The Council on Education (COE) of the American Veterinary Medical Association (AVMA) is recognized by
the United States Department of Education as the accrediting agency for programs that lead to profes-
sional degrees in veterinary medicine. Following the COVID-19 experience in distance education and
e-learning development (DE) and in response to feedback from stakeholders indicated that online learn-
ing at veterinary colleges should enhance, not replace, in-person learning, recently the COE approved
new policies on DE. Indeed, veterinary programs must (AVMA, 2025b):

+  Remain predominantly residential, ensuring technology complements, not substitutes, in-person
education;

«  Establish clear oversight and approval processes for DE courses (excluding guest lectures or emer-
gency sessions);

« Invest in technology, faculty training, and instructional design to support high-quality DE;

«  Regularly assess student performance and outcomes across both in-person and online courses;

« Maintain at least 85% of the preclinical curriculum and 50% of direct instruction in a face-to-face
format;

«  Ensure regular and substantive faculty-student interaction in online courses.

According to recent studies that scan European needs and expectations related to livestock biosecu-
rity training by using the World Café method, for veterinary practitioners, it was considered that a mixed
approach, including a theoretical (e.g. basic principles) and a practical part where people are invited to
audit a farm, create a biosecurity plan that includes acceptability and feasibility of the additional biose-
curity measures to propose and a follow-up report, were the most important features of veterinary train-
ing (Saegerman et al. 2024; latrou et al. 2025; Saegerman et al. 2025).

Currently, few preliminary studies in veterinary/animal sciences suggest online and in-person learning
often yield similar performance outcomes (knowledge, skills) with some studies showing online poten-
tially better for specific tasks, but with trade-offs like reduced social interaction and motivation/focus
challenges online (e.g. Hontoir et al. 2023; Aslim et al. 2024; Morris et al. 2024); blended learning often
emerges as superior, highlighting that well-designed, engaging digital content can match traditional
methods (e.g. Shandilya and Kaur 2025), though lab/hands-on components require careful online adap-
tation (e.g. May et al. 2023). For biosecurity, we recommend larger multicentric, multidisciplinary, critical,
evidence-based studies and meta-analyses to compare DE and face-to-face education (advantages/disad-
vantages/performance related to outcomes) in order to gain more supportive reference to maintain or
refine the current COE decision. However, in case of pandemic lockdown, disaster or armed conflict, DE
remains always an alternative (Reimers and Schleicher 2020).

Comparison of the animal biosecurity framework presented in relation to other works and
perspectives

The proposal methodology was developed since 2010 with at the beginning few available supporting
references (Linton et al. 1987; Quinn and Markey, 2000; Royal College of Pathologists, 2002; OIE, 2006;
Wheeler and Dallap Schar, 2008; Petersen et al. 2008; College of Veterinary Medicine and Biomedical
Sciences 2008). From these references only the biosecurity SOP of the College of Veterinary Medicine and
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Biomedical Sciences (Colorado State University) applied a comparable methodology (Morley et al. 2011).
Since 2010, the ULiege biosecurity SOPs have been tested, improved using novel literature references
and updated each 5-year period. Currently, these SOPs have been used worldwide and have become
guidelines for EAEVE. Further development should be the production of DE materials and to becoming
a recognised knowledge centre on animal biosecurity in VEE that delivers expertise, assessment, teaching
education materials, stages for trainees and residents, and tools.

Other perspectives include the development, use and sharing of real time digital audit tools (AAHA
2019; Saegerman et al. 2024), the development of virtual farm tours (Tilli et al. 2024), serious games and
simulation platforms (Koliba et al. 2022; Smith et al. 2023; Messina et al. 2023), the inclusion of artificial
intelligence to assess compliance with biosecurity (Lima-Campélo et al. 2024), edition of book chapters
(e.g. Sarrazin et al. 2018; Saegerman and Humblet 2018), development of a community of practices
(Militzer et al. 2023), of a COST-Action dedicated to VEE biosecurity, of practical training schools in animal
biosecurity (Saegerman and Humblet 2022), and a Massive Open Online Courses (MOOCs) on VEE bios-
ecurity (Millett and Shang, 2024). However, all these initiatives need to find funding or support to move
from contemplation to action.

Innovative ideas are emerging in biosecurity, including the use of radio-frequency-identification-based (RFID)
technology to monitor compliance with boot and hand sanitization when entering and exiting a barn (Racicot
et al. 2022), adenosine triphosphate (ATP) luminometry to assess the equipment cleanliness (Buczinski et al.
2022), virtual fencing to facilitate livestock management (Schillings et al. 2024) and facial recognition systems
for controlled entry in a specific area, using deep learning and a cloud-based service (Loume et al. 2022).

Conclusion

The creation of a VEE biosecurity unit, the development and implementation of biosecurity SOPs, the
number of visits of the dedicated biosecurity website, the number of individuals trained, and the number
of biosecurity audits performed are all key factors contributing to the biosecurity in VEEs. Participation
of students in these processes allows understanding, appropriation and empowerment regarding animal
biosecurity both within and beyond the VEE. Equally important is the promotion of evidence-based bios-
ecurity practices.

Acknowledgements

Many thanks to all members of the VEE biosecurity unit since 2010, Faculty of Veterinary Medicine, University of Liege,
Belgium; and special thanks to C. Surleraux, occupational health doctor and invited member. The redaction of SOPs
was made by the biosecurity VEE unit and updated by Faculty delegates, in alphabetic order: D. Alarcon, C. Bayrou, G.
Bolen, P. Burnotte, S. Crévecoeur, C. De Meels d’Argenteuil, L. Dams, I. Dufrasne, A. Gabriel, C. Gatez, H. Guyot, M.-F.
Humblet (secretary), N. Korsak-Koulagenko, C. Lagamme, M. Laitat, L. Lecoq, A. Linden, F. Maréchal, D. Marlier, L.
Martinelle, C. Remy, F. Rollin, C. Saegerman (Chairman) and D. Thiry. The drawings were created by S. Tasnier.

Authors’ contributions

Conception and design or analysis and interpretation of the data: Claude Saegerman, Marie-France Humblet; Drafting
of the paper: Claude Saegerman; Critically revised for intellectual content: Constance Wielick, Véronique Renault,
Priscilla Burnotte, Christine Grignet, Laurent Leinartz, Maxime Harmegnies, Sophie Tasnier, Christiaen Remy, Calixte
Bayrou, Nicolas Ochelen, Tatiana Art, Pierre Lekeux, Jason W Stull, Marie-France Humblet; Final approval of the ver-
sion to be published: Claude Saegerman, Marie-France Humblet. All authors agree to be accountable for all aspects
of the work and to publish in this journal.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

The research that yielded these results, was funded by the University of Liege, Belgium.



VETERINARY QUARTERLY 17

ORCID

Claude Saegerman http://orcid.org/0000-0001-9087-7436
Jason W. Stull http://orcid.org/0000-0002-9028-8153
Marie-France Humblet http://orcid.org/0000-0003-4069-9402

References

AAHA. 2019. Veterinary Practice Biosecurity Tracker. American Animal Hospital AssociationE. https://www.aaha.org/re
sources/2018-aaha-infection-control-prevention-and-biosecurity-guidelines/practice-biosecurity-tracker/. (Accessed
at July 2025).

Aslim G, Agah Tekindal M, Yigit A, Sanal S, Mentes A. 2024. Evaluation of the attitudes and opinions of veterinary
school students on distance education during the COVID-19 pandemic. J Vet Med Educ. 51(1):14-26. https://doi.
org/10.3138/jvme-2021-0150

AVMA. 2025a. Accreditation policies and procedures of the AVMA council on education. American Veterinary Medical
Association. p. 207. https://www.avma.org/sites/default/files/2025-11/coe-pp-July-2025-Final.pdf

AVMA. 2025b. AVMA News. Veterinary college accreditor creates distance education policies. Feedback from stake-
holders indicated that online learning at veterinary colleges should enhancenot replacein-person learning. https://
www.avma.org/news/veterinary-college-accreditor-creates-distance-education-policies

Brass VH, Astuto-Gribble L, Finley MR. 2017. Biosafety and biosecurity in veterinary laboratories. Rev Sci Tech.
36(2):701-709. https://doi.org/10.20506/rst.36.2.2687

Brody SD. 2003. Effects of stakeholder participation measuring the effects of stakeholder participation on the quali-
ty of local plans based on the principles of collaborative ecosystem management. J Plan Educ Res. 22(4):407-419.
https://doi.org/10.1177/0739456X03253022

Buczinski S et al. 2022. Use of ATP luminometry to assess the cleanliness of equipment used to collect and feed
colostrum on dairy farms. J Dairy Sci. 105(2):1638-1648. https://doi.org/10.3168/jds.2021-21023

COHFE (Competencies for One Health field epidemiology framework). 2024. World Health Organization, Food and
Agriculture Organization of the United Nations and World Organisation for Animal Health.

College of Veterinary Medicine and Biomedical Sciences (Colorado State University). 2008. Biosecurity standard oper-
ation procedures (SOP). http://csuvets.colostate.edu/biosecurity/biosecurity_sop.pdf

ESEVT SOP. 2023. European system of evaluation of veterinary training standard operating procedure adopted by the
European Association of Establishments for Veterinary Education (Vienna, Austria) and the Federation of
Veterinarians of Europe. https://www.eaeve.org/esevt/sop

European Parliament and Council. 2026. Regulation (EU) 2016/429 on transmissible animal diseases and amending
and repealing certain acts in the area of animal health (‘Animal Health Law’). Off J Eur Union. 84:1-208.

Hontoir F et al. 2023. Can online teaching of radiographic anatomy replace conventional on-site teaching? A ran-
domized controlled study. J Vet Med Educ. 50(2):217-227. https://doi.org/10.3138/jvme-2021-0153

Humblet MF, Losson B, Saegerman C. 2020a. Integrated management of blood-feeding arthropods in veterinary
teaching facilities - part 1: overview of haematophagous arthropods of interest in North-western Europe. Rev Sci
Tech. 39(3):737-756. https://doi.org/10.20506/rs5t.39.3.3175

Humblet MF, Losson B, Saegerman C. 2020b. Integrated management of blood-feeding arthropods in veterinary
teaching facilities - part 2: overview of control methods against adults and immature stages. Rev Sci Tech.
39(3):757-777. https://doi.org/10.20506/r5t.39.3.3176

Humblet MF, Losson B, Saegerman C. 2020c. Integrated management of blood-feeding arthropods in veterinary
teaching facilities - part 3: proposal for a coherent and affordable control plan. Rev Sci Tech. 39(3):779-793.
https://doi.org/10.20506/rst.39.3.3177

Humblet MF, Saegerman C. 2023. Internal audits as a tool to assess the compliance with biosecurity rules in a vet-
erinary faculty. Front Vet Sci. 10:960051. https://doi.org/10.3389/fvets.2023.960051

Humblet MF et al. 2017. Observations as a way to assess the compliance of veterinary students with biosecurity
procedures. Rev Sci Tech. 36(3):767-777. https://doi.org/10.20506/rst.36.3.2712

latrou AM et al. 2025. What are desirable biosecurity trainings for veterinary practitioners and farmers? J Biosaf
Biosecur. 7(2):91-106. https://doi.org/10.1016/j.jobb.2025.06.003

[ILO] International Labour Organization. 2025. Investigation of occupational accidents and diseases. A practical guide
for labour inspectors. International Labour Organization. p. 51.

INRS. 2024. Laboratoires d'analyses de biologie médicale. Evaluation et prévention des risques infectieux. Institut
national de recherche et de sécurité pour la prévention des accidents du travail et des maladies professionnelles.
Editions INRS, document ED 6048. p. 56.

Koliba C et al. 2022. Assessing strategic, tactical, and operational decision-making and risk in a livestock production
chain through experimental simulation platforms. Front Vet Sci. 9:962788. https://doi.org/10.3389/fvets.2022.962788

Kwik G, Fitzgerald J, Inglesby TV, O'Toole T. 2003. Biosecurity: responsible stewardship of bioscience in an age of
catastrophic terrorism. Biosecur Bioterror. 1(1):27-35. https://doi.org/10.1089/15387130360514805


http://orcid.org/0000-0001-9087-7436
http://orcid.org/0000-0002-9028-8153
http://orcid.org/0000-0003-4069-9402
https://www.aaha.org/resources/2018-aaha-infection-control-prevention-and-biosecurity-guidelines/practice-biosecurity-tracker/
https://www.aaha.org/resources/2018-aaha-infection-control-prevention-and-biosecurity-guidelines/practice-biosecurity-tracker/
https://doi.org/10.3138/jvme-2021-0150
https://doi.org/10.3138/jvme-2021-0150
https://www.avma.org/sites/default/files/2025-11/coe-pp-July-2025-Final.pdf
https://www.avma.org/news/veterinary-college-accreditor-creates-distance-education-policies
https://www.avma.org/news/veterinary-college-accreditor-creates-distance-education-policies
https://doi.org/10.20506/rst.36.2.2687
https://doi.org/10.1177/0739456X03253022
https://doi.org/10.3168/jds.2021-21023
http://csuvets.colostate.edu/biosecurity/biosecurity_sop.pdf
https://www.eaeve.org/esevt/sop
https://doi.org/10.3138/jvme-2021-0153
https://doi.org/10.20506/rst.39.3.3175
https://doi.org/10.20506/rst.39.3.3176
https://doi.org/10.20506/rst.39.3.3177
https://doi.org/10.3389/fvets.2023.960051
https://doi.org/10.20506/rst.36.3.2712
https://doi.org/10.1016/j.jobb.2025.06.003
https://doi.org/10.3389/fvets.2022.962788
https://doi.org/10.1089/15387130360514805

18 (&) C.SAEGERMANETAL.

Lima-Campélo VR et al. 2024. Biosecurity adoption in Québec dairy farms: results from a risk assessment question-
naire analyzed using conventional and unsupervised artificial intelligence methods. J Dairy Sci. 107(8):6000-6014.
https://doi.org/10.3168/jds.2023-24256

Linton AH, Hugo WB, Russel AD. 1987. Disinfection in veterinary and farm practice. Oxford. p. 179.

Loume GA, Abana AB, Tonye E, Kabiena Y. 2022. Facial recognition in the opening of a door using deep learning and
a cloud service. Int J Intel Syst Appl Eng. 10(3):40-45. https://doi.org/10.17762/ijritcc.v10i6.5622

May D et al. 2023. Rapid transition of traditionally hands-on labs to online instruction in engineering courses. Eur J
Eng Educ. 48(5):842-860. https://doi.org/10.1080/03043797.2022.2046707

Messina A et al. 2023. Developing a video game as an awareness and research tool based on SARS-CoV-2 epidemi-
ological dynamics and motivational perspectives. Transbound Emerg Dis. 2023:8205408-8205411. https://doi.
org/10.1155/2023/8205408

Militzer N et al. 2023. Characterising biosecurity initiatives globally to support the development of a progressive
management pathway for terrestrial animals: a scoping review. Animals (Basel). 13(16):2672. https://doi.org/10.3390/
ani13162672

Millett K, Shang L. 2024. Chapter 20. Towards an International Biosecurity Education Network (IBSEN). In: Shang L,
Zhang W, Dando M, editors. Essentials of biological security. Wiley. https://doi.org/10.1002/9781394189045.ch20

Morley PS. 2002. Biosecurity of veterinary practices. Vet Clin North Am Food Anim Pract. 18(1):133-155, vii. https://
doi.org/10.1016/s0749-0720(02)00009-9

Morley PS, Burgess B, Van Metre D, Ouyang B. 2015. Infection control and biosecurity standard operation procedures
(SOP). James L. Voss Veterinary Teaching Hospital (JLV-VTH), Colorado State University. https://www.vet.ulpgc.es/
wp-content/uploads/2016/05/biosecurity-sop.pdf

Morris G, Ehlers S, Rudolph M, Tormoehlen R, Field W. 2024. Pre/post-test evaluations of agricultural biosecurity cur-
riculum. J Agromedicine. 29(3):384-391. https://doi.org/10.1080/1059924X.2024.2329153

Mouillé B et al. 2018. A tool for assessment of animal health laboratory safety and biosecurity: the safety module of
the food and agriculture organization’s laboratory mapping tool. Trop Med Infect Dis. 3(1):33. https://doi.
org/10.3390/tropicalmed3010033

Moya S et al. 2025. Stakeholders’ perspectives on communicating biosecurity to encourage behavior change in farm-
ers. Front Vet Sci. 12:1562648. https://doi.org/10.3389/fvets.2025.1562648

Nicholson AN, Tait PC. 2002. Confidential reporting: from aviation to clinical medicine. Clin Med (Lond). 2(3):234-236.
https://doi.org/10.7861/clinmedicine.2-3-234

Reimers FM, Schleicher A. 2020. Schooling disrupted, schooling rethought. How the Covid-19 pandemic is changing
education. OECD report. OECD. p. 61.

OIE Animal Production Food Safety Working Group (World Organisation for Animal Health (OIE). 2006. Guide to good
farming practices for animal production food safety. Rev Off Int Epizoot. 25:823-836.

Petersen CA, Dvorak G, Rovid Spickeler A. 2008. Maddie’s infection control: manual for animal shelters for veterinary
personnel. lowa State University, Center for Food Security and Public Health: ames, p. 136.

Quinn PJ, Markey BK. 2000. Disinfection and disease prevention in veterinary medicine. In: Block S, editor. Disinfection,
sterilization, and prevention. 5th ed. Lippincott, Williams & Wilkins.. p. 1069-1103.

Racicot M, Cardinal AM, Tremblay D, Vaillancourt JP. 2022. Technologies monitoring and improving biosecurity com-
pliance in barn anterooms? Front Vet Sci. 9:1005144. https://doi.org/10.3389/fvets.2022.1005144

Reed MS, Curzon E. 2015. Stakeholder mapping for the governance of biosecurity: a literature review. J Integr Environ
Sci. 12(1):15-38. https://doi.org/10.1080/1943815X.2014.975723

Royal College of Pathologists. 2002. Guidelines on autopsy practice: report of a working group of The Royal College
of Pathologists. Royal College of Pathologists. http://www.rcpath.org/resources/pdf/main_document.pdf

Saegerman C, Humblet MF. 2018. Chapter 17. Biosecurity in veterinary practices and clinics. In: Dewulf J, Van
Immerseel F, editors. Biosecurity in animal production and veterinary medicine: from principles to practice. Ghent
University. ACCO Publisher. p. 390-409.

Saegerman C, Humblet MF. 2022. Training school on “design, implementation, and assessment of biosecurity standard
operating procedures (SOPs) in the Faculty of Veterinary Medicine.” 14th-18th November 2022. In 2d Newsletter of
the COST Action CA20103 on Biosecurity Enhanced Through Training Evaluation and Raising Awareness (BETTER),
supported by the European Cooperation in Science and Technology, December 2022. https://better-biosecurity.eu/
wp-content/uploads/2022/12/Newsletter_2.pdf

Saegerman C et al. 2023. Evaluation survey on agreement with existing definitions of biosecurity with a focus on
livestock. Animals (Basel). 13(9):1518. https://doi.org/10.3390/ani13091518

Saegerman C et al. 2024. Scanning European needs and expectations related to livestock biosecurity training by
using the world café method. Transbound Emerg Dis. 2024(1):6743691. https://doi.org/10.1155/2024/6743691

Saegerman C, Wielick C, Humblet MF, Renault V, Leinartz L. 2025. A new real-time biosecurity tool at the hands of
the user. Epidémiol Santé Anim. 85:14. French.

Sarrazin S, Damiaans B, Renault V, Saegerman C. 2018. Chapter 14. Transmission of cattle diseases and biosecurity in
cattle farms. In: Dewulf J, Van Immerseel F, editors. Biosecurity in animal production and veterinary medicine: from
principles to practice. Ghent University. ACCO Publisher. p. 294-343.


https://doi.org/10.3168/jds.2023-24256
https://doi.org/10.17762/ijritcc.v10i6.5622
https://doi.org/10.1080/03043797.2022.2046707
https://doi.org/10.1155/2023/8205408
https://doi.org/10.1155/2023/8205408
https://doi.org/10.3390/ani13162672
https://doi.org/10.3390/ani13162672
https://doi.org/10.1002/9781394189045.ch20
https://doi.org/10.1016/s0749-0720(02)00009-9
https://doi.org/10.1016/s0749-0720(02)00009-9
https://www.vet.ulpgc.es/wp-content/uploads/2016/05/biosecurity-sop.pdf
https://www.vet.ulpgc.es/wp-content/uploads/2016/05/biosecurity-sop.pdf
https://doi.org/10.1080/1059924X.2024.2329153
https://doi.org/10.3390/tropicalmed3010033
https://doi.org/10.3390/tropicalmed3010033
https://doi.org/10.3389/fvets.2025.1562648
https://doi.org/10.7861/clinmedicine.2-3-234
https://doi.org/10.3389/fvets.2022.1005144
https://doi.org/10.1080/1943815X.2014.975723
http://www.rcpath.org/resources/pdf/main_document.pdf
https://better-biosecurity.eu/wp-content/uploads/2022/12/Newsletter_2.pdf
https://better-biosecurity.eu/wp-content/uploads/2022/12/Newsletter_2.pdf
https://doi.org/10.3390/ani13091518
https://doi.org/10.1155/2024/6743691

VETERINARY QUARTERLY 19

Sarvananthan P, Lin C, Jorjany T. 2021. Rates and reasons for safety incident reporting in the medical imaging department of
a large academic health sciences centre. J Med Imaging Radiat Sci. 52(1):86-96. https://doi.org/10.1016/jjmir.2020.11.018
Schillings J, Holohan C, Lively F, Arnott G, Russell T. 2024. The potential of virtual fencing technology to facilitate
sustainable livestock grazing management. Animal. 18(8):101231. https://doi.org/10.1016/j.animal.2024.101231

Shandilya P, Kaur R. 2025. Comparative analysis of blended learning vs. traditional learning on knowledge retention.
Cuest. Fisioter. 54(3):5096-5102. https://doi.org/10.48047/tx9xhe54

Smith JM, Saegerman C, Vaillancourt JP. 2023. Editorial: promoting compliance with biosecurity in animal production.
Front Vet Sci. 10:1215433. https://doi.org/10.3389/fvets.2023.1215433

Stull JW et al. 2018. AAHA infection control, prevention, and biosecurity guidelines. J Am Anim Hosp Assoc.
54(6):297-326. https://doi.org/10.5326/JAAHA-MS-6903

Tilli G et al. 2024. Supporting measures to improve biosecurity within italian poultry production. Animals (Basel).
14(12):1734. https://doi.org/10.3390/ani14121734

Wheeler Aceto H, Dallap Schar B. 2008. Biosecurity for equine hospitals: protecting the patient and the hospital. In:
Corley K, Stephen J, editors. The equine hospital manual. Wiley-Blackwell. p. 180-200.

Xu J, Yuan Z. 2019. Inaugural editorial: towards evidence-based biosafety and biosecurity. J Biosaf Biosecur. 1(1):1-2.
https://doi.org/10.1016/j.jobb.2019.01.008

Appendix

Appendix A. Biosecurity SOPs applied to the Faculty of Veterinary Medicine, Liege
University, Belgium



https://doi.org/10.1016/j.jmir.2020.11.018
https://doi.org/10.1016/j.animal.2024.101231
https://doi.org/10.48047/tx9xhe54
https://doi.org/10.3389/fvets.2023.1215433
https://doi.org/10.5326/JAAHA-MS-6903
https://doi.org/10.3390/ani14121734
https://doi.org/10.1016/j.jobb.2019.01.008

	Animal biosecurity framework development, implementation and evaluation in a veterinary education establishment
	ABSTRACT
	Introduction
	Materials and methods
	Results
	Creation of a veterinary education establishment biosecurity unit
	Elaboration of biosecurity standard operating policies and procedures integrated into a manual
	Development of a dedicated biosecurity website
	Biosecurity teaching aligned with standard operating procedures
	Course in the preclinical degree in veterinary medicine
	Paraclinical activities on biosecurity
	Continuing education

	Annual biosecurity day
	Implementation and auditing of biosecurity standard operating policies and procedures
	Reporting a biosecurity issue

	Discussion
	Veterinary education establishment biosecurity unit
	Standard operating policies and procedures
	Biosecurity website
	Biosecurity learning
	Annual biosecurity day
	Implementation and audit of biosecurity
	Reporting biosecurity incidents
	Place of the distance education and e-learning in veterinary medicine with a focus on animal biosecurity
	Comparison of the animal biosecurity framework presented in relation to other works and perspectives

	Conclusion
	Acknowledgements
	Authors contributions
	Disclosure statement
	Funding
	ORCID
	References
	Appendix Appendix A. Biosecurity SOPs applied to the Faculty of Veterinary Medicine, Liège University, Belgium


