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Abstract

Veterinary Teaching Hospitals (VTHs) represent complex environments that integrate clinical
care, education, and research, posing unique biosecurity challenges. In response to increas-
ing scrutiny from accreditation bodies such as the European Association of Establishments for
Veterinary Education (EAEVE), there is a growing need for rigorous, evidence-based biosecu-
rity protocols. This review critically analyses internationally recognised protocols - including
those of the University of Liege, the American Association of Equine Practitioners (AAEP), and
leading small animal institutions — as well as scientific literature addressing best practices in
infection control. We identify key components of successful biosecurity programmes, includ-
ing risk-based patient classification systems, standardised hygiene and disinfection protocols,
and the mandatory training for staff and students. Particular emphasis is placed on the difficul-
ties encountered in teaching contexts, where high human-animal interaction increases the risk
of zoonoses and nosocomial infections. A comprehensive set of recommendations is presented
to support the development of scalable and institutionally adapted biosecurity protocols, with
the aim of ensuring the safety of patients, staff, students, and visitors in VTHs while meeting
international accreditation standards.

Introduction

Over the past decades, internal regulations governing biosecurity in Veterinary Teaching
Hospitals (VTHs) have often lacked the scientific rigour and operational comprehensive-
ness necessary to address contemporary challenges, including nosocomial infection control,
zoonotic disease prevention, and occupational safety. These deficiencies have been repeatedly
underscored by accreditation agencies, particularly the European Association of Establishments
for Veterinary Education (EAEVE), through its Evaluation System of Veterinary Training
(ESEVT). This system mandates the implementation of documented biosecurity protocols,
compulsory training for students and staff, and the creation of monitoring and improvement
mechanisms, as articulated in Standards 4 and 9.1 of the framework (EAEVE, 2023).

In the context of this review, biosecurity refers to the comprehensive set of preventive strate-
gies designed to minimise the transmission of infectious agents among animals, humans, and
the environment within veterinary clinical settings. These strategies encompass hygiene prac-
tices, patient isolation, access control measures, the appropriate use of personal protective
equipment (PPE), disinfection protocols, education, and continuous surveillance (Stull et al.,
2018).

It is essential to differentiate between biosecurity and biosafety, as the two concepts, while
related, address distinct aspects of infectious disease control. Biosecurity is primarily concerned
with preventing the spread of pathogens between living organisms and into the surrounding
environment. In contrast, biosafety focuses on the safe containment, handling, and management
of biological agents within laboratory environments or controlled facilities, aiming to protect
laboratory personnel and prevent accidental releases. Thus, while biosecurity addresses external
transmission risks, biosafety deals with internal exposure risks (Beeckman and Riidelsheim,
2020; Renault et al., 2021).

In the context of VTHs, biosecurity documentation can be conceptualised as a hierarchy. A
biosecurity programme represents the overarching, institution-wide framework encompassing
governance, policies, resources, and continuous improvement mechanisms to manage biose-
curity risks. A biosecurity plan is a structured document, developed within the programme,
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that outlines specific objectives, responsibilities, procedures, and
timelines for implementing biosecurity measures in a defined facil-
ity or operational area. A biosecurity protocol refers to a standard-
ised set of step-by-step instructions - often presented as standard
operating procedures (SOPs) - detailing how individual tasks are
to be carried out to meet plan objectives. A biosecurity project is
a targeted, time-bound initiative, typically designed to address a
specific biosecurity issue or to implement an improvement within
the existing plan or programme. This hierarchy ensures align-
ment between strategic goals, operational planning, and day-to-
day practices, while allowing flexibility for continuous refinement
(Stull et al., 2018).

Effective governance is the cornerstone of biosecurity in VTHs.
At its core, this requires an institutionally approved Biosecurity
Manual and the appointment of a designated Biosecurity Officer,
which together ensure that written protocols are translated into
consistent practice and continuously updated in line with evolving
risks (Benedict et al., 2008; Stull et al., 2018).

The consequences of inadequate biosecurity have been sub-
stantiated by multicentre studies. In a survey of 38 VTHs, 82%
reported at least one outbreak of nosocomial infection over a five-
year period, and 45% experienced multiple outbreaks. In addition,
a study in two veterinary hospitals found that 30% of clinical areas
and 25% of staff uniforms were contaminated with multidrug-
resistant staphylococci, highlighting environmental and personnel
vectors as critical transmission routes (Worthing et al., 2018).
These events led to patient admission restrictions in 58% of insti-
tutions and temporary closures of clinical areas in 32% (Benedict
et al., 2008). Additionally, 50% of these hospitals reported zoonotic
infections affecting personnel or clients within the previous two
years (Stull et al, 2018), highlighting the urgent need for har-
monised, evidence-based biosecurity strategies.

The global increase in antimicrobial resistance (AMR)
has further intensified the risks associated with insufficient
biosecurity measures in VTHs. Multidrug-resistant organisms,
such as methicillin-resistant Staphylococcus pseudintermedius
(MRSP), methicillin-resistant Staphylococcus aureus (MRSA),
and extended-spectrum  beta-lactamase (ESBL)-producing
Enterobacteriaceae, have been increasingly identified in veterinary
clinical environments, posing major challenges to patient safety,
infection control, and antimicrobial stewardship (Guardabassi
and Prescott, 2015; Worthing ef al., 2018).

In addition to controlling the ingress and intra-hospital spread
of infectious agents, biosecurity frameworks must also address the
risk of ‘pathogen escape’ Veterinary healthcare workers may inad-
vertently act as vectors, carrying multidrug-resistant organisms
or zoonotic pathogens from the hospital environment into their
households and community settings (Anderson et al., 2020; Sebola
et al., 2023; Stull et al., 2018). This outward transmission path-
way highlights the importance of rigorous decontamination pro-
cedures, occupational health measures, and One Health-oriented
protocols that protect both hospital stakeholders and the wider
public.

In response to this need and the demands of evaluators, an
increasing number of European veterinary institutions have devel-
oped formal biosecurity frameworks. A benchmark model is that
of the University of Liége (Belgium), whose publicly accessible,
SOP-based biosecurity manual has been widely adopted as a refer-
ence across Europe, promoting alignment with international safety
standards set by organisations such as the World Organization for
Animal Health (WOAH) and World Health Organization (WHO;
(Biosecurity SOPs applied to the Faculty of Veterinary Medicine,
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Liége University, 2019). This model integrates infection control
measures, PPE guidelines, educational tools, antimicrobial stew-
ardship, and patient risk categorisation.

VTHs, as the clinical and practical arms of Veterinary
Establishments (VEs), must comply not only with national leg-
islation concerning occupational health and animal welfare but
also with international accreditation requirements. Their dual role
as clinical centres and teaching environments imposes an added
ethical and pedagogical responsibility: to guarantee the safety
of patients and people while embedding biosecurity competen-
cies into veterinary education (Benedict et al., 2008; Marsh and
Babcock, 2015; Stull et al., 2018; Williams et al., 2015).

In this regard, biosecurity is not simply a regulatory neces-
sity but a fundamental teaching objective. ESEVT Day-One
Competence 1.29 explicitly states that graduates must be able to
‘recommend and evaluate biosecurity protocols and correctly apply
these principles’ (EAEVE, 2023). Therefore, integrating structured,
practical biosecurity training into clinical rotations is essential to
ensure that students acquire the competencies expected from their
very first clinical engagement.

Mandatory and continuous training in biosecurity principles
must be extended to all VTH stakeholders, including veterinarians,
auxiliary staff, students, administrators, and external collaborators.
This aligns with Standard 9.1 of the ESEVT, which demands per-
manent education programmes in biosecurity to maintain high
standards of practice and compliance (EAEVE, 2023).

Given their unique role as academic, clinical, and research
institutions, VTHs must model best practices in infection pre-
vention. This review aims to systematically compile, analyse and
compare current scientific literature, international standards and
institutional biosecurity protocols, with the objective of providing
arobust, evidence-based guide to support the implementation and
refinement of comprehensive biosecurity frameworks in VTHs.

This work focuses specifically on clinical areas and patient-
related biosecurity within VTHs. Although laboratory facilities
such as microbiology, parasitology, and pathology laboratories
represent important additional biosecurity challenges, they are
outside the scope of this article. For detailed guidance on labora-
tory biosecurity, readers are referred to standards published by the
World Health Organisation (WHO) and the World Organisation
for Animal Health (WOAH).

Core elements of a biosecurity plan in Veterinary Teaching
Hospitals

An effective Biosecurity Plan in a VTH must address the unique
operational and educational complexities of an academic veteri-
nary environment. While the fundamental principles of biosecu-
rity mirror those applied in private veterinary clinics or general
hospitals, VTHs face additional challenges due to the diversity of
stakeholders involved - including undergraduate and postgraduate
students, academic staff, clinical veterinarians, technical assistants,
and support personnel (e.g., cleaning and administrative staff) -
all of whom must be trained in the safe use of clinical facilities and
biohazardous environments (Benedict et al., 2008; Weese, 2015;
Willemsen et al., 2019).

Governance

A robust biosecurity framework in a VTH must be underpinned
by strong institutional governance. Two foundational pillars are
essential: (1) a comprehensive, institutionally approved Biosecurity
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Manual and (2) the designation of a dedicated Biosecurity Officer
or Biosecurity Unit. The need for a written, accessible infection-
control plan and a designated lead for infection-control is well
established in the veterinary hospital literature (Stull et al., 2018;
Stull and Stevenson, 2015).

The Biosecurity Manual should serve as the central, author-
itative reference for all infection prevention and control (IPC)
measures. It must include SOPs, emergency response protocols,
training requirements, and governance structures. Accessibility is
key: the manual should be available in both printed and digital
formats, disseminated via QR codes, internal networks, and strate-
gically placed signage. Regular review — at least annually and always
following significant incidents - is essential to ensure alignment
with scientific evidence, lessons learned, and regulatory updates
(Benedict et al., 2008; Stull et al., 2018; Weese, 2014, 2015). While
the manual provides the institutional framework, effective imple-
mentation requires clearly defined responsibility at the individual
level.

The Biosecurity Officer (or Biosecurity Unit) is responsible for
operationalising the Biosecurity Manual and ensuring consistent
application across hospital departments. This role requires a per-
son with a veterinary degree, ideally with postgraduate training in
infectious disease control, epidemiology, or public health, as well
as formal qualifications in IPC. Key competencies include outbreak
investigation, risk assessment, surveillance design, and implemen-
tation of infection control protocols. Leadership, communication,
and financial planning skills are equally critical to ensure staff
engagement and long-term sustainability (Ruple-Czerniak et al.,
2013; Smith et al., 2023; Stull and Weese, 2015). Beyond individual
leadership, institutional biosecurity also benefits from collective
oversight through multidisciplinary governance bodies.

A Multidisciplinary Biosecurity Committee — comprising rep-
resentatives from clinical staff, biosecurity officers, infection con-
trol specialists, educators, administrators, and, where appropriate,
students — should oversee compliance, training, surveillance, and
incident review. Routine audits, environmental sampling, and con-
structive feedback mechanisms reinforce adherence and promote
shared responsibility (Ruple-Czerniak et al., 2013; Stull and Weese,
2015; Timofte and Jepson, 2024). However, even the most robust
governance structures cannot succeed without adequate physical
and logistical resources.

Institutional support, enforcement authority, and sufficient
resources are indispensable to translate biosecurity strategies
from policy into practice. Physical infrastructure should include
purpose-built isolation units, decontamination areas, fully
equipped PPE stations, and traffic-flow systems designed to
minimise cross-contamination. Where feasible, isolation capacity
should be species-specific or, at minimum, segregated for small -
and large-animal patients, supported by dedicated equipment and
independent support flow (Smith et al. 2004; Elchos et al., 2008;
Weese, 2014; Williams et al., 2015).

Operational components

The effectiveness of any biosecurity plan ultimately depends on
its practical implementation across all areas of the hospital.
Fundamental measures such as rigorous hand hygiene, the appro-
priate use of protective clothing, the minimisation of unnecessary
contact with patients, and the safe disposal of biological waste
must be consistently applied and closely monitored (Shea and
Shaw, 2012). These practices form the cornerstone of infection

prevention and are essential for reducing the baseline risk of
pathogen transmission within VTHs.

Building upon these foundations, biosecurity protocols must
also address the interruption of specific transmission pathways. A
clear understanding of infectious disease epidemiology is required
to design effective barriers and movement restrictions that min-
imise cross-contamination and reduce the likelihood of outbreaks
(Boerlin et al., 2001; Weese, 2004). These measures, ranging from
equipment dedication to restrictions on traffic flow, ensure that
both patients and staff are protected from inadvertent exposure.

Operational components must furthermore be dynamic and
continuously refined. Surveillance systems, regular audits, and
clinical feedback are crucial to identify weaknesses, update pro-
cedures, and strengthen compliance. The systematic use of per-
formance indicators and diagnostic audits creates a feedback loop
that supports evidence-based revisions of protocols and fosters a
culture of accountability (Anderson and Weese, 2016; Burgess and
Weese, 2021; Stull and Weese, 2015).

Finally, effective biosecurity requires clear and consistent com-
munication of risks. Information must be conveyed in a manner
that is easily understood and readily accessible to all hospital stake-
holders, regardless of their background or role. This includes the
use of signage, checklists, and visual cues, as well as direct com-
munication strategies that reinforce behavioural expectations. By
ensuring that messages are concise, visible, and adapted to different
user groups, VTHs can enhance adherence and promote a shared
sense of responsibility for infection control (Elchos et al., 2008;
Williams et al., 2015).

Risks assessment, transmission pathways, and patient
classification

The first step in designing a functional biosecurity plan for a VTH
is a comprehensive risk assessment. This evaluation must consider
the wide range of hazards that arise from the hospital’s dual role
as both a clinical centre and a teaching environment, where high
volumes of students, staff, and patients converge. Effective risk
assessment provides the foundation for all subsequent decisions
regarding patient management, staff protection, and environmen-
tal controls.

Transmission pathways

A central element of this process is the analysis of pathogen trans-
mission pathways, because understanding how infectious agents
spread is essential for defining hospital zones, movement flows, and
protective measures. Transmission can occur through direct con-
tact with secretions or lesions, through fomites such as equipment
or clothing, via droplets and aerosols generated during respira-
tory procedures, or by environmental routes including faeco-oral
contamination and persistent pathogens. In some contexts, vec-
tors such as ticks and other insects must also be considered. Each
of these pathways requires specific containment measures, ranging
from the use of barrier nursing and dedicated equipment to venti-
lation strategies and ectoparasite control (Burgess and Weese, 2021;
Stull and Weese, 2015; Weese, 2004; Willemsen et al., 2019).

Physical risks

Physical risks in VTHs primarily arise from the unpredictable
behaviour of animal patients, which may result in traumatic
injuries such as bites, kicks, or scratches. Additional risks are
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associated with the routine use of diagnostic imaging equipment
(e.g., radiography or Computed Tomography [CT]), which exposes
personnel to ionising radiation. Compliance with national radia-
tion safety regulations and the implementation of protection mea-
sures defined by institutional Radiological Protection Technical
Units (RPTU) are therefore mandatory (Freitas et al., 2021; Mayer
etal.,2018).

Chemical risks

VTHs utilise a wide array of chemical substances, including dis-
infectants, pharmaceuticals, and cytotoxic agents. While many of
these pose minimal risk under routine conditions, particular atten-
tion is required for inhalational anaesthetics and chemotherapeutic
agents, which are associated with significant occupational expo-
sure risks. In teaching hospitals, where the density and turnover
of users is higher - including students, residents, and support staff
- protocols must explicitly cover the handling, storage and waste
management of hazardous compounds to minimise the likelihood
of accidental exposure or poisoning (Driscoll et al., 2005; Easty
et al., 2015; Fung and Seneviratne, 2016; Kandel-Tschiederer et al.,
2010; Shirangi et al., 2014).

Biological risks

Given their referral function, VIHs frequently admit patients
from diverse backgrounds, including animals with undiagnosed
or emerging infectious diseases. The biological risk is therefore
twofold: on the one hand the potential occurrence of nosocomial
infections within the hospital environment, and on the other, the
zoonotic risk posed to students, staff, and visitors. To mitigate these
risks, strict segregation, triage, and isolation procedures are essen-
tial, supported by robust hygiene protocols and the systematic use
of PPE. As detailed in Section 3.1, the likely transmission path-
way(s) should be identified at triage to guide placement, signage,
and PPE (Boerlin et al., 2001).

Patient classification (four-tier model)

On admission, patients are classified according to transmis-
sion risk and zoonotic significance, which immediately activates
proportional precautions (Guptill, 2015; Machado et al., 2023).
Importantly, measures must be initiated as soon as suspicion arises,
even before laboratory confirmation. For example, patients with
suspected parvovirosis, leptospirosis, or dermatophytosis should
be categorised as Tier/Class 3 or 4 within the hospital’s multi-
level infectious-risk system, thus triggering pre-emptive contain-
ment procedures (Guptill, 2015; Machado et al., 2023). The use of
standardised models enhances consistency, improves training out-
comes, and facilitates more efficient resource allocation (Banks,
2020). A practical species-based summary of common infec-
tious agents and their corresponding biosecurity class is provided
in Table 1 (see Section 3.7).

Classes and core precautions

Based on current evidence and international best practices, this
classification framework provides a structured guide for triage,
clinical decision-making, and workflow management within
VTHs. The following four-tier system details the patient categories
and their corresponding biosecurity precautions:

o Class 1 (Green): Low transmission risk, not zoonotic

Juan Alberto Corbera et al.

Patients in this category present with infectious diseases of mini-
mal transmission potential and no recognised zoonotic risk. Such
cases comprise the majority of patients in routine veterinary
practice. Standard hospital biosecurity protocols, including basic
hygiene measures, are sufficient to manage these patients.

o Class 2 (Blue): Low transmission risk, limited zoonotic poten-
tial

Patients may carry pathogens that are zoonotic only sporadically
and typically restricted to certain geographic or epidemiological
contexts. Effective treatment or prophylaxis is usually available.
The same measures applied to Class 1 patients generally suf-
fice, although heightened vigilance, thorough documentation, and
client education may be advisable.

o Class 3 (Yellow): Moderate transmission risk or suspected
zoonotic pathogen; barrier nursing required

This category includes patients with either suspected or confirmed
infectious diseases that pose a moderate risk of animal-to-animal
or animal-to-human transmission (e.g., suspected leptospirosis,
dermatophytosis). It is critical that precautionary biosecurity pro-
tocols are activated as soon as clinical suspicion arises — even prior
to laboratory confirmation. Such patients should be housed in des-
ignated isolation areas, and staff must employ appropriate barrier
nursing techniques (Stull and Weese, 2015; Weese, 2004).

o Class 4 (Red): High-risk pathogen or severe zoonotic disease;
strict isolation required

These patients are suspected or confirmed carriers of highly con-
tagious and/or high-consequence pathogens of significant public
health concern (e.g., Brucella, notifiable zoonoses). Full isolation
is mandatory and management often must include coordination
with public health authorities as legally mandated. Enhanced PPE,
restricted access, and dedicated equipment are essential for the safe
management of these patients (Stull et al., 2018; Weese, 2004).

This risk-based classification is directly linked to PPE require-
ments, which are standardised across hospital zones and tailored
to each class level. Specific recommendations for attire, protective
equipment, and hygiene practices are outlined in the subsequent
section on PPE and Attire, ensuring consistency between patient
classification, isolation measures, and staff protection.

Moreover, depending on the VTH’s geographic location, the
biosecurity plan should incorporate a list of regionally rele-
vant pathogens and assign them to the appropriate biosecu-
rity categories, in alignment with national surveillance systems
and international guidance (Chetri et al., 2023; Machado et al.,
2023). Patient classification also informs species-specific place-
ment within isolation units; separation of small- and large-animal
caseloads is recommended as a baseline, modulated by facility risk
assessment.

Definition and scope of barrier nursing

Barrier nursing is the coordinated application of a set of protective
measures, including contact, droplet, and airborne precautions;
patient segregation (single room or cohorting); dedicated equip-
ment; controlled access; and procedural barriers such as donning
and doffing sequences, hand hygiene, environmental cleaning, and
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Table 1. Illustrative classification of patients by species, showing the primary transmission pathway together with the recommended precautions. This table is
non-exhaustive and is intended to complement Appendix 1

Infectious agent

Precautions /

Species /condition Primary transmission isolation Key notes
Dog Canine parvovirus Faeco-oral; environ- Contact + enhanced Non-enveloped virus;
mental environmental high persistence
disinfection (Dunowska et al.,
2005; Weese, 2015)
Dog Leptospira spp. Urine/water; droplet Contact + eye/face Zoonotic; handle
with aerosols protection; moisture urine with PPE
control (Guptill, 2015)

Dog CIRDC (Bordetella etc.) Droplet/contact Droplet/contact; Restrict movement;

cohorting signage
(Guptill, 2015)

Dog (any) Rabies suspicion Bites; saliva Strict isolation; Notifiable; legal
public-health protocols apply
coordination

Cat Feline panleukopenia Faeco-oral; environ- Contact + enhanced Similar to canine

mental disinfection parvovirus

Cat Chlamydia felis Droplet/ ocular Droplet/contact Eye protection in

secretions procedures (Guptill,
2015).
Cat/Calf/Horse Dermatophytosis Direct/indirect; fomites Contact; dedicated If on effective therapy
(active shedding) tools; environmental with low spore load
cleaning — 2 (Willemsen et al.,
2019)
Horse Strangles Droplet/contact Droplet/contact; Monitor carriers
(Streptococcus equi) segregation (Weese, 2014)
Horse Equine influenza Droplet/short-range Droplet; movement Ventilation and
aerosols restrictions cohorting (Weese,
2014)

Horse EHV - 1 (neurologic) Droplet/contact; Contact/droplet; High contagion; not

procedures dedicated staff zoonotic

Calf/Foal Salmonella spp. Faeco-oral; environ- Contact + enhanced Escalate to Class

(diarrhoeic)

mental

disinfection

4 if MDR and an
institutional outbreak
(Burgess and Morley,
2015; Worthing et al.,
2018)

Small ruminants
(peripartum)

Coxiella burnetii
(Q fever)

Airborne from birth
products

Airborne/respirator;
restricted access

High risk for pregnant
staff (Weese, 2014)

Cattle/goats Brucella spp. Fluids; aerosols Strict isola- Serious zoono-
(abortion) tion; respirator; sis; specific legal
notification requirements
Cattle Mycobacterium bovis Airborne Airborne isolation; High occupational
authority notification risk
Sheep/goats Chlamydia abortus Aerosol/droplet at Airborne/droplet; Zoonotic, severe risk

parturition

exclude pregnant
staff

Ruminants/ equids Bacillus anthracis Environmental spores Strict isolation; Notifiable
authority notification
Birds of prey/poul- Avian influenza (HPAI) Droplet/airborne Strict isolation; Notifiable

try

respirators

Psittacines Chlamydia psittaci Airborne Airborne isolation; Significant zoonosis
respirator
Reptiles Salmonella spp. Faeco-oral; fomite Contact; gloves; Client education

(shedders)

dedicated sinks

essential
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waste management. This integrated approach is designed to min-
imise transmission between patients, staff, and the hospital envi-
ronment. Within this framework, barrier nursing is mandatory for
Class 3 patients and incorporated into the stricter isolation require-
ments of Class 4 (Stull et al., 2018; Stull and Weese, 2015; Weese,
2004).

o Minimum elements (Class 3): gown and gloves for all contact;
procedure masks/eye protection as indicated; patient-dedicated
tools; terminal cleaning with agents effective for the pathogen
profile.

Enhanced elements (Class 4): as above plus respiratory pro-
tection (FFP2/N95) for airborne-risk procedures, negative-
pressure/segregated room where available, entry logs, and
public-health liaison for notifiable diseases (Stull et al., 2018;
Weese, 2004).

Summary by species and infectious agent (illustrative)

A practical species-based summary of common infectious agents
and their corresponding biosecurity class is presented in Table 1,
which complements the preceding classification framework.

Triggers, documentation, and EMR integration

Classification is recorded at triage in the Electronic Medical Record
(EMR) and subsequently updated as diagnostic information
becomes available, thereby ensuring consistent application across
all departments. Triggers include compatible clinical syndromes
(e.g., acute haemorrhagic diarrhoea, abortion storms, respiratory
disease clusters), exposure history, and regional epidemiology
(Guptill, 2015; Machado et al, 2023). Once classification is
assigned, it automatically determines the required PPE level,
room type, signage, and cleaning protocols. Adherence to these
measures is reviewed through regular monthly audits (Burgess
and Morley, 2015; Ruple-Czerniak et al., 2013; Stull et al., 2018).

Access control, movement management, and personal
protective equipment

Area-specific signage by biosecurity level

Effective access control and movement management within VTHs
are critical components of biosecurity management. All stakehold-
ers — including students, faculty members, veterinarians, technical
staff, external visitors, and clients — must strictly adhere to the
established access protocols. These protocols encompass compli-
ance with posted signage, mandatory use of PPE, and adherence
to area-specific restrictions, and are implemented through practi-
cal measures such as (i) standardised signage templates (e.g., ‘Stop
- Isolation, ‘Contact Precautions, ‘Droplet/Airborne Precautions’)
with clear iconography and colour-coding; (ii) physical barri-
ers and controlled entry points (swing gates, access-controlled
doors, anterooms) equipped with donning/doffing stations; (iii)
floor demarcation and separation lines (colour-coded pathways;
clean, semi-clean, and dirty zones as defined in Section 4.5)
using durable tape or paint; (iv) dynamic marking systems -
retractable belt barriers, magnetic tape, and portable floor signs —
to reconfigure flows during outbreaks or high-risk procedures; (v)
one-way traffic for people, animals, equipment, and waste (clean
— semi-clean — dirty flow), with no reverse movement except
under defined decontamination protocols; and (vi) point-of-use

Juan Alberto Corbera et al.

reminders, including laminated checklists at doors, QR codes link-
ing to SOPs) to reinforce correct PPE and movement rules.

Consistent with the hospital’s zoning strategy, isolation rooms
should be allocated by species where transmission dynamics mate-
rially differ; at a minimum, small- and large-animal isolation areas
should be distinct, with cross-traffic and shared equipment prohib-
ited unless decontaminated according to SOPs.

Access restrictions for high-risk zones

Client access is permitted only in low-risk areas and strictly pro-
hibited in high-risk zones (e.g., surgical suites and isolation units).
These restrictions must be clearly communicated through signage
and consistently enforced by the institution. For instance, while
client access may be permitted for routine consultations, it must
remain strictly prohibited in designated high-risk zones, includ-
ing surgical suites and infectious-disease units. In VTHs, where
the daily volume of students and visitors is particularly high, such
restrictions require reinforcement through institutional policies.
Lapses in the enforcement of access control have been directly
associated with increased biosecurity breaches and exposure risks
(Biosecurity SOPs applied to the Faculty of Veterinary Medicine,
Liége University, 2019; Stull et al., 2018).

Stakeholder-specific access policy

To enhance clarity, access rules must be specified according to the
stakeholder category:

Students: In clinical teaching areas, student access requires
mandatory accompaniment by faculty member or designated vet-
erinarians and is strictly conditioned on prior biosecurity training
and compliance records. The biosecurity plan must explicitly define
the protocols governing student access, including those enrolled in
undergraduate and postgraduate veterinary programmes, as well
as those participating in academic exchange initiatives. All stu-
dents must receive training in institutional biosecurity protocols
before being allowed into specific areas, and their continued access
depends on demonstrated compliance.

Faculty and clinical staff: Access is defined according to zone
and role and is enforced through identification badges and access-
controlled doors. Strict compliance with movement rules and PPE
requirements for each zone is mandatory.

Visitors (general/external observers): Access is by escort only, fol-
lowing a brief induction on local rules. They are strictly excluded
from high-risk zones. A unique aspect of VTHs is the presence of
visiting professionals, such as external veterinarians undertaking
continuing education or specialised clinical training. Unlike mas-
ter’s, doctoral, or exchange students who usually follow formalised
university enrolment and access procedures, these professionals
may lack institutional onboarding. As such, they must be pro-
vided with targeted biosecurity instruction upon arrival and must
demonstrate understanding of core biosecurity protocols before
being granted access to clinical areas.

Clients and animal owners: Entry to isolation units is not per-
mitted; however, where design allows, indirect visual contact may
be provided (e.g., observation windows) under supervision and
without compromising containment. The presence of animal own-
ers in isolation areas is a contentious but critical issue in biosecurity
planning. In general, owners should not be permitted to enter iso-
lation units. However, where facility design allows, indirect visual
contact (e.g., through internal windows or observation corridors)
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Workflow for the Classification and Management of Infectious
Patients in Veterinary Teaching Hospitals (VTHs)
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Figure 1. Workflow for the classification and management of infectious patients in Veterinary Teaching Hospitals (VTHs).

may help reduce owners’ anxiety without compromising contain-
ment measures.

At-risk individuals (e.g., immunocompromised or pregnant):
An individual risk assessment is required before assigning tasks
involving infectious patients or high-risk materials, and measures
must align with occupational health policies and data-protection
rules. Particular consideration must be given to at-risk individu-
als, who may include students, veterinary staff, or animal owners.
These cases must be carefully managed within the institutional
health and safety policies and in full compliance with data protec-
tion regulation, especially regarding the confidentiality of health-
related information (Stull and Stevenson, 2015).

Industry representatives and external service providers: Access
requires pre-registration, targeted biosecurity instruction on
arrival, and escorting, and is restricted to approved zones and time
windows. Entry to high-risk areas is prohibited unless expressly
authorised by the Biosecurity Officer and in full compliance with
SOPs.

While Fig. 1 provides a schematic overview of patient classifi-
cation and management, detailed, practice-oriented recommenda-
tions on the use of PPE - adapted to different user groups such as
students, clinical staff, support personnel, and visitors — are pro-
vided in Section 4.5. This section specifies colour-coded attire,
footwear policies, isolation protocols, and tailored PPE require-
ments, thereby ensuring that all populations within the VTH
receive clear and context-appropriate guidance.

Controlled access to high-risk areas

Surgical suites

Operating theatres represent critical zones where strict biosecu-
rity measures must be enforced to prevent surgical site infections
(SSI) and nosocomial transmission of pathogens. All individuals
entering surgical areas must wear designated surgical scrubs, caps,
masks, and dedicated footwear. Access must be restricted to autho-
rised personnel only, and movement into and out of the theatre
during procedures should be kept to an absolute minimum. All
surgical instruments and surfaces must undergo validated cleaning

and sterilisation protocols in accordance with international veteri-
nary surgical standards (Anderson and Weese, 2016; Verwilghen
and Singh, 2015). Preoperative patient preparation, including anti-
septic scrubbing and proper draping techniques, remains essential
to maintaining an aseptic environment.

Isolation units

The management of suspected or confirmed infectious patients
in VTHs must follow established isolation protocols. Core proce-
dures include initial external triage (e.g., keeping the patient in the
vehicle until evaluated), the use of dedicated entry points for infec-
tious cases, restricted access for animal owners, patient-specific
equipment, and structured cleaning and disinfection routines.

Telephone-based pre-screening: Appointment and arrival calls
must include targeted questions to detect signs compatible with
infectious disease. This approach is particularly applicable to
equine and food-producing animals.

In-vehicle screening (large animals, where applicable): For equine
or other large-animal patients, preliminary evaluation may occur
while the animal remains in the trailer or in a designated hold-
ing area, reducing exposure in shared spaces. This method is not
standard for companion animals.

Triage room screening with restricted access: In small-animal hos-
pitals, screening should take place in a dedicated triage room
near reception, with controlled entry and clear zoning to prevent
uncontrolled movement between biosecurity levels.

Client routing and area access restrictions: After screening and
provisional classification, clients must be routed according to the
patient’s risk level. Owners of infectious patients must not circu-
late through clinical areas, where feasible, observation facilities
may be provided without compromising containment.

A major limitation in implementing these protocols is often the
lack of adequate infrastructure or trained personnel. Therefore,
institutions must invest in dedicated isolation facilities and ensure
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that staff are properly trained to manage infectious disease sce-
narios. Patients classified as Class 3 or 4 should never enter
common areas; instead, they should be kept in carriers or vehi-
cles until evaluated. Admission and reception personnel must be
trained in appointment triage procedures, including telephone
pre-screening. Clear, standardised signage is essential to prevent
inadvertent entry of potentially infectious animals.

Veterinary staff must be familiar with clinical triage protocols
and with the safe movement of patients to infectious examina-
tion rooms, which should be accessible via separate entrances
that prevent contact with uninfected patients or visitors (Machado
et al., 2023). All patient transfers must be performed using sealed
carriers or wheeled carts, thereby minimising environmental con-
tamination. Owners are not permitted in the isolation area, and
unnecessary personal items must be excluded.

Infectious patients requiring hospitalisation must be trans-
ferred directly into species-specific isolation rooms. Animals with
external parasites, such as fleas or ticks, must be treated before
admission. If infectious disease is ruled out after evaluation, the
patient may be cleared for regular hospital entry. Animals with
symptoms such as acute vomiting, diarrhoea, respiratory distress,
or neurological abnormalities of suspected infectious origin must
be considered contagious until proven otherwise. Screening diag-
nostics should be performed before hospital admission when fea-
sible.

Working in the isolation area

In isolation units, animals must be housed individually. Handling
must always proceed from lowest to highest risk cases. Between
patients, personnel must change PPE and disinfect their hands.
Each patient must be clearly labelled, and a dedicated infectious
patient logbook, including the pathogen (if known), classification
level, and entry/exit staff registry, must be maintained for traceabil-
ity (Burgess and Morley, 2015; Stull et al., 2018). Access to isolation
rooms should be via electronically controlled doors, ensuring that
only authorised and trained individuals can enter.

Before entry, personnel must don full PPE in a designated
changing area: gown, mask, cap, shoe covers, and gloves (after hand
disinfection). Entry into clinical rooms must occur via a disin-
fectant footbath. Upon exiting, staff must follow correct doffing
procedures, discarding PPE into biohazard bins and disinfecting
hands and footwear. Glove removal must always be the final step.

In cases where animals require procedures in general hospital
areas (e.g., CT scan), transport should be scheduled during low-
traffic times. Personnel must change into new PPE before transport
and follow strict movement protocols. Transport must be planned
and communicated in advance: the patient should be moved in a
carrier or covered cart; contact with other patients and staff must be
avoided; and all touched surfaces must be disinfected immediately
after transfer.

Given the educational nature of VTHs, students must be
included in isolation protocols through supervised practice ses-
sions. These should be designed to minimise risks while ensuring
skill acquisition. All such training must be formally documented
in clinical logbooks.

Behavioural rules in infectious areas

Unlike private veterinary hospitals, VTHs accommodate hundreds
of students each year. Therefore, clear behavioural protocols must
be established and strictly enforced. Eating and drinking are strictly
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prohibited in clinical areas. When breaks are taken, individu-
als must either change clothing or put on clean gowns before
returning.

Students must avoid touching their face and ensure that any
wounds or lesions are properly covered. Gloves must be worn over
hand injuries. All users must receive training in both general and
scenario-specific emergency procedures, including notification of
VTH administration and external emergency services (e.g., phone
112).

Personal protective equipment guidelines adapted to
biosecurity zones

PPE requirements are aligned with biosecurity zoning (see Section
3.1) and patient risk classification (Section 3.5), including bar-
rier nursing for Class 3 and strict isolation for Class 4 (Section
3.6) (Stull et al, 2018; Weese, 2004). The consistent and appro-
priate use of PPE, together with regulated professional attire,
constitutes a cornerstone of effective biosecurity within VTHs.
Scientific literature strongly supports that visual differentiation
of workwear through colour coding and the routine launder-
ing of clinical clothing significantly reduce the risk of cross-
contamination between clinical areas and between hospital and
community settings (Weese, 2004). PPE prompts, room type, and
signage are automatically generated within the EMR at triage (see
Section 3.8).

Students and staff must be explicitly instructed that commut-
ing between home and the Veterinary Establishment must always
be done in street clothes. Under no circumstances should clinical
work attire — such as scrubs or PPE - be worn on public or private
transport. To facilitate compliance, VEs should provide adequate
changing rooms and personal lockers, thereby allowing the safe
storage of personal belongings and the correct donning and doffing
of professional clothing upon arrival and departure (Weese, 2004).

Clean zones

Standard clinical attire (colour-coded scrubs by service) and rig-
orous hand hygiene are required; gloves should be worn when
exposure to body fluids is anticipated or when handling invasive
devices. The VTH must implement a colour-coded scrub system
for all personnel - particularly students — to prevent cross-use
between incompatible areas (e.g., necropsy facility, farm, slaugh-
terhouse, isolation ward) (Boerlin et al., 2001; Singh et al., 2013).
Ideally, scrub standardisation should consider both the hospital
area and staff role (e.g., surgeons, anaesthetists, students, techni-
cal assistants), thereby enhancing visual identification and min-
imising cross-contamination risks. Several accredited institutions,
including the University of Liege (Belgium) and Davies Veterinary
Specialists (UK), have successfully implemented such systems as
part of their biosecurity frameworks (Biosecurity SOPs applied
to the Faculty of Veterinary Medicine, Liége University, 2019).
This system facilitates visual identification of staff roles and helps
limit microbiological cross-contamination across functional zones.
In colder climates, thermal underlayers should always be worn
beneath, rather than over, the designated scrubs.

Semi-clean zones

For routine patient contact, staff should wear gloves and a gown;
with a mask and eye protection added when required by procedural
risk (e.g., risk of splashes or during close respiratory examinations).

Downloaded from https://www.cambridge.org/core. 18 Dec 2025 at 22:11:18, subject to the Cambridge Core terms of use.


https://www.cambridge.org/core

Animal Health Research Reviews

Dirty/isolation zones (Classes 3-4)

Barrier nursing must be implemented: gown and gloves for all
contact; surgical/procedure mask and eye protection as indicated;
FFP2/N95 respirator for aerosol-generating procedures; placement
in negative-pressure or otherwise segregated rooms, where avail-
able; and the maintenance of entry logs (see Section 3.6).

Footwear and outerwear

All staff and students must wear closed-toe, hospital-only footwear
in clinical areas; external shoes are prohibited beyond desig-
nated changing zones. Designated changing areas for donning and
doffing scrubs must be established. These should be strategically
located between clean and contaminated zones, clearly signposted,
and equipped with adequate waste disposal facilities to ensure the
safe handling of potentially contaminated clothing and PPE. In
addition, the wearing of jewellery - including rings, bracelets, and
necklaces - is not permitted. Piercings must be removed or cov-
ered with adhesive dressings. Hair must be secured and fingernails
kept short and unpolished. These measures are intended to min-
imise fomite-mediated pathogen transmission. Notably, personnel
who wear rings have significantly higher microbial loads on their
hands, even after washing, than those without rings, supporting
strict enforcement of these policies (Anderson, 2015).

Availability and identification

All individuals present in the VTH must wear clearly visible insti-
tutional identification badges at all times. In designated isolation
units, or during the handling of high-risk patients, disposable PPE
- including gowns, gloves, caps, shoe covers, and masks - must be
readily available and used in strict accordance with SOPs.

Additional restrictions

The presence of personal companion animals within VTH
premises is strictly prohibited. Such animals may carry zoonotic
pathogens or act as mechanical vectors of environmental con-
taminants, thereby compromising the integrity of the hospital’s
infection-control protocols. Exceptions should be strictly regulated
and limited to patients under formal admission and supervision.
However, service animals accompanying individuals with disabili-
ties (e.g., guide dogs) must be accommodated in accordance with
applicable legal provisions. In these cases, reasonable adjustments
should be provided while ensuring that biosecurity risks are ade-
quately controlled, particularly by restricting access to high-risk
zones such as infectious disease units or surgical theatres.

Additional attire and hygiene requirements
To further minimise biosecurity risks, the following requirements
must be strictly enforced:

o Internal laundering: Colour-coded uniforms must be laundered
exclusively on hospital premises or via contracted institutional
services. Home laundering is not permitted.

o Mandatory change between incompatible zones: Uniforms must
be completely changed when moving between areas of differ-
ing sanitary risk, particularly between clinical blocks, necropsy
facilities, outdoor facilities, and isolation units.

o Footwear specifications: Footwear must be closed-toe, water-
proof, washable, and used exclusively within the hospital. PVC
boots or clinical clogs are acceptable options.

o External garments: Laboratory coats or jackets used in clini-
cal areas must be washable, sector-specific, and kept on-site for
institutional laundering.

 Body modification protocol: When piercings cannot be removed,
they must be covered with a sterile adhesive dressing, which must
be changed daily.

Cleaning, disinfection, and environmental hygiene.

Cleaning staff must receive specific training aligned with biosecu-
rity protocols.

o Hand hygiene: Staff must maintain short nails and avoid excessive
jewellery. Soap and hand sanitiser dispensers must be avail-
able in all isolation areas (Anderson, 2015). To verify cleaning
efficacy, some VTHs employ ATP bioluminescence tests or envi-
ronmental culture sampling, allowing real-time assessment of
disinfection effectiveness (Burgess et al., 2004; Traverse and
Aceto, 2015).

o Patient hygiene: Animal areas must be kept clean. Biological
materials (blood, faeces, urine) must be removed, and surfaces
cleaned, dried, and disinfected using agents such as Virkon” S
(allow 10 minutes contact time) (Geraldes et al., 2021). Waste
generated in clinical areas, including potentially infectious mate-
rials, must be handled and disposed of in accordance with
established veterinary clinical waste management protocols,
ensuring segregation, safe storage, and removal by authorised
personnel, as recommended by international veterinary guide-
lines (Weese, 2015; Biosecurity SOPs applied to the Faculty of
Veterinary Medicine, Liége University, 2019; Terrestrial Code
Online Access - WOAH - World Organisation for Animal
Health 2024; AVMA, n.d.).

o Equipment disinfection: Cages and feeding accessories must be
cleaned daily or as needed. Soapy water followed by Virkon®
S for 15 minutes ensures disinfection (Dunowska et al., 2005).
External equipment must not be introduced into isolation unless
disinfected. Alternatives include 0.5% chlorhexidine solutions
(Geraldes et al., 2021). Shared tools must be disinfected between
patients.

o Floor and wall hygiene: Floors should be swept, washed with
detergent (15%), rinsed, and disinfected using 5% bleach, fol-
lowed by through drying to prevent microbial persistence and
surface damage. Quaternary ammonium spray may be applied
upon exit from isolation rooms (Traverse and Aceto, 2015). Walls
(e.g., tile) should be cleaned using dedicated sponges soaked in
0.5% bleach while wearing gloves and goggles. After use, sponges
should be immersed in 10% sodium hypochlorite for 10 minutes,
rinsed, and dried (Traverse and Aceto, 2015).

These measures ensure that the hospital’s-built environment sup-
ports effective biosecurity practices and minimises fomite trans-
mission. Detailed comparative analyses of detergents, sanitisers,
and disinfectants by active ingredient and spectrum of antimicro-
bial activity are available in the specialised literature (e.g., Traverse
and Aceto, 2015; Weese, 2015) and guidelines (Stull ef al., 2018).
Given that the aim of this review is to provide governance-oriented
and structural recommendations, product-specific guidance was
not included here. Institutions are strongly encouraged to consult
those resources when designing or updating their cleaning and
disinfection protocols.

To facilitate implementation, we provide Supplementary Table
S1 summarising recommended detergents, sanitisers, and disin-
fectants by hospital area and biosecurity level, organised by active
ingredient and indicating spectrum of activity (bactericidal, viru-
cidal, fungicidal, sporicidal).
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Monitoring and feedback

Each VTH must implement a formal monitoring and con-
trol programme to ensure the effectiveness of its biosecurity
system (Benedict et al., 2008). Although the measures can be
very extensive — ranging from monitoring surgical-site infections
(Verwilghen and Singh, 2015) to studies on antibiotic resistance
(Guardabassi and Prescott, 2015) — the minimum components
include:

o Environmental surveillance: Biannual sampling of surfaces
in isolation rooms for pathogens such as Salmonella spp.
and methicillin-resistant Staphylococcus spp. is recommended
(Benedict et al., 2008; Burgess and Morley, 2015; Burgess et al.,
2004; Stull et al., 2018; Worthing et al., 2018). Environmental
surveillance protocols should also include periodic sampling for
multidrug-resistant organisms such as MRSP, MRSA, and ESBL-
producing bacteria. The detection of these agents serves not only
as an indicator of infection-control efficacy but also as a sen-
tinel marker for emerging AMR within clinical environments
(Guardabassi and Prescott, 2015; Worthing et al., 2018).

o Lessons learned sessions: A biannual review of clinical cases man-
aged in isolation should be carried out, aiming to identify pro-
cedural improvements. In addition, onboarding for all new staff
must include a dedicated training module on VTH biosecurity
protocols.

Antimicrobial stewardship within biosecurity frameworks

Effective antimicrobial stewardship (AMS) is inseparable from
biosecurity. Robust infection-prevention practices reduce inap-
propriate antimicrobial use, while stewardship limits the selection
and dissemination of resistant organisms within VTHs (Burgess
and Weese, 2021; Guardabassi and Prescott, 2015; Stull et al,
2018; Weese, 2015; Worthing et al., 2018). Recent evidence
confirms that nosocomial infections in veterinary hospitals are
frequently caused by multidrug-resistant bacteria. According to
Sfaciotte et al. (2023) pathogens such as MRSA, MRSP, VRE, and
ESBL-producing Enterobacteriaceae are recurrently isolated from
veterinary clinical environments, often linked to environmental
contamination and cross-transmission. Similarly, Sebola et al.
(2023) identified Staphylococcus spp. as the most common agents
of hospital-acquired and zoonotic infections, with a high preva-
lence of multidrug resistance. These findings highlight the need to
integrate nosocomial infection surveillance and AMR monitoring
within VTH biosecurity programmes. This section outlines the
governance, operational, and educational measures required to
embed AMS into daily biosecurity practice.

Governance and policy

VTHs must adopt an institutional AMS policy aligned with
national regulations and professional guidance, clearly defining
the roles of a multidisciplinary AMS team (clinical leads, micro-
biology/infectious diseases, pharmacy/dispensing, biosecurity offi-
cers, nursing/technicians, and education leads). The policy should
also specify formulary oversight, escalation pathways for com-
plex cases, and audit/feedback cycles, integrated within biosecurity
monitoring systems (Guardabassi and Prescott, 2015; Stull and
Weese, 2015).
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Prudent prescribing and diagnostics

Clinical decision-making should prioritise diagnosis-driven ther-
apy, including targeted sampling before initiating antimicrobials
whenever feasible, the use of local antibiograms, and prompt nar-
rowing or de-escalation once results are available. Empirical pro-
tocols must be indication-specific, time-limited, and subject to
review within 48-72 hours. Perioperative prophylaxis in surgery
should be strictly restricted to evidence-based indications and
durations (Anderson and Weese, 2016; Verwilghen and Singh,
2015).

Perioperative antimicrobial prophylaxis should be used selec-
tively and time-limited, in accordance with surgical site infec-
tion (SSI) prevention bundles. Prophylaxis is not indicated for
most clean procedures of short duration; it may be justified for
clean procedures with implants or high-consequence failure, and
for clean-contaminated procedures, but therapeutic regimens (not
prophylaxis) are required for contaminated/dirty surgeries. When
indicated, the regimen should consist of a single pre-incisional
dose administered within 60 minutes before incision, with intra-
operative re-dosing only when the procedure exceeds two drug
half-lives or when there is major blood loss. Postoperative con-
tinuation beyond wound closure is not recommended, unless
there is established infection or strong suspicion requiring culture-
guided therapy. Agent selection should reflect the expected flora at
the surgical site, local antibiograms, and patient risk factors, and
must be integrated with SSI-prevention measures (asepsis, clip-
ping/scrub protocols, theatre discipline) detailed in Section 4.4.1
(Anderson and Weese, 2016; Stull et al., 2018; Verwilghen and
Singh, 2015).

Surveillance and metrics

AMS indicators should be incorporated into routine biosecu-
rity audits, including measures of antimicrobial consumption
(e.g., DDDvet/DOT) by service or ward, appropriateness audits
against local guidelines, and resistance-trend surveillance based
on diagnostic submissions and environmental monitoring (e.g.,
MRSP/MRSA/ESBLSs; Burgess and Morley, 2015; Guardabassi and
Prescott, 2015; Worthing et al., 2018). The use of dashboards
providing regular feedback to clinical services fosters both trans-
parency and continuous improvement (Shea and Shaw, 2012).

Infection-control linkages

AMS must be directly linked to isolation policies, patient risk
classification (Classes 1-4), and movement restrictions. Early iden-
tification and prompt isolation of animals with suspected resistant
infections (e.g., prior MRSP/MRSA colonisation or high-risk syn-
dromes) reduce environmental exposure pressure and subsequent
antimicrobial use. Cleaning and disinfection SOPs, together with
strict hand-hygiene compliance, are integral AMS enablers, reduc-
ing both environmental pathogen load and transmission (Stull
et al., 2018; Traverse and Aceto, 2015; Weese, 2004).

Education and culture

Tiered training on AMS principles for students, interns/residents,
nursing staff and clinicians should cover key elements such as
diagnostic stewardship, empiric-to-targeted transitions, dose opti-
misation, and discharge prescriptions. Case-based learning, sim-
ulation exercises, and structured feedback from audits reinforce
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behaviours and ensure alignment with Day-One Competences
(EAEVE, 2023; Stull and Weese, 2015).

Education and continuous training

Effective biosecurity depends not only on infrastructure and pro-
tocols but also on the competence, awareness, and compliance of
all individuals operating within the VTH. For this reason, compre-
hensive education and continuous training in biosecurity must be
fully embedded into undergraduate curricula, postgraduate pro-
grammes, and staff development initiatives (Core competencies
for infection prevention and control professionals, 2020; EAEVE,
2023).

Biosecurity training should be delivered in a tiered and progres-
sive manner, proportionate to the level of responsibility and patient
contact. Initial training must be mandatory before students or per-
sonnel are granted to access clinical areas, and refresher courses
should be scheduled at regular intervals (Kuhar et al., 2024; Morley,
2002).

Training programmes must ensure that all students, veterinary
professionals, technical personnel, and support staff demonstrate
competence in several core domains. These include the classifi-
cation of biohazards and patient risk categories; the correct pro-
cedures for donning and doffing PPE, with particular attention
to sequence and contamination avoidance; and strict adherence
to hand hygiene and general hygiene protocols, including clear
indications for when soap and water should be used versus alcohol-
based solutions. Equally important are the behavioural expecta-
tions required in different hospital zones, especially isolation units
and operating theatres, as well as emergency biosecurity proce-
dures such as spill response and the management of accidental
exposures (Stull and Weese, 2015; Weese, 2015).

Biosecurity training programmes should incorporate educa-
tion on AMR, emphasising the link between infection-prevention
practices and the control of antimicrobial-resistant pathogens
(Guardabassi and Prescott, 2015; EFSA 2024). Training must foster
an understanding that proper hygiene, patient classification, and
isolation protocols are critical elements of antimicrobial steward-
ship.

Additionally, all VTH personnel should maintain up-to-date
immunisation status for relevant zoonoses, such as rabies and
tetanus, as part of occupational health protocols (Williams et al.,
2015).

To enhance the effectiveness of training, active learning
methodologies should be prioritised. Simulation-based sessions
for triage, PPE use, and infectious patient handling; video-
based instruction modules for asynchronous learning; practical
skills assessments integrated into clinical logbooks or Day-One
Competency evaluations; and structured internal audits or biose-
curity drills used both as training and monitoring strategies have all
proven effective. Numerous studies have confirmed that simulation
and audiovisual learning, coupled with structured feedback, signif-
icantly improve compliance and retention of biosecurity protocols
in clinical settings (Stull and Weese, 2015).

Biosecurity must also be regarded as a dynamic and adapta-
tive system. Lessons learned from incidents, outbreaks, or audit
results should feed directly into continuous improvement pro-
cesses. VTHs should foster a safety culture that encourages open
communication about breaches or near misses and recognises
excellence in adherence (Ruple-Czerniak et al, 2013; Sammer
etal., 2010).
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Continuing education is a cornerstone of a sustainable biose-
curity programme. Training activities should be tailored to the
specific needs of different professional groups, considering their
roles, baseline knowledge, and level of exposure to infectious
risks. For example, clinical staff require advanced training in
IPC, outbreak response, and antimicrobial stewardship; students
should receive integrated theoretical and practical training mod-
ules aligned with their curriculum; and administrative and support
personnel should be instructed in procedures relevant to their
duties and potential exposure. All continuing education activities
must be systematically recorded, including participant attendance,
frequency, and - where feasible - evaluations of knowledge acquisi-
tion and competency. Maintaining comprehensive training records
supports compliance audits, identifies knowledge gaps, and enables
targeted retraining, thereby reinforcing the sustainability and long-
term effectiveness of the biosecurity programme.

In summary, training must not remain a theoretical exercise
but function as a mandatory, auditable programme embedded in
institutional governance, ensuring accountability and continuous
improvement across all hospital services.

Recommendations and best practices

Based on the comprehensive analysis of current scientific litera-
ture, institutional protocols, and international standards, we pro-
pose the following evidence-based recommendations for VTHs
to strengthen their biosecurity frameworks and align with best
practices in veterinary clinical education and infection control.

Develop and disseminate an official biosecurity manual

As detailed in the Core Elements of a Biosecurity Plan section,
the Biosecurity Manual constitutes the cornerstone of institutional
IPC. It should compile all SOPs, emergency measures, and training
requirements, and must be accessible in both printed and digi-
tal formats (EAEVE, 2023). To ensure its relevance, the manual
should undergo regular review and updates, incorporating new sci-
entific evidence, regulatory changes, and institutional experience.
Dissemination should be facilitated through QR codes, internal
platforms, and clear signage across all clinical areas.

Implement structured classification systems for patients and
PPE

A standardised patient classification model based on infectious risk
and zoonotic potential (e.g., Classes 1-4) should guide all deci-
sions regarding isolation procedures, PPE requirements, disinfec-
tion protocols and movement restrictions (Guptill, 2015; Machado
et al., 2023). Standardisation of PPE use across hospital zones -
linked to patient classification - ensures both safety and rational
use of resources.

Strengthen antimicrobial stewardship within biosecurity
frameworks

As detailed in Section 5, biosecurity protocols must be inherently
aligned with antimicrobial stewardship principles. This includes
promoting responsible antimicrobial prescribing, supporting the
early detection and isolation of resistant pathogens, and integrating
AMR surveillance into routine audits (Burgess and Weese, 2021;
Guardabassi and Prescott, 2015). Effective infection control should
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be recognised as a cornerstone of combating AMR in veterinary
medicine.

Establish a multidisciplinary governance and biosecurity
committee

A dedicated Biosecurity Committee should be formed with repre-
sentation from clinical staff, biosecurity officers, infection control
experts, educators, and administrators. Its remits include compli-
ance oversight, training, surveillance, incidents review, and contin-
uous improvement (Stull et al., 2018). Student representation may
also be considered to promote engagement and feedback.

The committee should include senior institutional authorities
(e.g., dean or VTH director), the Biosecurity Officer, academic rep-
resentatives, and service heads, along with occupational health and
facility managers. Increasingly, VI Hs are incorporating the role
of a hospital epidemiologist, responsible for monitoring compli-
ance, analysing AMR trends, and investigating outbreaks. This role
strengthens institutional capacity to detect emerging threats and
embed a culture of continuous quality improvement. Multilevel
surveillance studies in VTHs highlight the value of this approach
in detecting persistent multidrug-resistant clusters and guiding
targeted interventions (Scarpellini et al., 2025).

Monitor compliance and provide constructive feedback

Routine audits, environmental sampling, and behavioural observa-
tions are essential to monitor adherence to biosecurity protocols.
Sharing results constructively with all stakeholders, including stu-
dents, foster transparency, and collective responsibility. Publishing
internal compliance data, such as hand hygiene adherence or infec-
tion trends, has been shown to increase staff motivation (Machado
et al., 2023; Shea and Shaw, 2012). Structured feedback mecha-
nisms (e.g., debriefs, anonymous reporting systems) enable bench-
marking across departments and early identification of systemic
gaps (Burgess and Morley, 2015).

Invest in infrastructure for isolation and hygiene

Robust infrastructure is fundamental for effective infectious dis-
ease management. VTHs should prioritise investment in purpose-
built isolation units, decontamination areas, PPE stations, and
traffic flow systems designed to minimise cross-contamination.
Adequate ventilation, signage, and controlled access are key
components of functional design (Anderson and Weese, 2016;
Verwilghen and Singh, 2015).

Conduct periodic risk assessments and update sops

Comprehensive risk assessments must be performed at least
annually, and always following any outbreak or biosecurity inci-
dent. These evaluations should consider facility vulnerabilities,
behavioural risks, and pathogen circulation data, and must inform
SOP revision (Worthing et al., 2018). Lessons learned sessions and
feedback loops should be institutionalised to ensure continuous
improvement (Ruple-Czerniak et al., 2013).

Conclusions

Biosecurity constitutes a fundamental pillar of patient safety, pub-
lic health protection, and educational quality in VTHs. The unique

Juan Alberto Corbera et al.

integration of clinical, academic, and research activities within
these institutions creates both opportunities and challenges for the
implementation of infection-prevention strategies.

Although embedding structured biosecurity protocols into
daily operations requires organisational effort, infrastructural
investment, and cultural change, this review demonstrates that
effective, evidence-based models - aligned with international stan-
dards such as those of the EAEVE - are already available and
scalable across diverse institutional contexts.

Priority areas for intervention include the adoption of standard-
ised risk classification systems, comprehensive staff and student
training, systematic PPE management, purpose-built infrastruc-
ture for isolation and decontamination, rigorous environmental
hygiene, and continuous monitoring mechanisms. In addition, the
establishment of interdisciplinary biosecurity committees and rou-
tine risk reassessments foster a dynamic and responsive safety
culture. Importantly, robust biosecurity frameworks also make a
critical contribution to the global fight against AMR, positioning
VTHs as key players in both clinical excellence and public health
protection.

By embracing these measures, VTHs not only safeguard the
health of animals and humans but also model best practices for
the future generations of veterinary professionals. In doing so, they
fulfil their ethical, pedagogical, and societal responsibilities, con-
solidating their role as leaders in the advancement of biosecurity
in veterinary medicine and as key contributors to the One Health
agenda through the training of future professionals.
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Appendix 1. Illustrative examples of diagnoses/conditions
for each category of infectious-risk
classification in Veterinary Teaching
Hospitals

(This list is non-exhaustive and intended for training and protocol development
purposes)

Example diagnoses/

Category Risk description conditions

Non-infectious der-
matopathies (e.g.,
allergic dermatitis

in dogs and cats),
endocrine disorders
(e.g., hypothyroidism,
hyperadrenocorti-

cism, diabetes mellitus
without concurrent
infection), degenerative
joint disease, idiopathic
epilepsy, and interverte-
bral disc disease without
infectious aetiology.

Category 1 Low transmission risk,

not zoonotic

Low transmission
risk, limited zoonotic
potential

Category 2 Mild gastrointestinal
parasitism (e.g., Giardia
spp. in asymptomatic,
non-shedding dogs),
dermatophytosis under
effective treatment with
low spore load, bacterial
conjunctivitis resolved
with treatment, and
Corynebacterium bovis
mastitis in dairy cattle
with appropriate control
measures in place

Moderate transmis-
sion risk or suspected
zoonotic pathogen;
barrier nursing required

Category 3 Canine parvovirosis (sus-
pected or confirmed),
leptospirosis (acute
stage, pending confirma-
tion), dermatophytosis
in actively shedding
animals (cats, calves,
horses), MRSP/MRSA
wound infections,
Bordetella bronchiseptica
in dogs, Chlamydia felis
in cats, and Salmonella
spp. in foals or calves
without systemic signs.

Category 4 High-risk pathogen or
severe zoonotic disease;

strict isolation required

Rabies suspicion,

highly pathogenic avian
influenza (HPAI) in poul-
try or birds of prey,
confirmed Salmonella
spp. with multidrug
resistance and active
shedding in large ani-
mals, Bacillus anthracis
in ruminants, active
Mycobacterium bovis
infection in cattle or
goats, African horse sick-
ness in equids, highly
virulent FMDV out-
breaks in cloven-hoofed
species.
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