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ABSTRACT
Introduction: This paper describes a hazard- and risk-based strategy and recommendations
on relevant biosafety levels in facility design of a new veterinary faculty building including
a veterinary medical teaching hospital. Both animal and human health were considered.
Materials and methods: Agents listed in the regulatory frameworks on animal and human
health were identified as the main potential hazards. Suggestions on biosafety level and
facility design were based on the official risk grouping of those agents, the associated risk
management procedures, and biosafety experiences from previous faculty buildings.
Results and Discussion: It was suggested that VHC should not be designed for work with
agents requiring facilities at biosafety levels 3 and 4, and that actions in cases of accidental
exposure to notifiable infections should follow the regulatory requirements. Facilities requir-
ing biosafety level 2 were identified from risk scenarios and transmission routes.
Experiences from the first five years of operation revealed good prevention of spread of
infection from patients in isolation facilities and successful elimination of Salmonella and
MRSA from the large animal clinic.
Conclusion: In order to avoid costly construction mistakes, an overall biosafety strategy
should be formulated and used as guidance for architects and other relevant stakeholders
designing facilities for the animal health sector. Regulatory requirements on infectious dis-
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eases must be complied with.

Introduction

Research, teaching, and clinical training of students at
a veterinary faculty frequently involve exposure to animal
and zoonotic pathogens, and a risk for subsequent infec-
tions in both animals and humans. Numerous reports
describe outbreaks of infections, particularly in clinical
settings but also spread from laboratories, of agents like
Mpycobacterium bovis and Foot and Mouth Disease
(FMD) [1-4]. Salmonella is a well-known cause of noso-
comial infection [5,6] and, during recent years, a risk of
spreading antibiotic-resistant pathogens has increasingly
been reported [7-10]. Methicillin-resistant
Staphylococcus aureus (MRSA) in equine hospitals is
a concern for both animal and public health [11,12].
A veterinary faculty building and teaching hospital thus
needs to be designed to allow for implementation of
appropriate biosafety measures to protect both animals
and humans.

Guidelines to avoid nosocomial infections in
human hospital and laboratory facilities are known
[13-16], and can also be applied in the veterinary
sector, in particular for the prevention of occupa-
tional infections. Biosafety reports or guidelines for
animal hospitals have been published [17-23].

However, none of these covers the design of veter-
inary faculty buildings, which in addition to
a teaching hospital with ambulatory practice also
include facilities for post mortem examination,
microbiology, anatomy, and obstetrics. In addition,
to our knowledge there are no corresponding guide-
lines or reports that consider the regulatory require-
ments and responsibilities for actions in cases of
accidental exposure or outbreaks of diseases classified
as dangerous to animals and public health.

This paper presents a novel hazard- and risk-based
approach developed for identification of relevant bio-
safety levels of a planned veterinary faculty building
combined with an animal teaching hospital. The
approach was based on assessment of the regulatory
requirements for prevention and control of infectious
diseases in both animals and humans. Some biosafety
risk functions were highlighted and some approaches
for relevant risk-reducing design and management
were suggested. These suggestions were based on
experiences from previous veterinary faculty build-
ings, obtained through interviews with individuals
responsible for those functions. The outcome of the
biosafety plan following five years of implementation
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was also assessed through repeat interviews with
those key individuals and with key managers.

Material and methods
Buildings and facilities

The subject of the assessment was all the buildings
and associated facilities for a new veterinary faculty
building (Centre for Veterinary Medicine and Animal
Science; hereafter referred to as VHC) at the Swedish
University for Agricultural Sciences (SLU), Uppsala,
Sweden. In addition to a university teaching hospital
for small and large animals and a large animal ambu-
latory practice (here referred to as VMTH), VHC had
to include conventional office spaces, lecture halls,
research laboratories for different faculty depart-
ments, and special facilities for post mortem exam-
inations, microbiology, anatomy, and obstetrics, with
supporting infrastructure. VHC was planned to pro-
vide for the education of some 1,000 students in
veterinary medicine, animal science, and veterinary
nursing programs. The completed VHC complex has
a total area of 53 000 m” distributed over six con-
nected sections, of which one is VMTH (Figure 1-3).
The main architectural design was decided in 2008,
followed by detailed planning of the functions, space,
and when relevant, biosafety required by each
department.

The starting point for the present analysis was
a biosafety strategy plan for VHC developed in 2009
[24]. The plan, which involved all relevant stake-
holders including the academic staff, suggested mod-
ifications to the pre-final design that were considered
in the final design of the buildings. VHC opened in
2014 and has been fully operating since then, allow-
ing for assessment of the first five years of experi-
ences of implementation of the biosafety plan.

Figure 1-3. Images of the centre for veterinary
medicine and animal science (VHC). [Separate files].

Hazard identification

The hazards considered in the biosafety plan con-
cerned exposure of animals and humans to biological
agents (bacteria, viruses, prions, parasites, and fungi)
that can cause diseases in animals and to agents that
can cause disease in, and be transmitted between,
animals and humans, i.e. zoonoses. These notifiable
diseases are categorized as occupational hazards,
communicable human diseases, or animal pathogens.
The numbers and interrelations of these three groups
of diseases are illustrated in Figure 4 and Table 1.
Agents only pathogenic to humans were excluded
from the biosafety plan.

Animal health

Listed diseases. In Sweden, there is no risk-based clas-
sification of all potential animal pathogens as applied
for human pathogens (see below). Instead, any inci-
dence of agents and diseases found to be of special
importance primarily to food-producing animals or
agents with zoonotic potential must be reported to the
animal health authority (Swedish Board of Agriculture
[25]). Based on factors like contagiousness and eco-
nomic or zoonotic importance, some of these notifiable
diseases are further prioritized and listed by legislation
on epizootics [26] and zoonoses [27] (Table 1). Some of
the diseases are also prioritized by regulations prescrib-
ing often very detailed and rigorous control measures,
as a rule aiming at rapid eradication e.g. in the case of
outbreaks of highly transmissible epizootic diseases like
FMD, African swine fever, and highly pathogenic avian
influenza. For European Union (EU)-harmonized dis-
eases, control is in accordance with acting EU directives
and, when applicable, World Organization for Animal
Health/OIE recommendations.

Non-listed diseases. Non-listed pathogens or diseases
cover a wide range of infections and include e.g.

Figure 1. Aerial view of the centre for Veterinary Medicine and Animal Science (VHC), Swedish University of Agricultural Sciences,
Uppsala, Sweden. For further information, see Figure 2. (Source ISBN 978-91-576-9344-0).
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Site plan

A: The main entrance for staff,
students and visitors.

B: Entrance to the animal hospital
for small animals (dogs and cats).

C: Entrance to the animal hospital
4A for horses.

I: Horse clinics.
2: Stables for horse patients.

3: Stables for teaching and research
animals.

4: Special facilities for pathology
and anatomy.

5: Main building with laboratories,
offices and teaching facilities.

6: Animal hospital clinics.

Figure 2. Site plan for the centre for Veterinary Medicine and Animal Science (VHC). For further information, see Figure 3.

(Source ISBN 978-91-576-9344-0).

endemically occurring respiratory and gastrointest-
inal infections.

Public health - occupational infections

Risk classification. Agents considered to be potential
human pathogens are listed in the Swedish Work
Environment Act [13], which is based on an EU
directive [16]. Both regulations also include risks
related to exposure to agents in the animal healthcare
sector. The agents are classified into four risk groups,
although the classification of zoonotic agents only
takes into account disease in humans (Table 1):

Risk group 1 agents are unlikely to cause disease in
humans.

Risk group 2 agents can cause disease in humans
and may pose a hazard to workers, but spread to the
community it is unlikely. This risk group includes
most of the pathogenic viruses, bacteria, and fungi,
and includes e.g. herpes simplex, MRSA and non-
typhoid Salmonella (in total 301 agents).

Risk group 3 agents can cause severe human dis-
ease, present a serious hazard to workers and may
also spread to the community. This group includes
agents causing e.g. anthrax, brucellosis, ornithosis,
tularemia type A, EHEC, tuberculosis, typhoid fever,
dysentery, rabies, and bovine spongiform encephalo-
pathy (BSE) (in total 100 agents).

Risk group 4 agents are a serious hazard to work-
ers and may present a high risk of spread to the
community. This group includes e.g. smallpox,
Lassa fever, ebola virus and other viral hemorrhagic
fevers (in total 12 agents).

In total, approximately 420 pathogens are listed
as potential occupational hazards, including 160
bacteria, 150 viruses, 6 prions, 70 parasites, and
30 fungi.

Public health - communicable diseases

For the Swedish public health situation, a limited
number of risk group 3 and 4 diseases from the
Work Environment Act [13] are listed as notifiable
according to the Communicable Diseases Act and
Communicable Diseases Ordinance [33]. Some of
these notifiable diseases are further prioritized into
three different categories, mandatory contact tracing
(50), dangerous to public health (28) and dangerous
to society [3], as summarized in Table 1.

Public health — zoonoses

Thirty (83.3%) of the diseases listed as dangerous to
public health or to society and 11 (33.3%) of the
diseases listed as dangerous infections in animals are
zoonoses [26,27] (Table 1). However, only 10 (33.3%)
of the zoonoses listed as dangerous to public health
or to society are also listed as dangerous infections in
animals (Figure 4). Agents that are pathogenic to
both humans and animals may thus have different
prioritizations in the animal and human health per-
spectives. For example, brucellosis is given a high
priority both as a human pathogen (risk group 3)
and as an animal pathogen (listed in the Act on
Epizootic Diseases). The situation differs e.g. for
Salmonella, which only is listed as notifiable as
a human pathogen, but is given high priority as an
animal pathogen (listed in the Act on Epizootic
Diseases). This reflects the fact that in Sweden, a non-
acceptance policy is applied for salmonella infections
in food-producing animals. The opposite applies for
diseases like ornithosis, tularemia type A, and EHEC,
which are all given a higher priority (risk group 3) as
human pathogens than as animal pathogens. These
differences mainly reflect the lack of effective control
measures for those agents in different animal
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Figure 3. Detailed site plan for the centre for Veterinary Medicine and Animal Science (VHC). The diagram continues below.

(Source ISBN 978-91-576-9344-0).

populations or the environment, in contrast to the
situation for Salmonella.

Occurrence

Sweden is declared free from most of the diseases
included in the Act on Epizootic Diseases, which
thus do not normally occur in Sweden, while several
of the remaining listed diseases may or do occur [29].
Salmonella, which is currently the only pathogen
included in the Act on Zoonosis [27], rarely occurs
in farm animal species in Sweden [30]. Remaining
non-listed pathogens include a wide range of agents,
which often show endemic occurrence. The listed

human pathogens (risk groups 3 and 4) occur rarely
in Sweden. The agents in risk group 2 may normally
occur in both healthy and diseased human and
animals.

Biosafety levels - regulatory requirements

Identification of a relevant biosafety level for VHC
was based on its specifications and had to distinguish
between exposure following planned work with spe-
cific agents, e.g. in a laboratory, and exposure e.g. to
potentially infected animals attending VMTH. The
regulatory requirements on listed infectious diseases
also needed to be complied with.
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Figure 3. Continued.

Biosafety requirements for animal and human
pathogens

Guidelines to ensure occupational biosafety in labora-
tory settings as regards risk group 2 agents must
correspond to the standards for conventional micro-
biological laboratories, while risk groups 3 and 4
require additional biosafety, in biosafety level (BSL)
3 and (BSL4) laboratories, respectively [13]. In the
Nordic countries, there is only one BSL4 laboratory
[31] Work with agents causing the most contagious
animal diseases, which normally only infect animals,
require special high-containment and internationally
approved laboratories [32,28]. In Sweden, high-
containment laboratories for the veterinary sector
are only available at the National Veterinary
Institute (SVA), which can also handle all listed ser-
ious animal diseases [32] (Table 1) and initial work
with samples from suspected FMD outbreaks.
A regulatory framework also applies for clinical and
other non-laboratory settings, including the facilities
at VHC [13]. Additional regulations apply for the

Teaching

Cafeteria

Service

Research and training

Pathology

Anatomy

Sterile processing

Surgery, smail animals
Inpatients, small animals
Outpatients, small animals
Infectious diseases, small animals
Cinical pathology
Diagnosticimaging

Surgery, large animals
Inpatients, large animals
Outpatients, large animals
Infectious diseases, large animals
University Hospital, offices
Ambulatory clinic

Intensive care, small animals

B EEENEEEN EN

2

prevention of infections in humans [33]. Due to the
lack of official guidelines for the animal sector, when
devising a risk reduction strategy for VHC, guidelines
from a One Health perspective were considered to be
applicable also in prevention of transmission of ani-
mal infections.

Risk scenarios and transmission routes
Transmission routes into VHC

The major routes of introduction of pathogenic
agents were identified as being through infected ani-
mals admitted as patients or for teaching or research,
and by contaminated dead animals or animal organs
for teaching, post mortem examination, or research.
Contaminated feed was also considered a potential
source of introduction, as were healthy human car-
riers, including staff, students, animal owners, and
other visitors. Individuals with close contact with
animals outside VHC, in Sweden or abroad, and
teachers and students returning from farm visits as
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Figure 4. Number of diseases listed by relevant national agencies in Sweden in 2019 as dangerous to animal health, dangerous
to public health and society, and occupational diseases. For further information, see Table 1.

part of their clinical training were considered
a special risk group.

The probability of exposure was assumed to be
reflected by the animal and public health situation
in Sweden. However, agents not normally occurring
in Sweden may enter due to international travel or
imports of animal products, food, and feed ingredi-
ents. Specimens for research, in particular from
developing countries, were considered a potential
high-risk source for the introduction of exotic agents.
Moreover, it was assumed that infections by agents
normally endemic in Sweden, like strangles in horses,
might be introduced if animals in a fulminant stage of
an infection were allowed to enter VHC without any
risk-reducing precautions.

Routes within VHC

It was assumed that an agent introduced to VHC
could be further transmitted, by direct or indirect
contact, within the facilities, e.g. by movement of
live or dead animals, individuals, manure, feed, ven-
tilation, and equipment. The possible spread of food-
borne pathogens to and from catering facilities within
VHC received special attention.

Routes from VHC

A major potential route of spread from VHC was
considered to be via different forms of waste (man-
ure, urine, sewage, water, and laboratory waste).
Other routes considered were infected live animals
from the clinics or contaminated dead or euthanized
animals leaving VHC for post mortem examination
at the nearby SVA facilities (see below). Accidental
release of agents from laboratories would be

a potential and serious risk if recommended biosafety
measures were not in place.

Interviews

Experiences from the previous faculty building were
gathered through personal interviews in 2009 with
key individuals responsible for the facilities and func-
tions requiring BSL 2 (see below) and on-site demon-
strations of the biosafety routines applied. These key
individuals were re-interviewed in 2019, when key
individuals responsible for the overall management
of VHC were also interviewed, to follow up on the
first five years of biosafety experiences in VHC.

Results

Conclusions on appropriate biosafety level for
VHC

The planned use of VHC did not include clinical or
laboratory diagnostic work with animal or human
pathogens requiring BSL 3 or 4 facilities, as SVA is
tasked with that kind of diagnostic work in Sweden.
Thus VHC was planned for work only with agents
requiring facilities BSL 1 and 2. Due to the lack of
risk classification of agents only infecting animals,
a risk assessment by appropriate methods was pre-
scribed to ensure that the recommended biosafety can
be achieved when working with such agents at VHC
[13]. In doubtful cases and for unknown agents, e.g.
currently non-listed viruses, it was recommended that
advice be sought from the relevant authorities.

The management of suspected cases of any notifi-
able animal infections requiring biosafety levels 3 or 4
must be based on the regulatory requirements,
including reporting to the competent Swedish
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Table 1. Number of diseases in 2019 listed by relevant national agencies in Sweden as significant for animals and humans.
Some agents are listed as significant for both animals and humans, but given different risk ratings.

Listed/notifiable animal diseases
(Swedish Board of Agriculture)

Total

Dangerous to animal
health
Act on zoonosis

Dangerous to animal
health
Act on Epizootic Diseases

31 1

Animal health 188
Human and Listed occupational diseases

Public (Risk groups 2-4)

Health

Listed/notifiable communicable diseases
(Public Health Agency of Sweden)

(Swedish Work Environment

Authority) tracing

Total Mandatory contact

Dangerous to public
health/Risk group 3

Dangerous to
society/Risk group 4

420 67 50

33 3

authority [25]and referral to the appropriate facility
at SVA. The veterinarian must also immediately
report suspicions of exposure to human pathogens
in risk groups 3 or 4 to the regional medical officer
(13; §17). When following these procedures, the
responsibility for subsequent risk management is
transferred to the competent authority for animal
and public health, respectively.

Facility design

In the proposed strategy for VHC, the following
facilities and associated functions were suggested to
require biosafety level 2 : (1) VMTH, (2) anatomy,
obstetrics, and gynecology facilities managing car-
casses and organs; (3) post mortem examination
facilities and associated laboratories, (4) microbiolo-
gical laboratories for research and teaching, and (6)
houses and other facilities for mammals and aquatic
animals [13]. It was recommended that the design of
these facilities be based on available guidelines on
biosafety (see above), or other recommendations
given in the biosecurity report [24]. Some of the risk-
reducing measures suggested for VMTH and some
additional transverse functions not covered in avail-
able guidelines are described below.

Biosafety of the VMTH
Access limited to authorized persons

It was recommended that access to biosafety level 2
facilities be limited to authorized persons and include
barrier precautions, with a clear separation between
outside/clean and inside/dirty zone and change to
suitable protective clothes and footwear. Thus, all
students and staff entering these facilities, including
VMTH, should only enter and exit at a designated
point following a set protocol. The entry and exit
point had to be welcoming, spacious, adapted to the

number of staff and students, and well ventilated. In
particular, the design had to allow for a natural logis-
tic barrier between clean and dirty areas, and asso-
ciated hygiene procedures.

Carcasses and organs for teaching and post
mortem examination

Special attention was recommended for the transport
of carcasses and organs used for teaching in anatomy,
obstetrics, and gynecology. Apart from safe sourcing
of healthy animals, hygienic protocols and routines
for their intake to VHC, possible section of carcasses
or organs, storage, and exit from VHC for incinera-
tion were recommended in the risk reduction strat-
egy. A special entrance room with elevator and
cleaning facilities for transporting trucks was consid-
ered essential. Within VHC, it was suggested that
organs be transported and stored in closed contain-
ers, and that a dishwasher be installed for cleaning,
including possibly outgoing containers for transport.
In a corresponding way, biosafety transport protocols
had to be worked out for transport of dead animals
from VMTH to post mortem examination or
incineration.

Suspected patients rejected or in isolation stables

Isolation protocols have been shown to significantly
reduce the incidence of hospital-acquired infections
[17]. Thus according to risk reduction strategy for
VHC, animals with clinical signs or epidemiological
links to outbreaks of transmissible infections should
not be allowed to enter the main facilities. For such
risk patients, separately located isolation houses were
recommended, with direct access from outside and
with barrier precautions, including stringent hygiene
management protocols [22]. Ensuring the clinical
skill for identifying such patients was highlighted.
Contingency plans on how to manage such patients,
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should they be identified after entry to the clinics,
were also suggested.

Returning from farm and field visits

Veterinarians, students, and others returning to VHC
and in particular to VMTH from farm visits present
a risk of introducing infections to VMTH and, more-
over, to other farms on subsequent visits. Relevant
protocols and associated facility design to ensure the
biosafety for this function were needed [22]. The risk
reduction strategy recommended that returns should
only be allowed at designated places with a ‘dirty’
area, where veterinarians and students would wash
and change clothes before entering the ‘clean’ or
interior side of the clinic. Well-planned design of
both sides was advised, to ensure a simple procedure
for washing of footwear and clothes and correspond-
ing routines for equipment, samples, and accessories,
and safe disinfection routines before reuse. Regular
cleaning and disinfection of the medical equipment,
as specified in a biosafety plan, was recom-
mended [22].

Manure ma nagement

Manure removal requires special attention in large ani-
mal facilities, due to its volume and the risk of contam-
inating the environment. The risk reduction strategy
suggested that the manure be hygienically stored in
containers under roof in a locked building well sepa-
rated from the animal house. It also suggested that
culverts for mechanical transport of manure should be
accessible over their full length, to allow for cleaning
and disinfection in cases of e.g. salmonella infections
[5,6]. Cleaning and disinfection of culverts on a regular
basis were recommended, to avoid the build-up of spots
of manure and persistent microbial contamination.
Using an increase in environmental contamination
with Salmonella as an early warning of problems with
the hygiene, as suggested by [21], was therefore not
deemed applicable for VMTH.

Wastewater management

Drains are a site for bacterial colonization and should
therefore be routinely disinfected [18]. The drains at
VHC were planned to be connected to the municipal
sewage system and water treatment plants. This is
a safeguard, but outbreaks of FMD virus from
a laboratory have occurred through an inadequate
drainage network [3,4].

Due to the suggested biosafety level for VHC and
the dilution effect of municipal sewage system, in the
risk reduction strategy it was deemed unnecessary to
install facilities for preparedness for disinfection of

wastewater, which has been proposed in guidelines
for certain facilities in human hospitals [34]. The
relevance of these guidelines has been questioned,
because the combined pathogen load to the local
municipal sewage system from all households and
activities outside human hospitals in a city is often
greater than the contribution from a single hospi-
tal [34].

A corresponding situation was assumed to exist for
the release of animal pathogens from VMTH and the
post mortem examination facilities at VHC, and rea-
sonably also when considering microbe release from
animal production farms.

Hygiene

Regular professional cleaning was prescribed to mini-
mize microbial contamination and colonization of
the VHC environment and prevent the build-up of
contaminated spots [18]. Transmission of infections
agents via contact is one of the greatest biosafety
concerns, particularly at public and animal health
clinics [18,35]. Numerous studies have also verified
the importance of hand washing. The single most
efficient method to limit the spread of nosocomial
infections in human healthcare by is hand washing
and/or disinfection before and after treating each
patient. Therefore the risk reduction strategy for
VHC recommended that special attention be paid to
providing convenient hand-washing stations, with
antiseptic and soap dispensers at all significant loca-
tions within VHC. From a food safety perspective, it
was also considered important to highlight the
hygiene routines and washing stations at all the dif-
ferent catering facilities within VMTH and at differ-
ent places in VHC. The strategy stated that, as
standard, only foot-pedal or infrared sensor taps
should be installed, to allow for hands-free access to
tap water.

Follow-up - five years of experience

Overall, the VHC largely functioned as planned. For
the biosafety areas highlighted in the risk reduction
strategy, the following experiences and discrepancies
were observed:

e Isolation facilities. The small animal isolation
unit was frequently fully occupied during the
winter season by Salmonella-infected cats and
the large animal isolation unit had to be
extended by five additional boxes. No spillover
of infections was observed between isolated ani-
mals and animals in the units for ordinary
patients. In the large animal facilities for ordin-
ary patients, Salmonella and MRSA infection in
horses were successfully controlled [36]. For EU



accreditation of the veterinary education, an
extra protective fence had to be installed to
prevent contact with possibly rabies-infected
small animals if allowed to enter the outdoor
fenced area [37].

e Ventilation. No air-cooling system was installed
in the large animal houses, which led to major
health problems during the warm season when
doors and windows were left open to reduce the
temperature. This resulted in malfunction of the
ventilation, spread of contaminated air between
units, and subsequent problems with viral
respiratory infections. Financial compensation
had to be paid to horse owners, and additional
costs are foreseen for installation of an air-
conditioning system.

o Effluent water. Although not specifically recom-
mended [24], tanks for sterilization of effluent
water were installed in both the small animal
clinic and the post mortem examination rooms.
In the small animal clinic, the sterilization facil-
ities were never used and in the post mortem
examination facilities they are considered to be
both costly and unnecessary.

o Conflicting requirements. During the planning
process, formal requirements on emergency
exits were in conflict with the hygiene barriers
in the theatre for demonstration of carcasses in
the pathology and anatomy departments.
However, the planned biosafety design of bar-
riers was maintained and possible emergency
situations are resolved on a case-by-case basis.

e Hands-free taps. Despite the strong recommen-
dation to only install hands-free taps in VHC,
ordinary manual taps were also installed, e.g. in
the large animal clinic, including in the isolation
stables for infected horses and in fact also later
in the expanded stables.

Discussion

This paper describes relevant biosafety levels sug-
gested for a new veterinary faculty building (VHC)
combined with a wuniversity teaching hospital
(VMTH) in Sweden. Relevant risk-reducing designs
and management options suggested for biosafety risk
functions of special importance are also described.
Formulation of the biosafety plan required considera-
tion of the regulatory frameworks on both animal
and human health, thus differing from strategies for
corresponding institutions in the public health sector.
The management of possible exposure to highly
infectious animal diseases (e.g. FMD, African swine
fever and highly pathogenic avian influenza (Table 1)
was highlighted as requiring special attention.
Another area identified as requiring special attention
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was exposure to zoonotic agents, for which the reg-
ulatory risk classifications and associated manage-
ment frequently differ between animal or public
health perspectives. In order to avoid suboptimal
design and costly construction mistakes, a hazard-
and risk based approach was applied to assess the
planned operations at the VHC facility.

A limiting factor for risk characterization of dis-
ease-causing agents was the lack of official guidance
in Sweden on prevention and control of all potential
animal pathogens, which is available e.g. in the UK
[38]. Applying a One Health perspective, the guide-
lines for protection of workers [13] were therefore
suggested as suitable also for the prevention of infec-
tions in animals.

Because the planned use of VHC did not include
clinical or laboratory diagnostic work with pathogens
dangerous to animal or human health, it was recom-
mended that VHC should not be planned or designed
for work with agents requiring biosafety levels 3 and
4. Moreover, the risk reduction strategy suggested no
specific facility design or equipment at VHC for the
possible management of agents above risk group 2 or
for diseases listed as dangerous to animal health
(Table 1). This recommendation was based on the
statutory requirements regarding the management of
suspected cases of any notifiable animal and human
infections, which include reporting to the competent
Swedish authorities [13,25].

Experiences from the first five years of full opera-
tion of VHC showed that the facility design largely
followed the suggestions made in the risk reduction
strategy [24]. Deviations found were probably due to
tradition and budgetary concerns. Surprisingly, man-
ual taps were installed at several locations, including
in the isolation stables for infected horses. Tanks for
sterilization of effluent water (not recommended by
the strategy) were installed, but later found to be both
costly and unnecessary [34]. A valuable but costly
lesson was that lack of air-cooling in the large animal
houses resulted in the spread of respiratory viral
infections in hot weather. Costly construction mis-
takes were thus not fully avoided.

However, the suggested biosafety level was fully
adopted. The recommended facilities and biosafety
management for isolation of infectious patients
upon admittance to VMTH have so far prevented
spread of infections to other hospital facilities.
Unforeseen outbreaks of Salmonella and MRSA
from the large animal clinic have also been success-
fully controlled [36].

Conclusions

Planning, building, and operation of veterinary col-
lege buildings that including teaching hospitals is



10 M. WIERUP ET AL.

a complex process. In order to avoid costly construc-
tion mistakes, a biosafety strategy should be formu-
lated and considered from the start of the design
stage and during the whole construction process. In
the absence of such a strategy document, there is
a risk of the design being guided by opinions from
individual faculty members and other stakeholders,
which may result in suboptimal design due to dis-
proportionate estimates of the requirements for man-
agement of potential microbiological risks. As novel
pathogens to humans and animals are continually
emerging, the biosafety risks should be re-assessed
at regular intervals.

Acknowledgments

The authors expresses thanks for fruitful discussions with
faculty staff members responsible for the biosafety manage-
ment of certain potential microbial risk functions and for
reviewing the original report; to MD Ulrika Ransj6é for
valuable advice on occupational infection in the origional
report; to Mr Arvid Almberg, head of the VHC construc-
tion project for requesting the original report, and to his
associated experts; and to Dr Henric Ericsson, head of
VMTH, and Drs. Elisabeth Persson, Rene Bagée, Elisabeth
Ekman, Lise-Lotte Fernstrom and Peter Thorén for sharing
their first five years of operational experiences of VHC and
VMTH; and Mary McAfee for language services.

Disclosure statement

The authors declare that they have no competing interests

Notes on contributors

Martin Wierup is a veterinarian and since 2010 professor
emeritus at the department of Biomedical Sciences and
Veterinary Public Health. Graduated as veterinarian 1969,
medical candidate 1972 and PhD 1977. Professional focus
on control of infectious animal diseases from senior posi-
tions in academia (Sweden and Ireland), Swedish civil
service (National Veterinary Institute, National Food
Agency), private industry (Swedish Animal Health
Service). During 18 years member of different scientific
panels of European Commission and EFSA and expert
consultations on salmonella and antimicrobial resistance
for WHO, FAO, OIE, EFSA, World Bank, ISPG. Key
research and interest given to the control of Salmonella in
animal production and animal feed, antibiotic resistance
with emphasis on reducing the need for antibiotics. In 2016
acknowledged by the World Organization for Animal
Health (OIE) Meritorious Award. Since 2010 professor
emeritus, Swedish University of Agricultural Sciences.

Ulrika Allard Bengtsson is MSc Agr and Biosafety Officer
at National Veterinary Institute. Graduated as MSc Agr,
Swedish University of Agricultural Sciences 1993. Since
1994 research scientist, department of virology, National
Veterinary Institute, Uppsala, Sweden in various positions.
Head of section of laboratory animal virology (1998-2000),
technical manager for laboratory animal virology at depart-
ment of virology, immunobiology and parasitologi (2001),
and since 2004 biosafety officer for primarily the high

containment facilities (BSL 3), biorisk activities, education
and training, risk assessment, biorisk audits in laboratories
and animal facilities, facility planning. In charge of the
implementation of the ISO 35001. Involved in the estab-
lishment of the Nordic biosafety network and since 2005
member of the steering committee. Member of the
International Veterinary Biosafety Workgroup (IVBW)
since 1995 and European Biosafety Association (EBSA)
since 1997.

Ivar Vagsholm is veterinarian and professor in Food Safety
at SLU since 2009 and since 2015 head of the department
of Biomedical Sciences and Veterinary Public Health.
Graduated as veterinarian 1984, PhD from University of
California 1989. Work with European Union on questions
relating to animal health and food safety the last 30 years
including 18 years as member of different EFSA scientific
panels. Head of the Swedish Zoonosis Center 1997-2006
and since 2007 professor in food safety, Swedish University
of Agricultural Sciences. Participated in WHO consulta-
tions on emerging diseases, campylobacter control and
environmental health. Key research areas include revision
of meat inspection, food safety legislation, organizing food
control systems and control of TSE, and currently the main
interests are circular food production systems and novel
foods and feeds, in particular avoiding cycles of nutrients
become cycles of infectious agents.

ORCID

Martin Wierup @ http://orcid.org/0000-0001-9075-3839

References

[1] Murray Al, Dineen A2, Kelly P3, et al. Nosocomial
spread of Mycobacterium bovis in domestic cats.
J Feline Med Surg. 2015 Feb;17(2):173-180. Epub
2014 Apr 7. [cited 2019 Apr 3]. Available from:
https://www.ncbi.nlm.nih.gov/pubmed/?term=Murray
+A+2015+Nococomial+spread

[2] Yano T1, Premashthira S2, Dejyong T3, et al. The
effectiveness of a foot and mouth disease outbreak
control programme in Thailand 2008(12015: case stu-
dies and lessons learned. Vet Sci. 2018 Dec 6; 5(4).
E101. [cited 2019 Apr 3]. Available from: https://www.
ncbi.nlm.nih.gov/pubmed/30563300

[3] Health and Safety Executive (HSE) biosafety breaches
at Pirbright site 2007, Official final report. Printed and
published by the Health Safety and Executive 09/07;
[cited 2019 April 3]. Available from: http://news.bbc.
co.uk/2/shared/bsp/hi/pdfs/07_09_07finalreporthse
fandm.pdf

[4] BBC 2007. Leaking drains ‘caused outbreak’. [cited
2019 Apr 3]. Available from: http://news.bbc.co.uk/2/
hi/uk/6982709.stm

[5] Tillotson K1, Savage CJ, Salman MD, et al. Outbreak
of Salmonella infantis infection in a large animal
veterinary teaching hospital. ] Am Vet Med Assoc.
1997 Dec 01; 211(12):1554-1557. PMID: 9412683.
[cited 2019 Apr 3]. Available from: https://www.ncbi.
nlm.nih.gov/pubmed/?term=Tillotson+K++
+salmonella

[6] Dallap Schaer BL, Aceto H, Rankin SC Outbreak of
salmonellosis caused by Salmonella enterica serovar
Newport MDR-AmpC in a large animal veterinary


https://www.ncbi.nlm.nih.gov/pubmed/?term=Murray+A+2015+Nococomial+spread
https://www.ncbi.nlm.nih.gov/pubmed/?term=Murray+A+2015+Nococomial+spread
https://www.ncbi.nlm.nih.gov/pubmed/30563300
https://www.ncbi.nlm.nih.gov/pubmed/30563300
http://news.bbc.co.uk/2/shared/bsp/hi/pdfs/07_09_07finalreporthsefandm.pdf
http://news.bbc.co.uk/2/shared/bsp/hi/pdfs/07_09_07finalreporthsefandm.pdf
http://news.bbc.co.uk/2/shared/bsp/hi/pdfs/07_09_07finalreporthsefandm.pdf
http://news.bbc.co.uk/2/hi/uk/6982709.stm
http://news.bbc.co.uk/2/hi/uk/6982709.stm
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tillotson+K+++salmonella
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tillotson+K+++salmonella
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tillotson+K+++salmonella

(7]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

teaching hospital. ] Vet Intern Med. 2010 Sep-Oct;24
(5):1138-1146. Epub 2010 Jun 24. PMID: 20584143
Free Article. [cited 2019 Apr 3]. Available from:
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dallap
+Schaer+BL%2C+outbreak+of+salmonellosis

Loeffler A, Boag AK, Sung J, et al. Prevalence of
methicillin-resistant Staphylococcus aureus among
staff and pets in a small animal referral hospital in
the UK. J Antimicrob Chemother. 2005 Oct;56
(4):692-697. Epub 2005 Sep 1., PMID: 16141276
[cited 2019 Apr 3]. Available from: https://www.ncbi.
nlm.nih.gov/pubmed/?term=loeffler+Lindsay
+Prevalence+of+methicillin-resistant+Staphylococcus
+aureus+among+staff+and+pets+in+a+small+animal
+referral+hospital+in+the+UK+2005

Harada K, Shimizu T, Ozaki H, et al. Characterization
of antimicrobial resistance in serratia spp. and citro-
bacter spp. Isolates from companion animals in Japan:

nosocomial dissemination of extended-spectrum
cephalosporin-resistant citrobacter freundii.
Microorganisms. 2019 Feb 28;7(3). E64. PMID:

30823419 Free Article. [cited 2019 Apr 3]. Available
from: https://www.ncbi.nlm.nih.gov/pubmed/
30823419

JW S, JS W. Hospital-associated infections in small ani-
mal practice. Vet Clin North Am Small Anim Pract.
2015 Mar;45(2):217-233. PMID: 25559054; Epub 2015
Jan 2. [cited 2019 Apr 3]. Available from: https://www.
ncbi.nlm.nih.gov/pubmed/?term=Stull+JW%2C+Weese
+JS%2C+Hospital-associated+infections

Wohlwend N, Endimiani A, Francey T, et al. Third-
generation-cephalosporin-resistant Klebsiella pneumo-
niae isolates from humans and companion animals in
Switzerland: spread of a DHA-producing sequence type
11 clone in a veterinary setting. Antimicrob Agents
Chemother. 2015 May;59(5):2949-2955. Epub 2015
Mar. [cited 2019 Apr 3]. Available from: https://www.
ncbi.nlm.nih.gov/pubmed/?term=Wohlwend+N+2015
Bergstrom K, Nyman G, Widgren S, et al. Infection
prevention and control interventions in the first out-
break of methicillin-resistant Staphylococcus aureus
infections in an equine hospital in Sweden. Acta Vet
Scand. 2012 Mar 8;54:14. [cited 2019 Apr 3]. Available
from: https://www.ncbi.nlm.nih.gov/pubmed/
22401493

Cuny C, Witte W. MRSA in equine hospitals and its
significance for infections in humans. Vet Microbiol.
2017 Feb;200:59-64. Epub 2016 Jan 21.. [cited 2019
Apr 3]. Available from: https://www.ncbi.nlm.nih.gov/
pubmed/26869097

AFS 2018. 4 Arbetsmiljoverket (Swedish Work
Environment Authority). Smittrisker, ISBN 978-91-
7930-653-3 1650-3163. [cited 2019 Apr 3]. Available
from: https://www.av.se/arbetsmiljoarbete-and-
inspektioner/publikationer/foreskrifter/smittrisker-afs
-20184/. accessed 2018.10.18.

WHO 2004. World health organization laboratory
biosafety manual. - 3rd ed. ISBN 92 4 154650 6 (LC/
NLM classification: QY 25) WHO/CDS/CSR/LYO/
2004.11; [cited 2019 April 3]. Available from: http://
www.who.int/csr/resources/publications/biosafety/
WHO_CDS_CSR_LYO_2004_11/en/

CWA 2011. European committee for standardization.
Laboratory biorisk management; [cited 2019 Apr 3].
Available from: http://www.uab.cat/doc/CWA15793_2011
EU 2000 EG DIRECTIVE 2000/54/EC of the
European Parliament and of the Council of

(17]

(18]

(19]

(20]

(21]

(22]

(23]

[24]

(28]

INFECTION ECOLOGY & EPIDEMIOLOGY 1

18 September2000 on the protection of workers from
risks related to exposure to biological agents at work.
[cited 2019 Apr 3]. Available from: https://eur-lex.
europa.eu/legal-content/SV/TXT/?uri=
CELEX:32000L0054

Portner JA, Johnson JA. Guidelines for reducing
pathogens in veterinary hospitals: hospital design
and special considerations. Compend Contin Educ
Vet. 2010 May;32(5):E1-7. quiz E8.; Available at:
[Google Scholar].

Portner JA, Johnson JA. Guidelines for reducing patho-
gens in veterinary hospitals: disinfectant selection, clean-
ing protocols, and hand hygiene. Compendium
(Yardley, PA). 2010 May 01;32(5):E1-11. quiz
E12],(PMID:20949420) Available at: [Google Scholar].
K M B, Morley PS, Van Metre DC Characteristics of
biosecurity and infection control programs at veterin-
ary teaching hospitals. ] Am Vet Med Assoc. 2008 Sep
1;233(5):767-773.  2007; American College of
Veterinary Internal Medicine Forum, Seattle,
June 2007; [cited 2019 Apr 3]. Available from:
https://doi.org/10.2460/javma.233.5.767

Traub-Dargatz JL, Dargatz DA, Morley PS, et al. An over-
view of infection control strategies for equine facilities,
with an emphasis on veterinary hospitals. Vet Clin
N Am. 2004 Dec;20(3):507-520 [Google Scholar]

Smith BP, House JK, Magdesian KG, et al. Principles of an
infectious disease control program for preventing noso-
comial gastrointestinal and respiratory tract diseases in
large animal veterinary hospitals. ] Am Vet Med Assoc.
2004 Oct 15;225(8):1186-1195. PMID: 15521439. [cited
2019 Apr 3]. Available from: https://avmajournals.avma.
org/doi/abs/10.2460/javma.2004.225.1186

Ontario veterinary biosecurity initiative, protocol 2,
Veterinary facility biosecurity. Ontario Veterinary med-
ical Association; [cited 2019 Apr 8]. https://www.ovma.
org/assets/1/6/Biosecurity__Protocol_2.pdf

Stull JW, Bjorvik E, Bub J, et al. 2018 AAHA infection
control, prevention, and biosecurity guidelines. ] Am
Anim Hosp Assoc. 2018 Nov/Dec;54(6):297-326.
[cited 2019 Apr 8].

Wierup M, Smittskyddet Vid VHC. Smittskyddsméssiga
strategier for verksamhet and lokalutformning: 2009-06-
08; p1-24 (Biosafety strategy for facilities design and man-
agement of Center for Veterinary Medicin, Teaching hos-
pital and Animal Science. Report to Swedish University of
Agricultural Sciences, Uppsala Sweden. [cited 2019 Apr 12].
Available from: https://internt.slu.se/globalassets/mw/rik
tade/vh/slutligt-program-efter-remiss—smittskyddet-vhc-
t0-2009-06-08.pdf

Board of Agriculture., 2013. Act on notifiable diseases;
[cited 2019 April 3]. Available from: https://www.goo-
gle.se/search?q=SJVFS+2002:16,+K4;+Bilaga+2&
spell=1&sa=X&ved=0ahUKEwif6e TEh7HhAhURs4s-
KHbSbD1QQBQgpKAA &biw=1920&bih=931.
Swedish Board of Agriculture. Act on epizootic diseases.
[cited 2019 Apr 3]. Available from: https://www.jordbruks
verket.se/download/18.26424bf71212ecc74b080001196/
1370040518373/2006-010.pdf

Swedish Parliament 1999. Act on zoonosis. [cited 2019
Apr 3]. Available from: https://www.riksdagen.se/sv/
dokument-lagar/dokument/svensk-forfattningssaml
ing/zoonoslag-1999658_sfs-1999-658

Public Health Agency of Sweden. Communicable
Diseases Act. 2004:168; Communicable Diseases
Ordinance; 2004 [cited 2019 Apr 3] https://www.fol
khalsomyndigheten.se/the-publichealth-agency-of-swe


https://www.ncbi.nlm.nih.gov/pubmed/?term=Dallap+Schaer+BL%2C+outbreak+of+salmonellosis
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dallap+Schaer+BL%2C+outbreak+of+salmonellosis
https://www.ncbi.nlm.nih.gov/pubmed/?term=loeffler+Lindsay+Prevalence+of+methicillin-resistant+Staphylococcus+aureus+among+staff+and+pets+in+a+small+animal+referral+hospital+in+the+UK+2005
https://www.ncbi.nlm.nih.gov/pubmed/?term=loeffler+Lindsay+Prevalence+of+methicillin-resistant+Staphylococcus+aureus+among+staff+and+pets+in+a+small+animal+referral+hospital+in+the+UK+2005
https://www.ncbi.nlm.nih.gov/pubmed/?term=loeffler+Lindsay+Prevalence+of+methicillin-resistant+Staphylococcus+aureus+among+staff+and+pets+in+a+small+animal+referral+hospital+in+the+UK+2005
https://www.ncbi.nlm.nih.gov/pubmed/?term=loeffler+Lindsay+Prevalence+of+methicillin-resistant+Staphylococcus+aureus+among+staff+and+pets+in+a+small+animal+referral+hospital+in+the+UK+2005
https://www.ncbi.nlm.nih.gov/pubmed/?term=loeffler+Lindsay+Prevalence+of+methicillin-resistant+Staphylococcus+aureus+among+staff+and+pets+in+a+small+animal+referral+hospital+in+the+UK+2005
https://www.ncbi.nlm.nih.gov/pubmed/30823419
https://www.ncbi.nlm.nih.gov/pubmed/30823419
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stull+JW%2C+Weese+JS%2C+Hospital-associated+infections
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stull+JW%2C+Weese+JS%2C+Hospital-associated+infections
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stull+JW%2C+Weese+JS%2C+Hospital-associated+infections
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wohlwend+N+2015
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wohlwend+N+2015
https://www.ncbi.nlm.nih.gov/pubmed/22401493
https://www.ncbi.nlm.nih.gov/pubmed/22401493
https://www.ncbi.nlm.nih.gov/pubmed/26869097
https://www.ncbi.nlm.nih.gov/pubmed/26869097
https://www.av.se/arbetsmiljoarbete-and-inspektioner/publikationer/foreskrifter/smittrisker-afs-20184/
https://www.av.se/arbetsmiljoarbete-and-inspektioner/publikationer/foreskrifter/smittrisker-afs-20184/
https://www.av.se/arbetsmiljoarbete-and-inspektioner/publikationer/foreskrifter/smittrisker-afs-20184/
http://www.who.int/csr/resources/publications/biosafety/WHO_CDS_CSR_LYO_2004_11/en/
http://www.who.int/csr/resources/publications/biosafety/WHO_CDS_CSR_LYO_2004_11/en/
http://www.who.int/csr/resources/publications/biosafety/WHO_CDS_CSR_LYO_2004_11/en/
http://www.uab.cat/doc/CWA15793_2011
https://eur-lex.europa.eu/legal-content/SV/TXT/?uri=CELEX:32000L0054
https://eur-lex.europa.eu/legal-content/SV/TXT/?uri=CELEX:32000L0054
https://eur-lex.europa.eu/legal-content/SV/TXT/?uri=CELEX:32000L0054
https://doi.org/10.2460/javma.233.5.767
https://avmajournals.avma.org/doi/abs/10.2460/javma.2004.225.1186
https://avmajournals.avma.org/doi/abs/10.2460/javma.2004.225.1186
https://www.ovma.org/assets/1/6/Biosecurity__Protocol_2.pdf
https://www.ovma.org/assets/1/6/Biosecurity__Protocol_2.pdf
https://internt.slu.se/globalassets/mw/riktade/vh/slutligt-program-efter-remiss%2014smittskyddet-vhc-to%20132009-06%201308.pdf
https://internt.slu.se/globalassets/mw/riktade/vh/slutligt-program-efter-remiss%2014smittskyddet-vhc-to%20132009-06%201308.pdf
https://internt.slu.se/globalassets/mw/riktade/vh/slutligt-program-efter-remiss%2014smittskyddet-vhc-to%20132009-06%201308.pdf
https://www.jordbruksverket.se/download/18.26424bf71212ecc74b080001196/1370040518373/2006-010.pdf
https://www.jordbruksverket.se/download/18.26424bf71212ecc74b080001196/1370040518373/2006-010.pdf
https://www.jordbruksverket.se/download/18.26424bf71212ecc74b080001196/1370040518373/2006-010.pdf
https://www.riksdagen.se/sv/dokument-lagar/dokument/svensk-forfattningssamling/zoonoslag-1999658_sfs-1999-658
https://www.riksdagen.se/sv/dokument-lagar/dokument/svensk-forfattningssamling/zoonoslag-1999658_sfs-1999-658
https://www.riksdagen.se/sv/dokument-lagar/dokument/svensk-forfattningssamling/zoonoslag-1999658_sfs-1999-658
https://www.folkhalsomyndigheten.se/the-publichealth-agency-of-sweden/communicable-disease-control/surveillance-of-communicable-diseases/notifiablediseases/
https://www.folkhalsomyndigheten.se/the-publichealth-agency-of-sweden/communicable-disease-control/surveillance-of-communicable-diseases/notifiablediseases/

12 (& M. WIERUP ET AL.

(29]

(30]

(31]

(32]

(33]

(34]

den/communicable-disease-control/surveillance-of-
communicable-diseases/notifiablediseases/

OIE 2018. OIE-listed terrestrial animal diseases absent
during the reporting period or never reported,
Sweden. 2018 [cited 2019 Nov 19]. Available from:
https://www.oie.int/wahis_2/wah/action7_en.php
Anomynos; Salmonella- ett nationellt strategidokument
(National strategy on Salmonella). [cited 2019 Nov 14].
Available from: https://www.folkhalsomyndigheten.se/con
tentassets/f5fb218d76{443938f41a5fa8609f15f/salmonella-
ett-nationellt-strategidokument-2013-6-28.pdf

Public Health Agency of Sweden. [cited 2019 Apr 3].
Available from: https://www.folkhalsomyndigheten.se/
the-public-health-agency-of-sweden/microbiology-
and-diagnostics/high-containment-laboratory/

Coun of 29 September 2003, Annex XI Part A on
Community measures for the control of foot-and-mouth
disease repealing Council Directive 2003/85/EC of
29 September 2003, Annex XI Part A. [cited 2019 Nov
14]. Available from: https://eur-lex.europa.eu/legal-content
/EN/ALL/?uri=CELEX%3A32003L0085

OIE 2019. Overview of OIE reference centres.. 2004:168;
Communicable Diseases Ordinance; [cited 2019 Apr 3].
Available from: http://www.oie.int/scientific-expertise/
overview/

Hammarstrom K. Smittdmnen i avloppsvatten frin
sjukhus - en teoretisk jamforelse med samhillet
i Ovrigt utifran Socialstyrelsens allmdnna rad

(35]

(36]

(37]

(38]

SOSES 1989:39; (Infection agents in wastewater
from hospitals - a theoretical comparison with
society in otherwise based on the National Board
of Health’s general advice SOSFS 1989: 391. 1101-
8151 Uppsala ISRN SLU-MIKRO-EX-10/6-SE;
2010; 1-154. [cited 2019 Apr 3]. Available from:
https://stud.epsilon.slu.se/1547/1/hammarstrom_k_
100704.pdf

CDC. Handwashing: clean hands save lives. [cited
2019 Nov 14]. Available from: http://www.cdc.gov/
handwashing/show-me-the-science-hand-sanitizer.
html

Bergstrom K, Gronlund U; A pre- and
post-intervention study of infection control in equine
hospitals in Sweden. Acta Vet Scand. 2014 Aug
22;56:52. [cited 2019 Nov 14]. Available from:
https://www.ncbi.nlm.nih.gov/pubmed/25146752
ESEVT SOP 2019 I 30 May 2019. European System of
Evaluation of Veterinary Training (ESEVT). Manual of
Standard Operating Procedure; [cited 2019 Oct 1].
Available from: https://www.eaeve.org/fileadmin/down
loads/SOP/SOP_2019/ESEVT_SOP_2019_adopted_by_
the_32nd_GA_in_Zagreb_on_30_May_2019.pdf
DEFRA 2015. Animal pathogens, guidance on con-
trols 2015. [cited 2019 Apr 3]. Available from:
https://assets.publishing.service.gov.uk/government/
uploads/system/uploads/attachment_data/file/400360/
animal-pathogens-guidance-controls.pdf


https://www.folkhalsomyndigheten.se/the-publichealth-agency-of-sweden/communicable-disease-control/surveillance-of-communicable-diseases/notifiablediseases/
https://www.folkhalsomyndigheten.se/the-publichealth-agency-of-sweden/communicable-disease-control/surveillance-of-communicable-diseases/notifiablediseases/
https://www.oie.int/wahis_2/wah/action7_en.php
https://www.folkhalsomyndigheten.se/contentassets/f5fb218d76f443938f41a5fa8609f15f/salmonella-ett-nationellt-strategidokument-2013-6-28.pdf
https://www.folkhalsomyndigheten.se/contentassets/f5fb218d76f443938f41a5fa8609f15f/salmonella-ett-nationellt-strategidokument-2013-6-28.pdf
https://www.folkhalsomyndigheten.se/contentassets/f5fb218d76f443938f41a5fa8609f15f/salmonella-ett-nationellt-strategidokument-2013-6-28.pdf
https://www.folkhalsomyndigheten.se/the-public-health-agency-of-sweden/microbiology-and-diagnostics/high-containment-laboratory/
https://www.folkhalsomyndigheten.se/the-public-health-agency-of-sweden/microbiology-and-diagnostics/high-containment-laboratory/
https://www.folkhalsomyndigheten.se/the-public-health-agency-of-sweden/microbiology-and-diagnostics/high-containment-laboratory/
https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX%3A32003L0085
https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX%3A32003L0085
http://www.oie.int/scientific-expertise/overview/
http://www.oie.int/scientific-expertise/overview/
https://stud.epsilon.slu.se/1547/1/hammarstrom_k_100704.pdf
https://stud.epsilon.slu.se/1547/1/hammarstrom_k_100704.pdf
http://www.cdc.gov/handwashing/show-me-the-science-hand-sanitizer.html
http://www.cdc.gov/handwashing/show-me-the-science-hand-sanitizer.html
http://www.cdc.gov/handwashing/show-me-the-science-hand-sanitizer.html
https://www.ncbi.nlm.nih.gov/pubmed/25146752
https://www.eaeve.org/fileadmin/downloads/SOP/SOP_2019/ESEVT_SOP_2019_adopted_by_the_32nd_GA_in_Zagreb_on_30_May_2019.pdf
https://www.eaeve.org/fileadmin/downloads/SOP/SOP_2019/ESEVT_SOP_2019_adopted_by_the_32nd_GA_in_Zagreb_on_30_May_2019.pdf
https://www.eaeve.org/fileadmin/downloads/SOP/SOP_2019/ESEVT_SOP_2019_adopted_by_the_32nd_GA_in_Zagreb_on_30_May_2019.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/400360/animal-pathogens-guidance-controls.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/400360/animal-pathogens-guidance-controls.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/400360/animal-pathogens-guidance-controls.pdf

	Abstract
	Introduction
	Material and methods
	Buildings and facilities
	Hazard identification
	Animal health
	Public health– occupational infections
	Public health– communicable diseases
	Public health– zoonoses


	Occurrence
	Biosafety levels– regulatory requirements
	Biosafety requirements for animal and human pathogens

	Risk scenarios and transmission routes
	Transmission routes into VHC
	Routes within VHC
	Routes from VHC
	Interviews

	Results
	Conclusions on appropriate biosafety level for VHC

	Facility design
	Biosafety of the VMTH
	Access limited to authorized persons
	Carcasses and organs for teaching and post mortem examination
	Suspected patients rejected or in isolation stables
	Returning from farm and field visits

	Manure management
	Wastewater management
	Hygiene
	Follow-up– five years of experience

	Discussion
	Conclusions
	Acknowledgments
	Disclosure statement
	Notes on contributors
	References



