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Preface on biosecurity in animal
production and veterinary
medicine

Veterinary medicine is an interdisciplinary field, the goal of which
is to minimise the impact of animal diseases through both preven-
tion and treatment. In view of the growing issue of antimicrobial
resistance, it has become more important than ever to not only
focus on treating disease but also on maintaining the health of
animals and avoiding the introduction or development of diseases.
Biosecurity is defined in the OIE Terrestrial Animal Health Code
as a set of management and physical measures designed to reduce
the risk of introduction, establishment and spread of animal dis-
eases, infections or infestations to, from and within an animal
population. These preventive, non-medication-based measures are
relevant for the maintenance of animal health, and by extension,
of food production, food safety, and biodiversity.

Furthermore, the principles of biosecurity are necessary not just for
limiting the spread of pathogens between animals, but also from
animals to humans and from humans to animals. This integrated
approach is well known as the ‘One Health’ concept, which recog-
nises that human health is intrinsically linked to animal health and
the environment. In accordance with this concept, biosecurity is a
holistic concept, whereby disease prevention strategies applied to
the protection of animal health also serves to preserve the environ-

ment and protect human health.

Since its creation in 1924, the World Organisation for Animal Health
(OIE) has been actively engaged in the prevention and control of
animal and zoonotic disease, particularly through the develop-
ment of standards. As most emerging infectious diseases have the
potential to cross national borders with significant inherent trade
implications, international collaboration against biological risks is
crucial. The OIE promotes transparency and a better understand-
ing of the global animal disease situation by collecting, analysing
and disseminating animal health information, strengthening inter-
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national coordination and cooperation in the control of animal dis-
eases and zoonoses, and ensuring the safety of international trade
of animals and their products. The cornerstone of the successful
implementation of biosecurity practices within the international
community is the compliance of Member Countries with OIE
standards and guidelines, which the OIE supports through training
where necessary, and through making available appropriate tools

and human resources, in particular for developing countries.

The OIE, National Veterinary Services and livestock producers will
benefit from the comprehensive information included in the book
‘Biosecurity in animal production and veterinary medicine’, edited
by Profs. Dewulf and Van Immerseel and co-authored by a wide
range of international experts from different institutes and indus-
tries. It provides a compilation of both the fundamental aspects of
biosecurity practices as well as specific and practical information
on the application of biosecurity measures in different animal pro-
duction and animal husbandry settings. In this book, readers will
find explanations about the relevance of biosecurity planning for
the improvement of animal health and production, as well as for
reducing the need for the use of antimicrobials. Practical examples
such as those on the implementation of biosecurity that is specially
adapted to different animal species will facilitate awareness and

motivation among farmers.

The book is a practical guide that can be used by farm and ani-
mal facility managers, consultants, veterinarians, animal caretak-
ers, and people with an interest in the prevention of diseases in
animals. Academics and students will also benefit from this com-
prehensive compilation on animal biosecurity. This book contains
fundamental information that anyone involved in animal biosecu-
rity should be aware of, and it will contribute to the prevention of

diseases in animals and humans while preserving the environment.

Elisabeth Erlacher-Vindel,
Head of the Science and New Technologies Department, OIE
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1 Introduction

A variety of transmissible agents can cause disease in animals.
These include viruses, bacteria, fungi and parasites. Within each
of these main groups there are hundreds of potential pathogens
with unique biological characteristics and life cycles. Our under-
standing of the causative relationships between infectious agents
and disease has evolved over the years. While the canonical Koch’s
postulates presumed a simple direct relationship between a patho-
gen and disease, even Koch himself predicted the inadequacy of
such an assumption in all situations (Fredericks & Relman, 1996).
Today, we have a much better appreciation of the multifactorial
nature of many diseases, and the complexity of events that deter-
mine not only the outcome of infection for each individual, but
also the ability of pathogens to spread within populations. Under-
standing these complex interactions is necessary for the implemen-

tation of effective infection control programs.

New technologies have facilitated advanced molecular research
and a sharp increase in our knowledge of the microbial world over
the past 20-30 years. At the same time, rapid technological devel-
opment has also created new challenges. The ever-increasing den-
sity of people has led to intensification of agriculture and change
of land use through activities such as irrigation, deforestation or
urbanisation. These changes have been accompanied by increased
international travel, as well as increased international trade of ani-
mals and animal-derived products. The association between such
anthropogenic activities and the emergence of diseases is fairly
well recognised (Mackenzie & Jeggo, 2013). Human encroach-
ment on wildlife habitats has created increased opportunities for
cross-species transfer and potential for emergence of new zoonotic
diseases, as we have seen with cases of Hendra virus in Australia,
Nipah virus in Malaysia or severe acute respiratory syndrome
(SARS) virus in China (Plowright et al., 2015). What once may
have been confined to a few localised cases of disease now has
a potential to spread throughout the world within days. As an
example, about 8,000 cases and 900 deaths in 30 countries were

traced back to a single SARS-infected person staying overnight at
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the Metropole hotel in Hong Kong (Mackenzie & Jeggo, 2013).
In 2013-2016 we also witnessed an epidemic of Ebola virus infec-
tions in West Africa at the unprecedented scale compared to sev-
eral previous geographically restricted outbreaks (Shultz, Espinel,
Espinola, & Rechkemmer, 2016).

Transmission of infectious agents from one host to another is a
complex and multi-step process that requires a number of condi-
tions to be fulfilled. Understanding how the pathogens are main-
tained within individual hosts and within populations enables us
to intervene in this process. In a sense, the old saying ‘know your
enemy’ is as applicable to people as it is to microbes. The better we
understand the ‘offenders’ and the methods they adopt in order to
survive and perpetuate themselves, the better we are able to effec-

tively target the most relevant stages in their transmission circles.

This chapter provides a short overview of the steps necessary for
transmission of microscopic pathogens from one host to another. It
is not meant to be a comprehensive review of the topic. Instead, it
introduces some basic concept, with an emphasis on common prin-

ciples that can be exploited for the purpose of infection control.

2 Common steps in transmission of
infectious agents

It is important to consider all potential pathogens that may be
encountered in a given situation when designing an effective infec-
tion control programme (Morley, 2002; Traub-Dargatz, Dargatz,
Morley, & Dunowska, 2004). Many of these pathogens have unique
biological properties and life cycles. While this needs to be taken
into account, it is often practical to focus on commonalities, as
opposed to differences. Route of transmission is one of such charac-
teristics that is often shared by several infectious agents and can
therefore be exploited in the design of control measures that are
effective against a number of different pathogens. For example, the
use of disinfectant foot mats or footbaths helps to minimise the
spread of pathogens that transmit via the faecal-oral route (Dunow-
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ska, Morley, Patterson, Hyatt, & Van Metre, 2006). Similarly, the
use of disposable gloves and/or appropriate hand hygiene is an
effective control measure against pathogens that can be transmitted
through fomites (Neo, Sagha-Zadeh, Vielemeyer, & Franklin,
2016). In contrast, neither hand hygiene nor disinfectant foot mats/
footbaths would be particularly effective in controlling arboviral
infections such as Bluetongue or African horse sickness. In order to
prevent infections with these arboviruses, measures to control vec-
tor population (Culicoides midges) and to minimise contact between
midges and susceptible animals would need to be implemented
(Maclachlan & Mayo, 2013). These may include elimination of
stagnant water (breeding environment for midges), application of
insect repellents, use of screens in stables/barns, or keeping the ani-
mals indoors at times when the activity of midges is the greatest
(dusk/dawn). Concurrently, minimising the density of susceptible

animals, for example via vaccination, could also be implemented.

In general terms, most pathogens have to follow some common
steps in order to spread and maintain themselves in populations.
These include entry, replication and spread within the host (either
locally or systemically), which may or may not be accompanied
by disease, and exit to enable infection of the new host (Fig. 1.1).

Each of these steps can be targeted by infection control strategies.

Fig. 1.1: Circle of disease transmission: Common steps in a tfransmission cycle of
infectious pathogens and examples of actions that can facilitate breakage
of the cycle.

Replication +/-
Disease

Vaccination
Separation of animals based on risk
of infection

Isolation infectious animals
Quarantine

Control of vectors

Control of reservoir hosts

Cleaning and disinfection

PPE and hand hygiene

Good husbandry

Environmental
persistance
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Table 1.1: Routes of entry

Respiratory Tract

Description Occurs through inhalation of infectious agents.
Protective Entrapment of pathogens in a blanket of mucous
Mechanisms produced by Goblet cells; removal of pathogens

by coordinated movement of cilia on epithelial
cells; removal of pathogens by specific (secretory
antibodies, mainly IgA) or non-specific (phago-
cytic cells such as neutrophils and macrophages)
immunological defences (Antunes & Cohen, 2007;
Baskerville, 1981; Fokkens & Scheeren, 2000).

Factors facili- Concurrent infections e.g. viral infections that
tating entry destroy ciliary epithelium often predispose subjects
to secondary bacterial infections (shipping fever
complex); presence of infectious aerosols; poor
ventilation combined with crowded environment.

Examples® foot-and-mouth disease, infectious bovine rhi-
notracheitis, malignant catarrhal fever, anthrax,
Aspergillus spp, Q fever, tuberculosis

Gastrointestinal Tract

Description Transmission via ingestion of pathogens. Typically
occurs via contamination of feed with faecal mate-
rial or via contamination of pastures/water supply.

Protective Peristaltic activity of intestines, low pH of the
Mechanisms stomach, presence of digestive enzymes, bile,
pancreatic secretions, presence of mucous in
the stomach and intestines, specific (mainly
IgA) and non-specific (e.g. defensins) immuno-
logical defences (Elson & Alexander, 2015)

Factors facilitat- Heavy environmental contamination with
ing spread pathogens that survive outside of their hosts
for a prolonged period of time; poor clean-
ing and disinfection; high density of animals.

Examples* rotaviruses, coronaviruses, parvoviruses,
morbilliviruses, bacteria e.g. Salmonella or
Campylobacter species, Brucella species,
tuberculosis, anthrax, many internal para-
sites such as coccidia (e.g. Eimeria or Crypto-
sporidium species ) or Giardia species.

Skin

Description Pathogens enter the body through the skin barrier.
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Protective Intact skin with a thick layer of cornified epithelium
Mechanisms provides an effective barrier against infections with
many pathogens. Hence, a break in the integrity

of the skin is often necessary for a pathogen

to gain an entry via this route, although some
pathogens are able to enter through intact skin e.g.
hookworms or some fungi (e.g. dermatophytes).

Factors facili- Presence of skin abrasions, wounds, animal bites,
tating entry insect bites, etc. Conditions that facilitate trauma
(could be minor) to the skin such as presence of
abrasive plants on pasture (e.g. thistles), shearing
of sheep, or increased activity of biting insects. Use
of contaminated needles or surgical equipment.

Examples* arboviruses (e.g. West Nile virus, Bluetongue),
or virus and other parapoxviruses, equine infec-
tious anaemia virus, bacteria in contaminated
wounds, fungi (e.g. dermatophytes), some para-
sites (e.g. hookworms of various species)

Reproductive Tract

Description Sexually transmitted diseases. Transmis-
sion can occur through natural mat-
ing or via artificial insemination.

Protective Presence of mucous, innate and acquired
Mechanisms immune responses, resident bacterial microbiota
(Lepargneur, 2016; Pudney, Quayle, & Ander-
son, 2005; Tribe, 2015; Wiesenfeld et al., 2002)

Factors facilitat- Artificial insemination provides an excel-
ing spread lent way of quickly spreading contaminated
semen across large geographical areas.

Examples® equine arteritis virus, bovine viral diar-
rhoea virus, Trichomonas fetus, Brucella
species, Taylorella equigenitalis (causa-
tive agent of contagious equine metritis)

Otbhers
Description and Other routes of entry include conjunctiva
Examples (e.g. Moraxella bovis — a causative agent

for ‘pink eye’ conjunctivitis in cattle) or
placenta (e.g. equid herpesvirus 1, bovine viral
diarrhoea virus, porcine parvoviruses).

1 For more examples see: Diseases and Resources by species available at
http:/www.cfsph.iastate.edu/
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2.1 Entry

Entry of the pathogen can occur via a variety of routes (Table 1.1).
Respiratory and gastrointestinal tracts are the most common
routes of entry for pathogenic micro-organisms. Some pathogens
use one predominant route of entry, while others may use a num-
ber of different routes. For example, bovine viral diarrhoea (BVD)
virus can enter a new host via a respiratory route (droplet trans-
mission), a venereal route either by natural service or through con-
taminated equipment used for artificial insemination (fomites). It
can also establish infection in a foetus via a transplacental route of
entry (Lanyon, Hill, Reichel, & Brownlie, 2014).

2.2 Incubation period

Incubation period is defined as a period between the time of infec-
tion (entry) and the development of clinical signs of disease. The
length of the incubation period may vary from hours (e.g. rotavi-
rus, influenza viruses), days (e.g. foot-and-mouth disease (FMD)
virus) to months (e.g. rabies virus) or even years (e.g. ovine pro-
gressive pneumonia lentivirus). The period of infectivity defines
a period of time during which the animal is infectious to oth-
ers. It coincides with shedding of infectious pathogens via vari-
ous routes (exit). Shedding can start at any point in the infection
cycle (Fig. 1.2). For example, clinical signs of Maedi-Visna/ovine
progressive pneumonia develop years after primary infection with
the causative lentivirus (Perez et al., 2013). Throughout this long
incubation period, infected animals can transmit the virus to other
susceptible animals. In contrast, the incubation period for FMD is
short (1-8 days). None-the-less, shedding of FMD virus may also
start before infected animals develop the clinical disease (Alexan-
dersen, Quan, Murphy, Knight, & Zhang, 2003) and the virus
may be already widespread by the time infected animals are identi-

fied and isolated or destroyed.
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The length of the incubation period is important for the develop-
ment of quarantine guidelines. Animals should be quarantined for
a period of time that exceeds the maximum incubation period of
the pathogen in question. Knowledge about the length of the incu-
bation period is also useful for back-tracking animals that have
been potentially exposed to the infected individuals.

Fig. 1.2: Shedding of a pathogen may start after (A) or before (B) development of
clinical signs. Some infected animals may shed the pathogen without any
overt clinical disease (C). Pathogens that are shed during the incubation
period are more difficult to control than those that are shed only after
clinical signs of disease are apparent.

A
Infection

Discase
Shedding I E N N

B
Infection

Disease
Shedding GGG W N N N E N

C

Infection
|

Shedding I N N

2.3 Spread within the body

Pathogens may remain at the site of entry and cause localised
infections, or may use the initial site of entry as a portal for sub-
sequent systemic dissemination throughout the body. Examples
of the former include scabby mouth disease in ruminants caused
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by a parapox virus infection (Buttner & Rziha, 2002), infected

wounds, gastrointestinal infections caused by a variety of viral,

bacterial and fungal pathogens (Foster & Smith, 2009) or local-

ised upper respiratory tract infections. Systemic spread from the

site of entry may occur via the lymphatics, blood vessels or nerves.

Following dissemination of pathogens to various tissues, second-

ary replication in those tissues may lead to generalised systemic

disease. The clinical signs observed are dependent on the organ/tis-

sue predilection of the pathogen and on the extent of tissue dam-

age caused by the infection.

2.4 Disease

The severity of disease observed following infection
with pathogens varies. It is important to recognise
that infection is not synonymous with disease. Dis-
eased animals typically represent the ‘tip of the
iceberg’ of all infected animals (Fig. 1.3). They are
reasonably easily recognised by skilled observers
such as veterinarians, astute owners, farmers, etc.,
and should be placed under appropriate contain-
ment to prevent transmission of infectious agents to
other susceptible hosts (either animals or people).
In contrast, sub-clinically infected animals are dif-
ficult to recognise. They appear clinically normal,
and can be identified only through targeted use of
appropriate diagnostic tests. Not surprisingly, sub-
clinically infected animals often play an important
role in the spread of infectious agents and have
been implicated in the introduction of pathogens
to new geographical areas or disease-free herds
(e.g. introduction of FMD to Europe (Sutmoller &
Casas, 2002), equine arteritis virus to New Zea-
land (Horner, 2004), or equine influenza virus to
Australia (Watson, Daniels, Kirkland, Carroll, &
Jeggo, 2011)).
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Fig.1.3: The iceberg concept of the mainte-
nance of pathogens in populations. Only a
proportion of animals exposed to an infectious
agent become infected. Of those, many devel-
op sub-clinical infections and only some be-
come clinically sick. Severely diseased animals
are those most noticeable, but they typically
form the 'tip of an iceberg’ of all infected ani-
mals. Sub-clinically infected animals are difficult
to recognise without targeted surveillance.
Therefore, they are important sources of in-
fection for other susceptible animals and play
a key role in maintaining infectious agents in
populations.
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2.5 Exit

Pathogens must exit their host in order to initiate infection in a
new host. The route of exit is, therefore, inherently linked to the
route of entry for many infectious agents. Some pathogens use pre-
dominantly, or exclusively, one route of exit. This is particularly
true for pathogens that establish localised infections without the
systemic spread. Examples include local respiratory tract infections
(exit via respiratory secretions), local gastrointestinal tract infec-
tions (exit via faeces), or local skin infections (exit via skin). Other
pathogens can use several different routes of exit. Pathogens able
to cause systemic infections are often shed in various body excre-
tions and secretions. For example, equine arteritis virus (EAV)
may be isolated from a variety of tissues and body fluids following
infection via a respiratory route (Balasuriya, Go, & MacLachlan,
2013) and classical swine fever virus has been detected in oronasal
secretions, conjunctival secretions, urine, faces, semen, and blood
from infected pigs (Althouse & Rossow, 2011; E. Weesendorp, A.
Stegeman, & W. Loeffen, 2009).

Some pathogens are notf shed in secretions/excretions, even though
they may still cause disease in the infected animals. Whether or not
such pathogens can be fransmitted further varies. For example,
many vector-borne infections (e.g. West Nile virus or Bluetongue
virus) enlist the help of a blood-sucking insect to ‘exit’ the host
through skin. This is also true for Eastern equine encephalitis (EEE)
virus when it circulates between mosquitoes and its natural avian
hosts. When horses (or people) are bitten by an infected mosqui-
to, they may ‘accidentally’ become infected with the virus and may
develop a neurological disease. However, despite severe clinical
signs, the level of viraemia in the horse is usually foo low to allow
infection by mosquitoes and further transmission of the virus. As
such, infected horses are 'dead-end' hosts for EEE — the virus dies
fogether with its aberrant host (Molaei, Armstrong, Graham, Kramer,
& Andreadis, 2015).
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Pathogenic parasites of th e Trichinella species provide an example of
yet another way in which infection can be perpetuated in the popu-
lation in the absence of shedding. This parasitic disease is fransmitted
via consumption of undercooked meat (common route of infection
for people) or carcasses (common route of infection for predatory
animals) that contain infectious Trichinella cysts (Pozio, 2015).

3 Pathways of pathogen transmission

Traditionally, the transmission of infectious agents has been bro-
ken down into three main routes: 1) airborne 2) droplet and 3)
contact, each of which requires different infection-control precau-
tions in hospital settings (Siegel, Rhinehart, Jackson, & Commit-
tee, 2007). Although these were originally created with human
health care settings in mind, the same principles are also applicable
to the veterinary field.

3.1 Main routes

3.11 Airborne

Conventionally, all respiratory infections were considered to be
transmitted via the airborne route. However, to be truly airborne,
the infectious agent needs to be dispersed in suspensions of small
particles in the air, referred to as infectious aerosols (Fernstrom &
Goldblatt, 2013; Gralton, Tovey, McLaws, & Rawlinson, 2011;
Seto, 2015). Infectious aerosols are created when pathogens are
dispersed in particles smaller than 5 pm, as the particle’s settling
time is influenced by its size: smaller particles remain suspended in
the air for longer periods of time than the larger ones (Gralton et
al., 2011; Seto, 2015). Coincidentally, particles within similar size
range can be inhaled directly into the lungs, while particles larger
than 10 pm are trapped in the mucous of the upper airways and
removed by the cilliary action of the respiratory epithelium (Tel-
lier, 2006). Thus, disease transmission is most likely when infec-
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tious particles smaller than 10 pm are generated (Gralton et al.,
2011; Jones & Brosseau, 2015).

In order to guarantee successful airborne transmission, the patho-
gen needs not only to be aerosolised, but also to remain infectious
in the aerosolised form for a period of time, within which it needs
to gain access to the appropriate tissues of the susceptible host(s)
(Gralton et al., 2011; Jones & Brosseau, 2015). It is not common
for all three conditions to be met. In fact, only three human dis-
eases are currently classified as predominantly airborne: tubercu-
losis, chicken pox and measles (Seto, 2015). While the ability of
other respiratory pathogens to become airborne has been docu-
mented (Goyal et al., 2011; Myatt et al., 2004), there is a lack of
agreement on the importance of these findings with relation to the
likelihood of effective airborne transmission (Jones & Brosseau,
2015). Comparatively few studies looked at the airborne poten-
tial of veterinary pathogens, with FMD being a classic example
of a veterinary disease with proven airborne transmission (Cole-
nutt et al., 2016; J. Gloster et al., 2009; J. Gloster et al., 2007,
Schley, Burgin, & Gloster, 2009). Other economically important
veterinary pathogens for which airborne transmission has been
documented include porcine respiratory and reproductive syn-
drome virus and M. hyopneumoniae (Alonso, Raynor, Davies,
& Torremorell, 2015; Cutler, Wang, Hoff, Kittawornrat, & Zim-
merman, 2011; Cutler, Wang, Hoff, & Zimmerman, 2012; Dee,
Otake, Oliveira, & Deen, 2009; Otake, Dee, Corzo, Oliveira, &
Deen, 2010), classical swine fever virus (Weesendorp, Backer, &
Loeffen, 2014; Weesendorp, Stegeman, & Loeffen, 2009), Rhodo-
coccus equi (Muscatello et al., 2006) or African swine fever virus
(de Carvalho Ferreira, Weesendorp, Quak, Stegeman, & Loeffen,
2013). The importance of airborne transmission of mammalian
influenza viruses remains somewhat undetermined (Alonso et al.,
2015; Goyal et al., 2011; Jones & Brosseau, 2015; Seto, 2015).
Aerosolised particles containing infectious agents may be dis-
persed by air currents over considerable distances. For example,
transmission of FMD virus has been documented to occur, under
suitable conditions, over more than 200 km (Donaldson & Alex-
andersen, 2002; Gloster et al., 2010). Proximity between infected

and susceptible individuals therefore is not an essential condition
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for infection to occur (Fig. 1.4). This is an important difference
between droplet (see below) and true airborne transmission, which

makes the latter more difficult to control.

1 meter
Droplet I
Airborne

A

Fig.1.4: Aninfected animal generates infectious particles of various sizes. The
larger ones (droplets, red circles) settle quickly within approximately 1 metre of
the animal. If another susceptible animal is present within that distance, the infec-
tious droplets may fall onto its mucosal surfaces and initiate the infection. Particles
smaller than 5 pm in size (infectious aerosol, yellow stars) remain suspended in the
air for long periods of time — they may be carried by air currents over considerable
distances and be a source of infection fo animals at distant locations.

Pathogens present in respiratory secretions may be aerosolised
not only through coughing or sneezing, but also through normal
breathing (Christensen et al., 2011; Nicas, Nazaroff, & Hubbard,
2005). Infectious aerosol may also be generated from other con-
taminated sources such as faecal material, dust, or animal bedding
during a number of everyday farming activities (Blais Lecours,
Veillette, Marsolais, & Duchaine, 2012; Millner, 2009) includ-
ing the application of animal manure to agricultural land (Jahne,
Rogers, Holsen, Grimberg, & Ramler, 2015; Jahne et al., 2016).
Hence, pathogens that are shed from sites of the body other than
respiratory tract (e.g. faeces) may be accidently aerosolised, which
in turn may enable their transmission via the atypical (or oppor-
tunistic) route. In this scenario, infection may be initiated when
aerosolised gastrointestinal pathogens are deposited on mucosal
surfaces of susceptible individuals and subsequently swallowed
(Dungan, 2010). To illustrate this concept, porcine epidemic

diarrhoea virus has been shown to be present in aerosols around
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infected animals (Alonso et al., 2015). It has also been proposed
that airborne transmission may have contributed to the recent
spread of porcine epidemic diarrhoea virus in the USA based on
a positive correlation between the spread of disease and the pre-
dominant wind direction (Beam et al., 2015). However, as other
variables such as the level of physical contact between farms were
not available, the authors cautioned against drawing definitive

conclusions from the study.

3.1.2 Droplet

Droplet transmission is a common route of transmission of many
respiratory pathogens. It occurs via particles that are larger than
5 pm in size. Just like rain drops, such large ‘droplets’ fall to the
ground within a short period of time (Fernstrom & Goldblatt,
2013; Gralton et al., 2011). If a susceptible animal is within a
short distance of the source of infectious droplets (e.g. an infec-
tious animal), then the droplets may settle on the susceptible ani-
mal’s mucosal surfaces, potentially leading to infection (Fig. 1.4).
In the case of human infections, the approximate distance within
which droplet transmission is likely to occur has been defined as 1
metre (Gralton et al., 2011). While the velocity of particles gener-
ated by animals during sneezing or coughing may differ somewhat
to that of particles generated by humans, droplet transmission
relies on close proximity between the infected animal and a sus-
ceptible host, but without the necessity for direct contact between
the two.

The separation between airborne and droplet transmission routes
is somewhat artificial and considerable overlap exists between
these two routes. Many activities generate infectious particles over
a broad size range (Gralton et al., 2011). Thus, both infectious
aerosols and droplets contribute to the transmission of disease a
short distance from the source of infection. At a greater distance
(beyond approximately 1 metre), droplet transmission is less likely
and airborne transmission becomes more important.

Settled infectious droplets may also be transmitted via fomites
such as people’s hands, shoes, equipment, etc. The importance of

the latter relies on the level of hygiene maintained at premises and
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on the environmental stability of the pathogen of interest (see indi-

rect contact transmission below).

3.1.3 Contact

Contact transmission results from
either direct or indirect contact
between infectious and susceptible
individuals. Close contact between
infected and susceptible individu-
als (direct transmission, Fig. 1.5) is
a pre-requisite for transmission of
pathogens that do not survive well
outside their hosts (e.g. mammalian
influenza viruses, emerging para-
myxoviruses Hendra and Nipah).
The level of direct contact required
for transmission of various patho-
gens varies and depends on the infectious dose of the pathogen in
question, the levels of the pathogen shed by the infected animals,
and its typical route of entry.

Environmental contamination and transmission via fomites (indi-
rect transmission) are important for pathogens that are resist-
ant to adverse environmental conditions. Many gastrointestinal
infections are caused by agents that can survive harsh conditions
encountered in the gastro-intestinal tract, such as low pH of the
stomach or enzymatic action of digestive enzymes. These patho-
gens can also survive well on inanimate surfaces, sometimes for
weeks to months (Kramer, Schwebke, & Kampf, 2006). Exam-
ples include rotaviruses, parvoviruses, caliciviruses, enteroviruses,
Salmonella spp, Cryptosporidium parvum and others. Pathogens
that show stability under diverse conditions are also often more
difficult to disinfect, increasing the likelihood of environmental
contamination, particularly in hospital settings. Occasional per-
sistence of Salmonella spp in large animal stalls at a veterinary
teaching hospital despite rigorous disinfection protocol may serve

as an illustration of this point (Dunowska et al., 2007).
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Fig. 1.5: Many pathogens
are transmitted by direct
contact between infected
and susceptible animals.
Intensive production
systems with high density
of animals facilitate such
transmission.
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Fig.1.6: Watery,
diarrhoeic faeces often
contain a high pathogen
load and provide an
excellent vehicle for
contamination of the
environment.
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3.2 Descriptive terms

From a practical point of view, transmission patterns of infectious
agents are often referred to in more descriptive terms, which take
into account not only the main route of transmission (one of the
three listed above) but also the main source of the infectious agent.
The latter is often linked to the main route of exit or the preferred
ecological environment for the pathogen in question. We’ll discuss

7 commonly used terms.

3.2.1 Faecal-oral tfransmission

The gastrointestinal tract provides a very efficient route of exit and
subsequent spread for many pathogens, particularly if infection is
associated with diarrhoea. Voluminous,
watery diarrhoea is very difficult to con-
tain, clean and disinfect (Fig. 1.6). The
pathogen load in diarrheic faeces can be
very high. Watery, diarrheic faeces provide
a perfect vehicle for environmental con-
tamination, which facilitates transmission
by fomites. Local gastrointestinal infec-
tions that manifest themselves as diar-
rhoea may alter the permeability of the
gastrointestinal tract and allow commen-
sal and pathogenic intestinal flora to gain
entry into the bloodstream, which nega-
tively impacts the severity of disease and prognosis. In one study
(Johns et al., 2009) bacteria were isolated from blood collected from
9 out of 31 mature horses with diarrhoea within 24 hours of admis-
sion to the hospital. Horses with bacteraemia were less likely to sur-
vive compared to horses with negative blood cultures.

3.2.2 Transmission by fomites

Fomites are inanimate objects that, once contaminated with
pathogens, serve as a source of infection in susceptible animals
(Fig. 1.7). Examples of fomites include peoples’ clothing, boots,
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vehicles, animal crates, or general farm equipment. To illustrate
the importance of this route of transmission, flexible intermedi-
ate bulk containers (‘feed totes’) used
for transport of bulk feed were con-
sidered to be one of the likely sources
of entry of porcine epidemic diarrhoea
virus into the United States in 2013
and the subsequent spread of the virus
throughout the country (Scott et al.,
2016). Permanent structures such as
water troughs, fences, gates etc. may
also serve as fomites, as may any sur-
face commonly touched by hands
including computer keyboards, light
switches, phones etc. For example,
Salmonella species were commonly isolated from hand-contact
surfaces in a veterinary teaching hospital whenever a Salmonella-
shedding animal was hospitalised (Burgess, Morley, & Hyatt,
2004). Transmission via fomites is more likely for pathogens that
remain infectious for long periods of time under various envi-
ronmental conditions than for those that only survive for a short

period of time under a narrow range of conditions.

3.2.3 Vector-borne transmission

This route of transmission relies on the transmission of pathogens
from one host to another via vectors. Common vectors include
various species of mosquitoes, midges, flies or ticks (Fig. 1.8). The
lifecycle of some pathogens involve infection of the vector itself.
Examples of such transmissions, referred to as ‘biological’, include
West Nile virus (transmitted by mosquitoes), African horse sickness
and Bluetongue viruses (both transmitted by culicoides midges),
African swine fever, bovine anaplasmosis, or bovine theileriosis
(all three transmitted by ticks). Animals affected by vector-borne
diseases are often (but not always) not directly infectious for in-
contact susceptible animals, and control of arthropod population

is the mainstream for control of the spread of those infections.
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Fig. 1.7: Inanimate objects
can become contaminated
with pathogens and

serve as fomites in indirect
contact transmission.
Common fomites include
footwear, equipment
used with animals,
contaminated hands,
clothing, vehicles, etc.

43



A

Fig. 1.8: Many diseases
are transmitted by
arthropod vectors either
biologically (the pathogen
replicates within the vec-
tor) or mechanically.
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Other pathogens are transmitted in a
purely mechanical manner e.g. equine
infectious anaemia is typically transmit-
ted through direct transfer of contami-
nated blood on the mouth of a biting fly.
This is most likely to occur if feeding on
an infected horse is interrupted and the
fly continues its meal on a nearby unin-
fected horse. Similarly, Moraxella bovis
(causative agent for infectious bovine
keratoconjunctivitis) is predominantly
transmitted within a group of animals via
face flies (Kopecky, Pugh, & McDonald, 1986).

The ecology of vector-borne diseases is often complex and influ-
enced by factors such as density of vectors (which is affected by
environmental and climatic condition supportive of vector breed-
ing and survival), feeding preference of vectors, or density of sus-
ceptible hosts (Marini, Rosa, Pugliese, & Heesterbeek, 2017).

3.2.4 Water-borne transmission

This term refers to indirect transmission via pathogen-contami-
nated water (Fig. 1.9). This can occur through drinking, but also
through other activities such as swimming or using contaminated
water for rinsing. Examples of water-borne pathogens include pro-
tozoa from Cryptosporidium, Giardia and Toxoplasma species
(Dubey, 2004; Moss, 2016), bacteria from Salmonella, Campylo-
bacter, E. coli, Pseudomonas or Leptospira species (Aho, Kurki,
Rautelin, & Kosunen, 1989; Bayram et al., 2011; Leclerc,
Schwartzbrod, & Dei-Cas, 2002; Monahan, Miller, & Nally,
2009; Mughini-Gras et al., 2016; Nohra et al., 2016; Tambalo,
Boa, Aryal, & Yost, 2016) and viruses such as avian influenza
(Fourment & Holmes, 2015) or noroviruses (Zhou et al., 2016).
Although water-borne transmission has been mainly described in
relation to epidemics of gastrointestinal disease in people, it can
also contribute to the spread of pathogens in veterinary settings.
For example, absence of a body of water within 0.5 km of the farm
was identified as one of the factors associated with a reduction in
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the odds of a flock being infected with Campylobacter species on
Irish low-performance chicken farms (Smith et al., 2016). Infec-
tions of sea mammals with parasites typically associated with land
animals such as Toxoplasma gondii, Sarcocystis neurona or Neos-
pora caninum are thought to be a result
of contamination of the oceans with
water run-offs from land (Dubey et al.,
2003; Miller et al., 2002). Of most
concern to human health is contamina-
tion of drinking water with unfiltered
surface water containing faecal patho-
gens from various wild and farm ani-
mals (Ashbolt, 2015; Bowman, 2009;
Kuhn et al., 2017; Mughini-Gras et al.,
2016; Nohra et al., 2016). It should be
noted, however, that the presence of
specific pathogens in water supply
does not always indicate cross-species
transmission. In one study, no evidence for significant transmission
of Giardia spp between cattle and people was found despite con-
tamination of water supply with bacterial species present in both
human and cattle populations examined (Ehsan et al., 2015). As
the quality of water treatment plays a role in preventing water-
borne transmission of infectious pathogens, it is not surprising that
water-borne diseases in humans are most prevalent in countries

with low socio-economic status (Yang et al., 2012).

3.2.5 Sexual tfransmission

Sexual transmission refers to transmission of pathogens that are
shed in reproductive secretions. This may occur during natural
mating, but also during artificial reproductive procedures (Lock-
hart, Thrall, & Antonovics, 1996). Examples include EAV (Balas-
uriya et al., 2013), Mycoplasma agalactiae (causative agent for
ovine contagious agalactia) (Prats-van der Ham et al., 2017), BVD
virus (Givens & Waldrop, 2004; Grooms, 2004), trichomoniasis
(Michi, Favetto, Kastelic, & Cobo, 2016) and others. Pathogens

may be transported in contaminated semen over large geographi-
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Fig. 1.9: Contamination
of drinking water is an
efficient way of spread-
ing infections amongst
animals that use the same
water source. Contaminat-
ed water supply has also
been linked to epidemics
of human gastrointestinal
disease.

45



46

cal distances. As an example, EAV was introduced to New Zea-
land in imported equine semen and subsequently spread through-
out the country (Horner, 2004). Introduction of a voluntary
control scheme focused on prevention of sexual transmission of
the virus eventually lead to the eradication of EAV from New Zea-
land (McFadden et al., 2013).

3.2.6 Vertical transmission

Vertical transmission relates to transmission of pathogens from
mother to her offspring via placenta or during birth. All other
transmissions from one animal to another are considered hori-
zontal. Some also regard transmission during the neonatal period
as vertical transmission, although technically this represents hori-
zontal spread. For example, small ruminant lentiviruses are trans-
mitted predominantly via ingestion of infected colostrum or milk
(Blacklaws et al., 2004; Souza et al., 2015). Examples of patho-
gens that can be transmitted vertically include BVD virus, bovine
leucosis virus (Meas, Usui, Ohashi, Sugimoto, & Onuma, 2002),
Bluetongue virus (van der Sluijs et al., 2013) or parvoviruses of
various species (Mengeling, Lager, Zimmerman, Samarikermani,
& Beran, 1991). Trans-placental infection of the foetus may have
different consequences depending on the stage of pregnancy, as
can be exemplified by a variety of possible outcomes of BVD virus
infection of a pregnant cow, ranging from foetal resorption (early
pregnancy), through birth of persistently infected calves or calves
with congenital abnormalities (mid-pregnancy) to birth of healthy
calves that have cleared the virus and are positive for BVD virus

antibodies (late pregnancy) (Lanyon et al., 2014).

3.2.7 latrogenic transmission

[atrogenic transmission refers to man-made transmission. This
may occur during surgery or invasive procedures (e.g. injections)
via contaminated medical equipment. Blood-borne pathogens can
be transmitted in this way not only from one animal to another,
but also from animals to humans during needle-stick injuries (Ven-

ter & Swanepoel, 2010). While the risk of infection through con-
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taminated medical equipment is limited to individuals undergoing
an invasive procedure, contamination of biologicals at the time
of productions carries an even greater risk of dissemination of
the contaminating pathogen among susceptible populations over
large geographical areas. This can be exemplified by an epidemic
of scrapie in Italy in 1996/1997, which was traced to a vaccine
against Mycoplasma agalactiae contaminated with the scrapie
agent (Zanusso et al., 2003), or an outbreak of lymphomas in
commercial broiler flocks traced to Marek’s disease vaccine con-
taminated with chicken reticuloendotheliosis virus (Fadly et al.,
1996).

Some pathogens are fransmitted predominantly via one route, while
others use several different routes of transmission. For example, ra-
bies is spread nearly exclusively via bites of rabid animals (Crowcroft
& Thampi, 2015), while anthrax can be transmitted via inhalation of
Bacillus anthracis spores, via entry of spores through a break in the
skin, or via ingestion of vegetative form of the bacteria in meat from
diseased animals (Anonymus, 2012; Bengis & Frean, 2014; Beyer &
Turnbull, 2009). However, even diseases that are fransmitted pre-
dominantly via a single route may, under some circumstances, use
alternative routes of transmission. This can be illustrated by several
cases of human rabies acquired through organ transplantation (Dut-
ta, 1998; Gibbons, 2002) or the epidemic of mad-cow disease in the
UK. The latfer was caused by feeding meat and bone meal contain-
ing ruminant proteins fo ruminants, without adequate precautions fo
inactivate potentially infectious agents present in the product (Na-
thanson, Wilesmith, & Griof, 1997). The mad cow disease epidemic
would have never occurred in nature, as cows do not normally eat
meat-derived proteins of its own species.

CIRCLES OF DISEASE TRANSMISSION
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4 Factors affecting the spread of pathogens
within populations

In epidemiological terms, the transmissibility of a pathogen within
populations is characterised by a reproductive number R . The R,
denotes the number of secondary infections that would theoreti-
cally result from an introduction of one infected individual into a
fully susceptible population (Lavine, Poss, & Grenfell, 2008). The
same concept can be applied at herd level to illustrate the ability
of a pathogen to spread from herd to herd (‘herd reproductive
number R,’). Diseases with a R /R,, below 1 are not capable of
evolving into epidemics and would die on their own even without
the implementation of any control efforts. Diseases with a RO/RH
greater than 1 have the capability to perpetuate themselves in pop-
ulations. The higher the R /R ,, the more difficult it is to control
the spread of the disease.

The R /R, is dependent on a variety of factors, depicted in a tra-
ditional epidemiological triangle as those related to the pathogen,
the host, and the environment. Determinants of resistance/suscep-
tibility to infection and disease with a particular agent are complex
and include not only species, breed, or individual genetic differ-
ences, but also factors such as age, nutritional status, or the pres-
ence of stressors. The influence of non-pathogen-related factors
on R /R, can be illustrated by dynamics of FMD spread among
different animal species in various geographical regions. The R,
during the incubation period of disease in non-vaccinated ani-
mals was calculated to be 0.31 for calves, 0.20 for lambs, but as
high as 13.20 for piglets and 176 for dairy cows infected with the
FMD virus under experimental conditions (Orsel, Bouma, Dekker,
Stegeman, & de Jong, 2009). The corresponding R estimates for
vaccinated animals were considerably lower and ranged from 1.03
x 10-% to 1.26. These data illustrate that the efficiency of transmis-
sion of the FMD virus depends on the species of animals affected,
their age and vaccination status. In another study (Estrada, Perez,
& Turmond, 2008), it was estimated that the R, during the FMD
outbreak among heavily vaccinated animal populations in Peru
decreased from 5.3 at the beginning of the epidemic to 1.31

towards the end. Similar estimates for R , were reported during the
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FMD outbreak among unvaccinated animals in the Netherlands
(Bouma et al., 2003), potentially highlighting the importance of
other variables (e.g. geography, climate, density of herds, speed
of detection of disease and introduction of control measures etc.)

affecting the spread of FMD virus between herds.

4.1 The pathogen

Pathogen characteristics that play a role in disease transmission
include virulence, survival in the environment, species specificity,
ability to persist in the host, or the strength and duration of the
induced immune response following infection.

In general, pathogens with broad host range are more difficult to
control than species-specific pathogens. This is particularly true for
those pathogens that are able to establish infections in domesticated
species and in wildlife. For example, outbreaks of highly pathogenic
avian influenza outbreaks among chickens have been linked to
asymptomatically infected waterfall (Haase et al., 20105 Shin et al.,
2015). The source of fatal Nipah and Hendra virus infections in
people has been traced to infected horses and pigs, respectively.
However, neither horses nor pigs proved to be natural hosts for
these viruses, which circulate in nature among flying foxes (Aljofan,
2013; Eaton, Broder, Middleton, & Wang, 2006). As mentioned in
the introduction to this chapter, the on-going, human-driven changes
in the ecology of many geographical areas are likely to influence the
host range of pathogens circulating within those areas.

Pathogens that evoke strong, long-lasting immune responses (e.g.
systemic poxviruses, parvoviruses or paramyxoviruses) rely on an
on-going supply of young naive individuals to maintain themselves
in the population. In contrast, immunity to re-infection with
herpesviruses, influenza viruses, or many bacterial pathogens tends
to be short-lived, and animals may become re-infected several
times in their lifetime.

Some pathogens have evolved sophisticated strategies to evade the
immune responses of their hosts, which in turn facilitates their
maintenance in populations and hampers any control efforts. Two

different examples of such strategies can be provided by influenza
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viruses and herpesviruses. Influenza viruses may respond fairly
quickly to pressures generated by the host’s immune response
through antigenic drift (slow change in antigenicity due to accu-
mulation of mutations at the antigenic sites of the virus) or anti-
genic shift (a sudden change in antigenicity due to exchange of
whole segments of the genome between two different viruses)
(Bouvier & Palese, 2008; Epstein & Price, 2010). This creates a
constant supply of new viral variants that may be partially recog-
nised, or not recognised at all, by the immune responses raised to
their progenitors, which in turn has obvious implications for the
level of immunity in the population and for the efficacy of availa-
ble vaccines. In contrast, herpesviruses are comparatively antigeni-
cally stable, but renowned for their ability to establish life-long
infections in their hosts. This is accomplished by establishing
latency (van der Meulen, Favoreel, Pensaert, & Nauwynck, 2006).
During latency, the viral genome undergoes very limited transcrip-
tion and infectious viruses are not produced. This means that
latently infected animals are not infectious. They are also usually
clinically normal. Under certain conditions (e.g. stress or immuno-
suppression), the latent virus may undergo re-activation, which
leads to the establishment of productive infection and subsequent
transmission to a new host. As it may be difficult to detect (and
therefore control) all latently infected animals, they may become a
source of infection to others. For example, re-activation of the
virus is the most likely explanation for sporadic cases of abortion
or neurological disease due to equine herpesvirus type 1 infection

in a closed group of horses.

4.7 The host

Host factors that are important in the transmission of infectious
agents include nutritional status, age, presence of concurrent infec-
tions, level of immunity or individual genetic predispositions. All
of these combined determine the level of resistance/susceptibility
to infection with a given pathogen. Host-related factors that are

important for the transmission of infectious agents in populations
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include density of susceptible hosts and availability of carrier/
intermediate hosts, when applicable.

Animals may remain healthy following exposure to an infec-
tious agent either because they are resistant to infection with that
pathogen (e.g. horses are resistant to infection with the FMD
virus) or because they have some level of pathogen-specific immu-
nity. Immune animals exposed to the pathogen may still become
infected with that pathogen, but they mount a fast, effective
immune response, which controls the infection. In other words,
they are susceptible to infection, but resistant to disease. Shed-
ding of pathogens by immune animals, where it occurs, is typically
of a much lower level and duration than shedding observed fol-
lowing infection of fully susceptible animals. Immune animals are
therefore unlikely to constitute an important source of infection
for other animals, although vaccination should not be regarded
as a sole infection control strategy in the absence of other pre-
ventive measures. Under some circumstances (e.g. ‘poor respond-
ers’), vaccinated animals may still play a role in transmission of
infectious agents, as has been the case in several equine influenza
outbreaks (Powell, Watkins, Li, & Shortridge, 1995; van Maanen,
van Essen, Minke, Daly, & Yates, 2003; Yamanaka, Niwa, Tsu-
jimura, Kondo, & Matsumura, 2008).

Some pathogens may cause overt clinical disease in animals from
one species, but only sub-clinical infections in other animals.
Sub-clinically infected animals constitute reservoir hosts for such
pathogens. They are excellent sources of infection for susceptible
animals (of the same or different species), as they are difficult to
detect without specific surveillance programmes, which are usually
costly to run. Awareness of the presence and distribution of poten-
tial reservoir hosts for pathogens of interest is important in imple-
menting effective infection control programmes in any given area.
For example, healthy reptiles are a common source of Salmonella
infection (Bertrand et al., 2008), rodents are a source of hantavirus
infections for people and cattle may act as carriers for E.coli 0157
infection in children (David et al., 2004; Warshawsky et al., 2002).
Many pathogens need a constant supply of susceptible hosts in

order to maintain themselves in populations.
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For pathogens that require complex transmission cycles involv-
ing vectors, maintenance or intermediate hosts, the availability of
such hosts is an important factor in the spread of infection. Conse-
quently, elimination of those hosts helps control diseases in a given
area. This is particularly important for viruses and some parasites,
which cannot multiply outside of their hosts, and less important
for free-living organisms such as bacteria.

The higher the density of susceptible hosts, the easier it is for a
pathogen to maintain the cycle of infections. Intensification of
animal production systems in developed countries has brought
challenges linked to enhanced transmission of infectious agents
within dense populations of young animals with various levels of
immunity.

A high level of immunity (more than 70% of resistant animals)
in any given population is believed to minimise, or break alto-
gether, the ability of the pathogen to be maintained in such popu-
lation. This is the basis for the concept of ‘herd immunity’, and the
goal of many vaccination-based control programmes. Examples
of successful disease eradication efforts based on maintenance of
high level of immunity in populations include global eradiation
of smallpox (Strassburg, 1982) and rinderpest (Roeder, Mariner,
& Kock, 2013), or local eradication of rabies in several countries
(Flamand et al., 1992).

4.3 The environment

Environmental conditions play an important role in maintaining
or breaking transmission cycles of infectious agents. Conditions
that cause stress in animals (e.g. extreme temperatures, over-
crowding, unsettled social structure) facilitate the establishment
of infections. It is well recognised that transported animals are
prone to developing respiratory disease (Earley, Buckham Sporer,
& Gupta, 2017; Oikawa, Takagi, Anzai, Yoshikawa, & Yoshi-
kawa, 1995). Similarly, calves kept in larger groups were more
likely to develop respiratory disease than those kept in smaller
groups, although there was no difference in the risk of develop-

ing diarrhoea between different sized groups in the same study
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(Svensson & Liberg, 2006). Thus, the dynamics of disease spread
and presentation varies between different populations of animals.
Any activity that changes the established balance between hosts
and their pathogens (including availability of the vectors or res-
ervoir hosts) is likely to result in altered disease transmission pat-
terns as has been observed following deforestation, irrigation or

urbanisation (Mackenzie & Jeggo, 2013).

5 Summary

A number of steps are necessary for the transmission of an infec-
tious agent from the infected individual to another susceptible
host. Common steps include entry, development of disease (may
be sub-clinical), exit and transmission of the pathogen to a new
host. In terms of control, spread of infectious pathogens between
infected and susceptible individuals can be divided into airborne,
droplet and contact (direct and indirect) transmission. Of these,
airborne transmission is most difficult to control, but it is not as
common as the other two. Some pathogens have a preference for
one specific route of transmission while others may be transmitted
equally well via different routes. Knowledge of main transmission
patterns and factors associated with these patterns is important
in establishing effective control strategies. The outcome of infec-
tion and the ability of the pathogen to be maintained in a given
population depends on several factors, including those related to
the pathogen, the host and the environment. Pathogens are able to
adapt to changing conditions. As such, established transmission
patterns may not remain static. Anthropomorphic activities that
influence climatic and geographic conditions are likely to drive
such changes, for example by their impact on availability of sus-

ceptible hosts and vectors.
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1 What is biosecurity?

Biosecurity, as defined in this book, refers to the combination of
all the different measures implemented to reduce the risk of intro-
duction and spread of disease agents (Barcelé and Marco, 1998;
Amass and Clark, 1999). Biosecurity measures can be implemented
at different levels such as country, region, herd or flock, and even
individual animals. Implementing biosecurity involves adopting a
set of attitudes and behaviour to reduce risk in all activities involv-
ing animal production or animal care. Biosecurity is based on the
prevention of and protection against infectious agents. The meas-
ures to be established should not be seen as constraints but rather
as part of a process aimed at improving the health of animals,
people and the environment. Biosecurity can be subdivided in two
main components: external biosecurity or sometimes also called
bio-exclusion which is aimed at keeping pathogens out of the herd;
and internal biosecurity or bio-management which focuses on pre-
venting the spread of pathogens within the herd. Bio-containment
(avoiding the spread of pathogens from herd to herd) is mainly

associated with external biosecurity.

2 Why is biosecurity important?

Biosecurity is considered as the foundation of all disease control
programmes. The aim of combining all biosecurity measures is to
prevent both the introduction as well as the spread of infectious
agents in a group of animals. As such it targets reducing the infec-
tion pressure exerted upon the animals. Effective biosecurity is the
foundation of disease prevention, which can be complemented
by additional preventive measures such as vaccination or use of
feed additives. Biosecurity is important both in controlling exotic
as well as endemic diseases. If biosecurity and disease prevention
measures are well implemented it is possible to reduce curative
treatment of diseased animals to an absolute minimum (Fig. 2.1).
If biosecurity is well established then additional preventive meas-
ures will have a greater impact and the need for curative treatment

can be kept to a minimum.
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Fig. 2.1: Biosecurity as the foundation of all disease prevention programmes
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Improving biosecurity, and by consequence reducing infection
pressure, may also result in substantial improvements in produc-
tion results as well as reduced antimicrobial use as discussed in
detail in chapter 3 that covers the relation between biosecurity
and animal health/performance and the use of antimicrobials. In a
recent study by Laanen et al. (2014) over 550 farmers were asked
what motivated them to take disease prevention measures. The
top 5 answers were: 1) to improve profit via higher productivity,
2) to obtain farm stability, 3) to improve quality and safety of their
products, 4) to improve animal welfare and 5) to fulfil their duty
to keep their animals healthy.

3 Biosecurity and disease transmission

As we describe in detail in Chapter 1 of this book (circles of
disease transmission) infectious diseases can spread through many
different transmission routes. The relative importance of the dif-
ferent routes depends greatly on the epidemiology of the pathogen
in question. Transmission of some pathogens may be airborne,
some may be transmitted through vectors and some may be spread
through semen, etc. The goal of biosecurity measures is generally
to prevent these different transmission routes in an attempt to

break the infection cycle. When designing biosecurity measures
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one can either approach the topic from the point of view of one
specific pathogen and design measures that are specifically adapted
to the epidemiology of that pathogen. Alternatively, a biosecurity
plan can be made much more generic (not disease specific) and
include the majority of the transmission routes with a focus on
those that are more important because they play a crucial role in
the transmission routes of many different pathogens or because
they are of importance in the transmission pathways of the most
prevalent or damaging diseases. In the species-specific chapters of
this book (pigs, poultry, cattle, horses, dogs, etc.) we will focus
in general on generic biosecurity measures rather than disease-
specific plans, as they are of greater general relevance and can be

applied more widely.

4 The principles of biosecurity

When designing biosecurity programmes, there are some general

principles that are of value in all different environments.

4.1 Separation of high- and low-risk animals and
environments

To avoid disease transmission it is important to try to keep the

- - sources of infection (e.g. animals, persons, vermin) separate from
Fig. 2.2: The general aim . . . .
of biosecurity measures the susceptible contacts as much as possible. This can be achieved
is to prevent direct (e.g.
animal to animal contact)
and indirect (e.g. persons,  low-risk (susceptible) animals as well as by preventing indirect con-
vermin, vehicles) disease .

tact (Fig. 2.2).

by preventing direct contact between high-risk (infectious) and
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Whenever contact between the high- and low-risk animas or com-

partments cannot be avoided (e.g. buying new breeding stock,
entrance of professional visitors, etc.) precautionary measures
should be implemented (e.g. quarantine period, change of clothing
and footwear, see further).

4.2 Reduction of the general infection pressure

Even with the best possible biosecurity it is not always possi-
ble, and probably not even desirable, to keep animals in ster-
ile conditions. It is very hard therefore to prevent all contact
with potential harmful infectious agents? However, the goal of
biosecurity measures is to keep infection pressure below a level
which allows the natural immunity of the animals to cope with
the infections. Consequently, biosecurity is not a matter of ‘all
or nothing’ but a matter of controlling the infection pressure as
much as possible.

4.3 Not all transmission routes are of
equal importance

As mentioned before some transmission routes may be highly effi-
cient in spreading a wide range of different pathogens (e.g. direct
animal contact), whereas other transmission routes (e.g. feed) are
less efficient (Fig. 2.3). Therefore, when designing biosecurity con-
trol programmes, it is important to focus first on high-risk trans-
mission routes and only subsequently on the lower-risk transmis-
sion routes. Emphasis is frequently and erroneously placed on
wrong measures and a great deal of energy is put into preventing
low-risk transmission routes and ignoring high-risk routes. This
depends on the pathogen involved of course, because some are
specifically associated with these so-called low transmission routes

(e.g. some Salmonella serotypes in feed for poultry).

GENERAL PRINCIPLES OF BIOSECURITY IN ANIMAL PRODUCTION AND VETERINARY MEDICINE 67



68

Fig. 2.3: Theoretical ranking of different routes for disease transmission
from low- to high-risk (after Boklund et al., 2008)
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4.4 Risk is a combination of probability of
transmission and frequency of occurrence
of tfransmission routes

In addition to the probability of pathogen transmission via the
different transmission routes, the frequency of occurrence of the
transmission route is also highly significant. If a certain transmis-
sion route (e.g. transmission via the hand of animal carers) has a
low probability of occurrence but the handling is repeated very
frequently (e.g. animal carer touches the animals several times a
day without precautionary measures), the risk of disease trans-
mission ends up being very substantial. Therefore, when design-
ing biosecurity programmes, one also has to focus on actions that
are repeated very regularly as even if they are low-risk they will
become important due to the frequency with which they are car-
ried out.

4.5 Larger animal groups pose higher risks

The larger the herds or flocks, the more important the biosecurity
measures will be. Large groups of animals obviously have more
animals that may be infected and maintain an infection cycle and
increase the infection pressure over the limit that the animals can

cope with. Larger herds or flocks also have more frequent contact
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with the outside world (e.g. movement of animals, feed transport,
professional visitors, etc.) all of which carry a certain risk of dis-
ease introduction. Also, in larger and more productive herds, high-
producing animals may be more susceptible and the consequences
of disease introduction may be more severe compared to smaller
herds. We often see that farms gradually increase in size without
fundamentally adapting the implemented biosecurity measures. In
these cases the managers reason that they have worked according
to a certain number of customs for many years without problem
and do not understand why they should adapt. And yet, the risks
related to disease introduction and spread are much more impor-
tant in large herds.

5 The components of biosecurity

The main components of external and internal biosecurity are
discussed below in general terms. In the species-specific or risk-
specific chapters of this book all the different components are dis-
cussed in much greater detail and with references to the scientific

literature describing all the measures and their impact.

5.1 External biosecurity

External biosecurity or bio-exclusion includes all measures taken
to prevent the introduction of infectious agents into farms as well
as the prevention of the spread of infectious agents from farms
(bio-containment). External biosecurity measures are associated
with all actions where there is contact between the farm and the
outside world such as infrastructure aspects such as organisation
of the farm buildings, presence of entrance restriction for animals
and persons (e.g. hygiene lock, quarantine pen). They also include
measures imposed upon others (e.g. restrictions of visitors, hygiene
of transport vehicles, feed safety). In many instances external bios-
ecurity is better understood and implemented by farmers than
internal biosecurity. This is probably because external biosecurity
measures received more attention in the past as they were pro-
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moted as a way of controlling epidemic diseases such as foot-and-
mouth disease, classical swine fever and highly pathogenic avian
influenza. As a result, countries with minimum legal requirements
governing biosecurity focus in the main on external biosecurity
measures.

Following are the main components of external biosecurity.

5.1.1 Purchase of animals and animal products

Any introduction of new animals or animal products (e.g. sperm,
embryo’s) involves the risk of unintended introduction of patho-
gens against which no farm immunity exists. As a consequence,
the primary aim should be to avoid the purchase of animals or
genetic material wherever possible. Direct contact between ani-
mals from different farms, through pasture contact for instance,
should also be avoided. Moreover, in addition to the risk of disease
introduction, the frequent addition of ‘naive’ animals may also
favour the continuous circulation of herd-specific pathogens. This
may hamper the control and eradication of certain pathogens in
groups of animals. If the introduction of new animals is unavoid-
able general rules state that the number of introductions should be
limited, and even more importantly, the number of source herds
or flocks should be limited. The latter should also have a docu-
mented (high) health status to avoid the introduction of at least a
number of diseases. Upon arrival the new animals should always
go straight to a quarantine stable completely separate from the
rest of the farm buildings (this applies to pig herds for example,
but not poultry flocks where an all-in, all-out principle is applied).
The quarantine period should be sufficiently long to allow for the
detection of clinical symptoms and the adaptation of new animals

to their new environment (e.g. through vaccination).

5.1.2 Transport of animals, removal of manure and carcasses

Pathogens may spread through the transport of live animals and/
or the removal of cadavers or manure. Animal transport vehicles
should always be empty therefore, cleaned and disinfected before

entering the premises. The premises should preferably also be split
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up into a clean and a dirty section. All inbound and outbound
traffic that serves multiple companies and therefore carries a high
risk should be directed via the dirty road. The clean road should
be preserved for intra-farm movements and potential supply of
animals — but only in fully cleaned and disinfected lorries — and for
supply of harmless products. Manure should also be transported
via the dirty road. Cadavers should always be treated as likely
sources of infection and handled with specific attention there-
fore (e.g. use gloves when manipulating cadavers) and stored in a
cooled and closed place. After pick-up the storage place should be
thoroughly cleaned and disinfected.

5.1.3 Supply of fodder, water and equipment

Pathogens can be introduced and spread effi-
ciently in herds through feed and especially
through drinking water. Thorough manage-
ment of the feed and drinking water facilities
and regular quality and safety checks are
highly advisable therefore (see chapter 9)
(Fig. 2.4). Equipment that comes into con-
tact with animals should also be disinfected
before introduction and should not be

exchanged between farms.

5.1.4 Access of personnel and visitors

Humans may act as a mechanical vector if
they have been in contact with infected ani-
mals and then have contact with susceptible
animals without taking precautionary meas-
ures. The first measure therefore is to keep
the number of people with access to animal
facilities to a minimum.

When visitors and personnel enter stables,

they should always wear clean and herd- or flock-specific clothing
and footwear and should wash their hands thoroughly. Hygiene
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locks should be available for this purpose that ensure a clear sepa-
ration between the dirty and clean area.

A good hygiene lock should include a walk through concept in
which the first area is the dirty part where clothing and footwear
can be removed and hands can be washed. A bench should sepa-
rate this area from the clean area where clean and herd-specific
clothing and footwear are provided and which provides access to
the stables (Fig. 2.6).

Fig. 2.6: Design of a hygiene lock

@ il

5.1.5 Vermin and bird control

A number of pathogens may be transmitted directly or indirectly
by rodents, birds, dogs and cats, from outside the farm or between
different compartments of the farm. They may also act as reser-
voirs for herd- or flock-specific pathogens that continue to circu-
late in the farm. All farms should have an efficient vermin control
programme therefore. Their aim is to prevent vermin taking up
residence in the barn surroundings. This can be achieved by remov-
ing different hiding places in the vicinity of the barns (e.g. plants,
piles of dirt). Feed should also be stored in well closed rooms that
vermin cannot access. Birds can be prevented from entering barns
by covering all air inlets with nets that prevent entry. More info

on insect and rodent control can be found in chapters 10 and 11.
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5.1.6 Location and environment

Some diseases are spread via airborne transmission or through
vectors. In these cases, the location of the farm is important and
the proximity of neighbouring farms or slaughterhouses may be a
risk. Wild animals may also be a source of diseases if they come
into contact with farm animals. Good fencing to avoid contact
between animals should be installed therefore in regions where
wild animals are present. Airborne transmission can be avoided
through air filtration which might be considered for high health

farms (see chapter 7).

5.2 Internal biosecurity

Internal biosecurity or bio-management consists of all the meas-
ures taken to prevent spread of infectious agents within the farm
from one age category to another or from one production group
to another (and even within groups). Internal biosecurity measures
are strongly linked to farm management and daily practice of ani-
mal carers (e.g. hygienic measures between compartments, work-
ing lines, cleaning and disinfection practices, etc.). Unlike external
biosecurity measures, these are much more oriented towards con-
trolling endemic infectious diseases. It was only more recently that
attention started focusing on internal biosecurity measures. This
is probably the result of the intensification of animal production
where animal groups have become larger and more vulnerable,
and where production efficacy is becoming more critical. Increased
focus on reduced and responsible antimicrobial use in animal pro-
duction has also drawn attention to internal biosecurity measures
(see chapter 3. Biosecurity and its relation with animal health/per-
formance and the use of antimicrobials).

These are the main components of internal biosecurity.

5.2.1 Disease management

To ensure good health among animals it is important to have a
proper disease management strategy which includes correct han-
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dling and treatment of diseased animals,
including proper diagnostics, isolation and
disease registration as well as improving the
immunity status of susceptible animals, par-
ticularly through vaccination. Diseased animals
should be isolated in a sickbay in order to pre-
vent other animals being exposed to pathogens.
Treatment of animals should be performed
carefully to avoid iatrogenic disease transmis-
sion. Needles for instance may become contam-
inated by a host of environmental germs through usage and storage
and as such become efficient disease transmitters.

52.2 Allin/ All out (Al/AO)

The AI/AO principle helps to prevent cross-contamination between
consecutive production batches and makes it possible to clean and
disinfect the barns between different production batches. Strict
application of the all-in/all-out principle is a very important meas-
ure in breaking the infection cycle between subsequent production
batches. Slower growing animals in a batch (e.g. piglets, calves)
should not be held back and added to the next batch of younger
animals as these are likely to be carriers of one or more infectious
diseases that will cause retarded growth and a source of infection

among a younger susceptible age group.

5.2.3 Stocking density

High stocking density induces stress which results in an increased
susceptibility to infections and an increased excretion of germs.
Moreover high stocking density will also probably result in animal
welfare issues. In general the legislative norms should be consid-

ered as minimum requirements rather than ideal values.

5.2.4 Compartmentalisation and working lines

Animals of different ages may have different degrees of suscepti-

bility to certain pathogens and it is crucial therefore to keep dif-
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ferent age groups apart and to work according to strict working
lines starting at the youngest animals and ending with the oldest
animals and finally the quarantine stable and sick bay. In order
to avoid transferring germs on footwear, boot washers and dis-
infection baths can be placed between production units. For risk-
bearing groups (e.g. quarantine stables, sickbay), an additional
hygiene lock for changing clothing, footwear and washing hands
is recommended in order to avoid pathogen spread between dif-

ferent age groups.

5.2.5 Cleaning and disinfecting

In order to break the infection cycle between consecutive produc-
tion rounds, pens should be thoroughly cleaned and disinfected
(C&D). This consists of seven steps: 1) dry cleaning and removal
of all organic material; 2) soaking of all surfaces to loosen any
remaining organic material; 3) high-pressure cleaning with water
to remove all dirt; 4) drying the stable to avoid dilution of the dis-
infectant applied in the next step; 5) disinfection of the stable to
further reduce the concentration of germs; 6) drying of the sta-
ble to ensure that animals cannot come into contact with pools of
remaining disinfectant and 7) testing the efficiency of the procedure

through surface sampling. This is discussed in detail in chapter 6.

6 Conclusions

There is no doubt that biosecurity is the foundation of any suc-
cessful disease control programme. When designing biosecurity
programs there are a number of general principles that should be
taken into account irrespective of the animal species. Both exter-
nal and internal biosecurity measures are of utmost importance
in preventing the introduction of pathogens on farms and avoid-
ing disease spread between animal populations on farms. Once
a biosecurity programme has been developed, it implementation
will only be successful if all the partners involved (farmers, vet-
erinarians, authorities, advisors, et.) cooperate and are sufficiently
motivated to adhere to the rules.
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1 Introduction

It is very often argued that improving biosecurity in animal pro-
duction has many positive effects on animal health and produc-
tion, and although this is rarely disputed, until recent relatively lit-
tle quantitative data was available to support these statements. Yet
in the last decade we have seen a substantial increase in interest
in this topic resulting in more and better insights. In this chapter
therefore, we try to summarise the current scientific data avail-
able on the relationship between biosecurity and health, produc-
tion and antimicrobial use. The latter is an increasingly important
aspect as it is linked to the selection of antimicrobial resistance and
therefore forms a risk both for animal and human health. Moreo-
ver, describing the benefits of implementing biosecurity measures
may also provide strong motivation for those who have to imple-

ment these measures on a daily basis.

2 Biosecurity and health

As discussed in chapter 2, the basic principles of biosecurity are
1) the separation of infected and diseased animals through the
prevention of direct and indirect contact and 2) the reduction of
the general infection pressure. Improvements in biosecurity aim
at reducing the introduction and spread of disease, resulting in
reduced morbidity and mortality rates, making biosecurity a tool
in eradication programmes as well as in daily herd health man-
agement (Maes et al., 2008; Lambert et al., 2012a; Zhang et al.,
2013; Gillespie et al., 2015; Postma et al., 2015b; Postma et al.,
2016a; Postma et al., 2016¢; Postma et al., 2017). The study by
Postma et al. (2016a) revealed that the number of treatments
against certain disease symptoms (e.g. respiratory, gastrointes-
tinal, etc.) was significantly lower in farms with higher internal
and external biosecurity. Laanen et al. (2013) and Postma et al.
(2016b) described a positive association between biosecurity and
reduced antimicrobial use, suggesting a reduced need for the use of
antibiotics, possibly due to a higher health status in herds benefit-

ing from a higher biosecurity level. In the case of ruminants, sev-

BIOSECURITY IN ANIMAL PRODUCTION AND VETERINARY MEDICINE



eral publications, describing the opinions of farmers and experts,
emphasise the importance of biosecurity in improving health (Hoe
and Ruegg, 2006; Laanen et al., 2014; Sahlstrom et al., 2014;
Postma et al., 2016c¢; Shortall et al., 2017). Shortall et al. (2017)
for example described that keeping a closed herd was rated as the
most effective measure for preventing disease-causing agents from
entering or leaving any place where farm animals are present. The
Salmonella status in ruminants can be influenced by biosecurity
measures as well, as shown by Agren et al. (2017). They reported
that the presence of Salmonella test-positive herds within a 5-km
radius or the presence of rodents presented important risk factors
(Agren et al., 2017). Velkers et al. (2017) described the importance
of biosecurity in poultry production for the prevention of Campy-
lobacter and Avian Influenza. With emerging diseases threatening
horses in the European Union, the implementation of biosecurity
measures in the equine sector has been stimulated as well (Nixon,
2015). Descriptions of the importance of implementing biosecu-
rity measures in sheep (Sahlstrom et al., 2014; Schimmer et al.,
2014) and goat production (Bond et al., 2015) have also appeared,
in relation to the prevention of Coxiella burnetii (Q fever) infec-

tions for example.

It has been noted that farmers perceive biosecurity as a tool for
reducing disease. An online questionnaire, conducted in Belgium
among 218 pig, 279 cattle and 61 poultry farmers, found that
approximately half of the respondents were convinced of the posi-
tive effect of biosecurity on the reduction of disease at their farms
(Laanen et al., 2014). At the same time many scientific publica-
tions described important shortcomings in on-farm levels of bios-
ecurity (Brennan and Christley, 2012; Ssematimba et al., 2013;
Gosling et al., 2014; Sarrazin et al., 2014; Backhans et al., 2015;
Pritchard et al., 2015; Herndndez-Jover et al., 2016; Postma et al.,
2016a; Millman et al., 2017) suggesting that there is still much

room for improvement.
Results of intervention studies showing the effect of improved bio-

security on animal health are scarcer. Improved biosecurity in pig

production was proven to be beneficial, as a single intervention or
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in combination with vaccinations for instance, in reducing prob-
lems with porcine reproductive and respiratory syndrome virus
(PRRSV) (Rathkjen and Dall, 2017), Mycoplasma hyopneumo-
niae (Maes et al., 2008), Salmonella spp. (Taker and Bilkei, 2007;
Fraser et al., 2010; Gotter et al., 2012; Andres and Davies, 2015),
Yersinia spp. (Vanantwerpen et al., 2017) or even parasitic infec-
tions (Kungu et al., 2017). In ruminants improvements in the level
of biosecurity have been described in relation to Johne’s disease
(Ritter et al., 2016). In beef suckler farms in the United Kingdom
a significant drop in the probability of seropositivity was seen for
bovine viral diarrhoea virus (BVDV) and Leptospira hardjo in
intervention farms with improved biosecurity measures compared
to control farms (Cardwell et al., 2016). In poultry the positive
effect of improved biosecurity is mainly described for Campylo-
bacter spp. (Georgiev et al., 2016; Smith et al., 2016) and Salmo-
nella spp. (Fraser et al., 2010). The study of Georgiev et al. (2016)
describes that enhanced biosecurity reduces the odds of coloni-
sation with Campylobacter at partial depopulation (OR= 0.25)
and final depopulation (OR= 0.47). Another intervention study in
poultry production resulted in a 50% reduction in Campylobacter
colonisation thanks to biosecurity measures such as disinfection
baths for boots or changing boots and washing hands (Gibbens et
al., 2001). In some cases the focus merely on biosecurity in itself
resulted in a reduction of pathogens as illustrated in the study by
Sandberg et al. (2017), that revealed that by simply enhancing the
focus on compliance with mandatory biosecurity it was possible to

reach a reduction of Campylobacter jejuni in poultry.

Improvements in biosecurity in animal production could also reduce
the risk of the transmission of zoonotic pathogens. Vanantwerpen
et al. (2017), for example, described that the seropositivity of pigs
to Yersinia spp. was associated with an increasing number of pig-
let suppliers, a high pig density in the area, the use of semi-slatted
floors in the fattening unit and the possibility of snout contact. The
importance of both internal and external biosecurity was shown
by Pletinckx et al. (2013) in relation to the prevalence of methicil-
lin-resistant Staphylococcus aureus (MRSA) in poultry, dairy cat-

tle, pigs and humans. Significant risk factors for the seroprevalence
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of Coxiella burnetii in Dutch dairy and non-dairy sheep farms
were the location, the number of supplying farms, goat density in
the area and wearing farm-specific clothing and boots (Schimmer
et al., 2014). As mentioned above, the risk of introduction and
spread of zoonotic poultry pathogens Campylobacter and Salmo-
nella could also be reduced by implementing biosecurity measures
(Gibbens et al., 2001; Fraser et al., 2010; Georgiev et al., 2016).
Osimani et al. (2017) specifically described the implementation of
biosecurity measures such as rodent control and drinking water
hygiene in relation to zoonotic campylobacteriosis. Many papers,
such as one by Ssematimba et al. (2013), describe the importance
of biosecurity in relation to Avian Influenza. Moran et al. (2017)
studied the risk of zoonotic pathogen transmission, e.g. Salmo-
nella, Leptospira, Escherichia coli or intestinal parasites, between
dogs, livestock and people. The results of this study highlight the
importance of keeping pet animals out of the stables (Moran et al.,
2017). Furthermore an expert survey by Léger et al. (2017) high-
lighted the importance of biosecurity measures in relation to (re)
emerging (zoonotic) diseases such as Blue Tongue virus, Classical
Swine Fever and Rabies.

3 Biosecurity and production

A study carried out in Belgium, France, Germany and Sweden
found a positive association between a higher level of external
biosecurity and the number of weaned piglets per sow per year
(Fig. 3.1) (Postma et al., 2016a). Furthermore, there was a strong
association between internal and external biosecurity, possibly
suggesting an indirect link between biosecurity and other param-
eters as shown in figure 3.1. The results obtained in this study
concurred with a study by Dors et al. (2013), that described a
higher number of pigs born per sow per year and sold per year in
herds with a proper level of biosecurity. Using the same data as the
studies by Postma et al. (2016a), Collineau et al. (2017a) described
the profile of ‘top-farms’ that manage to combine both high tech-
nical performance and low antimicrobial use. The top-farms had

fewer gastro-intestinal symptoms in suckling piglets and fewer
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respiratory symptoms in finishers, partly explaining their reduced
need for antimicrobials and higher performance. On the other
hand the top-farms’ biosecurity level was higher and the herds were
mainly located in sparsely populated pig areas. Internal biosecurity
acquired a higher score in the top-farms thanks in particular to bet-
ter compartmentalisation of the production units and appropriate
use of equipment. Disease management (e.g. diseased animal were
isolated and consistently handled after healthy animals) was also
better in the top-farms. The top-farms furthermore showed a ten-
dency towards better biosecurity practices for personnel and visitors
(Collineau et al., 2017a). However a word of caution is required
as one needs to remain cautious when interpreting these results
as these associations do not prove a direct causal relationship and
other potentially related factors such as overall herd management,

genetics, feeding, etc. may have influenced the observed association.

Fig. 3.1: Causal pathway with statistically significant associations in the multivariable
models between several herd management, production variables and in-
ternal and external biosecurity scores in farrow-to-finish pig herds. Gender
person farrowing = gender of the person responsible for taking care of the
pigs in the farrowing unit, #= number. Black lines represent the result of a
multi-variable linear regression analysis based on data from 4 EU countries.
The light grey dotted lines indicate a significant effect between these
parameters exclusively through interaction with the country. The p-values
correspond to the multi-variable model. All models were corrected for the
country effect by placing country as a fixed variable in the model, hence
the circle around the Figure. Source: Postma et al. (2016a).
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Nevrkla et al. (2014) described a study in which a sow herd was
repopulated with minimum disease gilts in a decontaminated stable.
This resulted in a higher numbers of piglets produced. An interven-
tion study in Belgium (Postma et al., 2017) describes the improve-
ment in the level of biosecurity and herd management without jeop-
ardising the production parameters and at the same time reducing
antimicrobial use. Biosecurity levels were improved by 3.8% for
external biosecurity and 14.2% for internal biosecurity based on
the biocheck.ugent scoring system (see chapter 5 on measuring bios-
ecurity). Some technical parameters, e.g. number of weaned piglets
per sow per year (+1.1), daily weight gain (+5.9 g/day) and mortal-
ity in the finisher period (-0.6%), were even positively influenced
in the intervention period of +/- 8 months. In an earlier study in
Belgium, Laanen et al. (2013) found that the biosecurity variables of
‘removal of animals, manure and cadavers’, ‘vermin and bird con-
trol’, “fattening unit’ and ‘cleaning and disinfection” were positively
associated with the daily weight gain in finishers.

Although more research into several animal species would be
needed in order to further elaborate on the positive effects of bios-
ecurity on animal production, the above-mentioned results sug-
gest that improvements in the level of biosecurity would be highly
likely to result in the better technical performance of a herd.

4 Biosecurity and antimicrobial use

When experts in pig health were asked to rank alternatives to anti-
microbial agents based on their perceived effectiveness, feasibility
and return on investment, biosecurity ranked first for internal and
second for external biosecurity, suggesting that improvements in
biosecurity are perceived as the most promising alternative to anti-
microbial use in pig production (Postma et al., 2015b).

Several other studies have also demonstrated this relationship. Fert-
ner et al. (2015) described that Danish weaner farms using a lower
volume of antimicrobials than the national median, had shown
similarities relating to separating sections on farms and using all
in / all out procedures with subsequent cleaning, which are two
important biosecurity measures. Moreover, in breeder-finisher pig
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herds in Belgium it was found that herds with higher internal bio-
security scores had lower antimicrobial treatment incidences, sug-
gesting that improved biosecurity might help in reducing the use of
antimicrobials (Laanen et al., 2013). A significant association was
found between disinfection of the loading area, gilt quarantine and
adaptation, farm structure/working lines and all in / all out prac-
tices and lower antimicrobial use in French breeder-finishers herds
(Lannou et al., 2012). A recent study in four European countries
revealed a significant association between higher weaning age, a
week system of five weeks or more and external biosecurity and a
lower antimicrobial treatment incidence (Fig. 3.2) (Postma et al.,
2016b). This finding was confirmed by Collineau et al. (2017a)
who studied the profile of top-farmers. In this study a particu-
larly positive association was discovered between the level of inter-
nal biosecurity and a better control of infectious diseases and a
reduced need for antimicrobials (Collineau et al., 2017a).

Fig. 3.2: Causal pathway associations for Tl 200 days and Tl Breeding. Causal path-
way with statistically significant associations in the multivariable models
for the Tl 200 days and the Tl Breeding associated with production, man-
agement or biosecurity variables. TI= treatment incidence (antimicrobial
use quantification), WSY= number of weaned piglets per sow per year.
Black lines represent the result of a multivariable linear regression analysis
based on data from 4 EU countries. The light grey line indicates 0.05 < p <
0.10. The p-values and B-values correspond to the multi-variable model.
All models were corrected for the country effect by placing country as a
fixed variable in the model, hence the circle around the Figure. Source:
Postma et al. (2016b).
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External and internal biosecurity are shown to be highly corre-
lated to each other (Postma et al., 2016a). Given this correlation
it is possible that the effects observed to result from internal bio-
security improvement, could generate similar effects on antimicro-
bial use from birth until slaughter if external biosecurity is also
improved, or vice versa. Since improving internal biosecurity level
can be a rather simple intervention (e.g. strict hygiene protocols,
correct use of working lines) at herd level, it could be an important

consideration in the reduction of antimicrobial use.

In Denmark an investigation was carried out into which mea-
sures implemented by farmers and their veterinarians resulted in
a reduction in their annual antimicrobial consumption of 210%
following the introduction of the ‘Yellow Card system’. Amongst
others, they found that cleaning procedures, adequate action
regarding diseased animals (e.g. earlier decision to euthanize) and
all-in/all-out are all regarded by farmers and veterinarians as good
measures to reduce antimicrobial use (Dupont et al., 2017). A
study by Dohmen et al. (2017) concluded that improved biosecu-
rity, especially the presence of a hygiene lock and pest control by a
professional, were associated with a lower likelihood of extended-
spectrum beta-lactamase (ESBL)-Escherichia coli-positive farms.
Tests for methicillin-resistant Staphylococcus aureus (MRSA) in
animals and personnel in dairy herds with closely related pig herds
revealed that a high MRSA prevalence in milk samples was associ-
ated with poor hygiene during milking routines (e.g. milkers not

wearing gloves) (Locatelli et al., 2017).

An intervention study carried out in Flanders, Belgium, succeeded
in reducing antimicrobial use from birth to slaughter by 52% and
in the sows by 32% by improving herd management and biosecu-
rity levels in combination with antimicrobial stewardship (Fig. 3.3)
(Postma et al., 2017). In this study, the management and bios-
ecurity interventions that were implemented by the farmers were
generally relatively simple to implement. They involved changing
the working habits and routines of the farmer himself (e.g. chang-
ing needles, hand and personal hygiene, analysis of water qual-

ity). Interventions incurring high costs and/or more pronounced
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changes, such as introducing a new hygiene lock to change clothes/
boots and wash hands, were implemented less frequently. An
important focus of the suggested advice was a good and early reg-
istration of disease symptoms in order to be able to take proper
and timely control measures (e.g. biosecurity, vaccination, climate
changes) and to create awareness about the importance of the ‘pre-
vention is better than cure’ principle. An important success factor
of the Postma et al. (2017) study was the order of action: ‘check,
improve and reduce’. This implies that herd counselling always
started with a thorough evaluation of the herd management, bio-
security and health situation followed by tailored advice with spe-
cific suggestions for improvement. In this process it is important
that an advisor/coach helps the farmer by explaining what he/she
could improve along with outlining the risk when certain practices
are not performed correctly. In addition, follow up and feedback on
the agreed and implemented improvements is of great importance

in order to retain levels of motivation. Only after implementation

Fig. 3.3: Graphical visualisation of reduction in antimicrobial usage in breeding
animals (sows), piglets, finishers or over the total period from birth to
slaughter after 61 herds were given recommendations to improve herd
management, biosecurity and to use antimicrobials more prudently. The
values in the bars represent the antimicrobial use for prophylactic use (red)
or curative use (green) and lighter colours represent the results of antimi-
crobial use after carrying out the interventions. The percentage above the
bars represents the reduction in antimicrobial use that was achieved over
all participating herds. Standard = (routine) prophylactic antimicrobial use.
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of these improvements, can changes and reductions in antimicro-
bial use be suggested. By taking this approach, farmers are able to
maintain control of the health situation and are less reluctant to

change certain antimicrobial treatment procedures.

A comparable type of intervention study performed in Belgium
on 15 broiler farms resulted in an average reduction of 29% in
antimicrobial use, by improving the level of biosecurity by 5%
for external biosecurity and 4% for internal biosecurity according
to the biocheck.ugent scoring system (see chapter 5 on measuring
biosecurity) (Gelaude et al., 2013).

Studies into other animal species describing the associations
between biosecurity and antimicrobial usage are scarce. However,
the results obtained in pig production could be applied to other
(farm) animals. Improvements in the level of biosecurity should be
an essential cornerstone in the effort to reduce antimicrobial use

in herds or flocks.

5 Economic impact of improved biosecurity

Farmers do not always perceive improvement in biosecurity as
feasible or cost-effective, mainly because they lack information
about the cost and in particular the revenues (Fraser et al., 2010;
Laanen et al.,, 2014). Research and field experiments showing
that improvement in the biosecurity status is beneficial for farm
performances and that it could be economically feasible were
described therefore as being of utmost importance in convincing
farmers according to several authors (Casal et al., 2007; Valeeva
et al., 2011; Laanen et al., 2014). Corrégé I. et al. (2012) made an
inventory of the application of biosecurity measures in 77 breeder-
finisher herds in France. They showed that the difference in stand-
ardised margins between farms with high biosecurity and those
with lower levels were estimated at around € 200/sow per year
(Corrégé I. et al., 2012).

In the case of African swine fever, Fasina et al. (2012) described a
model resulting in a cost-benefit ratio of 29 obtained by the imple-

mentation of biosecurity measures and the monitoring thereof. An
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economic evaluation based on the results of the study by Postma
et al. (2017) has shown, that on average the participating herds
achieved a financial gain or overall benefit (including labour costs
of all persons involved: coach, veterinarian, farmer, etc.) of € 2.67/
finisher pig per year by partaking in this ‘team effort’ approach
to improve herd management and biosecurity and reduce antimi-
crobial use (Rojo-Gimeno C. and Postma M. et al., 2016). In a
comparable study carried out in four European Union countries,
an economic evaluation of proposed interventions in biosecurity
among others, resulted in a median change in net farm profit
among Belgian and French farms estimated at € 4.46 and € 1.23
per sow per year, respectively (Collineau et al., 2017b).

Although it is tempting to try to deduce a list of most influential
or promising biosecurity measures from all the above, it assumed
that this is impossible as effective biosecurity advice has to be tai-
lored to the specific herd. In some herds or situations one type of
measurement will be the most important and influential whereas
in other herds a totally different measure is required. This is simply
due to the fact that all herds are different and require different lev-

els of implementation of the different biosecurity measures.

6 Conclusions

Based on the literature review presented we can conclude that
there is sufficient data available revealing that good biosecurity in
animal production does result in improved animal health and sub-
sequent improvements in technical performances. A very impor-
tant additional effect is the fact that biosecurity is also an impor-
tant tool in the reduction of antimicrobial use and the fight against
antimicrobial resistance. Finally very recent publications have also
shown that all of this is also economically beneficial which should

motivate farmers to implement even more biosecurity measures.
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1 Introduction

International organisations and national governments use a range
of policies and mechanisms to ensure a harmonized, effective and
efficient approach to the prevention and management of infectious
diseases in animals, plants and humans. However, because of the
rising costs resulting from policies, the increasing number of chal-
lenges presented by regulations and the accepted responsibility of
primary producers, the implementation of biosecurity measures is
commonly devolved to the private sector, particularly the farming
industries and farmers (Higgins et al., 2016a). In the European
Union (EU) in particular, the ‘Animal Health Law’ clearly states
that the implementation of biosecurity measures comes under the
responsibility of farm operators and professionals (European Par-
liament and EU Council, 2016). This type of approach assumes
that farmers are willing to take responsibility for biosecurity and
have the necessary knowledge and resources to do so (Higgins
et al., 2016a). Previous research however has shown that despite
reported concerns about the threat of disease and the high level of
awareness about the risk of disease, farmers are not always com-
mitted to implementing biosecurity to the level expected by compe-
tent authorities (Garforth et al., 2013; Brennan & Christley, 2013).

Improving farm-level biosecurity does indeed require farmers to
change their daily routine and it is well-known that adapting prac-
tices presents a challenge (Kristensen & Jakobsen, 2011); farmers
are strongly influenced by practice and tend to implement what is
most familiar to them (Casal et al., 2007). Increased biosecurity can
also incur extra costs or extra labour which is likely to discourage
farmers from implementing recommended measures (Alarcon et
al., 2014). Moreover, the benefits of biosecurity measures are not
always tangible; any potential cost-effectiveness depends on the
context of each specific farm, i.e. needs to be assessed in relation
to the risk of the occurrence of a diseases. It is therefore not a fixed
but a variable benefit. While the uptake of biosecurity measures
by farmers increases in the case of an outbreak (Brennan et al.,
2016), routinely maintaining high levels of biosecurity, even dur-

ing apparent ‘silent’ periods of disease transmission, is especially
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challenging (Garforth et al., 2013). Farmers are also sometimes
reluctant to adopt biosecurity measures to control food-borne
zoonoses, e.g. Salmonella spp. or Campylobacter spp. that have
little or no impact on animal health or production. Indeed, these
are more likely to benefit society than the individual farmer, and
can lead to a ‘social dilemma’ with conflicting private and collec-
tive interests in what can be seen as a public good (Fraser et al.,
2010; Kristensen & Jakobsen, 2011).

In this context, motivation among farmers for implementing bio-
security measures becomes a key pre-requisite to assuring the
resilience of the sector. But what is the best way to achieve and
maintain a high level of motivation? To answer this question it
is critical to identify the motivators and barriers to the adoption
of biosecurity measures on farms. In other words, one needs to
understand why farmers behave the way they do and what factors
influence their decision as to whether to implement recommended
biosecurity measures or not (Garforth, 2015). We address this
question following the so-called ‘Theory of Planned Behaviour’
that has been used by many of the psycho-social studies carried
out in the farming sector as part of an investigation into farmer
behaviour (Ajzen, 1991).

2 Principles of the Theory of
Planned Behaviour

The Theory of Planned Behaviour is based on the Theory of
Reasoned Action developed in the 1970’ by Fishbein and Ajzen
(Fishbein and Ajzen, 1975). To summarise, the Theory of Planned
Behaviour assumes that the actual behaviour of an individual may
be predicted by the strength of his or her intention to engage in
that behaviour (Fig. 4.1.). The intention itself reflects the individu-
al’s motivation towards that behaviour, and is believed to be influ-
enced simultaneously by i) the attitude, ii) subjective norm and
iii) perceived behavioural control of the individual (Ajzen, 1991).
Attitude refers to the individual’s personal disposition towards

engaging in the behaviour. It captures whether the individual has
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positive or negative beliefs about the impact of the behaviour on
producing the outcome of interest, as well as his or her evaluation
of this outcome. Subjective norm reflects the individual’s percep-
tions on whether ‘significant others’ want him or her to engage in
such behaviour and on the individual’s motivation to satisfy such
external expectations. Perceived behavioural control takes into
account the individual’s perception of his or her ability to execute
and sustain the behaviour, as well as the factors he or she per-
ceives as hindering or facilitating the achievement of the behaviour
(Ajzen, 1991). To the extent that perceived behavioural control is

realistic, it can also be used to predict actual behaviour.

Fig. 4.1: Schematic representation of the Theory of Planned Behaviour
(Ajzen, 2005)
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-_ @@
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The Theory of Planned Behaviour has been successfully applied to
explain or predict individual behaviour in diverse contexts such as
health behaviour or eco-citizenship (Armitage & Conner, 2001),
as well as to develop interventions aimed at changing an individ-
ual’s behaviour (Hardeman et al., 2002). In the farming sector, it
has been commonly used as a tool to explore farmers’ decision
making processes and to inform knowledge transfer (Edwards-
Jones, 2006), including in the field of livestock disease manage-
ment (Garforth et al., 2013; Alarcon et al., 2014). It was also
applied to understanding the process used by small animal veteri-
narians when making decisions about antimicrobials (Mateus et

al., 2014).
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Below we present and discuss key components of farmers’ atti-
tudes, subjective norms and perceived behavioural control that are
likely to influence intentions as well as associated behaviour in the
context of biosecurity measures at their farm. The understanding
of these drivers should support governments, veterinarians and
other relevant advisors in increasing motivation among farmers

for implementing and sustain biosecurity measures.

3 Farmers' attitude towards
theimplementation of biosecurity measures

The attitude of farmers towards the implementation of biosecurity
measures reflects their positive or negative beliefs about the effec-
tiveness of biosecurity to prevent disease on their farm, as well
as their evaluation of how important disease prevention is in the
particular context of their farm.

3.1 Perceived risk of disease occurrence

Previous literature has shown that a farmer’s decision to imple-
ment biosecurity measures is partly based on his/her own judg-
ment of the risk of a certain disease affecting his/her farm (Bren-
nan et al., 2016). Risk averse farmers are particularly likely to
show more specific farm-protection behaviour (Valeeva et al.,
2011). The notion of ‘risk’ includes both the likelihood of a disease
occurring and the severity of the consequences (i.e. the impact) of
the disease should it occur. The likelihood of disease occurrence is
usually perceived to be higher in the wake of an epidemic in the
region or the country. For example, the interest and willingness
among farmers to implement biosecurity measures was shown to
increase significantly following the first outbreak of porcine repro-
ductive and respiratory syndrome (PRRS) that appeared in Swe-
den in 2007 (Noremark et al., 2009), or during the influenza pan-
demic HIN1/09 outbreak in Australia in 2009 (Hernandez-Jover
et al., 2012a). Farmers from densely populated pig areas were also
reported as implementing stricter biosecurity practices, probably
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because they perceive the risk of the transmission of diseases from
neighbouring farms as a more immediate threat (Simon-Grifé et
al., 2013).

The perceived potential impact of the disease also plays a role,
with epidemic or exotic diseases being perceived as having a
higher impact than endemic diseases (Valeeva et al., 2011). This
may explain why farmers attribute greater importance to external
biosecurity measures (e.g. measures applied to visitors or exter-
nal vehicles that could act as carriers of infectious agents not
already present in the farm) when compared with internal bios-
ecurity measures (Casal et al., 2007). Larger farms were shown to
be more willing to implement biosecurity measures than smaller
ones, probably because they would suffer a higher impact should
a disease outbreak occur at their farm (Noremark et al., 2009;
Simon-Grifé et al., 2013).

3.2 Perceived cost-effectiveness of biosecurity
measures

Believing in the cost-effectiveness of a biosecurity measure also
appears to be one of the essential requirements behind a farmer’s
decision to implement the measure; farmers may decide not to com-
ply with the recommended measure if they do not believe that they
will obtain positive return on investment (Alarcon et al., 2014).
An interview conducted among 56 cattle farmers in North-West
England showed that the majority believed that biosecurity was
more cost-effective (75%, n = 42) and more time-efficient (66 %,
n = 37) than treating disease on-farm; most farmers (64%, n =
36) also believed that benefits could be attained by implementing
even a small number of biosecurity measures (Brennan & Christ-
ley, 2013). The interview revealed that the preferred information
channels for cost-effectiveness of biosecurity measures were pri-
marily private veterinarians (93%, n = 52) followed by research
papers / professional press (77%, n = 43) and finally government
information (52%, n = 29) (Brennan & Christley, 2013). Breeding
companies, feed representatives and peer farmers are deemed to
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be relevant and trusted external sources of information (Alarcon
et al., 2014).

Farmers were shown to prioritise familiar biosecurity measures, i.e.
biosecurity measures already implemented on their farm, although

some discrepancies exist between reported importance of biose-

curity measures and the actual degree of implementation thereof
(Casal et al., 2007). Other biosecurity measures are regarded as
common sense or part of good husbandry practices, e.g. proper
cleaning and disinfection, selectiveness with regards sourcing new
animals or keeping new animals separate from existing stock upon
arrival; the evaluation of their cost-effectiveness seems unnecessary
as farmers are willing to implement them as part of their desire to
be a ‘good farmer’ operating a ‘clean farm’ (Alarcon et al., 2014;
Higgins et al., 2016a).

In many situations, however, farmers lack evidence of the cost-
effectiveness of biosecurity measures, making them less likely to
implement such measures (Alarcon et al., 2014). For example,
while considering the potential effectiveness of Salmonella spp.
control measures, an English pig farmer reported that he was scep-
tical and had to see it working: ‘I would feel it necessary to actu-
ally see it working before I did anything’ (Marier et al., 2016). The
issue of questionable or unproven efficacy of biosecurity measures
is partly shared by veterinary practitioners (Gunn et al., 2008).
Even if general evidence is present, farmers have to deal with the
uncertainty about the effectiveness of a measure if applied on their
particular farm. They reported that regardless of the actions car-
ried out on a farm, there were occasions when biosecurity meas-
ures were not going to be effective or time-efficient (Brennan et
al., 2016).

4 Subjective norm
The subjective norm among farmers towards implementing bios-

ecurity measures reflects their perceptions about whether ‘signifi-

cant others’ — e.g. governments, farmer unions, local administra-
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tion, colleagues — want them commit to implement biosecurity
measures at their farm, and whether farmers are motivated to

comply with this perceived external pressure.

4.1 Perceived influence from governments and
research institutions

National governments, backed up by research institutions, have
developed a range of policies, guidelines and mechanisms to per-
suade farmers to commit to implementing biosecurity measures
(Moore et al., 2008). Some approaches were shown to be more
successful than others. For example, pig farmers reported having
implemented specific biosecurity measures (e.g. changing their far-
rowing system) to comply with the Salmonella spp. control pro-
gramme conducted by the UK government (Alarcon et al., 2014).
In many cases however, the achieved level of biosecurity does not
reach the level expected by national competent authorities (Gar-
forth, 2015). For example, in 2008, the Danish government intro-
duced a legal requirement for larger dairy farms to develop and
implement a farm-specific biosecurity plan. One year later, a sur-
vey conducted among 25 farmers showed that none of them had
set up the mandatory biosecurity plan or implemented any proce-
dures comparable to a systematic biosecurity programme (Kris-
tensen & Jakobsen, 2011).

Despite a lower-than-expected implementation of biosecurity
measures, farmers report doing all they reasonably can to mini-
mise the risk of disease (Garforth et al., 2013) and are very satis-
fied with the measures they are applying on their own farms (Casal
et al., 2007). The recommendations that are not implemented are
either seen as irrelevant or impractical for individuals (Garforth
et al., 2013). For example, Bennett and Cooke (20035) reported
a strong reluctance among UK cattle farmers to follow any bios-
ecurity guidelines recommended by the government as part of
the national bovine tuberculosis (bTB) control programme, even
among farmers who had experienced bTB outbreaks in the past.

Over 50% of farmers stated that they would never implement any
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of the recommended measures for five out of nine proposed bios-
ecurity categories, even if they received financial support, because
they perceived them as impractical or time-consuming (Bennett &
Cooke, 2005).

Lack of trust in government agencies and associated scientific
institutions may affect farmers’ decisions to implement on-farm
biosecurity practices (Higgins et al., 2016a). For example, in-
depth interviews conducted with 37 sheep and cattle farmers in
Australia showed that scientific institutions linked to the govern-
ment suffered from a lack of trust and credibility, which threatens
the success of the biosecurity and surveillance system for infectious
livestock diseases in the country (Palmer et al., 2009). Lack of
trust in governmental agencies can be related, among others, to
a perceived failure by the government to control epidemics in the
past. This was the case following the 2001 foot-and-mouth disease
epidemic in the UK: ‘The handling of the last FMD epidemic was
completely wrong; it shouldn’t have spread the way it did” (Hef-
fernan et al., 2008; Donaldson, 2008).

While farmers recognise that they are responsible for control-
ling endemic diseases that occur on their farm, many attribute
the responsibility for implementing proper biosecurity measures
to governments as part of the prevention of epidemic or exotic
threats (Higgins et al., 2016a). Such measures include adequate
border control, as well as the establishment of effective policies
and regulations (Heffernan et al., 2008). Higgings et al. (2016b)
argued that such views reflect a particular agricultural institutional
logic in which governments have a ‘moral responsibility to support
farmers and family farming’ (Higgins et al., 2016b). Another rea-
son for farmers to delegate biosecurity back to governments could
relate to the fact that biosecurity measures also benefit society as
whole, rather than individual farmers who incur the implementa-
tion costs (Kristensen & Jakobsen, 2011). In other words, because
biosecurity serves collective interests such as the control of zoon-
oses, access to international markets or maintenance of high ani-
mal welfare standards, farmers also expect governments to accept

part of the responsibility for biosecurity.
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4.7 Perceived influence of veterinarians,
farm advisors and peer farmers

Veterinarians are commonly seen by farmers as being the most
credible and reliable sources of information about biosecurity
and disease risk management (Garforth et al., 2013; Brennan &
Christley, 2013; Alarcon et al., 2014). Because recommendations
from central sources are not always relevant to their particular
context, farmers expect their veterinarian to interpret and con-
textualise information and to translate it into advice based on his
or her scientific expertise and knowledge of the local epidemio-
logical situation (Garforth et al., 2013). However, veterinarians
do not always see themselves as prime providers of biosecurity
information to farmers (Gunn et al., 2008). Indeed, many of them
feel that their clients are not willing, or cannot afford to invest in
biosecurity measures. Some also admit that they are not fully con-
vinced of the benefits of biosecurity measures, or that they do not
have enough resources or expertise to provide biosecurity advice
to clients (Gunn et al., 2008). However, the ability of veterinarians
to convince farmers of the logic in the recommended measures
was reported as a key factor in ensuring compliance with external
recommendations (Racicot et al., 2012; Laanen et al., 2014). The
previous confidence and trust of farmers in the advice of veterinar-
ian, as well as the acknowledgement of their professional compe-
tence, were also identified as critical requirements among farmers
when it came to implementing measures recommended by their

veterinarian (Alarcon et al., 2014).

In addition to the advice they receive from their veterinarian,
farmers also consider recommendations from other advisors
before deciding to implement biosecurity measures, particularly
when a substantial financial investment is involved. Breeding com-
panies, feed company representatives, livestock dealers, transport-
ers and agricultural consultants, among others were reported as
auxiliary industries with relevant influence on decisions about
biosecurity (Gunn et al., 2008; Alarcon et al., 2014). Nonetheless,
as with veterinarians, these advisors appear to be sceptical about

the cost-effectiveness and practicality of biosecurity; they also feel
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that farmers are not sufficiently motivated to provide the facili-
ties and competences needed for the maintenance of good biosecu-
rity (Gunn et al., 2008). Farm assurance schemes could provide
another channel for convincing farmers to commit to implement-
ing high biosecurity standards. However, a survey conducted
among sheep and pig farmers in the UK revealed that assurance
scheme members did not perceive enhanced biosecurity or disease
control as a benefit of the assurance scheme; they just saw a set of
rules or recommendations with which they had to comply in order
to sell their products (Garforth et al., 2013).

Groups of farmers were also mentioned as another opportunity
for exchanging ideas and information about biosecurity and dis-
ease control (Garforth et al., 2013). For example success ‘stable
schools’ have been organised with success in Denmark to encour-
age mutual advice and shared learning among organic dairy farm-
ers willing to phase out the use of antimicrobial drugs at their
farms by increasing disease prevention and improved animal
health management (Vaarst et al., 2007). However, the lack of
social cohesion among the farming community, as well as the per-
ceived excessive need for confidentiality within the livestock indus-
try were described as major barriers to farmer group initiatives,
with farmers ‘only telling the good things and not the bad things’
about problems of disease at their farms (Heffernan et al., 2008;
Alarcon et al., 2014).

5 Perceived behavioural control

Even among those farmers with a positive attitude towards bios-
ecurity measures, we often note a gap between farmers’ reported
beliefs about biosecurity measures (e.g. perceived importance or
cost-effectiveness) and the measures actually implemented on the
farm (Casal et al., 2007). It means that other factors, including
very practical ones such as the cost or practicality of biosecurity
measures, have an impact on final implementation. Farmers’ per-
ceived behavioural control describes the belief among farmers in

their ability to implement biosecurity measures (also known as
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‘self-efficacy’), as well as factors perceived as hindering or facili-

tating the implementation of biosecurity measures.

5.1 Influence of the farm'’s financial circumstances

Many farmers are optimistic about the ability to control disease
prevention using biosecurity measures on their farm (Brennan
et al., 2016). However, one of the main barriers to actual imple-
mentation is the financial circumstance of the farm. Frazer et al.
(2010) showed a clear inverse relationship between the willingness
of farmers to adopt a biosecurity measure and the estimated cost
(Fraser et al., 2010). For example, when it comes to implementing
biosecurity measures to control Salmonella spp. in pig production
in England, most of the farmers (79%) agreed that the greatest
barrier was the cost or a lack of benefit from implementing a meas-
ure of uncertain efficacy — “There are all sorts of things I would
love to do if I had the money but most of them have to be cost-
efficient’ (Marier et al., 2016). Some farmers have also reported
that difficult financial circumstances prevent them from making
major investments that would contribute to improved biosecurity,
e.g. renovating or constructing new buildings, or that it impedes
the employment of staff required to ensure the effective implemen-

tation of biosecurity measures (Alarcon et al., 2014).

Given the major influence that financial circumstances have on the
implementation of biosecurity measures, using economic incen-
tives or penalties was suggested as a way of facilitating the adop-
tion of such measures (Alarcon et al., 2014; Niemi et al., 2016).
Benett (2012) argued that financial support from governments to
increase biosecurity could be economically profitable, especially
when we consider the negative external factors of infectious dis-
eases among animals, e.g. impact on the health of the livestock of
other producers, public health and animal welfare. Public—private
partnership cost-sharing schemes could also be considered as a
way of ensuring that responsibility and costs of epidemic livestock

diseases are appropriately shared (Bennett, 2012).
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5.2 Feasibility of biosecurity measures

The feasibility of recommended measures was mentioned as a key
driver in farmers’ perceived behavioural control over the imple-
mentation of biosecurity measures. Many farmers refer to a par-
ticular feature of their farm such as geographical location, layout
of buildings or lack of space, when explaining why they think it is
impractical to adopt a proposed measure (Garforth et al., 2013).
Running an outdoor farm is perceived as being particularly incom-
patible with the implementation of certain biosecurity measures
to control wildlife or airborne diseases for instance (Brennan et
al., 2016). By way of an example, all of the nine sheep farmers
interviewed in England by Garforth et al. (2013) reported that
they were unable to reduce contact with wildlife — ‘No you can’t.
Unless you shoot all the wildlife you can’t do anything about it’
(Garforth et al., 2013). They also stated that outdoor farming also
seriously compromised Salmonella spp. control in pig production
— ‘My vet would repeat exactly what I’ve just said to you, there
is very little you can do about it, you are outdoors and that’s it’
(Marier et al., 2016).

Another practical aspect influencing the implementation of biose-
curity measures is the amount of extra labour required (Alarcon et
al., 2014). For example, a survey on the willingness of pig farmers
to adopt biosecurity measures to control for Salmonella spp. in the
UK showed that they were much more likely to implement good
rodent control rather than strict between-batch biosecurity, as this
was perceived as much easier and less time consuming (Fraser et
al., 2010). The extra workload associated with Salmonella spp.
biosecurity measures was also reported as an issue among English
pig farmers — ‘If it was relatively easy to implement and didn’t
require a lot of time and costs, and if it was going to help our
Salmonella spp. scores then we would be interested in doing it’
(Marier et al., 2016).

Non-compliance with biosecurity measures is also associated

with poor training of farm personnel and lack of communications

between the personnel working on the farm and the technical ser-
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vices (Vaillancourt & Carver, 1998). Larger farms, in particular,
with high turnover of farm personnel face difficulties in the routine
application of a strict biosecurity plan. Explaining the meaning of
each measure in relation to the transmission of diseases to this type
of staff can be quite challenging.

6 Practical recommendations

Fig. 4.2: Summary of the main motivators and barriers affecting the adoption of
biosecurity measures by farmers. These can be used as a basis for formu-
lating practical recommendations directed at governments, veterinarians
and other relevant farm advisors with the aim of motivating farmers to
implement biosecurity measures.

/ Attitude

= Perceived risk of disease occurrence
= Perceived likelihood of disease occurrence
= Perceived potential impact of the disease
= Perceived cost-effectiveness of biosecurity measures

o

/ Subjective norm
= Perceived influence of governments /research institutions
= Lack of trust in government agencies
s Responsibility for biosecurity devoted to governments
= Perceived influence of vets, auxiliary industries and peers
s Confidence and trust of farmers in the guidance
offered
s Expertise of veterinarians’ and auxiliary industries and

Intention to implement Actual implementation of
biosecurity measures biosecurity measures

their attitude towards biosecurity
K s Social cohesion among the farming community

Perceived behavioural control

= Financial circumstances of the farm

= Perceived feasibility of proposed biosecurity measures
s Practicality, ease of implementation
= Extra labour required
s Need for training of farm personnel

1) Intensified communications about risk

Farmers should be made aware of the level of risk to which their
animals are exposed, so that they can consider applying more or
different measures, or applying measures more strictly in those
instances where they perceive the level of risk to be high. Because

risk perception is influenced by recent disease incidence, effective
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surveillance activities to provide early warning and up-to-date epi-
demiological information about disease threats should be put in
place both locally and nationally (Garforth et al., 2013).

The potential impact of both exotic and endemic animal diseases
should also be made clear to farmers (Valeeva et al., 2011). Local
veterinarians, who are perceived by farmers as being their main
partner for interpreting and contextualising information from
national sources, as well as the farming press should be used as the
preferred communication channels to enhance communications
about risk to farmers (Garforth et al., 2013).

2) Evidence of the benefits of biosecurity measures

Additional data should be provided about the benefits of imple-
menting biosecurity measures, e.g. showing practical examples of
farms where implementation was successful. Farmers as well as
their key advisors, including veterinarians, reported having doubts
about the potential cost-effectiveness and relevance of certain
biosecurity measures (Gunn et al., 2008). Practical aspects such as
extra labour or training should also be quantified so that farmers
can make evidence-based decisions about whether to implement
certain measures on their farm. Veterinarians should improve their
skills and expertise so that they can provide biosecurity advice to
their clients. Although they are not necessarily aware of it, farm-
ers do consider them as the prime source of information about

biosecurity.

3) Targeted advice on biosecurity measures

Biosecurity recommendations provided by central sources are
often rejected out of hand as being irrelevant to or impractical for
individual farmers because they are too generic. When it comes to
the actual implementation of biosecurity measures, it is not pos-
sible to use a ‘one size fits all’ approach. If reccommended measures
are to have credibility among farmers, advice should be adjusted
and tailored to the features of their particular farm, considering
the animal species produced, the type of production (e.g. indoor vs
outdoor) or the farm size (e.g. number of employees). Veterinari-

ans and other farm advisors can also play a key role in interpreting
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and adapting national recommendations to the particular context
of their clients’ farms.

4) Improved collaboration between relevant stakeholders

The successful implementation of on-farm biosecurity measures
will benefit from an improved collaboration and communications
between all the stakeholders. Farmers receive information from
a great many sources so there is a risk of confusion if messages
are inconsistent or contradictory (Moore et al., 2008). Success-
ful biosecurity management also depends on building up trust
among stakeholders (Herndndez-Jover et al., 2012b). For exam-
ple, knowledge of biosecurity and practices among farmers is not
always readily acknowledged by competent authorities, or even
researchers (Higgins et al., 2016a). Farmers may see biosecurity
recommendations as a set of external rules with which they have
to comply rather than an opportunity to capitalise on their abil-
ity to control diseases occurring at their farm. Strengthening and
acknowledging the expertise of farmers will encourage them to
take responsibility for biosecurity and in turn improve their com-

mitment to implementing sustained biosecurity measures.
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1 Introduction

“You need to be able to measure, to be able to improve.” This is
one of the most famous quotes of William Thomson (better known
as Lord Kelvin), a famous British mathematician of the 19th cen-
tury. This is certainly true of biosecurity and hygiene. The inabil-
ity to measure accurately and reproducibly the biosecurity and
hygiene status of farms has long been one of the main obstacles
in the pursuit of improvements in both. If farm managers need to
be motivated to enhance the biosecurity or hygiene status of their
farm, it is essential to provide them with quantitative goals and
benchmarks, which can be used to position the farm with respect
to its biosecurity and hygiene status, so that the measures required
for improvements can be identified and their impact subsequently

measured, if possible quantitatively.

2 How to measure on-farm biosecurity

Several systems have been designed for making inventories of bios-
ecurity measures taken in animal production. They are often devel-
oped as checklists or as manuals either by independent advisory
organisations or as support material for marketing specific disease
prevention products (e.g. vaccines). An example of the latter is the
recently launched COMBAT system of Boehringer Ingelheim that
helps to identify biosecurity hazards in relation to the PRRS infec-
tions in pig production. Like the COMBAT PRRS system, many
of these systems were developed with a view to controlling a spe-
cific disease. The dichotomous checklist of Wageningen University
for example was developed to gain an insight in the risks factors
associated with the introduction and spread of Streptococcus suis
in herds (Wageningen University, 2008). The American Associa-
tion of Swine Veterinarians (AASV) (2007) in collaboration with
Iowa State University (Holtkamp et al., 2010), designed a system
(PADRAP) that evaluates the biosecurity protocols used in breed-
ing or growing pig herds and identifies possible risk factors for
PRRSYV infection, along with benchmarking of the herd compared
to other herds. Other countries published fact sheets on the prin-
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ciples of biosecurity, to reduce the risk of introduction and spread
of classical swine fever for instance (Defra, 2007). In Australia,
information on biosecurity is also available for pig producers via
the Australian Pork Industry (2003). They also recently developed
manuals for pig producers that includes an internal audit system
called APIQV® which stands for Australian Pork Industry Quality
Assurance Programme (www.apiq.com.au). This system enables
producers to demonstrate that their on-farm practices reflect good
farming practice with regards management, animal welfare, food

safety, biosecurity and traceability.

At Ghent University, the Biocheck.UGent™ biosecurity scoring
system was developed and is currently available for use in pig
herds and poultry flocks and is under development for dairy, beef
and veal herds (release expected beginning 2018) (www.biocheck.
ugent.be). The Biocheck.UGent™ system is a risk-based scor-
ing system to quantify on-farm biosecurity (Laanen et al., 2010;
Gelaude et al., 2014; Ghent University, 2015). It does not start
from a specific disease but rather approaches biosecurity in general
and focuses on those aspects that are common to the transmis-
sion of many different types of infectious diseases (see chapter 1
on circles of disease transmission). The Biocheck.UGent™ system
for pig and broiler production includes 109 (pig) and 79 (broiler)
questions respectively. The mainly di- or trichotomous questions
are divided into several subcategories for internal and external
biosecurity. Every subcategory consists of 2 to 19 questions. The
answer to every question results in a score between zero (when
this measure is not implemented at all) and one (when the measure
is fully implemented). Depending on the importance of a particu-
lar biosecurity measure the score per question is multiplied by a
weight factor (Laanen et al., 2013; Gelaude et al., 2014). The sub-
categories also have a specific weight factor equal to their deter-
mined relative importance for disease transmission as determined
by a large group of pig and poultry specialists (Laanen et al., 2013;
Gelaude et al., 2014). The Biocheck.UGent™ scoring system thus
provides a risk-based score which takes into account the relative
importance of all different biosecurity measures. The final score

for both internal and external biosecurity can range from zero,

HOW TO MEASURE BIOSECURITY AND THE HYGIENE STATUS OF FARMS

117



http://www.apiq.com.au
http://www.biocheck.ugent.be
http://www.biocheck.ugent.be

118

GHENT
UNIVERSITY

indicating a total absence of the described biosecurity measures, to
100, indicating a full application of the described measures. The
average of internal and external biosecurity scores provides the
overall biosecurity score. The Biocheck.UGent™ scoring tool is
accessible to everybody and there is no charge to use it.

After filling in the Biocheck.UGent™ questionnaire, the results
are presented in a report and spider diagram. The personal scores
allow evaluation of the strong and weak points of the biosecurity
on a particular farm and provide a basis for improvements. The
report shows where efforts can be made to improve the biosecurity

aspects that are weakly implemented on the farm.

Fig. 5.1: Example of a Biocheck.UGent™ report for a broiler flock

BIOCHECK.UGENT

POULTRY

Nr Description Score Country average
External biosecurity
A 90 % 54 %
B 58 % 63 %
Cc 71 % 50 %
D 56 % 68 %
E Entrance of visitors and personnel 70 % 70 %
F Su of ials 56 % 49 %
a | I iologi 76 % 83%
H i the farm 61 % 65 %
Subtotal External biosecurity: 68 % 64 %
Internal biosecurity
A Disease management 63 % 79 %
B Cleaning and disinfection 55 % 56 %
C Materials and measures between c arts 5 29 % 58 %
52 % 64 %
N/ = Not applicable Total: 63 % 64 %
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Fig. 5.2: Example of a Biocheck.UGent™ spider diagram

External biosecurity Internal biosecunty

% Score % Average

To use the Biocheck.UGent™ scoring system, it is strongly advised
to first visit the specific herd or flock in order to make a visual
assessment of the situation at the farm and to then fill in the ques-
tionnaire together with the farm manager. This method (visiting
before completing the Biocheck.UGent™), simplifies the task of
filling in the questionnaire as the answer to many of the questions
will already be available due to the visual inspection. In these con-
ditions, it generally takes no longer than 30 minutes to complete
the questionnaire.

Since its introduction, Biocheck.UGent™ has been used in over
5000 farms scattered over about 40 countries (Fig. 5.3 and 5.4).
Furthermore, the Biocheck.UGent™ has already been used in sev-
eral scientific studies as a tool to determine on-farm biosecurity
levels (Table 5.1).
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Fig. 5.3: Use of the Biocheck.UGent™ - PIGS in the world (August 2017)

| Bl &

Fig. 5.4: Use of the Biocheck.UGent™ — POULTRY in the world (August 2017)
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Table 5.1: List of the scientific publications in which the Biocheck.UGent™

has been used

PUBLICATION

AUTHORS

Biosecurity level and health management prac-
tices in 60 Swedish farrow-to-finish herds.

Backhans et al., 2015

Antimicrobial use in Swedish farrow-to-finish
pig herds is related to farmer characteristics.

Backhans et al., 2016

Evaluation of the relationship between the bios-
ecurity status, production parameters, herd char-
acteristics and antimicrobial usage in farrow-
to-finish pig production in four EU countries.

Postma et al., 2016a

Farm-economic analysis of reducing antimi-
crobial use whilst adopting good manage-
ment strategies on farrow-to-finish pig farm.

Rojo Gimeno
et al., 2016

Reducing Antimicrobial Usage in Pig Production
without Jeopardizing Production Parameters.

Postma et al., 2017

Relationship between biosecurity
and production/antimicrobial treat-
ment characteristics in pig herds.

Laanen et al., 2013

Review of transmission routes of 24 infectious
diseases preventable by biosecurity measures
and comparison of the implementation of these
measures in pig herds in six European countries.

Filippitzi et al., 2017

Vurdering af smittebeskyttelse I 140 dan-
ske svinebesaetninger (Assessment of
biosecurity in 140 Danish pig herds).

Ramvad et al., 2017

Scoring biosecurity in European con-
ventional broiler production.

Van Limbergen
etal., 2017

3 How to measure hygiene status

After cleaning and disinfection (C&D), hygiene status should be

monitored in order to evaluate the quality of the cleaning and dis-

infection protocol. Several methods for carrying outhygiene con-

trols, either as a routine control or after a sanitary crisis, have been

used and described, i.e. agar contact plates (ACP), swab samples,

air samples, ATP analysis and visual inspection). The hygiene sta-
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tus is mainly analysed by monitoring the level of bacteriological

contamination surface and air samples.

3.1 Bacteriological monitoring

Bacteriological monitoring after C&D often focuses on total aero-
bic bacterial counts (Corrégé et al., 2003; Hancox et al., 2013;
Ward et al., 2006) and/or specific pathogens (Carrique-Mas et
al., 2009; Merialdi et al., 2013; Mueller-Doblies et al., 2010; L ]
Pletinckx et al., 2013; Rose et al., 1999). In addition to the total
aerobic bacterial counts, various specific microbiological indicator
organisms such as Escherichia coli, Enterococcus spp., Salmonella
and methicillin resistant Staphylococcus aureus have also been
used to evaluate the hygiene status of animal houses. Escherichia
coli has been shown to be a suitable indicator organism for moni-
toring the possible presence of Salmonella (Dewaele et al., 2011;
Gradel et al., 2004a; Winfield and Groisman, 2003). Indicator
organisms should be easy to culture and identify, and be present at
higher levels at the sample location than the pathogen, for which
they are an indicator organism, as the absence of the index organ-
isms then will ensure absence of the target pathogen in the sample.
Several methods have been developed recently for rapid testing
for the presence of E. coli (e.g. MicroSnapTM E. coli, Hygiena).
In the future, these new methods could, after validation, poten-
tially be used by farmers to enable them to monitor the hygiene
status of different locations themselves. Enterococcus spp. could
be an adequate hygiene-indicator organism for faecal contamina-
tion of surfaces (Gradel et al., 2004b; Luyckx et al., 2015). Gram-
negative bacteria are intrinsically more resistant to disinfectants
than enveloped viruses (see chapter 6 on cleaning and disinfec-
tion). Therefore it is assumed that if the Gram-negative bacterium
E. coli is eliminated by disinfection, these viruses could probably
also be eliminated if they are present in equal or lower numbers. In
contrast, if E. coli survives the disinfection stage, then small non-
enveloped viruses (intrinsically more resistant than Gram-negative

bacteria) will probably also survive the disinfection stage.
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3.1.1 Agar Contact Plates (ACP)

Agar contact plates (ACP) are agar plates that contain a convex
agar surface that can be used for sampling by pressing it against
a surface. ACPs taken before cleaning will often become over-
grown or unreadable due to macroscopic particles. With the aid
of ACP, you can quickly evaluate whether surfaces are ‘clean’. The
pressure plates measure and quantify the presence of bacterial
contamination. In farms these samples are often taken routinely
after production rounds (to evaluate the cleaning and disinfection
procedure) or are implemented by the government when specific
pathogens are found in samples on a farm (Vangroenweghe et al.
2009). At specific locations (e.g. floors, walls, feed hoppers, drink-
ing water systems), samples are taken using ACPs and bacterio-
logically analysed. After counting bacterial colonies and scoring

the plates between 0 and 5 (see below), a mean value

for the plates is calculated. The results are expressed Score CFU per plate

in colony-forming units (CFU) per plate, as is shown 0 0

in the example of standards used for Salmonella in 1 1-40

poultry houses below (Fig. 5.5). This procedure is 5 41-120

often called the determination of a ‘hygienogram’. 3 21400

Surfaces or zones that are less easy to sample using

contact plates can in theory also be sampled using 4 > 400

swabs or agar sausages. 5 countless
A

3.1.2 Swab samples

Swab samples of a defined surface (625 ¢cm?) can provide better
insight into the initial bacterial load before cleaning. Different
swab types and detection methods exist, the latter being direct
streaking on agar versus elution followed by membrane filtration
systems, and all have different sensitivities (Goverde et al., 2017).
Differences in detection rates between cotton, rayon, flocked
nylon swabs and foam swabs, when used on surfaces, have been
described (Dalmaso et al., 2008; Hedin et al., 2010; Dolan et al.,
2011).
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used based on
the number

of colony forming
units on an agar
contact plate
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3.2 Adenosine triphosphate (ATP) hygiene
monitoring

Another quantitative method used for hygiene monitoring after
cleaning is ATP analysis. This method has been widely adopted in
the food industry (Betts and Chroleywood food research assoca-
tion, 2000) but until now has rarely been used in the primary ani-
mal production sector. ATP is a molecule involved in energy trans-
fer for metabolic processes in cells, and is present in all eukaryotic
and prokaryotic living cells. The principle of the analysis is based
on the addition of a solution containing lysis reagent, the sub-
strate luciferin and luciferase, to a swab sample. The lysis reagent
allows the release of ATP from all living cells. Released ATP mol-
ecules are used by the enzyme luciferase to convert the substrate
luciferin, resulting in a bioluminescent reaction. Measurements of
the produced light can be immediately carried out using a spe-
cific piece of apparatus. ATP measurement is generally performed
after cleaning. ATP analysis is capable of providing information
about the level of biological residues (eukaryotic cells as part of
soil and prokaryotic cells) and can be used therefore to identify
badly cleaned or critical locations after cleaning animal houses.
The study by Luyckx et al., (2015a) suggests a cut-off value of
three log relative light units (RLU) as a warning level.

3.3 Visual inspection

In the past, the most frequently used criterion for assessing the
efficacy of cleaning was the lack of visible organic material. There
is no need to use agar contact plates, swabs or ATP measurements

when visible organic material is still present on surfaces.
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Table 5.2: Advantages and disadvantages given for each sampling method to

assess the bacterial load. Examples of scientific studies carried out in
chicken or pig facilities are given for each method.

Method | What Advantages Disadvantages Studies
monitored?
ACP* Bacteria — Ease of use — Limited sam- | De Reu et al. (2006);

— Fixed sam- pling surface | Huneau-Salatin
pling area (25 cm?) et al. (2010); Kim

— No need for — Only smooth, | and Kim (2010)
further pro- firm surfaces
cessing after - Colony
sampling overgrowth

— Pre-made — One ACP
available per specific

organism
— Need for
standardised
pressure
Swab Bacteria — Larger sam- — Laboratory Banhazi and San-
sampling pling surfaces? | manipulation | thanam, (2013);

- Difficult to — No standard- | Beloeil et al. (2007);
reach surfaces ised protocol | Carrique-Mas et al.

— =1 bacterial (2009); Davies and
analyses/ swab Breslin (2003a);

— High upper Hancox et al.
enumera- (2013); Mannion et
tion limit al. (2007); Merialdi

et al. (2013);
Oliveira et al.
(2006); Rathgeber
et al. (2009); Rose et
al. (2003); Schmidt
et al. (2004); Ward
et al. (2006)
ATP? Eukaryotic and | — Results within | - Little scientific | Corrégé et al.
analyses | prokaryotic cells | 1 minute research in (2003); Roelofs
animal houses | and Plagge (1998)
Visual Dirt — Quick esti- — Subjective Huneau-Salatin
inspection mation of et al. (2010)
cleanliness

1 ACP, agar contact plates;

2 Sponge swabs and environmental swabs may be used for surfaces that are
at least 100 cm?, however when using sponge swabs it is advisable to sam-
ple larger areas (Lahou and Uyttendaele, 2014);

s ATP, adenosine triphosphate.
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Fig. 5.6: Soiled drinking
cups in broiler houses
after disinfection
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3.4 Aspects to consider when monitoring
the efficacy of C&D on farms

3.4.1 Locations

Inadequate cleaning and disinfection of animal houses or farm
equipment can be an important source of infection for new incom-
ing animals. To minimise the risk of round-to-round contamina-
tion, it is important to identify those locations in broiler and pig
houses that are difficult to clean and disinfect in order to find a more
efficient C&D protocol. It has been shown that drain holes as well
as floor cracks are critical locations in broiler houses (Dewacele et
al., 2012; Mueller-Doblies et al., 2010; Rajic et al., 2005; Luyckx
et al., 2015). These locations may remain soiled because of the dif-
ficult access for cleaning and they are often still filled with water
when disinfected. The residual organic material protects the bac-
teria from any contact with the disinfectants, affects the action of
disinfectants and is a source of nutrients for the surviving bacteria.
Therefore, floor cracks should be regularly repaired and filled in,
whereas drain holes should be adequately rinsed after cleaning to
flush out any residual organic material. Moreover, it is advisable to
disinfect these locations twice as several studies showed that two
disinfection rounds, rather than a single treat-
ment, are more effective in eliminating patho-
gens such as Salmonella (Gradel and Ratten-
borg, 2003; Huneau-Salatin et al., 2010; Rose
etal., 2000). Drinking cups were also identified
as critical locations for C&D of broiler houses
(Luyckx et al., 2015). Because of their fragile
and angular construction, drinking cups are
difficult to clean (Fig. 5.6). Moreover, these cups are often filled
with water after cleaning, which subsequently dilutes the applied
disinfectant. Therefore, drinking cups should be emptied before
disinfection.

In pig nursery units, slatted floors and drinking nipples were found

to be critical locations as they are difficult to clean due to their
specific design that features lots of edges (Luyckx et al., 2015).
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Drinking cup and nipple contamination are considered to be criti-
cal because they can result in immediate oral inoculation of patho-
gens. In addition to the identified critical locations, many others
also definitely exist because of the great variety in pig housing
designs.

3.4.2 Composition and structure

It is also a known fact that the composition or structure of mate-
rials and the design of animal houses can be quite diverse. As a
result, their ease of cleaning has an impact on the effectiveness of
C&D. For example, there is a difference in the efficacy of C&D
of battery-cage houses and on-floor houses, as battery-cage houses
are more difficult to clean (Davies and Breslin, 2003b; Gradel and
Ratteborg, 2003; Huneau-Salatin et al., 2010). Besides, wooden
surfaces may be more difficult to clean than metal or plastic sur-
faces, probably because of the porous nature of wood (Rathgeber
et al., 2009). Concrete is also often affected by numerous environ-
mental factors, such as wear and tear caused by animals or vehicles
and chemical degradation caused by feed or manure (Kymalainen
et al., 2009). This all makes some elements difficult to clean and
disinfect.

4 Conclusion

Measuring biosecurity is of utmost importance in benchmarking
the disease prevention status of farms and identifying biosecu-
rity shortcomings in order to improve biosecurity levels. Various
questionnaire -based methods have been developed to describe
and evaluate internal and external biosecurity. One of them, the
Biocheck.UGent™, is a risk-based scoring system to quantify on-
farm biosecurity and has been used worldwide to score biosecu-
rity, identify biosecurity shortcomings and consequently provide
advice on improving disease prevention. To evaluate the hygienic
status on farms, most techniques use bacteriological detection
methods to analyse surface contamination; agar contact plates and
swab methods are the standard methods. ATP measurements yield
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information about the level of eukaryotic and prokaryotic cells
present on surfaces, and are regarded as a measure of the cleanli-
ness of a surface. When monitoring the hygienic status on farms,
one should take into account the location to be sampled and the

material structure and design of buildings.
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CLEANING AND
DISINFECTION



1 Introduction

In any infection control programme used in livestock production,
animal breeding and animal shelters or veterinary practices/clinics,
cleaning and disinfection is an essential component in preventing
the persistence and spread of pathogens. The aim of cleaning and
disinfection is to decrease microbial numbers on surfaces (and in
the air) to a level that will ensure that most, if not all, animal path-
ogens and zoonotic agents are eliminated. Cleaning refers to the
physical removal of organic matter and — where present — biofilms,
so that the microorganisms and pathogens are optimally exposed
to the disinfectant. Cleaning and disinfection of surfaces in stable
environments will never yield full sterility, in contrast to disinfec-
tion of surfaces in clinical environments or sterilisation of medi-
cal instruments, where physical methods of disinfection (e.g. heat,
radiation) are used. In the case of livestock production, cleaning
and disinfection can be carried out between different rounds, so
that young animals entering the facilities are placed in optimal
conditions with an environment free, or at least with a low pres-
ence, of pathogenic micro-organisms. Cleaning and disinfection
with animals present is more difficult. In such instances the corri-
dors and animal-free spaces can be targeted, or partial and gradual
cleaning and disinfection can be carried out in occupied stables or
rooms, but this is less practical. Cleaning and disinfection may be
carried out following a specific disease outbreak and in order to
target specific pathogens, though in most cases it is a general pro-
phylactic measure to reduce infection pressure and thus improve
the overall health of the animals.

2 Practical aspects of cleaning and
disinfection: a general protocol
2.1 Cleaning and disinfection procedure
In intensive animal production, cleaning and disinfection should

be carried out each time when the stable is emptied. An important

tool to facilitate hygiene and sanitation after cleaning and disinfec-
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tion is the application of the ‘all-in/all-out’ principle, meaning that
all animals are removed from a house or farm before cleaning and
disinfecting, after which the animals can be let back in. This pro-
cedure can be performed simultaneously in all farm buildings. In
many cases it is not possible to apply the ‘all-in/all-out’ principle,
and if this is the case special measures should be taken to prevent
cross-contamination.

A good cleaning and disinfection protocol consists of seven steps to
ensure an optimal result. To start with a number of different clean-
ing procedures have to be taken aimed at the physical removal
of dirt such as manure, litter, dust, feed and associated microor-
ganisms and this before disinfecting the premises. This ensures
effective disinfection of the remaining microorganisms as organic
material hampers the activity of disinfectants; removing organic
material also eliminates a source of nutrients for microorgan-
isms present on floors and surfaces (Ruano et al., 2001; Moustafa
Gehan et al., 2009). Biofilms also provide excellent protection for

microorganisms (Akinbobola et al., 2017).

Contrary to popular belief, the cleaning stage is not only very
important for ensuring the physical removal of organic matter but
it also has a wider impact on the total reduction of microbial con-
tamination than the disinfection stage. A recent study by Luyckx
et al. (2015a), revealed that the mean total aerobic bacterial enu-
merations on swab samples taken in broiler houses, decreased by
2 log colony forming units (CFU)/625 cm? after cleaning and by
1.5 log CFU/625 c¢m? after disinfection. A good cleaning proce-
dure therefore not only strongly reduces/removes microbiological
contamination and organic material but also ensures that the sub-
sequent disinfection stages have a greater impact on the remain-
ing microbes. It is important to include the whole stable during
the cleaning and disinfection process, including the ceiling, walls,
the floor, pipelines, feeding troughs, drinking nipples and other
equipment and material, to minimise potential contamination of
previously cleaned areas. Some locations, such as dinking nipples,
drain and floor cracks in broiler houses and grid floors and drink-
ing nipples in pig nursery units also are more difficult to clean
(Luyckx et al. 2015a; Luyckx et al. 2016a). A survey by Dewaele
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et al. (2012) discovered that hen houses were Salmonella-free after
cleaning and disinfection but adjacent corridors and egg collect-
ing areas were still contaminated and had not been cleaned suffi-
ciently, which also underlines the importance of thorough cleaning
and disinfection of all premises.

There are seven steps to ensure optimal cleaning and disinfection.

2.11 Dry cleaning

In general, stables need to be as empty as possible before clean-
ing and disinfection, without animals therefore; easy-to-dismantle
equipment should also be removed and cleaned and disinfected
outside the stable. Litter should then be removed and all visible
dirt such as faecal matter, feed, crusts and dust should be removed
including from pipes, window sills, and other materials. Appro-
priate equipment, such as shovels, scrapers and brushes (in some

cases mounted on agricultural vehicles), are used during this step.

2.1.2 Soaking with water and a cleaning product

The next step is to soak all surfaces with water and a cleaning
product. This step loosens and turns any organic material left after
dry cleaning, into a solution. Foam is the preferred element for
soaking as it has the advantage of a longer contact time with sur-
faces (including vertical surfaces) and makes it visually easier to
differentiate treated and non-treated surfaces.

2.1.3 High-pressure cleaning

After a set contact time with the cleaning product (drying out needs
to be avoided), the soaking liquid containing the loosened organic
material needs to be removed by rinsing with high pressure (more
than 50 atm but less than 120 atm) so that all organic debris and
cleaning agents are removed; these may interfere later with the
action of disinfectants. The more effective the soaking stage, the
more efficient the high pressure cleaning will be. In practice clean-
ing products are not always used, although a study by Maertens

et al. (2017) clearly shows lower counts using agar contact plate
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methods on surfaces when a cleaning product was applied in the
cleaning and disinfection procedure.

The foaming-up rinsing-down principle must be used, meaning
that during the soaking stage foam is applied floor to ceiling,
and rinsing is done from ceiling to floor. It has been suggested
that using hot water for cleaning would result in better results
because of its ability to dissolve fat, although a study showed no
significant difference in reducing the total aerobic bacterial counts
and Enterococcus spp. contamination levels after cleaning broiler
houses with hot or cold water (Luyckx et al., 2015b). An earlier
study into animal houses also showed that the relevance of using
hot water during cleaning of animal premises is negligible (Wal-
ters, 1967). One explanation could be that the action of cleaning
products in combination with cold water is sufficient to dissolve
fats and other organic material. There is a difference however in
work comfort and required volume of water in favour of hot water
(Luyckx et al., 2015a).

2.14 Drying

The next stage involves drying the stable before disinfection is
carried out, as any remaining water will dilute the disinfectant

concentration.

2.1.5 Disinfection

While cleaning will remove the residual organic material and the
majority of the microbial population in a stable, disinfection will
ideally kill most of the remaining microbes, although this depends
on the type of disinfectant and the environmental conditions (see
below). Surface disinfection or wet disinfection is often carried out
with high pressure or an orchard sprinkler. In case of thermal fog-
ging (i.e. dry disinfection), a highly concentrated disinfectant is
heated and subsequently converted to a fog by a mobile or fixed
fogger. Foam disinfection will improve the penetration into porous
surfaces and increase the contact time. It also helps to visualise
where the disinfection has already been applied and as such helps

to avoid any forgotten areas.
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To calculate the amount of solution needed to disinfect a stable

one can use the following calculation methods:

1) First determine the floor surface of the stable (length of the
stable * width of the stable).

2) Multiply the surface of the stable with a multiplication fac-
tor to account for the walls, ceiling, etc. As a rule of thumb
this multiplication factor can be set to be 3.

3) Determine the volume of required water on the basis that
one litre of water is required per 4 m?.

4) Make a solution with the require dosing according to the

manufacturer’s guidelines.

As an example, in a pig stable of 10 m x 30 m (surface of 300m?)
an expected surface of 900m? (multiplication factor of 3) will need
to be disinfected which requires 225 litres of water. If a disinfect-
ant is used that requires application at 0.5% you will need 1.3
litres of disinfectant.

Disinfection can also be applied in a fumigation stage to ensure
elimination of microbial agents in difficult-to-reach zones (ventila-
tion, roof, air). When using fumigation, the volume of the stable
needs to calculated first to determine the required amount of prod-

uct. The volume can be calculated as:

Volume = (length of the stable * width of the stable * height of
the stable) + ((length of the stable * width of the stable * highest
point in the ceiling of the stable)/2)

Several products are registered for this form of application (see
below), and a good ventilation after fumigation is needed.

Disinfectants must have sufficient contact time with surfaces in
order to kill the bacteria concerned. Few disinfectants kill instan-
taneously. The amount of contact time needed will vary depend-
ing on the product used and the bacteria. 20-30 minutes is usu-
ally sufficient contact time for most disinfectants. The location of
microorganisms should also be considered. Difficulties may arise
in the penetration of a disinfectant in parts of equipment or infra-

structure. Analysis of hygiene results in poultry farms showed bet-
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ter results if the disinfection stage was carried out by a specialised
company rather than by farmers (Maertens et al., 2017). Analysis
also showed that better results (lower agar contact plate counts)
were obtained using two disinfectant products in one or two steps
(Maertens et al., 2017).

2.1.6 Drying

After disinfection, the stable should be dried again to ensure that
there are no remaining humid places where animals could come
into contact with residues of the disinfectant products. Rinsing
with water after disinfecting is not required. Only feeding troughs

and drinking cups should be rinsed.

2.1.7 Testing efficacy

Verification of the efficacy of the cleaning and disinfection pro-
cedure is an essential step in the whole procedure to ensure that
everything has been done appropriately. Different possibilities for
measuring the hygiene are discussed in detail in chapter 5 of this
book (how to measure biosecurity and hygiene).

If all the above steps are carried out appropriately, there will be
no need for additional vacancy after cleaning and disinfection. In
a recent study by Luyckx et al. (2016b), no additional reduction in
the bacterial load of stable surfaces was observed with increased
vacancy after thorough cleaning and disinfection. It also revealed
that after a vacancy period of five days the bacterial load increased

again, which could also be the result of recontaminated surfaces.

2.2 Cleaning products

The major compounds of cleaning products are detergents. Deter-
gents have an amphipathic structure: a hydrophilic region and a
hydrophobic region (hydrocarbon tail) (Field, 2014). Detergent
monomers first reduce the surface and interfacial tension between
air/water and soil/surface, which increases contact surface with

detergent (mobilisation phase). When detergent monomer concen-
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tration exceeds the critical micelle concentration (CMC), mole-
cules associate to form micelles (Fig. 6.1). This formation increases
the solubility of hydrophobic compounds (solubilisation phase).
The organic matter and/or bacteria are dispersed as micelle drop-
lets in water (emulsification phase) and are washed away (Pacwa-
Plociniczak et al., 2011).

Fig. 6.1: The relationship between surfactant concentration, surface tension and
formation of micelles (adjusted Figure from Pacwa-Ptociniczak et al., 2011)
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In addition to detergents, cleaning products include several other
components such as chelating/sequestering agents, threshold agents,
foam modifiers, corrosion inhibitors, pH modifiers, antimicrobials,
emulsifiers, dyes, pigments, fragrances and water. Several of these

compounds are discussed below.

2.2.1 Detergents

Four groups of detergents can be distinguished according to the
head group (Porter, 1993; Salager, 2002).

1) Anionic detergents have a negatively charged head group.
These detergents are the most commonly used detergents,
are good emulsifiers when used at high temperatures and
have strong foaming characteristics. They work in the same

way as natural soaps except that they are less influenced by
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hard-water ions. These detergents are the preferred choice
for cleaning animal houses (Aceto, 2015).

2) Cationic detergents have a positively charged head group.
These detergents are often used as fabric softeners in wash-
ing products. Quaternary ammonium compounds belong to
this group and also have disinfecting properties.

3) Non-ionic detergents have an uncharged head and are the
second most commonly used detergents. These detergents
are good foam inhibitors and are therefore often used as
industrial cleaning products, especially for cleaning on-site
(CIP) applications. They are also less susceptible to pH
changes and can be used in sour conditions.

4) Amphoteric detergents are negatively and positively charged.
Depending on the pH, they can act as anionic and cationic
detergents.

2.2.2 Other agents used in cleaning products

The content of dissolved minerals in tap water can vary from
region. Because detergents have a higher binding affinity to these
minerals than organic material, their activity is inhibited when
used in hard water. To counteract this problem, chelating agents
are added to cleaning products. These agents will bind the miner-
als and form soluble complexes, whereby free detergent monomers
can actively bind organic material. Threshold agents are added to
reduce the calcium deposit on the cleaned materials. Corrosion
inhibitors inhibit corrosion formation on ferrous and non-ferrous
metals. Alkaline substances or acids are added to influence the
pH and application possibilities of the cleaning product. Alkaline
cleaners are used to remove carbon-based organic compounds
(e.g. fats, proteins, animal waste) and acidic cleaners for inorganic
compounds (e.g. rust, corrosion, scale deposits). Depending on the
degree of soiling, a weak or strong alkaline cleaner should be used
for cleaning animal houses. In some cases, a solvent (e.g. glycol
based compounds) is added to the cleaning product to remove
tenacious soil (e.g. oily soils).
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2.3 Disinfectants

Decontamination of surfaces can be carried out using physical
inactivation of micro-organisms (e.g. heat, UV, ionizing radiation)
or chemical compounds (disinfectants). Disinfectants are antimi-
crobial components that are used on inert surfaces. The term anti-
septics is reserved for those antimicrobials that are sufficiently free
from toxic effects so that they can be used on the body surface
and wounds, but are still not safe enough to be administered sys-
temically, in contrast to most antibiotics. Disinfectants can be used
in a range of different ways and multiple classes of disinfectants
exist, each containing many different molecules that can be used,
depending on the actual aim of the application (surface, targeted
microorganisms, environmental conditions, etc.). The ideal char-

acteristics for a disinfectant would include the following:

1) fast action against a wide range of microorganisms;
2) limited inhibition of activity by environmental factors such

as organic material or suboptimal temperature;

3) non-toxic for humans and animals;

4) stable in pure and diluted form;

5) water-soluble and not prone to inactivation in hard water;
6) homogenous in concentrated and diluted form;

7) easy-to-use;

8) penetrative;

9) non-corrosive.

2.3.1 Modes of action

Disinfectants have radical effects on the function of many differ-
ent macromolecules (sugars, lipids, proteins, nucleic acids) and the
respective microbial structures made up of combinations of these
macromolecules. Structures on the outer microbial surface (such as
bacterial cell wall, viral envelope) are particular targets, because these
are the first that come into contact with the disinfectant molecules
(McDonnell and Russell, 1999). After interaction with these outer
surface structures of the microbial agents, other interactions (with

cytoplasmic membrane, cytoplasm, DNA, cytoplasmic enzymes,
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etc.) may occur. This is in contrast to antibiotics, in which the modes
of action are very specific. While physical methods of disinfection
(i.e. sterilisation) transfer energy to the microbial agents that will
cause death, the mode of action of disinfectants can be broadly bro-

ken down into three modes of action (McDonnell, 2008).

2.3.1.1 Coagulation or cross-linking of molecules

Cross-linking causes specific interactions between different mac-
romolecules that lead to structure and function loss of these mol-
ecules. The most well-known types of disinfectants to cause cross-
linking are aldehydes, alkylating agents, phenolic compounds and
alcohols. Aldehydes for example cause strong covalent coupling
of proteins (intra and inter) because of the cross-linking of free
amine groups by the reactive aldehyde groups. The reactive groups
in phenols and alcohols are the hydroxyl groups, while alkylating

agents form alkyl or epoxide bounds between molecules.

2.3.1.2 Oxidation of molecules

The antimicrobial activity of oxidising agents is caused by the
ability to remove electrons from proteins, fats and nucleic acids.
This oxidation or loss of electrons is mainly caused by halogens
and peroxides. Examples are oxidation of S-S bonds in proteins or
unsaturated C-C bonds in lipids, and oxidation of nucleotide bases
and the sugar-phosphate structure of DNA. Oxidised groups can

initiate secondary reactions with other molecules.

2.3.1.3 Macromolecular structure disruption and
membrane intercalation

Some types of disinfectants have rather specific primary action
mechanisms, such as membrane intercalation. Examples are qua-
ternary ammonium compounds and biguanidines (e.g. chlorhex-
idine) that penetrate the bacterial cell wall and interact with lipids
and proteins in the cell membrane, resulting in leakage of cytoplas-
mic material and loss of membrane-associated functions, including

transport of molecules and ATP production.
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2.3.2 Types of disinfectants

The choice of a disinfectant is often based on the targeted micro-
organisms, the organic material load present on the surfaces, the
environmental conditions (temperature for example) and the tox-
icity (risk for animals, human and environment). Quite a variety of
product classes exist, and classification is mostly done by chemical
structure. The characteristics of disinfectants (toxicity, spectrum,
etc.) differ between product classes but variability can occur even
within product class because of the chemical structure. A brief
description is provided below of the most important product
classes used in animal production and for veterinary purposes. The
spectrum of activity is shown in Table 6.1. More detailed descrip-
tions can be consulted in review papers by McDonnell and Russell
(1999) and Suljagic (2008).

Table 6.1: The antimicrobial spectrum of disinfectants for most important chemical
product classes and most important groups of micro-organisms. The
table lists a general overview and within each class of disinfectants there
are multiple compounds with different activities. Also within the groups
of micro-organisms there is variability in characteristics in relation to
resistance and sensitivity tio disinfectant molecules. (++ = in general very
active; + = in general active; * = limited activity; +/- : some molecules in
this group are active). Adapted from http:/www.cfsph.iastate.edu/pdf/
antimicrobial-spectrum-of-disinfectants and Linton et al., 1987).

Group of micro-organisms Acids Alkalis Alcohols  Aldehydes Biguanides QACs Halogens Peroxides Phenols
Prions

Protozoal oocysts - + - - - - - - +/-
Bacterial endospores * * + + +
Mycobacteria - + + + - - + + +
Non-enveloped viruses - * - + - - +/ +

Fungal spores * + * + + + + + +
Gram negative bacteria + + ++ ++ ++ + + + ++
Enveloped viruses + + + ++ + + + + +
Gram positive bacteria + + ++ ++ ++ + + + ++
Mycoplasmas + ++ ++ ++ ++ + ++ ++ ++
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2.3.2.1 Acids and alkalis

Acids and alkalis are types of disinfectants, but most strong inor-
ganic acids and alkalis are corrosive and hazardous to handle.
Organic acids, for example, are used as feed additive in poultry
and pig feed because of their antifungal (e.g. propionic acid) or
antibacterial properties. Some are used in coated forms to con-
trol Salmonella or to enhance performance (e.g. butyrate). Alkalis
contain sodium hydroxide and sodium carbonate for example but
they are very corrosive, although they have been used to contain
the foot-and-mouth virus. Ammonium sulphate combined with
calcium carbonate and water yields calcium sulphate and ammo-
nia, the latter having activity against Eimeria oocysts. Ammonium

hydroxide also has been of value in killing Eimeria oocysts.

2.3.2.2 Aldehydes

Of the cross-linking agents, aldehydes are the most well-known.
Aldehydes are broad-spectrum products (activity against bacte-
ria, including spores, fungi and viruses) but some are very toxic
and irritating and potentially carcinogenic, so precautions need
to be taken when using these substances. The most widely used
molecules are formaldehyde and glutaraldehyde. Formaldehyde is
used as a fumigant and requires high humidity and temperatures
above 15°C to be active. In several countries, formaldehyde is no
longer authorised except in very low concentrations, due to its
carcinogenic characteristics. Glutaraldehyde is known to be able
to withstand rather high concentrations of organic matter and is

therefore commonly used in preparations for stable disinfection.

2.3.2.3 Alcohols

Alcohols are compounds that are mostly used to disinfect hard
material surfaces, or as hand or skin disinfectants. They exhibit a
rapid and broad-spectrum antimicrobial activity against vegetative
bacteria (not spores), viruses and fungi. The most commonly used

compounds are ethanol, isopropanol and n-propanol. Because of
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its fast evaporation other active components are added to the dis-

infection in low concentrations to increase efficacy.

2.3.2.4 Phenolic compounds

Phenolic compounds are also cross-linking agents that cause dena-
turation of proteins. Originally obtained by distillation of coal,
phenols are now synthesised chemically, and numerous products
exist on the market with a wide range of toxicity and usage, from
household products to disinfectants for surfaces. The basic struc-
ture is always a phenol ring, but side chains are present, ranging
from simple methylations (cresols and xylenols (=dimethylphe-
nols)) to complex structures (high molecular tar acids). Solubil-
ity in water also varies, and complex phenolic compounds (e.g.
containing long aliphatic side chains) are often formulated in soap
solutions or emulsions (to enhance solubility and penetration). In
general, phenols are stable, non-corrosive, less prone to inactiva-
tion by organic material, but can cause irritation. As already indi-
cated, there are exceptions to these general rules; chloroxylenol
is a common household disinfectant (often in soap solution), and
hexylresorcinol is used for non-toxic disinfection of air, and even

as antiseptic.

2.3.2.5 Peroxides

The peroxides hydrogen peroxide and peracetic (peroxyacetic) acid
are commonly used in peroxygen-based disinfectants. Oxidation is
their main mode of action. Hydrogen peroxide is an environmen-
tally-friendly product as it dissolves rapidly in water and oxygen.
In addition, it exhibits a broad spectrum and rapid action against
bacteria, yeast, viruses and bacterial spores. Peracetic acid, formed
by a mixture of hydrogen peroxide and acetic acid in water, is con-
sidered bactericidal, viricidal and fungicidal in low concentrations.
In addition, it remains more active in the presence of organic mat-
ter. A combination of both peroxygens is very effective as a farm
disinfectant and is frequently used in animal husbandry (Maertens
et al., 2017). However, a disadvantage is that these products are

corrosive. Oxygen and hydroxyl radicals that oxidize molecules,
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including DNA, are the cause of the antimicrobial action of per-
oxides. A product with great promise is accelerated hydrogen
peroxide (AHP), containing 0.5% hydrogen peroxide, combined
with chelators, wetting agents and surfactants, so that the clean-
ing properties of the preparation is high (Holtkamp et al., 2017).
Aerosolising peracetic acid is also carried out in order to disinfect
whole rooms, Potassium peroxymonosulphate is a low-toxicity,
broad-spectrum disinfectant that can cope with high organic loads
and hard water environments. It is used for boot desinfection in
stables, and is, in combination with a surfactant, sold as cleaning
and disinfectant solution. Chlorine dioxide is a peroxygen com-
pound that can be used for fumigation and is known for its ability
to act on contaminations and biofilms in pipelines (Szabo et al.,
2017). It is a small molecule that penetrates the biofilm better than
peroxide and is more suitable therefore for biofilm removal (Rao
etal., 2017). As a gas it can be used to sterilise rooms or buildings,

without damaging electronic devices.

2.3.2.6 Halogens

Halogens are used as antiseptics and disinfectants, depending on
the type of product and concentration. There are two types; the
chlorine compounds and the iodine compounds or iodophors. The
most well-known chlorine compound is household bleach (sodium
hypochlorite), a broad-spectrum disinfectant easily inactivated by
organic material. It is non-toxic but can be irritating, and is used
for surface decontamination in low organic pollution environments
(e.g. cleaned kennels). Organic chlorine compounds, for example,
contain an N-Cl instead of an P-Cl bond as well as chloramine T,
which can be used in boot disinfection baths since the inactivation
by organic material is limited. Iodine products are broad-spectrum
disinfectants and are mostly nowadays as iodophors — combina-
tions of iodine and solubilising agents such as polyvinylpyrrolidine
(povidone-iodine) — yielding an antiseptic product. Halogens are
also prone to inactivation by organic material, hard water and sur-
factants. The mode of action of halogens has been attributed to
oxidation, although cell wall penetration and protein and DNA

structure disruption has also been proposed, depending on the
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compound. Their corrosive character is a minor point. A study by
Maertens et al. (2017) also revealed poorer hygiene results com-

pared to other disinfectant products in poultry stables.

2.3.2.7 Tenso-active compounds

Tensio-active compounds have been used as antiseptics, and are
often used in disinfectant formulations to enhance penetration.
Although multiple classes of tensio-active compounds exist, the
quaternary ammonium compounds (QACs) are the main com-
pounds used as antiseptics and surface detergents. Many different
chemicals of this product class are used which means that they
have a diverse range of specific action which is most frequently
explained by cell membrane disruption. The spectrum is rather
narrow and effective against Gram-positive vegetative bacteria,
yeast, fungi and some viruses (especially enveloped). The QACs
are easily inactivated by anionic detergents, hard water and
organic material. Another class of positively charged compounds
is the biguanides, containing chlorhexidine, an antiseptic chemical
that is easily inactivated by anionic compounds and organic mat-
ter, and is often used as skin antiseptic. The spectrum is mainly
antibacterial. As already mentioned, the list of disinfectant com-

pounds discussed here is far from complete.

In practice, almost exclusively combination products contfaining
multiple chemicals from different chemical classes are used for dis-
infecting surfaces in the animal production industry. They originate
mostly from different product classes, combined with chelators
(such as EDTA, to capture bivalent cations for activity in hard water),
detfergents (e.g. QACs for improving penetration) and stabilising
agents. Mixtures of acfive compounds offen aim at decreasing tox-
icity (lower dosage per compound), increasing action and broaden-
ing the anfimicrobial spectrum.

Aerosols are used to disinfect surfaces or regions in stables or rooms
that are not easily accessible via classical disinfection and for air dis-
infection. An aerosol consists of a very fine liquid phase in a gas

BIOSECURITY IN ANIMAL PRODUCTION AND VETERINARY MEDICINE



phase and microbial killing occurs after condensation of the disin-
fectant product on the microorganisms. Nebulisation or aerosolising
equipment is designed to generate the aerosols (foggers). Exam-
ples of compounds used are formadehyde, lactate, hexylresorcinol,
and peroxides.

Few antibacterial agents are actively sporicidal. Disinfectants that are
sporicidal, i.e. glutaraldehyde, formaldehyde, peracetic acid and
hydrogen peroxide, often require higher concentrations and longer
contact times for this effect than for bactericidal action. The mecha-
nisms of sporicidal activity are poorly understood, probably due to
the complex nature of bacterial spores and the fact that disinfectants

may have more than one actual or potential target site.

2.4 Factors affecting efficacy of disinfectants

In addition to microorganisms and disinfectants, external factors
also determine the outcome of disinfection. The impact of external
factors differs according to the type of disinfectant. Factors such as
concentration, contact time, temperature, relative humidity (RH),
pH, extraneous materials (e.g. organic matter) and material clean-
ability, location and number of microorganisms, condition and
susceptibility of the organism to the biocide, can influence the reac-
tion between disinfectants and micro-organisms. This has been
described in detail by Russell (1999).

2.4.1 Concentration of disinfectants

Using the appropriate concentration is a key element in the correct
application of biocides. In addition to leading to reduced efficacy,
over-dilution of biocides can lead to the survival of less-sensitive
bacteria. Biocides which have to be applied in high concentrations,
e.g., alcohols and phenolic compounds, are highly affected by
changes in concentration, whereas those with a low recommended
concentration, e.g., formaldehyde, are less influenced by this. Still,
one has to keep in mind that dilution errors in disinfectant concen-

trations can occur.
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2.4.2 Contact time

Disinfectants must have sufficient contact time with the surfaces
in order to kill the microorganisms concerned. Few disinfectants
kill instantaneously. The amount of contact time needed will vary
depending on the product used and the targeted microorganisms.
A quick splash of a dirty boot into a footbath will not accomplish
anything except to give a false sense of security (cleaning before
disinfection is crucial here). 20-30 minutes is usually sufficient
contact time for most disinfectants.

2.4.3 Temperature

Disinfectant activity usually increases in line with an increase in
temperature, although some disinfectants are more temperature-
dependent than others. It has been reported that glutaraldehyde
is effective at temperatures as low as 5°C, whereas formaldehyde

requires a minimum around 16°C.

2.4.4 Relative humidity

In addition to temperature, the relative humidity in animal houses
can also influence gaseous disinfectants, e.g. formaldehyde and
chlorine dioxide. The relative humidity (RH) for disinfection with
formaldehyde should be at least 70%.

2.4.5 pH

pH can influence the cell surface of bacteria as well as the action of
the disinfectant. Firstly, when pH increases, the number of nega-
tively charged groups on the cell surface of bacteria will increase.
Therefore, positively charged or cationic disinfectants have an
enhanced degree of binding. Secondly, if the disinfectant is an acid
or a base, its degree of ionisation is dependent on the pH. For
peracetic acid, the non-ionized molecule is the active form, and
alkaline pH will decrease the action by forming ions. For QAC
and glutaraldehyde, bactericidal action increases with pH and are
best used under alkaline conditions therefore.
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2.4.6 Extraneous material, cleanability and interactions
with other molecules

Examples of extraneous materials include organic matter, surface
active agents and cations. Organic matter may interfere with the
microbiocidal activity of disinfectants. This reaction between the
biocide and the organic matter (e.g., phospholipids in faeces),
leaves a smaller antimicrobial concentration of the antimicrobial
agent targeting microorganisms. This reduced activity is often
noticed with highly reactive compounds, such as chlorine-based
disinfectants and peroxides. As some surfaces in animal houses are
difficult to clean and hence possibly still contain organic matter,
these are likely sources of infectious agents. In addition, organic
matter can protect organisms from disinfectant contact. The mate-
rial to be disinfected is also of importance. Wood surfaces are more
difficult to clean than plastic or metal, due to the porosity of wood
(Rathgeber et al., 2009). It has been demonstrated that the perfor-
mance of biocides on porous or rough surfaces such as wood and
concrete is lower than on smooth surfaces such as metals and plas-
tics (Harding et al., 2011). In addition to the type of material, the
design of surfaces also has an impact on the cleanability. Animal
houses are also often affected by numerous environmental factors
such as wear and tear caused by animals and vehicles and chemi-
cal degradation caused by feeds and manure (Kymalainen et al.,
2009), making them difficult to clean and disinfect. Surface active
agents present in cleaning products can also reduce the action of
QAC for example (Russell, 2004). Therefore it is important that
animal houses are thoroughly rinsed with water after cleaning.
Cations present in hard water (i.e. Ca2+ and Mg2+) may reduce
the action of disinfectants by interacting with them to form insolu-
ble precipitates. Failure to make a fresh solution of disinfectant or
a solution visibly contaminated by organic material like manure
may result in a product that has lost its effectiveness. Even worse,
it may generate a false sense of security. Sufficient concentration
and contact time may overcome some of these problems with cer-
tain classes of disinfectants, but often increasing the concentration
or contact time renders use of the product impractical, expensive,
caustic, or dangerous to the users or to the animals. And finally,
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bacteriologically contaminated water used to dilute disinfectants
may also be a problem because non-target bacteria also ‘dilute’
disinfectant activity. The location of microorganisms should also
be considered. Difficulties may arise in ability of a disinfectant to

penetrate parts of equipment or infrastructures (Fraise et al., 2004).

2.5 Resistance to disinfectants

Intrinsic and acquired resistance against disinfectants both exist,
although it is believed that the latter is of little importance com-
pared to the role it plays in antibiotic resistance. The reason is that
many disinfectants are not used to target specific functions that
may be modified using mutations, but to target general structural
microbial components (e.g. amine groups in case of aldehydes).
There are exceptions but the importance of acquired resistance in
the field is believed to be limited. Different mechanisms of intrinsic

resistance may be important.

The first form of intrinsic resistance is caused by the general micro-
bial surface structure that can protect the microbes against disin-
fectant action. It is not within the scope of this chapter to cover
the composition of microbial surface structures in detail. Because
of differences in the bacterial cell wall, Gram-negative bacteria
are considered to be less sensitive to the action of disinfectants as
compared to Gram-positives and Mycoplasma spp. (without cell
wall). Mycobacteria are even less sensitive than most Gram-neg-
ative bacteria (McDonnell and Russell, 1999; McDonnell, 2008).
The envelope of viruses provides a target for disinfectants and as
such viruses without envelope are less sensitive that viruses with
an envelope (Maillard and Russell, 1997). These are general prin-
ciples however and it is clear that there is a large variability within
the different general classes of microorganisms. As an example,
within the Gram-negative group, there is a huge variation in bacte-
rial families, genera and species with differences in cell wall com-
position (e.g. LPS structure), causing potential variation in suscep-
tibilities. However, the application of disinfectants in the correct

doses and with sufficient contact time will, depending on the spec-
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trum of activity, kill the microorganisms anyway. Dormant stages
of microorganisms, such as spores, are the second form of intrinsic
resistance against disinfectants. Some bacterial groups (e.g. Bacilli,
Clostridia) may form endospores, which induce resistance to
environmental factors such as heat and antimicrobial molecules,
including disinfectants. It is not the aim of this chapter to describe
the spore composition in detail, but the low water content, the
presence of protective molecules and the high density of different
layers that form the spore, mediate resistance. Exospores, such as
those produced by Actinomyces and Streptomyces spp., and fungal
spores are thought to be more sensitive than bacterial endospores.
Coccidial oocysts are also resistant structures that require a special
disinfection in poultry stables for example (often based on ammo-
nia). Prions are the most resistant form of infectious compounds.
The relative susceptibility of microorganisms to disinfectants, in
general, is shown in Table 6.2.

Table 6.2: Relative susceptibility of groups of micro-organisms to disinfectants
(adapted from Fraise et al., 2012)

Range Group of micro-organisms

Resistant Prions
Bacterial endospores
Protozoal oocysts
Mycobacteria
Small non-enveloped viruses
Protozoal cysts
Fungal spores
Gram negative bacteria
Moulds
Yeasts
Protozoa
Large non-enveloped viruses
Gram positive

Susceptible  Enveloped viruses
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Growth phase responses can also cause intrinsic resistance,
although these will not be able to fully confer resistance to well-
executed disinfection rounds and are only relevant when doses and
contact times are insufficient. These responses are typically induced
in the stationary phase of bacterial growth and include motility
(to zones with lower antimicrobial properties), oxidative stress
(e.g. catalase) and heat shock responses (involved in the repair
of molecular damage), slow metabolism, and efflux mechanisms
(McDonnell, 2008). The latter means that bacteria can pump out
antimicrobials through efflux pump systems and outer membrane
channels (Poole, 2005). Here again, this system is not sufficient
to withstand bacterial killing if disinfectants are used correctly. A
very important form of intrinsic resistance is biofilm formation.
These biofilms are three-dimensional structures of populations of
microorganisms that develop on, or are associated with surfaces
in a humid environment and may contain multiple microbial spe-
cies (Branda et al., 2005; Jain et al., 2007). Biofilms produce an
extracellular matrix that contains molecules such as cellulose or
poly-8-1.6-N-acetylglucosamine, and proteins. The composition
of the matrix depends on the microbial composition, but may
be involved in neutralisation of disinfectant molecules that, as a
result, are unable to penetrate in the biofilm, while efflux pumps
can also be activated (Tabak et al., 2007). Biofilms are well-known
because they are important sources of contamination for medical
equipment (catheters for example), drinking water lines as well as
surfaces and floors. Oxidising agents are the most appropriate dis-
infectants for controlling biofilm, although prevention of biofilm
formation on surfaces by preventing mineral deposition in water
pipes for example (as material for adhesion of microorganisms) is
also a possible solution (e.g. via electromagnetic water treatment,
acidification, etc.). Enzymes can also potentially be used to break
down the biofilm matrix.

3 Conclusion

Cleaning and disinfection is only effective if a full procedure made
up of multiple stages is carefully followed. This includes dry and
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wet cleaning, rinsing and drying stages and thorough disinfection.
Multiple cleaning and disinfectant products exist, and many dif-
ferent classes of products with different characteristics can be used
so that the choice of product will depend on the application. The
choice of disinfectant product also depends on whether specific
pathogens are targeted, because different groups of microorgan-
isms have different intrinsic resistance properties to disinfectant
compounds. Environmental factors can also affect the cleaning

and disinfection procedure and should be monitored.
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1 Introduction

Biosecurity measures in animal housing systems have been in
place for many years. Protocols for at-the-gate and pre-entry to a
facility are well developed throughout the world. The majority of
these measures aim to secure physical entry through some tangi-
ble vector such as clothes, shoes, truck traffic, and rendering. Less
developed, but equally important, is the fact that measures for
air transmission of disease into and from animal housing systems
are gaining in popularity. Measures aimed at mitigating air vector
transmission are in many cases very costly relative to other physi-
cal vectors and failure to abide by some basic principles can nega-
tively affect other aspects of production systems, such as fresh-air
exchange rates, and overall air quality for employees and animals.
This chapter will focus on air as a vector of disease transmission,
especially viruses associated with pigs and poultry, and the meas-

ures being taken to address this disease vector.

2 Air as a disease transmission vector

Tests regarding aerosol transmission of livestock viruses have been
conducted in both lab and field settings to test the viability of spe-
cific viruses after aerosol transmission, the distance a virus can

travel, and the particles that carry the virus.

Lab and field work conducted in an attempt to confirm the trans-
fer of viruses via aerosols yield different results. A 2002 study
attempted to transmit PRRSV by aerosols in field conditions
where 210 pigs housed in a swine finishing facility were broken
down into 10 uninfected indirect contact pigs in one pen, no pigs
in another pen, and 15 to 16 infected and 6 to 7 uninfected direct
contact pigs in nine remaining pens. In addition, two trailers, each
with 10 pigs, were parked on either side of the facility, one 30
metres from the exhaust fans and the other 1 metre away. The sen-
tinel pigs in the trailers were exposed to the air from the infected
barn for three days before being moved to the buildings 30 and 80

metres from the infected barn. After a 21-day monitoring period,
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the direct and indirect contact pigs became infected, while the
sentinel pigs did not (Otake S. , Dee, Jacobsen, Torremorrell, &
Pijoan, 2002). A similar study conducted in 2004 at the same dis-
infected, virus free site was set up in the same manner, except that
the sentinel pigs in one trailer were positioned 15 metres from the
exhaust fans with a longer exposure time period of 7 days. The
results were the same; the direct and indirect contact pigs became
infected while the sentinel pigs tested negative. Researchers specu-
lated that the air supply from the infected barn could have been
too low; the pigs too young to excrete the virus, or the virus had
attached itself to the walls of the tube connecting the airspaces of
the barn and trailer (Trincado, et al., 2004).

A laboratory model was followed a year later in 2005 by some
of the same researchers. In this model, seven pigs were placed in
a chamber at the end of a 150-metre long tunnel through which
an aerosolised PRRS virus travelled. After exposure for 3 hours,
3 of the 6 pigs exposed to the virus contracted PRRS. However,
this experiment was conducted under ideal conditions while high
amounts of the virus were present for an extended length of time.
This experiment only confirms the potential of the virus to trans-
fer over extended distances and still be viable. It does not provide
any proof of the virus’s viability in the field and suggests that the
transmission of PRRSV in the field over this distance is rare (Dee
S., et al., 2005). Another lab test focused on the rate of infec-
tion based on varying rates of air transfer between two chambers.
Exposed to a rate of 70% air transfer from an infected chamber
to an uninfected chamber, 94% of the pigs in the second chamber
tested positive for PRRSV. At 10% transfer, 100% of the pigs in
the second chamber tested positive for PRRSV, and a transfer rate
of 1% vyielded the same result (Kristensen, Botner, Takai, Nielsen,
& Jorsal, 2004). Although the rate of transfer varied in this experi-
ment, the actual amount of air transferred between neighboring
barns is estimated at approximately 2% (Bjerg, 2000).

Across these studies, a trend emerges showing that results from lab

tests were much more successful in having a viable virus after

transporting it some distance than tests in a field setting. Although
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tests conducted in labs may not be accurate in the field, they do
provide valuable information on the range of a virus in ideal con-
ditions and their viability (Dee S. , et al., 2005). Laboratory tests
may not be as accurate as field tests because of the amount of dust
(Spekreijse D. , Bouma, Koch, & Stegeman, 2011). In true field
settings, a much higher volume of dust is present, providing more
opportunities for the virus to attach to these particles, and larger
particles in turn have an increased probability of carrying a virus.
In addition, the viability of IAV and PRRSV depends on the size of
the particles. Size also affects the distance viruses can travel as well
as their ability to survive. Finally, relative humidity, temperature,
and airspeed have a strong impact on the settling time of the dust
particles. A table in the report entitled ‘Concentration, Size Distri-
bution, and Infectivity of Airborne Particles Carrying Swine
Viruses’ summarises particle size distribution for airborne viruses
PRRS, PEDV, and IAV-S (Alonso, Raynor, Davies, & Torremorell,
2015). In one reported incidence, an outbreak of PRRSV occurred
in 6 farms that had no direct contact with each other. Each strain
was identical, every case was from the same source; the only con-
nection was the relative location of the farms to each other. After
studying the pattern and time that these outbreaks occurred,
researchers concluded that as a virus disperses, it fans out from the

original source (Lager, Mengeling, & Wesley, 2001).

Another prominent area of testing is the range of a virus and
its viability at that point. Foot-and-mouth disease is known to
travel 60 km over land and 100 to 280 km over sea (Donaldson,
Gloster, Harvey, & Deans, 1982). A virus with a much shorter
range, Aujeszky’s Disease, has been confirmed to travel 1.3-1.8 km
(Grant, Scheidt, & Rueff, 1994). Two studies in 2009 and 2010
confirmed that PRRSV can travel up to 9.2 km and still be infec-
tious to pigs. However, 9.2 km was the outer range of the test-
ing field around the infectious site so there is still the possibil-
ity that PRRSV can travel greater distances, although it may not
remain viable (Otake S. , Dee, Corzo, Oliveira, & Deen, 2010);
(Dee, Otake, Oliveira, & Deen, 2009). A study into the transmis-
sion of PEDV in 2014 in Oklahoma USA detected genetic material
of PEDV 16 km downwind from the infected site. However, the
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virus was only viable in areas within 1,6 km of the site. Research-
ers suggested that solar light, temperature, or UV radiation could
have deactivated the virus beyond 1,6 km (Alonso, et al., 2014). A
study on TAV-S returned results showing that 75% of the infected
barns were expelling the virus from their exhaust fans and 50% of
the sites showed that the virus was still present 2.1 km downwind
(Corzo, Culhane, Dee, Morrison, & Torremorell, 2013).

A 2008 study attempted to evaluate the infectivity of pathogens
expired by infected pigs. Pigs were infected with PRRSV, Porcine
circovirus 2, swine influenza, porcine respiratory coronavirus,
Mycoplasma hyopneumoniae, and Bordatella bronchiseptica.
Expired air samples were collected for 5 minutes from pigs whose
snouts were placed in a large canine surgical mask connected to an
impinger with sterile collection fluid. Nasal or oral (PRRSV) swabs
were also collected for all pathogens. The first day of detection and
frequency varied according to pathogen. Swabs for all pathogens
in the upper respiratory tract tested positive. In the expired air
however, only pigs infected with Mycoplasma hyopneumoniae
and Bordatella bronchiseptica were positive. This could be attrib-
uted to the fact that only small quantities of the pathogen were
aerosolised from individual pigs or that the pathogen was present
in quantities smaller than the detection device could recognise
(Hermann, Brockmeier, Yoon, & Zimmermann, 2008).

One final area of testing attempted to quantify the rate at which
a virus will spread. A 2011 study on Avian Influenza in the Neth-
erlands focused on short-range transmission and attempted to
quantify the rate at which the virus spread. The researchers used
HPAI H5NT1 in an experiment with a total of 160 chickens, some
infected and some not. Across their experiments, they varied the
number of chickens in a room, the number of chickens in each pen
in the room, and the spacing of the pens. Air and dust samples
were also collected for each test. Infected chickens were placed at 0
metres, and two other pens were placed at varying distances from
the inoculated pen. The tests in the rooms with more chickens
resulted in a greater rate of infection than the tests in the rooms
with a lower total number of chickens. The varying distances of the
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pens from each other made it possible to quantify the rate at which
HS5NT1 spread. For example, a non-infected pen at 0.2 metres from
the infected pen was estimated to have an infection rate of 0.13
new infections/day. Similarly, a 0.4 metre spacing was estimated
at 0.21 infections/day and direct exposure was estimated at 1.43
infections/day. This study concluded that airborne transmission
was possible over short distances, although not likely. However,
the researchers suggested that if the same experiment was con-
ducted in a true field setting with more dust present, infection rates
would increase (Spekreijse D. , Bouma, Koch, & Stegeman, 2011).
The rate of infection by low pathogenic avian influenza HIN2, via
aerosol inoculation in chickens, was tested finding that 41.7% of
the chickens that inhaled a dose of 57 EID, were infected, while
the chickens that inhaled a dose of 3.7 x 10° EID,, were 91.7%
susceptible. This study effectively demonstrated the possible trans-
mission of LPAI HON2 or similar viruses via aerosols over short
distances (Guan, Fu, Chan, & Spencer, 2013).

3 Aerosol size and physical capture and
non-contactvirusdestructionconsiderations

Because aerosol transmission of viruses such as PEDV, IAV-S, and
PRRSV among others has been identified as a possible route of
infection between farms (Alonso, et al., 2014) (Corzo, Culhane,
Dee, Morrison, & Torremorell, 2013) (Dee, Otake, Oliveira, &
Deen, 2009) (Otake S. , Dee, Corzo, Oliveira, & Deen, 2010), the
latest challenge has become how to best combat this issue. Physi-
cal capture methods include the use of High-Efficiency Particulate
Arrestance (HEPA) filters, antimicrobial filters, low-cost and bag
filters, and a filtration system integrated into evaporative coolers.
Several studies comparing these physical capture methods, in addi-
tion to non-contact ultraviolet light (UV) destruction have been

carried out, some of which are summarised below.
Filters have been given a rating scale to classify the particle removal

capability of the filters. Typically, filters rank between 1 and 16 Mini-
mum Efficiency Reporting Value (MERV), but the scale sometimes
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extends to 20. Particulate concentration, measured before and
after passing through the filter, determines the MERYV rating, based
on the worst result. A MERV 16 filter, commonly used in swine
facilities, removes particles ranging from 0.3 to 1.0 pm at >95%
capture efficiency (What are MERV Ratings and How Do They
Work?, 2010). Typically, IAV-S, PRRSV, and PEDV range from
0.5-10.0 pm in size (Alonso, Raynor, Davies, & Torremorell,
2015), making MERV 16 filters an effective choice. However,
MERV 16 filters restrict airflow more than a MERV 14 filter thus
reducing the effective airflow delivery to a barn with typical agri-
cultural fan systems (Dee, Pitkin, & Deen, 2009). Engineered ven-
tilation systems are needed to properly size any added filtration
system to ensure adequate ventilation needs for the employees and
housed animals.

With regards to non-contact UV virus destruction applied to ani-
mal housing, and typically swine housing, the majority of imple-
mentations have taken place within the last 15 years. However,
extensive work has already been carried out in the past using UV
radiation as early as 1892 with studies on its effects on microor-
ganisms (Ward, 1892). Work has been carried out on its ‘germi-
cidal’ effects (Barnard & Morgan, 1903), in hospital operating
rooms (Wells & Wells, 1938), controlling rubella virus in army
and navy barracks (Wheeler, et al., 1945), slowing measles spread
in classrooms (Perkins, Bahlke, & Silverman, 1947), and control-
ling tuberculosis in hospital wards (Riley, 1961). UV radiation is
able to deactivate viruses because the photons induce molecular
transformation in the DNA and RNA of the virus. Typically, UV
radiation in wavelengths between 210 nm and 260 nm has the best
effect (Jagger, 1967) and has been shown to reduce the concen-
tration of airborne microorganisms (Berg, Bergman, & Hoborn,
1991). UV radiation of 254 nm has been adopted as a standard
for inactivation of infectious agents. Ultraviolet C (UVC), or also
referred to as Ultraviolet Germicidal Irradiation (UVGI), which
ranges between 200nm and 280 nm is known as the ‘germicidal
spectrum’ because it has the ability to reduce concentrations of
microorganisms. Although UV light has been proven successful

in reducing microorganism concentrations, it may only be prac-
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tically applied in conjunction with another technology, such as
photocatalysis or filtration, in order to completely deactivate any
bioaerosols. This can be explained by the Lambert-Beer Law and

Grotthus-Draper Law, which states that some of the UV, energy

254
will be absorbed by the surroundings and that not all the energy

striking the object is absorbed (Cutler & Zimmerman, 2011).

In one study, UV radiation was applied to 12 different materials
commonly found in swine facilities in order to deactivate PRRSV.
One sample of each material was exposed to UV light and another
to incandescent light for 24 hours. After 10 minutes under the UV
light, all sample materials tested negative for PRRSV, whereas 5 of
the 12 samples were still positive after one hour under the incan-
descent light, and 1 of the 12 remained positive after 24 hours
of exposure (Dee, Otake, & Deen, 2011). Although this study
returned positive results for the use of UV radiation to inactivate
viruses, more studies should be conducted to determine how long
the bioaerosols should be exposed, because 10 minutes was the
minimum length of time tested in this study. A 2012 study deter-
mined how the UV inactivation constants changed in response
to temperature and relative humidity. As temperature increased,
inactivation constants lowered. The constant was highest in ranges
of 25%-79% relative humidity and lowest above 80% (Cutler,
Chong, Hoff, & Zimmerman, 2012). The lamp design and per-
formance are the most critical elements in inactivation of viruses.
The design of the bulb should match environmental conditions.
In addition, the use of a medium- or high-pressure polychromatic
bulb will contribute to the efficiency of inactivation, although it is

an additional expense (Cutler & Zimmerman, 2011).

Although UV radiation has the ability to reduce airborne viruses, it
may not be the best means of bioaerosol removal, as was revealed
in a 2006 study when it was compared to a HEPA system and a
low-cost filter. The low-cost filter was made out of a mosquito
netting pre-filter, a fiberglass furnace filter, and an electrostatic fur-
nace filter. The UV radiation emitted a wavelength of 253.7 nm.
All three of these filters, along with a control set, were tested 10
times by passing PRRSV at a concentration 1x10* TCID through
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each treatment. Particles ranged from 0.3 to 3.0 pm. After passing
through the filters, 9 of 10 control (no filter) trials tested positive
for PRRSV, 8 of 10 UV, 4 of 10 low-cost, and none of the HEPA
filter tests were positive for PRRSV (Dee, Batista, Deen, & Pijoan,
2006). A second study in 2006 compared a HEPA filter, low-cost
filter, a bag filter (made up of an EUS filter and a MERV 14 fil-
ter), and a dioctylphthalate (DOP) filter with a similar rating to
a MERV 15 filter. This study returned 0 of 10 positive results for
PRRSV through the HEPA filter, 2 of 10 positive through the bag
filter, 4 of 10 positive from the low-cost filter, and 0 of 10 positive
from the DOP filter. Upon further evaluation of the HEPA and
DOP filters, 0 of 76 tests from the HEPA filter were positive, while
2 of 76 tests on DOP filters were positive (Dee S. A., Deen, Cano,
Batista, & Pijoan, 2006).

One final comparison study in 2009 compared four MERV 16 fil-
ters from four different manufacturers, one MERV 14 filter, three
antimicrobial filters, and a disinfectant integrated into an evapora-
tive cooler pad system (EVAP). The antimicrobial filters control
growth and colonisation of viruses on the surface of the filter,
although they may not possess the ability to totally inactivation
a virus such as PRRSV (Price, Simmons, Crow, & Ahearn, 2005).
The disinfectant integrated into the EVAP system was known to
deactivate PRRSV on contaminated surfaces (Dee S. , Deen, Burns,
Douthit, & Pijoan, 2005), but its effectiveness on bioaerosols was
not previously known. Seven concentrations of the virus were
passed ten times through all the filtration systems, and results were
recorded for detection of the virus. All MERV filters were tested
at an air velocity of 1.1 m/s and pressure of 0.3-0.8 Pa. For brand
A MERV 16, there were no positive results for PRRSV through all
7 concentrations. For brands B and C MERV 16, as well as brand
A MERV 14, all 10 samples resulted positively for PRRSV in the
highest concentration (1x107) with no positive results in the low-
est six concentrations. Brand D MERV 16 was the least successful.
All 10 samples were positive in the highest concentration, 3 of 10
in the second highest, and no samples were positive in the lowest
five concentrations. Antimicrobial filters were tested at an airspeed
of 1.1 m/s and pressure of 1.2-1.8 Pa. The 20- and 15-layer filters
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successfully filtered all seven concentrations of the virus. For the
10-layer filter, 4 of 10 samples in the highest concentration of the
virus were positive for PRRSV. Finally, for the disinfectant in the
EVAP system, all 7 concentrations tested positive to some degree
for PRRSV. However, when analysed with a bioassay, all samples
were negative, which suggests some success in the disinfectant.
Although the EVAP with disinfectant method was somewhat suc-
cessful, it is not the most practical solution because EVAP coolers
are used in warmer months, and viruses tend to spread in cooler
weather (Dee, Pitkin, & Deen, 2009).

Two studies using a production region model were conducted in
2008 and 2010. The first used three barns over the course of 1 year;
one infected with PRRSV and the other two 120 m downwind
(potentially) from the infected barn. One of the downwind barns
was unfiltered and the other used MERV 16 filtration. In the fil-
tered barn, none of the samples returned positive for PRRSV, while
the unfiltered barn returned 31% positive samples for PRRSV (Pit-
kin, Deen, & Dee, 2009). In the 2010 study, four barns were used
in the 2-year study; one infected with PRRSV and 3 placed 120 m
downwind. One of the downwind barns was unfiltered, one used
MERYV 16 filtration, and the last used antimicrobial filters. None
of the samples taken from the filtered barns were positive, while
54% of the samples from the non-filtered barn were positive for
PRRSV (Dee, Otake, & Deen, 2010). More proof of the effective-
ness of filters can also be seen in reports published between 2010
and 2013. These reports identified barns in high-density swine
regions and analysed infection rate data in filtered versus non-
filtered barns. All of the studies revealed that filtered barns were
much more effective in remaining infection-free (Alonso, Mur-
taugh, Dee, & Davies, 2013) (Spronk, Otake, & Dee, 2010) (Dee,
Spronk, Reicks, Ruen, & Deen, 2010). One 2012 report revealed
that filtered barns have an infection rate that is eight times lower
than non-filtered barns and that the time between infections for fil-
tered barns is 30 months compared to 11 months for non-filtered
barns (Dee, et al., 2012).
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4 Methods and system design
for aerosol capture

Because it has been confirmed that viruses like PRRSV and PEDV
have the ability to transmit via bioaerosols, there is a need to iden-
tify methods to mitigate these viruses. Filter barn designs in the
USA have evolved from two basic platforms, based on the operat-
ing pressure of the barns relative to outside ambient conditions.
The negative pressure system (figure 7.1) was the first type of fil-
tered barn system to be designed; used primarily as a retrofit for
existing negative pressure ventilation systems. In this system, nor-
mal agricultural-use exhaust fans, combined with existing fresh-
air inlets, are retrofitted with MERV 8 rating pre-filters combined
with a MERV 14 or 16 primary filter. Integrating virus filtration
into negative pressure barns is challenging. In negatively pressur-
ised systems, any opening in the building will act as an inlet for
outside air, allowing non-filtered and potentially contaminated air
into the barn. These leaks could arise from poor building design,
improper craftsmanship or installation, poor management, or wear
and tear of building materials (Jadhav, Hoff, Harmon, Jacobson,
& Hetchler, 2015). Other points of entry for non-filtered air could
be backdrafted air through idle fans (Alonso, Otake, Davies, &
Dee, 2012).

In 2012, a group of researchers recognised the need for further
analysis of backdrafted air movement through idle fans. They
believed that that the backdraft through idle fans posed a signifi-
cant risk to biosecurity because of bioaerosols. An experiment was
set up in a 25 m? facility with 6 polypropylene MERV 14 filters,
6 inlets, and 2 exhaust fans, one of which was idle for this experi-
ment. Both exhaust fans were equipped with a standard 6-slat
plastic shutter and an external hood. PRRSV in concentrations
of 1 x 10" TCID_/L, 1 x 10° TCID /L, 1 x 10° TCID, /L, and
1 x 107 TCID, /L were misted at 100 mL/minute 45 cm from the
idle fan. A cyclonic collector inside the chamber detected PRRSV.
In addition, an anemometer collected airspeed data. After test-
ing, results indicated that the minimum velocity of air required
for backdraft through the idle fan with only the standard shutters
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applied was 0.76 m/s. No positive results of PRRSV were recorded
for the methods of double shutters, air chutes, and canvas cov-
ers. Researchers suggest that swine facilities apply double shutters,
or remove the hood from the outside of the fan and install an
air chute to effectively deter viruses from entering barns (Alonso,
Otake, Davies, & Dee, 2012).

Fig.7.1: Negative pressure filtration systems for swine housing.
Red arrows indicate unfiltered air entry through unplanned openings.

(-) Pressure System

Pre-filter
g High Efficiency Particulate Filter

An additional location of infiltration in negative pressure filtered
barns is through ventilation curtains. This could occur through
the curtain itself, through the top seam, or at the end pocket clo-
sures. Through a series of tests with various wind velocities and
curtain types, a guideline was established for essential overlaps of
the curtains at the top seam. For agricultural use curtains, a two-
inch overlap is required (Hoff, Assessing Air Infiltration Rates of
Agricultural Use Ventilatoin Curtains, 2001). By identifying the
proper placement of curtains, infiltration rates can be significantly
reduced, thereby reducing the risk of airborne viruses entering

barns in negative pressure systems.
In order to combat infiltration in negative pressure animal hous-

ing, it is important to understand how much air enters through

unplanned leakage points. Measurements can be achieved through
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pressurisation tests, tracer gas, acoustics tests, or thermographic
surveys (Masse, Munroe, & Jackson, 1994). Quantified tests have
been conducted to show how much air is able to move through
these unplanned leakage areas. In a 2015 study, results were
recorded for 18 swine finishing barns in four different styles rang-
ing in size from 1124 m?® to 3032 m?. The average leakage rates
across all 18 finishing barns (air exchange per hour, ACH) at a
20 Pa pressure differential was 6.43+1.68 ACH in total with
1.47+0.71 ACH entering through curtains (23% of total),
1.63+0.77 ACH entering through idle fan shutter and pump-outs
(25% of total), and 3.33+1.23 ACH entering through other uni-
dentified locations such as ceiling panels and wall/ceiling joints
(Jadhav, Hoff, Harmon, Jacobson, & Hetchler, 2015). A 1994
study attempted to determine the level of air leakage, quantify the
variation between farm buildings (style, builder), and make rec-
ommendations. Conditions for the inclusion of the 13 barns in the
study were that they had to be of recent construction, completely
enclosed, mechanically ventilated, and empty at the time of test-
ing. At a pressure difference of 50 Pa and average barn size of
1529 m?, the average recorded leakage rate across all 13 barns was
14.7 ACH. After analysing the data, no evidence was found to
support the fact that style of the building had effect on leakage.
Also, no clear difference between buildings by different builders
was observed (Masse, Munroe, & Jackson, 1994). Finally, when
the results from these tests were compared to the ASHRAE predic-
tion for leakage rates, the actual result with a pressure difference
of 15 Pa was 7.6 ACH, compared to the 1.8 ACH predicted by
ASHRAE (ASHRAE, 1985).

Due to the extreme variability in leakage rates during negative
pressure barn operation, a movement in the USA towards positive
pressure filtered barns has become more prominent. In positive
pressure barns (figure 7.2), high pressure fans force air through
HEPA filters and any auxiliary components such as evaporative
coolers. The barns come under higher pressure relative to outside
ambient conditions, and thus any leakage in the barn is forced out
through the barn shell, preserving complete use of filtered air for

the ventilation process. A myriad of positive pressure barn designs
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exist, but the general objective is that shown in figure 7.2. The
major drawback for positive pressure barn ventilation is that in
cold climates, warm moisture-laden air will be forced out through
leakage points, resulting in interior wall condensation and struc-
tural rotting, which can significantly reduce barn life. Therefore,
positive pressure filtered barn designs need attention to detail dur-

ing the construction phase in order to limit leakage.

Fig. 7.2: Positive pressure filtration systems for swine housing.
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5 Summary

Transmission of livestock and poultry diseases via aerosolised
transport has become a focal point for many researchers, with
mitigation methods being implemented at field level. Filtration
systems add complications to overall ventilation processes, and
caution is needed when retrofitting existing non-filtered barns to
filtered systems. Whether they are positive or negative ventilated
filtered designs, the overall structural integrity of the barns needs
to be improved in order to significantly reduce outside unfiltered
air from entering the barn (negative pressure systems) or to reduce
internal moisture-laden air from exiting the barn (positive pressure

systems).
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1 Introduction

Animal feed continues to be a major economic component in live-
stock production. Depending on the animal species and the cor-
responding nutritional requirements both the minor and major
ingredients that make up the complete feed ration may vary con-
siderably. As a general rule ruminants are fed high fibre forage
diets depending on the production cycle and final animal prod-
uct; pasture grazing cow-calf operations for instance versus grain-
fed finishing beef cattle in feedlots. Dairy cattle during peak milk
production in particular, may be fed forage in the form of silage
supplemented by silage inoculants such as lactic acid bacteria
(Weinberg and Muck, 1996). Non-ruminants rely on cereal grain-
based diets usually consisting primarily of a combination of corn
and soybean in order to meet the energy and protein demands of
the animal complemented by a range of micronutrients such as
minerals and vitamins to provide for the specific dietary require-
ments of individual animal species. In some cases, such as poultry,
crystalline forms of amino acids (usually lysine and methionine)
are added as supplements to achieve a more ideal protein qual-
ity balance to maximize growth performance. This is particularly
important when non-corn/soybean diets are substituted with more
economical protein sources which may be deficient in some of the
essential amino acids. Regardless of the diet composition or ani-
mal species, feed contains a diverse range of microorganisms most
of which are relatively harmless but some of which are pathogenic
to the animal being fed and/or to humans consuming the animal-
based products. In this chapter we will discuss the ecology of these
organisms, means of identification, control measures, and future

strategies for understanding feed hygiene.

2 Feed microbial ecology

Given the diverse nature of feed sources and the environments
associated with their production, milling and processing, storage,
and feeding facilities it comes as no surprise that the microbiota

associated with feed are also fairly diverse (Sauer et al., 1992;
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Maciorowski et al., 2007). In addition to the bacteria, bacterio-
phage, fungi, and yeast have also been identified in feeds as com-
monly occurring biological contaminants (Maciorowski et al.,
2001, 2007; Oguz, 2011). Feed fungi and the production of myco-
toxins are issues associated with feed storage and can have a det-
rimental impact on animal nutrition (Ricke, 2005; Maciorowski
et al., 2007). Several environmental factors can influence the
microbial and fungal composition and the corresponding biologi-
cal activities of feed. These include water activity and exposure
to vectors such as mice, wild birds, and insects that can carry and
cross-contaminate batches of feed (Fenlon, 1985; Pelhate, 1998;
Pedersen, 1992; Maciorowski et al., 2007). In addition, use of
thermal processes such as pelleting can also influence the final

microbial composition of the feed product.

3 Feed Contamination
3.1 Overview

As discussed earlier, given the great many sources and environ-
ments in which feed ingredients originate, it is no surprise that bio-
logical contamination can be traced to a very wide range of diverse
points of origin some of which are shown in figure 8.1. The micro-
organisms found in soils where cereal grain crops are grown would
certainly appear to be contributors but other sources, some more
obvious than others, also contribute to this ecosystem. In the fresh
produce industry, obvious sources such as irrigation water have
been well documented as a potential source of foodborne patho-
gens such as Salmonella (Hanning et al., 2009) and would cer-
tainly be anticipated as contributors via row crop production
when irrigation is used. Likewise, airborne routes for transmission
of numerous bacterial contaminants have considerable potential
for extensive dissemination not only on the row crops that are
being produced for feed but at the feed mill as well as the animal
housing where feed in dispensed (Pillai and Ricke, 2002). Biologi-
cal vectors such as insects, mice, rats, cats, and wild birds among

others have all been identified as potential carriers of various food-
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borne pathogens and could certainly contaminate feed (Park et al.,
2008). Less obvious sources might include trucks and other means
of transporting cereal grains to be milled for feed production and
for delivering mixed feeds to livestock farms; feed mill and live-
stock workers who carry biological contaminants on clothing and
shoes, and the animal housing environment itself via ventilation
fans and flooring for instance. The following sections take a look
at the different biological contaminants that present the most

probable concern with regards to animal feeds.

Fig. 8.1: Potential Environmental Sources of Microbial Contamination in
Feed Manufacturing
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3.2 Bacteriophage

Bacteriophages are essentially viruses that target bacteria and in
turn, are able to either immediately propagate in the host bacteria
and cause eventual lysis of the bacterial cell or insert into the chro-
mosome and enter a somewhat dormant lysogenic or prophage
physiological state which can then enter a lytic state at some point
in the future (Ricke et al., 2012). While not documented exten-
sively there is no reason to imagine that bacterial viruses would
not be found in feed materials given the diverse bacterial back-
ground. Maciorowski et al. (2001) screened both fresh and stored
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feeds and feed ingredients along with poultry diets suspected of
containing Salmonella spp. Using enrichment for isolation and
detection, they detected both male-specific and somatic coliphages
in all of the feed sources and most of the feeds contained RNA
somatic phages. There is also a potential for lactic acid bacteria
bacteriophage when starter cultures are used in silage fermenta-
tions (Weinburg and Muck, 1996).

More recently, Vongkamjan et al. (2012) found that nearly half of
the silage samples from two dairy farms contained listeriaphages.
Greater interest in bacteriophage ecology in animal feeds will no
doubt receive increased attention in the future as the use of bacterio-
phages against bacterial pathogens are being promoted as an alterna-
tive to antibiotics in animal diets. It is assumed that future research
would not only focus on feeds as a potential source of bacteriophage
candidates with properties to ensure their survival in dry feeds, but
that efforts would also be made to screen bacteriophage additives for
determining the best means of delivering them in a dry feed matrix to

be effectively consumed by the target animal.

3.3 Fungi

Toxigenic fungi have continued to be of considerable concern in
the animal feed industry. Not only do they impact on feed quality
but they can be the source of secondary metabolites collectively
known as mycotoxins that are produced by Aspergillus, Penicil-
lium, and Fusarium (Hesseltine, et al., 1976; Wilson and Abram-
son, 1992; Dainicke, 2002; Ricke, 2005). These toxins include
aflatoxins, ochratoxins, trichothecens, zearlenone and fumonisins
which can lead to a series of pharmacological effects on the con-
suming animal that in turn cause physiological responses that are
detrimental to the victim (Miller, 1995; Danicke, 2002; Ricke,
2005). Control measures have generally focused on either detoxi-
fication of mycotoxins via the removal of the respective toxin or
preventing fungal growth and therefore initial production of the
fungal metabolite (Ricke, 2005; Maciorowski et al., 2007; Oguz,
2011). Given the stability of mycotoxin compounds, detoxifica-

tion has proven to be a challenge whether the approach has been
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to destroy the toxin outright or to attempt to remove it from the
contaminated animal feed. More emphasis has been placed there-
fore on means of preventing fungal contamination or retarding
growth of fungi already present in the animal feed by complemen-
tary physical treatments such as addition of heat or incorporat-
ing chemicals such as organic acids that are inhibitory to fungal

growth into the feed matrix.

3.4 Bacteria

3.4.1 Indigenous feed microbiota

Indigenous feed microbiota could be defined as commonly occur-
ring microorganisms, in this case bacteria, that could be considered
part of the characteristic or ‘native’ feed microbial community. As
such they would be expected to possess at least some of the phe-
notypic and physiological traits that fit with the environmental
conditions typically associated with feed-based ecosystems. Con-
sequently one would expect bacteria that can tolerate and survive
in the presence of low water activity, exist under limited nutrient
availability conditions, survive variable amounts of aeration and
cope with highly complex surfaces for attachment to form the bulk
of the microbial community. Certainly, the capacity for produc-
ing a spore under adverse conditions and mounting various stress
responses would be considered advantageous for adapting to feed
matrices and the corresponding environmental conditions. The
following sections delineate some of these groups of bacteria, their

ecology, and means for persisting as members of feed ecosystems.

3.4.2 Spore formers

Bacterial spore formers present a unique challenge to feed manu-
facturing since these bacteria in the spore form are able to survive
some of the thermal processes associated with feed milling such as
Clostridium perfringens in pelleted feed (Greenham et al, 1987).
Certainly, microorganisms in the spore state might also be expected
to survive non-thermal stresses such as the introduction of acids or
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other chemicals. Consequently, preventing spore formation in the
first place and keeping numbers of the spore formers low remains
a viable strategy and is probably where interventions would be
best employed (Ricke, 2005). Other Clostridium isolates from feed
include Clostridium botulinum which has been associated with
non-acidified and plastic wrapped silage (Lindstrom et al., 2010).

A more recent introduction of a spore former to feeds and which
represents a deliberate contamination of feeds is the administra-
tion of Bacillus spores into feeds as a source of probiotics, particu-
larly for chickens (Ricke and Saengkerdsub, 2015). The perceived
advantage of adding Bacillus spores is that they are capable of
resisting thermal processing that occurs during feed processing and
once ingested can subsequently germinate into vegetative bacterial
cells thus providing benefit to the host as a probiotic in the gastro-
intestinal tract (Ricke and Saengkerdsub, 2015). As more genetic
modifications and developments are made with these strains, it is
anticipated that such organisms will receive widespread commer-
cial adaptation as feed amendments for a variety of feeds and ani-
mal diets.

3.4.3 Listeria

Listeria spp. are often associated with cattle farms and Listeria
monocytogenes that causes disease in humans and mammals and
L. ivanovii that causes disease in ruminants are considered as the
primary Listeria species pathogens (Milillo et al., 2012a). In a sur-
vey of seven dairy farms where some cows were diagnosed with
Listeria mastitis, Skovgaard and Morgen (1988) found that 82 %
of the feed samples contained Listeria spp. and 62% were con-
taminated specifically with L. monocytogenes. Listeria has also
been identified in silage (Fenlon, 1985, 1986; Caro et al., 1990;
Ryser et al., 1997; Vongkamjan et al., 2012). Silage conditions and
resulting quality of the final product may be a factor. For exam-
ple, Ryser et al. (1997) screened corn, hay and grass silages and
observed differences in isolation frequencies related to the silage-
fermented source. Nearly all (92%) of the hay silage which was
classified as low quality (pH equal or above 4) samples yielded
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recoverable Listeria spp. but even the silages where the pH level
was below 4 contained Listeria spp. This led Ryser et al. (1997) to
conclude that even silages that would be considered high-quality
represented a risk for Listeria.

The consistent prevalence of Listeria spp. in silage is still some-
what unclear but Vongkamjan et al., (2012) isolated L. monocyto-
genes and listeriaphages from two dairy farms and noted that only
4.5 % of the silage samples were positive for L. monocytogenes
but 47.8 % were positive for listeriaphages. They concluded that
based on the wide host range and genomic diversity of the charac-
terised silage listeriaphages phages were an important component
in L. monocytogenes ecology on dairy farms. This would also
seem to suggest that Listeria may be present in silage on a fairly
consistent basis. Finding Listeria in silage is not completely sur-
prising given its ability to grow in reduced oxygen atmospheres
(Lungu et al., 2009). The listeriaphage presence in silage may also
suggest that bacteriophage could be an effective control approach

for reducing Listeria levels in silage.

While ruminants have perhaps received greater attention from the
view of farms, other farm animal species have also been associated
with Listeria. Milillo et al., (2012b) isolated Listeria from pasture
flock poultry ceca and pasture environments suggesting that poul-
try could pick up and harbour Listeria. Listeria spp. have been
identified in poultry feeds even after post-heat processing (Blank
et al., 1996; Whyte et al., 2003). It was reported by Whyte et al.
(2003) that much of the feed mill equipment was contaminated
with Listeria including the pellet cooler air inlet. The environmen-
tal dissemination of Listeria is conceptually consistent with the
environmental persistence of Listeria observed in food processing
environments (Milillo et al., 2012a).

3.4.4 Campylobacter

Campylobacter are Gram-negative spiral shapes that grow under
microaerophillic atmospheric conditions (Humphrey et al., 2007;
Silva et al. 2011). They are found in most food animals and some
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species such as C. jejuni and C. coli are considered to be the major
foodborne disease-causing species and campylobacteriosis is con-
sidered one of the major foodborne diseases worldwide (Hum-
phrey et al., 2007; Horrocks et al., 2009; Silva et al., 2011). While
transmission routes for various food animals have been suggested
and debated, we know that for chickens at least the primary eco-
logical niche for Campylobacter is the gastrointestinal tract where
its survival and protection from the host intestinal immune system
is believed to be supported by other intestinal tract bacteria (Silva
et al., 2011; Indikova et al., 2015). Survival outside the gastro-
intestinal tract has also been proposed by Indikova et al. (2015)
due to its association with other microorganisms in mixed culture

matrices such as biofilms.

Animal feed as a potential transmission vehicle for Campylobacter
spp. has not been established (Silva et al., 2011). Over the years
several published poultry feed surveys have looked for campy-
lobacters but the results revealed either infrequent and/or unde-
tectable levels of the organism thus supporting the concept that
Campylobacter spp. were sensitive to the dry form of most poultry
feeds (referenced in a review by Ricke, 2005). More recently, Ge et
al. (2013) screened 201 feed ingredient samples, that were either
animal or plant byproducts, for several microorganisms including
Campylobacter. They used Bolton broth for enrichment of poten-
tial Campylobacter from the feed ingredients followed by plating
on Campylobacter selective agar plates and culture identification
testing of presumptive colonies. However, they were unable to
recover Campylobacter from any of the feed ingredient samples
via this approach and concluded that feed was a relatively unim-
portant source of Campylobacter. However, as Ricke (2005) has
pointed out, since it is known that Campylobacter is able to con-
vert to a viable non-culturable physiological form this could cause

culture-based recovery approaches to be less conclusive.

3.4.5 Salmonella

Foodborne Salmonella spp. have a long history with food animals

and are considered as one of the primary agents for causing human
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cases of foodborne illnesses. While identified with most food ani-
mals and pets as well, poultry remains one of the more identifi-
able farm animals associated with Salmonella (Foley et al., 2011,
2013). The dissemination routes for Salmonella spp. in poultry are
diverse and can occur both vertically as well as horizontally dur-
ing poultry production (Park et al., 2008). Consequently, control
measures have been implemented and/or suggested for all facets of
poultry production from the hatchery through the broiler grower
houses and processing facilities (Park et al., 2008; Finstad et al.,
2012). This also holds true for layer hen flocks and egg production
(Howard et al., 2012). Certainly, poultry feeds for breeder flocks,
broilers and layers have all been identified as potential sources of
concern and several studies over the years have recovered a vari-
ety of Salmonella serovars from poultry feeds (Williams, 1981a;
Maciorowski et al., 2004, 2006b; Jarquin et al., 2009).

Given that foodborne Salmonella spp. have clearly been identified
with a broad spectrum of feeds, it stands to reason that Salmonella
occurrence and control in feeds and feed ingredients has received
the bulk of attention both from a research and a perception stand-
point (Williams, 1981a; Maciorowski et al., 2004, 2006b; Jones,
2011). There are several reasons for this. First of all, Salmonella
serovars are relatively ubiquitous in environments and are likely
to come in contact with feed at various stages of production as
illustrated in figure 8.2 (Maciorowski et al., 2004, 2006b; Park
et al., 2008). In addition, numerous vectors such as rodents, wild
birds, insects, pets among others may serve as conduits for Sal-
monella transmission routes (Park et al, 2008). This presents a
challenging time component for controlling Salmonella as it also
appears to possess considerable survival capabilities in feed matri-
ces ensuring that once Salmonella has become a contaminant, it
can persist through the lifecycle of a feed or feed ingredient (Ha
et al., 1998a,b). However, survival in feed may also be Salmonella
strain-dependent as indicated by the comparison of multiple sero-
vars inoculated into poultry feeds by Andino et al., (2014). While
this study was only carried out with one feed type if such results
hold true among multiple feed types and ingredients this could

further complicate the assessment of appropriate control measures
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for Salmonella in feeds. Feed type and source may be critical as
well. For example, Ge et al. (2013) reported that animal byprod-
ucts exhibited a substantially higher recovery of over 30 % posi-
tive samples compared to plant by-product samples which were

approximately 5% positive.

Fig. 8.2: Salmonella Potential Feed Transmission Routes
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4 Feed Hygiene Practices — Physical
4.1 Overview

Physical control measures typically involve some form of exter-
nal change of environmental conditions in the target matrix such
as animal feed. With feed processing, this is mostly associated
with the application of heat during feed milling to produce spe-
cific types of feed such as processes associated with pelleting feed.
Other physical processes such as irradiation that have been exam-
ined and/or have potential but are not necessarily extensively used
in routine feed manufacturing have been discussed in detail else-
where (Williams, 1981c; Ricke, 2005; Maciorowski et al., 2007)
and will not be discussed in the current review.
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4.2 Thermal

The pelleting process in feed manufacturing has been described
in detail previously by Jones (2011) and only will be discussed
briefly here. Jones (2011) lists three primary steps in commercial
pelleting, namely steam introduction to the mash form of the feed;
pressing (pelleting) the feed through the corresponding metal die
form; and finally, air cooling. While spores of spore formers would
be able to withstand such temperatures the level of reduction of
Salmonella during the addition of steam to start the pelleting pro-
cess depends on several factors, in particular, the length of applica-
tion time, the temperature used for heating, and the moisture level
(Ricke, 20035; Jones, 2011). Further reduction of Salmonella can be
achieved either by applying expanders and extruders to administer
combinations of temperature and pressure and/or including anti-
microbials which are activated during the steam process (Jones,
2011). Such combinations may lead to synergistic reduction of
Salmonella. For example, Milillo and Ricke (2010) and Milillo et
al. (2011) demonstrated that the combination of organic acids and
sublethal heat led to a synergistic reduction of S. Typhimurium in

the presence of a chicken meat broth.

While thermal application may be considered as an effective lethal
step in Salmonella reduction, several factors may counteract this
lethality. Some Salmonella serovars vary in their thermo-tolerance
and if the level of heat is sublethal for some reason, this may in
turn lead to resistance through thermal shock resistant systems
such as the formation of heat shock proteins (Jarvis et al., 2016;
Dawoud et al., 2017). In terms of management the other problem
is the potential recontamination by Salmonella after the feed has
been pelleted and is being air-cooled (Ricke, 2005; Jones, 2011).
Jones and Richardson (2004) observed that sources of Salmonella
recontamination included dust in the feed mill and therefore they
emphasised that mill design should be reviewed in order to avoid
potential cross-contamination between areas of the mill operation.
Isolation of Salmonella from meat rendering plants supports this
concept of cross-contamination during thermal processing as the
same serovars were found in both the initial raw materials as well
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as the finished meat meal (Gong and Jiang, 2017). Jones (2011)
suggested that the addition of chemical disinfectants should alle-
viate some of the potential for recontamination. The chemicals
currently being used in the feed industry will be discussed in the

next section.
5 Feed Hygiene Practices — Chemical and
Biological Additives
5.1 Overview
Historically there has been an extensive effort to identify chemicals

and biological compounds that can potentially be added to animal

feeds to serve a variety of purposes but their use as fungistats and

to retard pathogenic bacterial proliferation have been among the
more well-documented applications. While properties may vary
among the chemicals and biological compounds, several criteria
need to be considered when it comes to routine commercial use in
feed manufacturing. It is true that efficacy that is consistent across
a broad spectrum of organic loads characteristic of the complex
feed matrices would be a priority but other factors such as cost
would also be important given the large volumes of feeds milled
and subsequently mixed for food animal operations. In addition,
governmental regulatory approval for use in animal diets would
be critical. Other factors such as ease and safety of use for the
feed mill workers and minimal negative impact on feed mill equip-
ment would be important considerations as well. The following
subsections provide a brief overview of some of the compounds
being considered or being used in feeds but it does not represent a
comprehensive list of all the potential additives that have been or
are being considered. For more comprehensive descriptions please
refer to several previously published reviews (Williams, 1981c;
Maciorowski et al., 2004, 2007; Ricke, 2005, Wales et al., 2010).
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5.2 Essential Oils and Related Botanicals

Essential oils (EOs) and related botanicals are extracted aromatic
and volatile secondary plant metabolites which can be derived
from a wide range of plant materials and have historically been
used in medical, culinary, and cosmetic applications (O’Bryan et
al., 2015). More recently they have received attention as potential
antimicrobial compounds in order to combat foodborne patho-
gens in foods (Calo et al., 2015). Mechanistically, their antimicro-
bial activity and growth inhibition probably derives from a combi-
nation of these compounds being lipophilic and easily able to cross
the bacterial cell membrane causing disruption of internal cell
metabolism and resulting in leakage of cell contents among other
related cell responses (Calo et al., 2015; O’Bryan et al., 2015).
Given the complexity and varied chemical structure a more precise
description of antimicrobial mechanisms remains elusive. Exten-
sive feeding trials have been conducted with EOs as feed additives
in attempts to decrease pathogen colonisation and improve animal
health and performance and will not be discussed here (see reviews
by Calo et al., 2015; O’Bryan et al., 2015). However, experiments
to examine the potential of EOs to prevent recontamination of
animal feeds are limited. When Cochrane et al. (2016) compared
an EO blend (garlic oleoresin., turmeric oleoresin, capsicum oleo-
resin, rosemary extract, and wild oregano) with a control without
chemical treatment and various commercial chemical blends on
the survival of S. Typhimurium over 42 days in four rendered pro-
tein meals (feather, blood, meat and bone, and poultry by-product
meals) S. Typhimurium populations were reduced but not to the

extent of some of the other feed additives.

5.3 Acids

Acids cover a broad group of compounds but essentially consist
of organic (carbon based) and inorganic (non-carbon based) with
organic acids further categorised by carbon chain length. Much
of the research relating to food production has focused on short-

chain fatty acids (SCFA) due to their use as preservatives and in
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production during food fermentation as well in the gastrointestinal
tract (Ricke, 2003). Antimicrobial mechanisms essentially involve
bacterial cell pH gradients and disruption of intracellular regula-
tion of pH, but other toxic impacts on bacterial cells have also
been suggested (Cherrington et al., 1991; Russell, 1992; Ricke,
2003; Van Immerseel et al., 2006; Wales et al., 2010). Much of
the research efforts into organic acids and commercial application
in feeds have involved propionic and formic acids either singly
or as mixtures and have been discussed in detail elsewhere (Van
Immerseel et al., 2006; Wales et al., 2010). However, some gen-
eral observations can be made. The ability of these compounds to
directly reduce Salmonella levels in feeds appears to be a function
of both concentration and final pH of the feed as buffered versions
tend to be less effective even when added in higher concentrations
(Ha et al., 1998a; Wales et al., 2010). Consequently, Wales et al.,
(2010) has suggested that higher concentrations should only be
used in individual feed ingredients prior to feed mixing to avoid
animal palatability issues and feed mill equipment deterioration.
In addition, Van Immerseel et al. (2006) has pointed out that anti-
bacterial activity in feeds depends on temperature and moisture

content of the feed.

Inorganic acids and medium-chain fatty acids (MCFA) have also
been considered as antimicrobial feed amendments but only lim-
ited studies involving feed matrices have been conducted with
these types of compounds. Cochrane et al., (2016) compared an
MCFA blend (caproic, caprylic, and capric acids) with an organic
acid blend (lactic, formic, propionic and benzoic acids), an EO
blend, sodium bisulfate, and a commercial formaldehyde product
on rendered protein feed ingredients by treating the rendered pro-
tein matrix initially with the corresponding chemical followed by
inoculation with a S. Typhimurium strain. They concluded that the
MCFA blend and formaldehyde commercial product were equal in
their responses and the most effective in reducing S. Typhimurium
compared to the control treatment with no chemical added over
a 42 day post-inoculation time period. However, they also noted
that the efficacy depended on the time of exposure and the type
of rendered protein which supported their initial hypothesis that
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a specific chemical may interact differently with a particular feed
matrix. In addition to these contributions to efficacy variability,
Salmonella strain and serovar differences in tolerance response to
stressors such as acids should also be considered (Gonzalez-Gil
et al., 2012; Lianou and Koutsoumanis, 2013). Therefore, mul-
tiple Salmonella isolates should probably be examined in screen-
ing experiments when more comprehensive conclusions need to

be drawn.

5.4 Aldehydes

Formaldehyde is the aldehyde used primarily in commercial feed
treatments and has been shown to exhibit antibacterial efficacy
by irreversible cross-linking proteins (Carrique-Mas et al., 2007;
Wales et al., 2010). When used as a feed additive it has been
shown to be one of the more effective compounds for reducing
Salmonella levels in feeds (Carrique-Mas et al., 2007; Cochrane et
al., 2016). However, Carrique-Mas et al., (2007) pointed out that
concerns have been raised regarding safety to humans (Arts et al.,
2006). More recent risk assessments (EFSA, 2014) have concluded
that formaldehyde used for animal nutrition purposes would not
be expected to present a risk for the environment, but anyone han-
dling the product should avoid exposure to the respiratory tract,
skin, and eyes. The other consideration when using formaldehyde
is the potential to reduce feed protein availability for digestion.
Tamminga et al. (1979) concluded from studies conducted with
ruminants that formaldehyde was effective in treating feed pro-
teins so that they became resistant to proteolytic rumen micro-
organisms in the rumen and thus escape relatively unscathed to
the lower part of the digestive tract where they can be used by
the ruminant animal. However, Tamminga (1979) also noted that
excessively high concentrations resulted in over-protection where
not only were proteins protected from rumen microbial proteoly-
sis but they were also now resistant to ruminant animal proteo-
lytic enzymes resulting in a negative ruminant animal nutritional
response. Formaldehyde as an antimicrobial feed additive has not

been generally observed to cause adverse responses in animals
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(Wales et al., 2010). However, the impact on protein availability
for the concentrations of formaldehyde used as a feed antimicro-

bial treatment may need to also be considered.

6 Detection and Analyses
6.1 Overview and the Issue of Sampling

Detection of microorganisms in feed matrices continues to be a
challenge. There are several reasons for this. First of all, the sheer
size of batches of feed that need to be screened and thus appro-
priately sampled remains a daunting challenge. Unlike liquid bulk
sources which are relatively homogenous and therefore somewhat
amendable to samples being taken, which should be representative
of the entire lot, feed is a solid that is of a potentially fairly hetero-
geneous composition. Thus single samples suffer from the question
of just how representative they are of the entire lot especially when
several tons of feed are being produced on an hourly basis (Ricke,
2005). While suggestions for a set number of feed samples have
been recommended over the years, Jones (2011) concluded — based
on previous work by Davies and Wales (2010) - that dust and
other materials around feed mill equipment represented a more
sensitive sampling protocol than direct feed sampling. Coupled
with the fact that important pathogens such as Salmonella may
only be associated with a few feed particles within that ton of feed
(Jones and Ricke, 1994) one begins to appreciate the magnitude
of the issue of retrieving a representative sample that comes even
close to detecting highly random appearances of such organisms.
Hence the need for identification and characterisation of more
commonly occurring indicator microorganisms and that are there-
fore more likely to be detected in quantifiable numbers. This will
be discussed in more detail in a later section. The other primary
challenge is the choice of detection methods to ensure consistent
identification of the target microorganisms depending upon the
goal-accurate enumeration of a particular microbial population.

The following sections describe some of the approaches that have
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been or are currently being used for detection and quantification

of microorganisms associated with animal feeds.

6.2 Cultural Growth-Based Methods

Classic microbiological characterisation has generally consisted of
collecting representative samples, removing a portion for inocu-
lating serial dilution tubes, followed by plating of either general
media or media that is more selective for the specific bacteria of
interest as outlined in figure 8.3. Depending on the goal, further
efforts can be made to not only identify the organisms present but
to enumerate the levels of bacterial contamination. Over the years,
efforts to improve on general methodology for specific microor-
ganisms have been made. For example, development of selective
media to exclude potential fungal overgrowth, incorporation of
minimal media to improve representative general bacterial numer-
ation, and screening sample extraction procedures in order to dis-
lodge bacteria attached to feed particles more effectively have all
been reported (Ha et al., 1995a,b; Maciorowski et al., 2002a,b).

Fig. 8.3: Feed Bacterial Detection by Growth Culture

Feed Sample Collection and Preparation

!

Incubation in Enrichment and/or Selective Media

} }

Direct Plate Count Most Probable Number
Colony Enumeration Quantitation — Liquid Culture

!

Verify Identification: Serotyping and Molecular Methods

Certainly an extensive amount of research has been devoted to
methods for isolating, cultivating and enumerating Salmonella

spp. from feeds and these will not be discussed in detail here (see

BIOSECURITY IN ANIMAL PRODUCTION AND VETERINARY MEDICINE



reviews by Williams, 1981b; Ricke et al., 1998; Maciorowski et
al., (2004, 2005, 2006a,b; Jarquin et al., 2009). In short, most
of the strategies for culturing Salmonella from other biological
sources such as food substances also apply to culturing Salmonella
from feeds as well. However, some problems with cultural-based
methods for feeds have been encountered. Soria et al., (2011)
compared two culture methods for recovery of motile and non-
motile Salmonella strains and concluded that that the detection
levels of cultural methods were different for the two Salmonella
groups with the nonmotile isolates being more difficult to detect.
In addition, general caution when culturing Salmonella from
feeds is also warranted particularly when feed amendments such
as acids or other chemicals are introduced. Carrique-Mas et al.
(2007) demonstrated that organic acids and formaldehyde could
mask the recovery of Salmonella from the respective treated feeds
unless some sort of counter-compound to neutralise the inhibition
of the chemical present in the pre-enrichment broth was included.
Consequently, without considering the potential impact of antimi-
crobial chemical carryover into the culture media there is a viable
risk of either underestimating the levels of Salmonella present in

the feed sample or even failure to detect Salmonella altogether.

6.3 Molecular-Based Methods

Given some of the difficulties associated with cultural approaches
such as inconsistent recovery, problems with identification and
the need for further characterisation such as serotyping for Sal-
monella, interest in alternative non-cultural-based methods began
to receive more interest when carrying out feed analyses. In addi-
tion, a further driver towards non-cultural methods is the desire
to speed up completion of bacterial analyses of feeds and reduce
costs (Maciorowoski et al., 2005, 2006b; Malorny et al., 2008).
As expected, much of the focus in feed microbial analyses has cen-
tered on Salmonella. Options that have been considered over the
years have included both immunological and molecular methods
but early on molecular approaches received more developmental
input (Ricke et al., 1998; Maciorowski et al., 2005, 2006a) Much
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of the progress made in molecular approaches for Salmonella
detection and identification in feeds as well as related matrices
have been well documented elsewhere and will only be covered
briefly in the current review (Maciorowski et al., 2005, 2006b;
Malorny et al., 2008; Jarquin et al, 2009; Ricke et al., 2013; Park
et al., 2014).

Polymerase chain reaction (PCR) approaches both for detection
(see figure 8.4 for an overview) and in some cases quantification
have been developed over the years with animal feeds (Maciorowski
et al., 2005; Malorny et al., 2008). As these methods have been
improved and optimised, opportunities to glean more information
from a specific feed sample have emerged. For example, Park et al.,
(2011) used the primers that are specific to the virulence hilA regu-
latory gene in S. Typhimurium to demonstrate the impact of ther-
mal stress on survival and virulence response at gene expression
level. In the future, identification of additional potential indicator
genes found in specific pathogens such as Salmonella as well as
more commonplace indicator organisms in order to evaluate feed
processing effectiveness may have considerable utility for a more
rapid means to evaluating processing steps before and after critical
control steps. Simultaneous detection of multiple Salmonella sero-
vars and even unrelated pathogens would also be attractive from
a sampling and cost standpoint. While not used directly on feed,
Park and Ricke (2015) developed multiplex and quantitative PCR
assays that allow for the simultaneous detection of not only the Sal-
monella genus, but Salmonella subspecies 1, S. Enteritidis, S. Hei-
delberg, and S. Typhimurium. Having a broad Salmonella detec-
tion capability with genera-based Salmonella PCR assay offers the
opportunity to gain ‘a first look’ to determine if any Salmonella
spp. are present regardless of serovar and as more serovar-specific
PCR assays become available the opportunity to either simultane-
ously or at least rapidly elucidate which serovars present will be of
value for trouble-shooting potential issues with feed contamination
or recontamination and sources of cross-contamination.

Being able to quantify Salmonella present in feeds will be useful to

not only evaluate effectiveness of control methods but potentially

in quantitative risk assessment of feeds. To achieve more accurate
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quantification Schelin et al. (2013) compared pre-PCR process-
ing methods to enumerate S. enterica in naturally contaminated
feeds using a combined most probable number-PCR approach to
recover low numbers of Salmonella from feeds. The initial intro-
duction of DNA microarrays and the more recent application of
whole genome sequencing (WGS) will further improve on the abil-
ity to track and identify sources of contamination both within the
feed mill as well in outside sources including transportation, farm
sites, and associated environments in a similar fashion as occurs
in the food industry (Alvarez et al., 2003; Koynucu et al., 2011;
Ricke et al., 2013; Park et al., 2014).

Fig. 8.4: Molecular Detection of Feed Microorganisms
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6.4 Indicator Organisms

Given the inconsistencies and infrequent occurrence of most path-
ogenic microorganisms in the typical feed matrix, even the best
combinations of sampling and detection methodologies will strug-
gle to assess the level of contamination and just as importantly
the effectiveness of hygienic practices. This is a common dilemma
in many food production systems. Consequently, identification of
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suitable indicator organisms which approximate the target patho-
gen behaviour and responses to exposure to various stresses are
continually sought after and appraised. Ideally, such microorgan-
isms should not only approximate the tendencies of the pathogen
but be present in sufficiently high numbers that they are always
detectable and consistently prevalent so that they can be guaran-
teed as being present in the feed at all locations and in all envi-
ronmental conditions. There are several potential candidates. For
example, Jones and Richardson (2004) collected over 800 sam-
ples from feed ingredients, dust samples and feed from feed mills
to enumerate Salmonella and Enterobacteriaceae and found that
sources contaminated with Salmonella also contained significantly
higher Enterobacteriaceae counts. Based on this they suggested
that Enterobacteriaceae might be indicative of Salmonella contam-
ination. Depending on the microorganism to be monitored, such
qualities as thermal tolerance may also be a desired characteristic
particularly for spore formers. For example, Okelo et al (2008)
concluded that the addition of Bacillus stearothermophilus spores
served as a suitable surrogate organism to evaluate efficiency of

feed sterilisation during extrusion.

6.5 Future Detection Approaches -
Feed Microbiome

During the characterisation of the microbiota of animal feed mate-
rials, most of the information was generated by classic microbio-
logical techniques that relied on recovery of organisms from com-
plex feed matrices, growth on some sort of culture or solid plate
type media and presumptive visual, biochemical and physiological
profiling (Sauer et al., 1992). As molecular methods became more
advanced and therefore more routine, more precise identification
and taxonomical assignments became possible. Approaches such
as denaturing gradient gel electrophoresis (DGGE) allowed for a
composite microbial population comparison to be made based
on banding patterns on gels followed by band excision and DNA
sequencing of visually prominent or otherwise selected bands to

identify an individual organism. In the case of feeds, Maciorowski
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et al., (2002c,d) demonstrated the utility of using bacterial ribo-
somal gene detection for assessing the microbial quality of poul-
try and animal feed. When next generation sequencing (NGS)
technologies emerged and became commercially viable for more
routine laboratory use, 16S rRNA gene sequencing for profiling
entire microbial populations on a genetic basis became a reality.
This sequencing capacity to generate large volumes of raw data
coupled with the development of computer software pipelines that
could transform the data into biologically interpretable taxonomic
information revolutionised the study of microbial ecosystems, par-

ticularly of gastrointestinal tract microbial communities.

While NGS 16S rRNA gene sequencing has been extensively
applied in gastrointestinal tract ecosystems and other environ-
ments, minimal effort has been made to survey animal feeds. It is
not entirely clear why this is so. There would certainly be several
reasons to conduct such studies more routinely (see figure 8.5 for
an outline of a general approach). First of all, since feed is a source
of a variety of microorganisms it would seem that at least some
contribution from such sources could influence the makeup of the
animal gastrointestinal tract microbiota at least in very young ani-
mals with a minimally developed gastrointestinal tract microbial
ecology. How this impacts on the host animal immune system and
later establishment of the microbial population more characteris-
tic of a mature animal could be a revealing answer and possible
consideration for feed formulation as well as feed hygienic man-

agement in ways that have not been previously considered.
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Fig. 8.5: Steps for Feed Microbial Community Assessment
by Microbiome Sequencing

Microbial DNA Extraction from Feed Samples

|

16S rRNA Gene Sequencing

|

Bioinformatic Analyses of Sequence Data

!

Microbial Taxonomy Alignment and Summary

|

Microbial Diversity Comparisons

Secondly, microbiome profiles offer a more comprehensive means
of assessing the effectiveness of feed hygiene in terms of the impact
on the feed microbial contaminants. For example, does the before
and after microbial population change and if so how does the
chemical and/or physical treatment select microbial populations
and in turn impact the quality of the feed? Likewise, the microbi-
ome profiling offers a new tool for better defining and identifying
potentially optimal indicator microorganisms that approximate
pathogen patterns in the respective feed or feed ingredient better.
Finally, comprehensive profiling offers the opportunity to improve
tracking of potential sources of cross-contamination as well as
recontamination during feed mill processing.

/ Feed Hygiene Management

Even with the advances made in feed intervention development and
improving analytical capabilities with more sensitive and sophis-
ticated detection technologies, feed hygiene management is still
paramount to achieving overall improvement in feed mill and feed
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hygiene quality. This in turn requires systematic appraisal of all
potential issues associated with either ongoing feed hygiene prob-
lems or anticipation of those that are most likely to occur. How-
ever, fundamental problems such as designing optimal representa-
tive sampling protocols and the frequency needed for sampling
time intervals remain unresolved. While any attempt to arbitrar-
ily increase sampling sites or frequency in taking samples would
seemingly offer optimistic progress on precision and by default
accuracy, the logistical practicality of such approaches is elusive.
Therefore, an attempt must be made to prioritise where the great-
est vulnerabilities occur and focus on them for in-depth analytics.
There is a precedent for this in the food industry with the introduc-
tion of Hazard Analysis Critical Control Point (HAACP). Essen-
tially such approaches identify critical control points within a food
system to identify sites and locations in the process where con-
tamination of a pathogen is more likely to occur. Jones and Ricke
(1994) proposed a HACCP planning approach for feed manufac-
turing that encompassed most of the areas that could be consid-
ered as vulnerable and therefore a potential critical control point
(CCP). An extensive list of such CCPs, starting with receiving and
unloading with the initial CCP being the pre-unloading inspection,
are described in detail by Jones and Ricke (1994) and will only be
discussed briefly in the current review. Typically, inspection for vis-
ible signs of contamination such as animal faecal material includ-
ing wild birds along with anything else out of the ordinary con-
cerning the appearance of the feed would be considered a viable
issue. Certainly, the means used to transport feed ingredients such
as trucks and other equipment could also be a CCP. When it comes
to transportation equipment, record keeping is an important com-
ponent. For example, the history of the haulage of trucks carrying
material(s) and whether they have been satisfactorily cleaned prior
to the delivery of the feed ingredient could be critical in determin-
ing if a contamination problem is likely (Jones and Ricke, 1994).
In short, this type of systematic assessment and identification of
CCPs along with the appropriate corrective measures could be
developed for every step in the feed milling process as described in
detail by Jones and Ricke (1994).
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Obviously, individual CCPs may vary among feed mill operations
depending on mill design and other factors, but the general imple-
mentation of good manufacturing practices (GMPs) to reduce
overall feed contamination in problematic areas such as feed bins,
feed augers and other potential contamination areas should lead
to an improvement (Maciorowski et al., 2004). The ability to con-
trol contamination at various stages of feed manufacturing will no
doubt improve as technology for the application of disinfectant,
sampling feeds and ingredients, and detection systems evolve. In
addition, over the years, there has been some talk of developing a
more risk-based approach to feed contamination with the idea of
achieving risk minimisation rather than no contamination at all
(Maciorowski et al., 2004). The precedent for risk modelling of
heterogeneous matrices such as ground poultry meat (Rajan et al.,
2017) would suggest that similar approaches could be taken with
complex feed matrices as well. While numerous feed sources and
ingredients would result in a more complex product than ground
meat the concept is essentially the same. One would expect that
each ingredient and feed source could be developed and assigned
a level of risk in terms of potential exposure to the target animal
consuming the final feed product. Recently, van der Fels-Klerx et
al., (2017) published a model for risk-based monitoring of feed
ingredient contaminants using dioxin and dI-PCBs with the poten-
tial to contaminate feeds which could in turn lead to these chemi-
cals being introduced to susceptible animals. Development of the
model allowed them to rank individual feed ingredients according
to the potential for exceeding acceptable limits for these chemi-
cals and thus assign risk accordingly. As the ability to quantify
Salmonella in feeds improves, quantitative risk modelling should
become possible (Malorny et al., 2008; Schelin et al., 2013). Such
approaches depending on the database available for Salmonella
contamination in feeds and feed ingredients could certainly be

quite useful for accomplishing similar models for feed ingredients.
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8 Conclusions

Feed hygiene has evolved over the years as more knowledge has
become available about sources of contamination and in turn how
contaminated feed affects susceptible animals that consume the
contaminated feed. Part of this is due to a better understanding of
how and when animals are most likely to become colonised by a
specific foodborne pathogen. Along with this, more research has
also been conducted into the mechanisms that pathogens such as
Salmonella use to respond to exposure to stresses such as those
encountered during feed processing. Parallel to these develop-
ments, considerable effort has been put into developing technolo-
gies to prevent or limit contamination of animal feeds. The success
of any specific treatment remains somewhat difficult to appraise
given the complex nature of feed matrices and the correspond-
ing problems with sampling and detection of foodborne pathogens
in large batches of feed. Certainly, pathogen detection methods
have improved over the years and have in turn become more eco-
nomical, but representative sampling is still a problem. Resolving
this may require a combination of identifying suitable non-path-
ogenic indicator organisms that could be more easily and predict-
ably recovered. Introduction of techniques such as microbiome
sequencing to profile microbial feed populations offers a poten-
tially comprehensive approach to accomplishing this. A different
approach that might be complementary or at least supportive is
the development of HACCP plans for feed processing to identify
CCPs for the strategic application of control measures along with
risk modelling to better predict which feed ingredients are most

likely to represent unacceptable contamination.
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1 Introduction

Contemporary, constantly expanding, global agriculture is facing
ever increasing water security challenges. One of the most critical
factors that limit water security in agriculture is water availability,
but when it comes to the animal production sector, water security
is delineated not only by quantity but also by quality and biosecu-

rity of drinking water.

The most significant threats to drinking water security for the ani-
mal industry include industrial, municipal and agricultural pollu-
tion, which cumulatively contribute to contamination of global
drinking water sources at an alarming rate. Biological contami-
nants of drinking water sources are of increasing concern, present-
ing real and present threats to water biosecurity in both develop-

ing and developed countries.

The increasing risk of biological contamination in water sources
is strongly linked to human population growth, followed by the
expansion of the animal industry, both of which, in turn, produce
large quantities of biological waste. This waste is discharged into
the environment and directly or indirectly into surface and ground
water bodies, frequently untreated and uncontrolled. Therefore,
the animal industry itself has become a major threat to the bios-

ecurity of drinking water.

Biosecurity of drinking water is inadvertently linked to food
biosecurity. Therefore, the availability of good-quality drinking
water for farm animals is also the critical element in the strat-
egy safeguarding against hazards associated with waterborne
contaminants for both humans and animals. However, sustain-
able biosecurity of drinking water for farm animals is not a trivial
task and requires proper technical resources as well as extensive
understanding of water hygiene principles along with solid practi-
cal knowledge of water chemistry, basic water physiology and the
nature of contaminants that impact on animals.
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2 Drinking Water Hygiene

Drinking water hygiene is an essential concept that focuses on mit-
igating potential hazards associated with natural and/or anthro-
pogenic contaminants present in water. Fundamental principles
of hygiene involve promotion and safeguarding health based on

procedures designed to endorse and maintain cleanliness.

One of the most important goals pertinent to drinking water
hygiene is to provide a strategic platform for biosecurity, which
is in essence a comprehensive set of preventive measures designed
to protect animals and humans from non-infectious contaminants
such as toxins or from infectious agents such as viruses, bacteria,

fungi, and parasites.

One very specific aspect of biosecurity of drinking water as it
relates to the animal industry sector is reducing the risk of disease
transmission between animals, between animals and humans and

between humans and animals.

This integrated approach is described by the US Center for Disease
Control and Prevention as the One Health concept (https:/www.
cdc.gov/onehealth/), which recognizes that the health of humans
is inadvertently linked to the health of animals and the environ-
ment. Therefore, the biosecurity strategy for food-producing ani-
mals must be all-inclusive, encompassing the biosecurity not only

of animals, but of animal products and consumers.

Biosecurity of drinking water for animals is an important element
in any comprehensive biosecurity strategy. Hygiene protocol to
ensure drinking water biosecurity therefore should be based on
thorough analysis and solid understanding of water contaminants.
Key strategic points should include continuous and diligent identi-
fication of potential hazards, exposure assessment, risk characteri-

zation, and risk management.
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3 Significance of Water Hygiene
in the Contemporary Animal Industry

Water sources used by the animal industry vary according to differ-
ent regions, but in practice farm drinking water is obtained mostly
from central municipal supplies or local sources (underground or
surface water). In each instance the water hygiene strategy will

require different considerations.

Farms that are located around urban centres are most likely to
benefit from centrally supplied municipal water which is generally
treated. Since the municipal water quality is routinely monitored,
the risk of any adverse effects is generally very low and water
hygiene strategy in such situations should focus on points where

water is distributed to animals on the farm.

On the other hand, the approach to water hygiene on farms located
in rural areas that rely on local water sources may be variable, and

frequently have to be considered on a case by case basis.

In the majority of cases, drinking water from surface water sources
runs a higher risk of biological and chemical contamination of
agricultural or industrial origin, whereas underground water gen-
erally presents a low to moderate risk of biological or industrial
contamination, but may contain high levels of naturally occurring

chemical contaminants, some with high toxicity potential.

Nevertheless, regardless of the water source, it is important to real-
ise that source water quality can change abruptly, and the safety of
drinking water offered to animals therefore should be monitored

on a regular basis.

Inadequate attention to drinking water hygiene may impact on
the health and performance of animals in many different ways.
In more extreme situations, poor quality drinking water and poor
hygiene may have an immediate and dramatic effect on the health
of animals, including morbidity and mortality. However, in prac-

tice, clinically affected animals only represent the proverbial tip
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of the iceberg and the most likely scenario from an on-farm per-
spective is that in the vast majority cases, many animals exposed
to poor quality, contaminated, water are affected at a subclinical
level, which usually manifests itself as subtle metabolic changes

affecting performance rather than health.

Subclinical effects of drinking water contaminants deserve thor-
ough consideration. Given that the commercial success of the
modern food animal industry is largely measured in terms of ani-
mal performance parameters (growth rate, feed conversion ratio,
reproductive success, and product quality), taken together at a
herd or flock level, even small changes in any of these performance

parameters may have far-reaching economic consequences.

Diligent monitoring of water quality on a regular basis would be
a highly desirable strategy from an economic impact perspective.
However, in practice, water-related problems are most probably
underestimated, and drinking water analyses are often performed
on a crisis management basis only. Consequently, subtle effects of
poor quality water on animal performance remain obscured for a

long time.

Because water contaminants can cause a wide range of non-spe-
cific metabolic changes, detecting the problems may present a con-
siderable challenge. For that reason, an effective approach to the
management of putative problems associated with water quality
and hygiene would require a thorough understanding of drinking
water chemistry and the possible effects on water physiology and

metabolism.

4 Chemistry of Drinking Water

In chemical terms, water is a simple molecule made up of one atom
of oxygen and two atoms of hydrogen. However, in natural envi-
ronments, water does not occur in its chemically pure form and it
is important to understand that the water we drink or offer to ani-

mals as “drinking water” is not just water, but rather a complex
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mixture of various substances, where water is merely a solvent.
Thus, from the perspective of water hygiene, anything in drinking

water that is not water should be regarded as a contaminant.

In practical terms, the chemistry of drinking water is broadly char-
acterised by the makeup of its contaminants, whereas chemical,
physical, and biological characteristics of specific contaminants
are determining factors of drinking water quality and safety for
human or animal consumption. Drinking water chemistry is a key
factor in determining water palatability and thus may have a great

impact on voluntary water intake and physiology.

5 Impact of Contaminants on Water Intake
and Physiology

A continuous supply of drinking water is an unconditional require-
ment for sustaining life. Animals must have unrestricted access to
good quality drinking water in order to be productive. Physiologi-
cal requirements for water are regulated at the central nervous sys-

tem level, with the thirst centre being located in the hypothalamus.

An important aspect of water physiology is that drinking water
chemistry may affect voluntary water intake by animals in sev-
eral different ways. Some chemical contaminants present in drink-
ing water may induce excessive thirst and cause increased water
intake, whereas some water contaminants limit water intake by
animals. In some situations, water contaminants may even cause

animals to refuse water.

Increased water intake may have a detrimental effect on animal
physiology, but water rejection can be an outright danger to
health. At any rate, prolonged water deficiency will rapidly affect
all metabolic functions, and in more extreme cases may lead to
serious health problems or even death. However, even mild water
insufficiency will eventually depress metabolism and ultimately
impact animal performance, particularly in highly productive gen-

otypes. Given that the animal industry depends to a large degree
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on genotypes selected for high performance characteristics, ade-
quate intake of drinking water is critically important in fulfilling
the requisite metabolic and physiological demand of highly pro-

ducing animals, as water is an essential nutrient.

Water physiology is subject to tight homeostatic control and even
small changes in water homeostasis may have significant systemic
effects. In these terms it is important to understand that in its bio-
logical role, water serves as a solvent and metabolic medium unre-
servedly required for all basic physiological and metabolic body
functions and is a critically vital solvent and medium for excretion

of harmful metabolic by-products.

The bulk of body water for physiological and metabolic functions
in particular, is obtained from drinking water absorbed from the
alimentary tract where water acts as a solvent and medium for
transporting not only nutrients, but also contaminants. Therefore,
a good understanding of drinking water chemistry in the context
of water physiology is critically important in order to appreciate

the potential adverse effects of water contaminants.

6 Biosecurity Aspect of
Drinking Water Contaminants

Drinking water contaminants with the potential to cause adverse
health effects in humans or animals are of particular concern, and
many contaminants commonly found in various water sources

may present a real concern for drinking water biosecurity.

Contaminants in water may represent extremely diverse structures
and forms in which they occur. However, from the perspective of
biosecurity, commonly occurring water contaminants are best bro-
ken down into two general categories; 1) chemical contaminants
(organic and inorganic) and 2) biological (biotic) contaminants
(bacteria, viruses, fungi, and parasites). Each of these categories
characterises agents of different origins and modes of action, and

thus present different challenges to water hygiene issues.

DRINKING WATER HYGIENE AND BIOSECURITY

217




218

6.1 Mineral Chemical Contaminants

Drinking water problems attributed to chemical contaminants are
associated with naturally occurring mineral contaminants or con-
taminants of industrial origin. Some minerals commonly present
in various water sources have high toxicity potential and may pre-
sent a significant risk of chronic or even acute toxicity to animals.
Furthermore, some water contaminants may be transferred to ani-
mal products (milk, meat, eggs) and present a biosecurity risk to

consumers.

A large number of the problems associated with drinking water
quality for animals can be attributed to minerals inherently present
in many natural water sources or that are of anthropogenic origin.
Of particular importance in terms of biosecurity are those mineral
contaminants with a high inherent toxicity potential (e.g. fluorine,
nitrites, selenium, mercury, arsenic, cadmium, lead). The presence
of these toxic compounds in drinking water should always trigger
hazard evaluation. Of the toxic mineral contaminants, heavy met-
als such as mercury, cadmium, and lead present an especially high
threat to biosecurity because of their strong potential to accumu-
late in edible animal products such as liver, kidney, meat or milk.
Many mineral contaminants commonly found in water sources,
e.g. calcium, magnesium, manganese, sodium, potassium, copper,
carbonate, or phosphorus have a low (if any) potential to cause
harm, but these minerals may have an indirect impact on water
hygiene and biosecurity. The mere presence of otherwise harm-
less metals such as calcium, magnesium, sodium or potassium in
water may alter the physicochemical characteristics of water such
as hardness, salinity, and shift the pH of water into the alkaline
range. These kinds of physicochemical changes may have an indi-
rect impact on biosecurity, for instance by affecting the effective-
ness of water sanitation or the efficacy of medicines and vaccines
delivered with drinking water.

Another practical concern linking drinking water mineral contam-
inants and biosecurity stems from the fact that some water min-
erals readily precipitate on water delivery equipment, providing
scaffolding for biofilm formation (Figure 9.1).
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By providing a medium for the formation
of biofilm, as clearly evidenced in Fig. 1a,
1b, and 1c, mineral precipitation presents a
real threat to drinking water biosecurity by

furnishing a breeding ground for pathogenic

micro-organisms.

In addition, mineral precipitation in water delivery systems can
result in a plethora of plumbing problems which may affect bios-
ecurity. For instance, as Fig. 1b and 1c illustrate, mineral precipita-
tion may prevent proper sealing of drinkers’ valves and cause
water leakages. Leaky valves increase the risk of cross-contamina-
tion in the water distribution system by facilitating access of path-
ogens to low-pressure water lines. Furthermore, spills of water on
the floor resulting in wet litter may have a significant impact of
biosecurity by providing an environment that is conducive for the
proliferation of pathogens and the development of parasites eggs.
Wet litter in particular, is a major threat to overall hygiene in poul-
try facilities with far-reaching consequences for biosecurity and
animal welfare.

6.2 Biologically Active Chemical Contaminants

Over the last few decades, considerable risks of drinking water
source contamination have been tied to intensification of agricul-
ture, and specifically the exponential growth of the animal indus-
try. In recent years, contamination of water sources by biologically
active industrial contaminants, and especially by pharmaceuticals
and biologically active metabolites present in human and animal

waste, has become an increasingly recognized problem.

A variety of human and veterinary pharmaceuticals have been
detected for some time in surface waters (Zuccato et al., 2000;
Iglesias et al., 2012; Hughes et al., 2013) and in groundwater (Bar-
telt-Hunt et al., 2011; Fram and Belitz, 2011). Although concerns
about the potential impact of pharmaceuticals on humans and
animals have been raised, these compounds are found in drinking
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of poultry water delivery
equipment: in-line filter
(a), bell drinker (b), and
nipple drinker (c) surfaces,
showing mineral deposits
and biofilm formation
associated with mineral
contaminants present in
drinking water (Olkow-
ski, unpublished obser-
vations).
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water at very low levels, and so far there has been no evidence that
waterborne drugs pose an imminent threat to human or animal
health (Bruce et al., 2010; WHO, 2012).

Nevertheless, the occurrence of pharmaceuticals in water sources
should be closely monitored, as some drugs may have a strong
potential to cause adverse effects at very low concentrations, and
may be potentially problematic in susceptible individuals.

Recently, a good deal of attention has been devoted to the contami-
nation of water sources with pharmaceuticals and industrial chemi-
cals which remain biologically active in drinking water. Those with
immune-suppressive properties, hormonally active compounds,

and antimicrobial agents demand particularly closer scrutiny.

6.3 Immunomodulatory Compounds

No data currently exist on the immune modulatory effect of con-
taminants in drinking water on farm animals. However, based on
several studies in laboratory animals (Yang and Healey, 1993; Jad-
hav et al., 2007; Kozul et al., 2009), water contaminants with the
potential to suppress immune functions in farm animals should be

closely monitored.

Immunosuppressive contaminants should be considered as a real
threat to biosecurity, because compromised immune systems always
carry a considerable risk of increased susceptibility of animals to

infectious agents.

Hormonally Active Compounds

Chemical confaminants found in drinking water sources that are
known to act on the endocrine system are collectively called endo-
crine disruptors. These include pharmaceuticals, natural hormones
excreted by humans and animals, and a wide range of industrial
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agents such as organochlorine pesticides, various phenolic com-
pounds, dioxins and furans. A number of hormonally active agents
have been detected in various water sources (Kolpin et al., 2002; Bar-
telt-Hunt et al., 2011), and the detrimental effects thereof on aquatic
wildlife have been demonstrated, but at present, the physiological-
ly measurable effects of hormonally active water contaminants on
farm animals or humans remain unclear. One case study from the
Netherlands (Meijer et al., 1999) reported that dairy catfle exposed
to drinking water contaminated with sewage overflows showed a
reduction in reproductive performance, but in a recent review Mag-
nusson and Persson (2015) concluded that the clinical evidence of
endocrine disruption caused by hormonally active compounds in
water is weak.

Nevertheless, even if clinical evidence is weak, the concerns asso-
ciated with hormonally active confaminants in drinking water for
livestock should not be ignored. Many of these compounds have a
strong potential to affect reproductive performance at a sub-clinical
level (e.g. poor sperm motility, silent estrus, poor conception etc.).
We cannot exclude the possibility therefore that some fertility prolb-
lems experienced at a herd level are associated with waterborne
hormonally active confaminants.

6.4 Antimicrobial Agents

For many years, antimicrobial agents used in human and veteri-
nary medicine for therapeutic purposes, and in the food animal
industry for prophylactic purposes have been shown to occur in
the aquatic environment (Cabello, 2006; Baquero et al., 2008;
Fram and Belitz, 2011; Iglesias et al., 2012; Burke et al., 2016;
Carvalho and Santos, 2016). Also, rapidly expanding commer-
cial aquaculture has become a major contributor to global water
contamination with antimicrobial agents due to the widespread
application of antimicrobial agents in prophylaxis and therapy
(Cabello, 2006; Done et al., 2015; Liu et al., 2017).
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One of the major concerns arising from the contamination of
drinking water with antimicrobial agents is that persistent expo-
sure of bacteria to low levels of antibiotics will inevitably lead to
the development of antimicrobial resistant bacteria strains (You
and Silbergeld, 2014). Bacteria from aquatic ecosystems have been
found to carry resistance genes, which can act as a reservoir of

resistance for human and animal pathogens (Lupo et al., 2012).

Taken together, it is apparent that water has become an important
reservoir of antimicrobial agents, resistant bacteria, and resistance
genes (Baquero et al., 2008; Carvalho and Santos, 2016), and the
occurrence of drug-resistant bacteria (including pathogens) in
water sources has been well documented (Sapkota et al., 2007;
Xi et al., 2009; Li et al., 2014; Bergeron et al., 2015; Khan et al.,
20165 Yao et al., 2017). Therefore, the mere presence of antimi-
crobial drug residues in water sources should be recognized as a
major threat to biosecurity (FAO 2016).

6.5 Biological Contaminants

Water is an important reservoir of bacteria, fungi, viruses and par-
asites of human and animal origin (Puschner et al., 1998; Cabral,
2010; Kotila et al., 2013; Gall et al., 2015; Oliveira et al., 2016).
Pathogenic biotic contaminants present a real challenge to drink-

ing water hygiene and remain a significant threat to biosecurity.

The health hazards associated with bacteria, viruses and parasites
in both humans and livestock have been well documented, but in
practical terms, the most significant threat to on-farm biosecurity
is mostly limited to certain specific bacteria, protozoal parasites
and viruses. Although fungi are common in many water sources,
their potential impact on biosecurity is not clear at present, but

should not be ignored.
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6.5.1 Fungi

Historically, water sources have not been routinely screened for
fungal contamination. However, recently, the putative role of
fungi as a threat to drinking water biosecurity has been deliberated
(DEFRA Report, 2011). The potential threat of waterborne fungi
to biosecurity is highly relevant because drinking water sources
can be readily colonized by fungi. Although the risk of infection to
humans or animals by waterborne fungi is relatively low, the issue
of water biosecurity ought to be considered as many fungi species
have a strong potential to produce toxic metabolites (mycotoxins),
which are known to cause severe health hazards to humans and

animals when ingested.

The potential threat comes from biofilms which have been shown
to be an important habitat for fungi in drinking water systems
(Doggett, 2000; Paterson and Lima, 2005; Siqueira, et al., 2013).
Fungi species producing mycotoxins, including Penicillium spp.,
Aspergillus spp., Fusarium spp. and Claviceps spp., have been
identified in underground water sources (Oliveira et al., 2016).
It is worth noting that mycotoxins have been detected in bottled
drinking water (Mata et al., 2015).

6.5.2 Viruses

Several viruses of significance to public health can be transmitted
by drinking water (Gall et al., 2015). However, the role of drink-
ing water in the epidemiology of viral diseases of importance in
the livestock industry is not clear. Poultry operations dependent
on surface water as a source of drinking water may be at risk of
exposure to a waterborne viral agent of high epidemiological sig-
nificance, because the surface water provides a habitat for water-
fowl species, which are known to be a reservoir for several very
important viral poultry diseases such as Newcastle Disease, Infec-
tious Bronchitis, Marek’s Disease, and Avian Influenza (Amaral,
2004; Brown et al., 2007; Domanska-Blicharz et al., 2010).
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6.5.3 Parasites

The major threat to on-farm water biosecurity relevant to live-
stock concerns two protozoal parasites; Giardia spp., and Crypto-
sporidium spp., as infections associated with these organisms may
cause serious health problems and spread rapidly, particularly in

young animals.

Cryptosporidiosis is an important gastrointestinal disease in
humans and animals. Contaminated water is the most common
and epidemiologically significant source of the parasite. C. parvum
is a common cause of enteric infection in livestock, with a high
rate of morbidity and mortality. C. parvum can survive outside
of mammalian hosts for several months depending upon water

temperature.

Giardiasis is a chronic, intestinal protozoal infection seen world-
wide in humans and animals. Infection is common in dogs, cats,
ruminants, and pigs. Giardia infection is recognized as a common
cause of waterborne disease in humans and animals worldwide.
It is important to stress that Giardia cysts, and Cryptosporidial
oocytes more particularly, are resistant to chlorine, and may thus
present a significant challenge to maintaining proper water hygiene
when chlorine-based disinfectants are used. Widespread presence
of these parasitic agents in some waters is of major epidemiologi-
cal concern for humans.

6.5.4 Bacteria

Water contaminated with faecal matter may contain a wide diver-
sity of bacteria, including all known human pathogens (Cabral
2010). However, some bacteria that occur naturally in surface
water may present a significant health hazard and challenge to

biosecurity.
One specific health hazard among livestock is associated with

cyanobacteria Microcystis spp., a phylum of bacteria that obtain
their energy through photosynthesis, commonly known as Blue-
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Green Algae. Many cyanobacteria can produce potent toxins caus-
ing serious illness or even death in animals (Puschner et al., 1998),
but the risk of exposure is mostly limited to hot summer months,
and predominantly among animals watered directly from surface

water reservoirs (lakes, dugouts, dams, ponds).

On-farm drinking water contamination with faeces is a common
way for bacterial pathogens to spread from animal to animal. At a
herd or flock level, a very discrete and insidious threat to biosecu-
rity stems from the fact that farm animals are commonly asympto-
matic carriers of the most significant zoonotic bacterial pathogens
such as E. coli, Salmonella, or Campylobacter.

Although drinking water can be a direct source of infection among
humans, animal products (meat, milk, eggs) from infected animals
are more likely to present a significant threat to public health.
Therefore, controlling the spread of bacterial pathogens via drink-
ing water among animals is pertinent to both animal and human

biosecurity.

It is estimated that nearly two-thirds of human infections arise
from pathogens shared with wild or domestic animals, with about
a billion cases of illness in people and millions of deaths every year
being attributed to zoonotic pathogens (Karesh et al., 2012). The
majority of foodborne diseases in humans are associated with food
products obtained from infected animals, and contamination of

drinking water is a major cause of animal infections.

6.6 Significant Zoonotic Pathogens Associated
with Drinking Water

Drinking water is a major contributor to the dissemination of
zoonotic pathogens in the food animal industry. Several pathogens
commonly occurring in water sources are of particular concern
to on-farm biosecurity because of their high public health signifi-

cance in very low infective doses (Table 1).
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Table 9.1. Biotic drinking water contaminants with public health significance,
their zoonotic hosts, and infective doses.

Pathogen

Zoonotic Host

Infective Dose

Salmonella sp; S. enter-
ica, the Typhimurium
serotype is the most
common cause of gas-
troenteritis in humans.

Poultry, cattle, swine
are natural, non-
symptomatic reservoirs
of Salmonella spp.;
under suitable envi-
ronmental conditions,
Salmonella can survive
several weeks in water.

100-1,000 cells

Escherichia coli; of con- Ruminants and swine are | 5-10 cells
cern are highly pathogenic | natural reservoirs of E.

strains known as entero- coli; mostly prevalent in

haemorrhagic E. coli, the gastrointestinal tract

especially those belonging | of young calves, lambs,

to the serogroups O157. and piglets. E. coli can

multiply in water.
Campylobacter spp.; Poultry, cattle, and swine | <500 cells

C. jejuni is recognized
as being the most com-
mon cause of infections.

are natural reservoirs of
Campylobacter; majority
of infections in humans
are linked to chickens.

Cryptosporidium spp.;
only a few species are of
epidemiological signifi-
cance in humans; C. par-
vum is the most common.

Young ruminants (calves,
lambs, goats) are natural
reservoirs of C. par-

vum with a high rate of
morbidity and mortal-
ity; sporadic infections
in pigs documented;

10-1,000 oocysts

Giardia spp.; many identi-
fied but G. lamblia is the
most common cause of
mammalian infection.

Wildlife and domestic
animals; most com-
mon in dogs, cats,
ruminants, and pigs.

10-25 cysts

Source: EPA Reports 2009 and 2013

The widespread occurrence of zoonotic pathogens listed in Table 1

presents a significant biosecurity problem to the animal industry

worldwide, and cross-contamination of drinking water is a major
contributor (LeJeune et al., 2001; Ogden et al., 2007; Levantesi et
al., 2012; Pitkdnen, 2013; Galanis et al., 2014). Therefore, a diligent
approach to monitoring on-farm water safety is absolutely essential.
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/ Evaluating Drinking Water Safety

Quality of water from any source must be carefully monitored to
ensure drinking water safety. Knowing how to recognize the poten-
tial hazards associated with water contaminants is essential for the
rapid detection of problems and timely recognition of potential
threats to water biosecurity is critically important for effective pre-

vention of potential adverse effects.

In considering drinking water safety, the evaluation protocol should

include key strategic points outlined in Figure 9.2.

Figure 9.2. Flow chart illustrating a logistical approach
to ensuring on-farm drinking water safety.

Hazard Identification
The identification of biological, chemical, and physical agents
capable of causing adverse health effects which may be present in
water source considered to be used as drinking water for animals

Hazard Characterization
Analysis of the potential to cause harm and evaluation of
the nature of the adverse health effects associated with
contaminants present in water

Exposure Assessment
Evaluation of the intake of biolocial, chemical, and physical
agents via water as well as exposures from other sources

Risk Characterization
The qualitative and quantitative analyses of the
probability of occurrence and severity of known or
potential adverse effects in a given population based on
hazard characterization and exposure assessment

Risk Management
The process of selecting appropriate prevention and
control options, based on risk benefit analysis taking into
account the economic consequences and the feasibility
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The identification of biological, chemical and physical agents,
which may be present in water sources, is an important step of the
hazard identification process. Drinking water contaminants that
have a potential to cause adverse health effects in humans or ani-

mals must always be classified as hazardous contaminants.

Detection of potentially hazardous contaminants in drinking water
should trigger the process of hazard characterisation, which should
include a qualitative and quantitative evaluation of the nature of the
adverse effects associated each hazardous agent. An exposure assess-
ment and risk analysis should be carried out for each factor, but it is
important to stress that the adverse effects of individual contami-
nants should not be examined as a “stand alone” problem. When
carrying out risk analyses thorough consideration must also be
given to possible additive, cumulative or synergistic effects, along
with specific pathophysiological responses of the host. Frequently,
the interaction between contaminants may have a more significant

impact on biosecurity than the simple fact of their presence.

Risk characterisation should always be based on all available data
(basic research, epidemiological surveillance, quantitative and
qualitative information). A thorough qualitative and quantitative
assessment, including uncertainties, centred on the probability
of occurrence and severity of known or potential adverse health
effects based on hazard identification, hazard characterisation and
exposure assessment should be conducted. The presence of haz-
ardous contaminants in drinking water should always be consid-
ered as a risk factor, not only from the perspective of animal health
and animal performance, but also from the perspective of quality
and safety of products derived from food producing animals, as

well as safety of consumers.

7.1 Water Analyses
At the very least, routine drinking water analyses should provide

basic information about water chemistry and sanitary status. It is

advisable to test water at the source, at the point of entry to the
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animal facility, and at the point of watering devices. To allow for
an accurate evaluation of the water quality it is important that
water samples are collected with due care to avoid contamination.

To ensure this, the following steps should be respected:

a) Before the sample is taken, the area at the point of entry
of the water on the transfer or discharge device should be
cleaned using a suitable disinfectant (e.g. 70% Alcohol or
3% hydrogen peroxide).

b) Prior to sample collection, water should be allowed to run
for about 10 min, and then, a representative sample should
be collected in a sterile container while avoiding contact
between container and the source.

¢) The water sample can be stored in a refrigerator overnight
if necessary, but should be transferred to the lab as soon as

possible.

Routine tests should be carried out annually in order to avoid
potential problems that may arise from waterborne hazards.
However, it is important to stress that drinking water quality may
change abruptly, particularly in surface water sources, and there-
fore one should never make assumptions about drinking water
safety based on past analysis. Any unusual changes in smell, clar-
ity, taste of water, or changes in animal eating or drinking habits,
loss of performance, or health problems should immediately trig-

ger the need for water testing.

Drinking water quality for farm animals must comply with local
regulations. The acceptable levels of chemical and biological con-
taminants may vary significantly between different jurisdictions.
In most jurisdictions, the sanitary quality of water is assessed by
counting numbers of coliform bacteria. The mere presence of any
coliform bacteria, regardless of their pathogenicity, is a very sensi-
tive indicator of poor sanitary status. It is commonly assumed that
when coliforms are present, there is a high risk that other infec-

tious bacteria and viruses may be present in the water.
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When the need for water testing due to biosecurity concerns arises,
the scope of analytical objectives for water contaminants, either
chemical or biological, may be very broad, and therefore it is
advisable that producers seek the assistance of a veterinarian in
selecting specific tests depending on circumstances and risk anal-
yses. Water quality and safety standards vary between different
jurisdictions, so it is also important to seek assistance from local

authorities for interpreting the water test results.

8 Risk Associated with
Drinking Water Contaminants

In considering the adverse effects associated with drinking water
contaminants, any risk analysis should always take into considera-
tion two fundamental variables: 1) the concentration of hazardous
agents in drinking water and 2) the volume of water consumed by
the host.

In this context, an important factor in exposure assessment that
must be carefully considered is that the water intake in farm ani-
mals may vary significantly depending on species, breed, animal
age, production mode, environment, season, and climatic zone
in which the animals are raised. It is worth noting that animals
reared in a hot environment and high-production animals have
higher water requirements so they may be at higher risk of adverse

effects associated with drinking water contaminants.

As a general rule, the probability of exposure to toxic levels of
waterborne chemicals is probably small, but exposure to low
and moderate levels may be common and widespread. Although
water contaminants may cause severe responses, including death,
in practice the risk of significant adverse effects associated with
chemical contaminants is rather low and would be mostly limited

to those compounds with a strong toxicity potential.

On the other hand, there is probably a very high risk that drink-

ing water for animals is contaminated with pathogens under most
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circumstances. The probability that drinking water from central
sources can be contaminated with microorganisms is extremely
low, as the quality of drinking water supplied by municipalities for
human consumption is strictly regulated and water hygiene guide-
lines are diligently enforced. However, even though water deliv-
ered from central distribution points to the farm may be patho-
gen free, the probability of cross-contamination through on-farm
water distribution systems is high. In practice, there is a rather
high probability that drinking water at the watering point is con-

taminated with pathogens.

There is also a high probability that local farm water sources are
contaminated with pathogenic microorganisms (Galanis et al.,
2014; Butler et al., 2016). The risk of contamination is greatest in
surface water (rivers, streams, lakes, dugouts, dams, reservoirs,
channels, etc.) that are directly accessible by stock or that receive
runoff or drainage from intensive livestock operations or human

waste.

Historically, the risk of groundwater contamination by pathogens
has generally been considered to be low, but with the expansion of
intensive animal operations, contamination of ground water has
become a concern (Li et al., 2014). Shallow groundwater sources,
particularly those in sandy soils, run a high risk of being contami-
nated with pathogenic microorganisms from animal and human

excrement.

Drinking water biosecurity is a significant challenge for the mod-
ern food animal industry, but it is important to remain mindful
that one major threat to biosecurity from on-farm water sources is
the animal industry itself. In the case of intensive livestock opera-
tions where large numbers of animals are reared in confined areas,
the risk of local water source contamination with animal waste

can be very high indeed.
Although the importance of drinking water biosecurity in the ani-

mal industry is widely recognised, a major challenge is the simple
fact that eliminating all potential hazards associated with water
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contaminants does not appear to be a realistic goal. In reality,
access to good quality water for farm animals remains problematic
in many areas of the world, including in developed countries. The
best practical approach to safeguarding drinking water biosecurity

on the farm therefore is to apply prudent risk management.

@ Water Biosecurity and Risk Management

The concept of risk management is primarily based on risk-benefit
analysis. When it comes to drinking water quality, risk manage-
ment must take into account the economic aspect and the feasibil-
ity of risk options to ensure optimum security at the most efficient
cost. The key variables which must be considered in risk manage-
ment of drinking water contaminants are based on potential haz-
ard assessment and exposure analysis weighed against the prob-

ability of adverse effects.

On a global scale the most significant likely threat to biosecurity
in modern agriculture is continual contamination of water sources
with microbial pathogens. Therefore, in the food animal industry,
controlling risk associated with waterborne pathogens is of critical

importance.

The main effort in addressing the problems associated with biotic
contaminants should focus primarily on protecting water sources
from contamination, and on taking preventive measures includ-
ing effective methods of water disinfection. Adequate sanitation of
drinking water beginning at the intake point would be an essential
prerequisite for risk management, but a strict water hygiene proto-
col must be followed throughout the entire on-farm water distribu-

tion system.

A critical element of farm biosecurity is biocontainment in which
risk management is defined as the strategy designed to control the
spread of disease agents that have already occurred in a particular
area. In this context, the success of biosecurity is strictly depend-

ent on preventive measures designed to control dissemination of
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pathogens, particularly in situations where rapid responses are an
absolute requirement in controlling the spread of contagious dis-

eases, at the onset of an outbreak of infection for instance.

Monitoring pathogens in drinking water is a vital component of
any risk management strategy, but in practice, the commonly used
procedures for identifying infectious agent, which require at least
24-48 hours would not be an effective preventive tool. A real-time
PCR technology offers specific detection, and requires less than 3
hours for analysis (Saxena et al., 2015), but this technology may
not be commonly available. Therefore, early warning and preven-
tion control at critical drinking water distribution points would be
highly desirable in order to alert to putative problems in a timely

manner, preferably before drinking water is offered to animals.

This can be accomplished by monitoring basic physicochemical
changes in drinking water that are indicative of microbial prolif-
eration (pH, free chlorine, dissolved oxygen, and turbidity) which
can be readily measured in real time. Sudden deviations in any
of these parameters could signal a problem within the system,
which could probably be manageable in most cases before water
is distributed to the drinkers. Undoubtedly, timely identification of
changes in the drinking water sanitation status would offer many

advantages in containing the spread of infectious agents.

A comprehensive, effective and functioning sanitation system must
be in place, starting at the water source and extending through-
out the entire drinking water distribution system. With a prudent
approach to risk management strategy, threats to water biosecu-
rity can be successfully mitigated, provided strict water hygiene
measures are implemented and diligently followed.

10 Water Treatment

Source water treatment is an important tool in the arsenal for risk

management, and under most practical circumstances, in order to
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ensure drinking water biosecurity, some specific water treatment is

absolutely essential.

Common water treatment techniques used worldwide include
physically removing chemical and biotic contaminants through fil-
tration and/or inactivating pathogens by applying ultraviolet light
or chemical oxidant disinfectants such as chlorine, chlorine diox-

ide, chloramines, and ozone.

Conventional coagulation and flocculation methods, along with
simple filtration methods (sand, carbon filters) may be suitable
for removing only major water insoluble contaminants, but are
generally ineffective for removing all microorganisms in order to
guarantee water biosecurity. Ultra-filtration, and nano-filtration in
particular offer an effective means of removing the majority of
biotic contaminants, but the most effective method for removal of
both chemical contaminants and all biotic contaminants is reverse
osmosis. A good reverse osmosis system can provide ==99.9%

pure water, which is practically pathogen-free.

In recent years, filtration technology allowing physical removal
of chemical and biological contaminants from any source of
water has become universally available and affordable. However,
one has to remain mindful that removal of biotic contaminants
from source water does not safeguard on-farm water biosecurity.
In reality, in order to maintain on-farm drinking water hygiene,
disinfectants must be applied, even if source water is pathogen-
free, as there is a high risk of cross-contamination at many points
throughout the water distribution infrastructure, and especially at
the drinking points.

There is a dearth of research on deactivation of waterborne toxins
using water disinfection as a remedy. Although it has been shown
that chlorine-based disinfection products such as sodium hypochlo-
rite (Young 1972) and chlorine dioxide (Wilson et al., 2005) have
the potential to neutralise some mycotoxins, the levels of active
compounds in water required to achieve this goal are very high,

and therefore the application of chlorine-based products for neu-
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tralising waterborne mycotoxins is not practical. Furthermore,
water disinfection is totally ineffective in neutralising inorganic
mineral waterborne toxins such as fluorine, nitrites, selenium, or
heavy metals such mercury, arsenic, cadmium and lead. It is impor-
tant therefore to remain mindful that water disinfection will not

provide protection from waterborne toxins.

10.1 Water Sanitation

Treatment options such as ozonation or UV light are very effective
for disinfecting drinking water as well as for controlling Crypto-
sporidium and Giardia (Korich et al., 1990; Betancourt and Rose,
2004). However, a major shortfall in this approach stems from the
simple fact that neither of these methods leaves active residues in
the water allowing the control of proliferation of pathogens after

the process of sanitation has been completed.

In reality, although otherwise very effective for water sanitation,
neither ozonation nor UV light treatments offer any protection
against cross-contamination of drinking water at critical points
of water distribution systems, in particular at the drinking points.
Therefore, the best assurance in order to maintain proper hygiene
of drinking water offered to animals is to add disinfectants capable
of retaining residual microbiocidal activity throughout the entire

on-farm water distribution system.

Chlorination is a widely used method of water sanitation through-
out the world. When properly applied, chlorination inactivates
bacteria and viruses, but is generally less effective or ineffective in
controlling some parasitic contaminants, especially Cryptosporid-
ium or Giardia.

However, not all chlorine based products will address complex
problems when water lines and watering devices are colonised by
biofilm. Removal of biofilm from the drinking water distribution
system should be considered a high priority, as biofilm can form

a very convenient scaffolding for proliferation of bacteria, and
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persistent “hiding places” for pathogens, which can be released
continuously into water. This of course would increase the risk
of waterborne infections. In situations like this therefore stronger
oxidizing agents such as hydrogen peroxide or chlorine dioxide

should applied (for details see next section).

Application of Disinfectants

When considering the application of chemical disinfectants, one
has to remain mindful that the efficacy of disinfectants greatly de-
pends on water chemistry. Generally, source water containing min-
eral confaminants and organic matter may require more disinfectant
fo ensure proper sanitation. However, excessive use of chlorine
based disinfectants may be problematic because there is a real risk
of toxicity associated with compounds resulting from the interac-
fion of water contaminants with disinfectant. When water containing
organic matter is treated with free chlorine, there is a particularly
high risk that this will produce toxic disinfection by-products (DBPs).
Because of their health hazard, DBPs content in drinking water is al-
ready regulated in some jurisdictions. The multi-stage approach to
drinking water treatment using a combination of filtration technol-
ogies, ozonation, UV light, and application of disinfectants capable
of maintaining residual presence at all points of the water distribu-
fion system is the best guarantee for controlling the risk of microbial
contamination, and for avoiding potential health hazards associated
with DBPs.

When animal houses are depopulated between production cy-
cles, shock freatment of the entire water distribution system can be
applied as required using high levels of chemical disinfectants to
facilitate removal of biofilm from water lines and drinkers. Shock
freatment is an effective strategy for dealing with stubborn biofilm
residues, but it is important to remember that after this kind of treat-
ment the water supply systfem must be flushed thoroughly to re-
move any toxic residues of the disinfectants used.
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10.2 Practical Approach to Drinking Water Hygiene

On-farm drinking water biosecurity can be best safeguarded by
strict adherence to hygiene principles. Properly designed sanita-
tion systems will ensure that drinking water is free of pathogens,
but if the sanitation system is not properly monitored and main-
tained the risk of biotic cross-contamination of drinking water will
remain high. In most cases, the presence of pathogens in drinking
water indicates poor hygiene, which is most probably associated

with inadequate sanitation.

The best approach to controlling insufficient sanitation is to design
a suitable end-stage drinking water disinfection treatment capable
of maintaining a strong residual presence of microbiocidal activity
throughout the drinking water distribution system, and in particu-
lar at the drinking points. With the currently approved chemical
disinfectants, this goal can probably be best accomplished with
a combination of free chlorine and mono-chloramine, where free
chlorine would provide strength with respect to pathogen inactiva-
tion in the initial stage, and where mono-chloramine, in addition
to its strong pathogen inactivation quality, would provide a more
stable residual presence in water distribution systems. However,
this strategy would need more research to optimise requisite dos-

ages and obtain regulatory approval.

It is highly recommended that on-farm water hygiene protocol
should be an integral component of the Hazard Analysis and Crit-
ical Control Points (HACCP) programme, which should be fol-
lowed with due diligence as applied in the food industry to ensure

biosecurity and quality control.
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1 Introduction

Insects and related terrestrial arthropods (including mites and
ticks) are incredibly diverse groups of invertebrate animals found
almost everywhere on Earth. Insects alone comprise approxi-
mately 75% of the total animal species on Earth (Samways, 2005).
While not as species-diverse as insects, mites can be very abundant
in some habitats. Fortunately, few insect and mite species directly
harm animals. In contrast to insects and mites, all tick species have
the potential to cause harm to animals because all ticks feed on
animal blood. The insects, mites, and ticks that do harm animals
can severely impact animal health and welfare, often resulting in

considerable economic loss to domestic animal production.

2 Damage caused by insects

With few exceptions, the insects, mites, and ticks that harm ani-
mals feed on blood, skin, hair, feathers, or body exudates (e.g.,
tears, mucus) on the external body surface of their animal host and
are therefore often collectively described as external parasites or
‘ectoparasites.” These ectoparasites can negatively impact animal
health and productivity in many ways, ranging from reduced feed
consumption, growth, and economic output (e.g., in meat, milk,
or eggs) to severe health consequences or even death of parasitized
animals. Negative impacts include (1) physical damage to the ani-
mal host caused by insect feeding, (2) expression of unproductive
animal behaviour in response to animal disturbance caused by the
painful bites of some biting insects, and (3) transmission of viruses,
parasites and other pathogens from infected animals to susceptible
animals. Even when ectoparasites cause no obvious physical dam-
age to their animal host, painful or irritating bites can negatively
impact animal production due to increased host metabolic activity
and behavioural responses that lower feed conversion efficiency or
feed consumption of the animal host. Additionally, some insects
and mites cause economic damage to animal producers as a result
of nuisance to facility employees or neighbours.
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2.1 Insects and animal disease

Of the negative impacts described above, the transmission of path-
ogens among animals is perhaps of greatest concern for many vet-
erinarians and animal producers. In some cases, an arthropod is a
necessary intermediary for the transfer of pathogens among ani-
mals, and disease transmission would not occur but for the pres-
ence and activity of the ectoparasite. These ectoparasites are called
‘biological vectors’ identifying their required role in transmission
of the pathogen. In these cases, the arthropod is as much a host of
the pathogen as is the vertebrate animal; the pathogen being
adapted for life in both the arthropod and the vertebrate animal.
Ectoparasites that feed on animal blood can acquire pathogens
from an infected animal host, subsequently transferring these
pathogens to susceptible animals during later feeding events. For
example, biting midges in the genus Culicoides are biological vec-
tors of several viruses that infect cattle, sheep, and horses. Within
the biting midge, the virus must escape the digestive system,
amplify, and spread to the insect salivary glands where the virus is
then positioned to be introduced to a new host when the biting
midge feeds again. The time required for the virus to amplify and
reach the salivary glands is called the ‘extrinsic incubation period’
and a biting midge that feeds on a new host before the extrinsic
incubation period is completed cannot pass on the virus. The
extrinsic incubation period is typically dependent upon environ-
mental temperature, with higher temperatures resulting in a
shorter incubation period (Reisen, 2009). A higher environmental
temperature typically also increases the insect development rate.
These temperature effects are the reason that many insect trans-
mitted diseases show a seasonal transmission pattern with greater
disease incidence during warmer months of the year (e.g., see
Gerry et al., 2001). A few biological vectors transmit pathogens to
vertebrate animals through more unconventional associations.
The lesser mealworm beetle (Alphitobius diaperinus) is a biologi-
cal vector of chicken tapeworm, though this beetle does not bite or
feed on chickens. Rather, these beetles acquire tapeworms when
burrowing through poultry faeces contaminated with tapeworm

from infected birds. The tapeworm then undergoes development
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within the body of the beetle before being passed to a susceptible
bird that eats the infected beetle. Often, targeted control of these
biological vectors will lead to a reduction in disease incidence in

the vertebrate animal population.

In some cases, insects are not required intermediate hosts for ani-
mal pathogens. Rather, pathogens may be acquired from the envi-
ronment and distributed among susceptible animal hosts as the
insect moves about the landscape. These ‘mechanical vectors’ may
act to some extent as fomites, simply carrying the pathogen as
a contaminant on external body surfaces and depositing patho-
gens wherever they go. Insects that develop in or feed on animal
faeces are often mechanical vectors of animal pathogens shed in
the animal faeces. Susceptible animals become infected with the
pathogen when they consume feed or water contaminated with a
pathogen as a result of insect contact, or susceptible animals may
simply consume a contaminated insect. For example, house flies
are proven mechanical vectors of pathogenic Escherichia coli bac-
teria to cattle presumably through these mechanisms (Ahmad et
al., 2007). Recent evidence suggests that some insects that serve as
mechanical vectors may be more than simple fomites. For exam-
ple, flies that feed on animal faeces may harbour some pathogens
within their digestive system, with pathogen amplification occur-
ring within the insect digestive tract or even in the excreted insect
faeces (Wasala et al., 2013; Nayduch & Burrus, 2017).

2.2 Insects and biosecurity

Biosecurity traditionally includes those preventive measures
employed at animal facilities to limit the spread of pathogens
among animals or to/from other animal facilities. Because insects,
mites, and ticks can transmit numerous pathogens to wild and
domestic animals, measures to prevent the spread of these pests
among animal facilities is a critical part of an effective biosecurity
programme. However, given the direct harm that ectoparasites can
cause to animals, even in the absence of disease transmission, a

more comprehensive understanding of biosecurity also includes
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those measures intended to reduce pest numbers on animal facili-
ties and prevent pest movement among animal facilities. It should
be noted that most insects are winged as adults, resulting in a con-
siderable challenge to preventing their movement and dispersal
among nearby animal facilities. Instead, the focus of insect biose-
curity should be on reducing the number of insects on animal facil-
ities and limiting the contact of insects with infectious animals. In
contrast, mites and ticks lack wings and dispersal among facilities
generally occurs by movement of infested animals or by sharing
machinery and supplies, though movement of facility employees
among animal facilities can also pose a risk. Mite and tick bios-
ecurity is thus best accomplished by quarantine and treatment
of parasitized animals, exclusion of wild animals that may carry
ectoparasites, and limiting the activities and movement of facility
employees to reduce the accidental transport of ectoparasites to

other susceptible animals.

2.3 Integrated pest management

Animal producers should implement the integrated pest manage-
ment (IPM) concept to control insect pests and ectoparasites as
part of a biosecurity programme. IPM is a coordinated strategy
to reduce arthropod damage, including pathogen transmission,
through application of a combination of techniques aimed at
keeping pest abundance at levels below which damage is expected
to occur. While it may be more difficult to determine a threshold
of pest abundance when risk of disease transmission is involved,
using an IPM strategy nevertheless provides a proactive focus on
pest management ensuring that pests are held to low abundance
levels thereby minimizing impacts on animal production. Lack-
ing an IPM strategy, many animal producers respond to high pest
numbers through application of pesticides for immediate reduc-
tion of the offending pest; but at these high pest numbers, disease
transmission and economic damages have likely already occurred.

An IPM strategy focuses first on reducing opportunities for imma-

ture development of pest species. Reducing or manipulating the
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available pest development habitat may alone provide the desired
level of control. Where immature development habitat cannot be
reduced or manipulated sufficiently, judicious use of pesticides on
insect development sites may reduce pest production and keep
numbers of damaging pests low. In some situations, application
of pesticides for control of adult insects will be needed and may
form part of an IPM strategy. When pest numbers reach dam-
aging levels, or when pathogen transmission has been detected,
immediate control of adult insects is warranted. In these situa-
tions, pesticides may be applied directly to the host animal or to
animal facility structures to target insects resting on these struc-
tures. A searchable, online database of pesticides registered by the
U.S. Environmental Protection Agency for control of arthropod
pests of animals is maintained by veterinary entomologists in the
United States as part of a U.S. Department of Agriculture (USDA)
sponsored multistate research project, and is available at https:/
www.veterinaryentomology.org/vetpestx (Ferguson et al., 2015).
However, if pesticides are often used for emergency pest control
due to failure of proactive IPM measures, facility managers should
re-evaluate their IPM program. Frequent application of pesticides
is unsustainable, and pests will quickly develop resistance to the
chemicals used. When applying pesticides, care must be given to
maximise control of the damaging pest while minimising pesticide
impact to useful insects, such as pollinators or any insect predators

and parasitoids that naturally prey on the damaging pest.

An IPM strategy necessarily includes a mechanism for monitoring
pest abundance, with increasing abundance triggering additional
control measures aimed at keeping pest numbers from reaching
damaging levels. Monitoring pest abundance is also important to
note if control measures applied have been effective in decreasing
pest populations. Effective pest monitoring methods will differ by
pest species based upon the biology and behaviour of each pest
species as well as differences in the location of immature develop-
ment sites and adult resting sites. In general, a weekly count of the
number of individual ectoparasites on a representative number of
host animals is a useful way to monitor changing pest abundance

for many ectoparasites, including ticks and some of the larger bit-

BIOSECURITY IN ANIMAL PRODUCTION AND VETERINARY MEDICINE


https://www.veterinaryentomology.org/vetpestx
https://www.veterinaryentomology.org/vetpestx

ing flies. Animals can also be observed for certain behaviour or an
appearance that is indicative of pest activity or pest abundance.
For example, cattle will stamp their legs, toss their heads, or bunch
together in a group to avoid the painful bites of some biting flies,
and an animal’s ‘mangy’ appearance is an indicator of possible
infestation by a mite species. Other pest species can be monitored
using attractive traps (baited with a host or food odour) or by
using traps that passively capture pests as they move about their
environment. Appropriate methods for monitoring relevant pest

species will be discussed in each animal commodity section below.

3 Insect pests of cattle

Since the 1980s, the production of milk worldwide has increased
more than 50% to 769 million tons of milk produced in 2013
(FAOSTAT, 2017). The increase in milk production is attributed to
growth of the industry in developing countries throughout south
Asia where milk is often produced on smallholder or family farms.
Major milk producing countries are India, the United States,
China, Pakistan, and Brazil. Countries with the highest milk sur-
pluses are New Zealand, the United States, Germany, France, Aus-
tralia, and Ireland. In developed countries, dairy farms are grow-
ing larger and are increasingly mechanised. Cow nutrition is now
often carefully controlled through supplemental feed to increase
milk production per animal. In contrast to milk production, beef
production and consumption worldwide is increasing slowly with
beef consumption increasing primarily in developing countries
(FAO, 2016a). Beef production is limited by declining rangeland
availability in most countries due to encroachment of other land
uses and degradation of available rangelands. Further increases in
beef production are likely to result from increasing animal density
on available lands, with animals provided supplemental feeds
where forage is no longer sufficient (Bruinsma, 2003). Modern
cattle feedlots, where cattle have no access to pasture and are fed
entirely on supplemental feed, are an extreme example of beef cat-

tle intensification.
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As cattle operations continue to move towards a more intensive
operational model with increasing cattle density and reduced pas-
ture availability, insect and tick species that impact cattle in open
pasture settings are being eclipsed in importance by pest species
that develop in cattle manure and feed waste. These often accu-

mulate in great quantities on intensive operations (Gerry, in press).

3.1 Permanent ectoparasites

Some ectoparasites spend their entire life on a single host (‘perma-
nent ectoparasites’), with the host providing the necessary habitat
and food for each life stage of the ectoparasite. There are five spe-
cies of lice and four species of mites common to cattle as per-
manent ectoparasites. The more damaging blood feeding lice are
the long-nosed cattle louse (Linognathus vituli), short-nosed cat-
tle louse (Haematopinus eurysternus), cattle tail louse (H. quad-
ripertusus), and little blue louse (Solenopotes capillatus). A single
species of chewing louse, the cattle biting louse (Bovicola bovis),
feeds on skin rather than blood. Cattle mites feed on skin debris or
lymph within the dermal tissues, and include the important scabies
or ‘mange’ mites Psoroptes ovis, Sarcoptes scabiei and Chorioptes
bouvis, as well as the cattle follicle mite (Demodex bovis). Feeding
by lice and mites can be quite irritating to the host, and may result
in considerable physical damage due to dermatitis, tissue destruc-
tion, and hair loss. Lice and mites can also cause damage to hides,
particularly as animals rub and scratch against objects in their
environment to alleviate the itching caused by ectoparasite feed-
ing. Heavy infestations of lice and/or mites can reduce weight gain
and milk yield (Wright, 1985). Additionally, poor physical condi-
tion of heavily infested animals, often coupled with substantial
hair loss, can result in death of young calves and older cattle when

exposed to severe weather conditions or low nutritional levels.
Surveillance for both lice and mites is by routine observation of

animal health, with obvious signs of mange or other hide damage

indicative of louse or mite infestation.
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Management of lice and mites is commonly achieved by treating
all cattle within a herd with a topically-applied insecticide (lice)
or acaricide (mites), and by limiting contact among infested and
uninfested animals or herds. Any animals left untreated in the
herd, even if they appear to be free of lice or mites, will almost
certainly result in treated cattle soon being infested again with lice
and mites. Injection of ivermectin or related parasiticides may also
provide control of lice and mites. For lice, two insecticide treat-
ments 10-14 days apart are needed, as lice in the egg stage are
protected from the insecticide and may survive the first treatment
(Campbell, 19835).

3.2 Ticks

There are many tick species that feed on cattle. Ticks can be cat-
egorised as ‘hard ticks’ (Family Ixodidae) due to the presence of a
rigid plate on the back that makes them difficult to crush between
the fingers (Fig.10.1 ), or ‘soft ticks’ (Family Argasidae) which lack
this rigid dorsal plate.

Most hard ticks have three life stages (larva,
nymph, adult) and feed on a different vertebrate
host during each life stage (3-host ticks), living
off the host in the surrounding habitat between
feeding periods. Attachment to hosts for feed-
ing often lasts for at least several days. Where
cattle are kept on pasture, 3-host ticks can be
abundant due to the presence of off-host ref-
uge and alternate hosts in this habitat. These
ticks are less abundant on more intensive cattle
operations where cattle access to pasture is lim-
ited, with ticks essentially absent on dairy and
feedlot facilities where cattle have no access to pasture (Gerry, in
press). While these ticks can cause economic damage from blood
loss, irritation by tick feeding, and even toxic paralysis, their more
important impact is as vectors of several bacterial and protozoal
diseases of cattle. A few hard ticks will feed on the same cattle
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several genera (including
Dermacentor, shown)
can impact livestock,
especially as vectors of
pathogens.
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Fig. 10.2: Spinose ear
ticks (Otobius megnini)
are soft ticks that feed and
develop in the ear canal
of several animals
including cattle and
swine. They are more
commonly found

on animals held in
confinement.
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host during all life stages (1-host ticks). Cattle ticks (Rhipicephalus
spp.) are a particularly important group of 1-host ticks that are
biological vectors of the Babesia parasites that cause bovine babe-

siosis or ‘cattle fever’ (Pérez de Leodn et al., 2012).

Soft ticks tend to be more common in arid environments and can
have quite variable life histories, often including several nymph
stages before reaching the adult stage. During each life stage, soft
ticks will feed on a host for only a few minutes after which they
typically leave the host to moult to the next life stage. One unu-
sual soft tick, the spinose ear tick (Otobius megnini), will spend
its immature life feeding within the ear canal
of a single host animal (Fig. 10.2; cattle and
non-cattle), before dropping to the ground to
complete a non-feeding adult stage. Due to this
unusual life history, the spinose ear tick can be
abundant in both pasture-based and confined
cattle facilities.

Tick numbers on cattle can be reduced by appli-
cation of acaricides to adult tick feeding sites
on the animal or in some cases by immersion of
the entire animal into a dipping vat containing acaricide (Wright,
1985). Management of ticks in pasture settings is quite challeng-
ing, as many ticks will also feed on non-cattle hosts, and will thus
avoid the treatment or will be reintroduced with trespassing wild-
life arriving from outside the cattle pasture. To address this, sev-
eral novel methods to treat non-cattle hosts for ticks have been
introduced in recent years, including the USDA ‘4-Poster’ device
for deer to self-treat with an acaricide while accessing food bait
(Carroll et al., 2009).

3.3 Cattle grubs and screwworm flies
Cattle grubs (Hypoderma bovis and H. lineatum) and screwworm

flies, both New World screwworm fly (Cochliomyia hominivorax)

and Old World screwworm fly (Chrysomya bezziana), are inter-
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mittent parasites of cattle that feed on internal body tissues of cat-
tle only during their immature life stages. The adult flies of these
species do not feed on the animal, but seek cattle on which they
will lay their eggs. Cattle grubs are parasites only of cattle, while
screwworm flies will attack many warm-blooded animals (includ-
ing humans). Neither fly is a vector of cattle pathogens, but the
damage caused by the feeding of these flies on internal tissues can
be severe, resulting in considerable economic cost to producers.
Feeding damage by immature screwworm flies (maggots) can be
particularly devastating. This often leads to the death of the ani-
mal as feeding wounds become infected which attracts additional
egg-laying by tissue-consuming flies (Alexander, 2006).

Where the adult cattle grub (called a heel fly) is active, cattle often
exhibit behaviour called ‘gadding’ where they run madly with
their tails raised in the air in an apparent effort to prevent these
flies from depositing eggs on the cattle body. Parasitized cattle will
show swellings along the back (‘warble’) where the cattle grub
has cut a breathing hole in the animal hide to complete its imma-
ture development. In geographic regions where screwworm is pre-
sent, cattle should be routinely observed for wounds within which

immature flies may be developing.

Cattle grubs are readily treated using systemic insecticides applied
to cattle in late summer to kill the developing immature flies as
they migrate though the body of cattle. Management of screw-
worm flies is more difficult and relies on early treatment of screw-
worm infested wounds with insecticides and culling of severely
infested animals to prevent fly development to the adult stage.
New World screwworm fly has been eradicated throughout North
and Central America by sustained releases of sterile male screw-
worm flies initiated by the USDA in 1958.

3.4 Flies that develop in cattle faecal pats

Pest flies that require fresh, undisturbed cattle faeces (faecal pats)

to complete their immature development are the horn fly (Haema-
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Fig.10.3: Horn flies
(Haematobia irritans) feed
on blood from cattle and
occasionally horses. They
spend most of their time
on the host, and tend to
orient themselves facing
downward.

Fig.10.4: Face flies
(Musca autumnalis)
congregate near the eyes
of cattle where they feed
on exudate. Face flies

are vectors of pathogens
including bovine pinkeye
and eyeworms of cattle
and horses.
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tobia irritans) and face fly (Musca autumnalis).
During the adult stage, both fly species feed on
cattle, but the horn fly feeds on blood (Fig. 10.3)
while the face fly feeds primarily on exudates,
particularly nasal and eye secretions (Fig. 10.4).
Horn flies spend most of their adult life resting
or feeding on cattle, taking many small blood
meals each day (Cupp et al., 1998). Horn flies
are easily disturbed by cattle activity, and read-
ily move among nearby animals throughout the
day. Face flies feed only briefly on cattle before leaving the host
animal to rest in the surrounding habitat. Face flies are recognized
vectors of a bacterium (Moraxella bovis) causing bovine pinkeye,
and of filarial nematodes (Thelazia spp.) that parasitize the cattle
eye (Wall & Shearer, 1997). Horn flies are not recognized as vec-
tors of a cattle disease, but their painful bites irritate cattle and can

greatly impact production efficiency.

Both flies can be monitored by visual observation of fly numbers
on cattle. Flies should be counted during mid-morning when horn
flies are typically resting on the back and sides of
cattle and face flies are actively feeding around
the eyes and face. When daytime temperatures
are high, horn flies can be difficult to accurately
count as they retreat to the shaded lower regions
of the cattle body to escape direct sun exposure
(Lysyk, 2000). A weekly count of horn flies and
face flies on 15 randomly selected animals in a
herd is suitable for showing changes in fly abun-

dance over time.

Management of these flies is best achieved by
disturbance of freshly deposited cattle faecal pats. Where cattle
are held in confinement at high density, faecal pats rarely remain
intact as cattle disturb the pats as they move about their pen. For
this reason, horn flies and face flies are usually not abundant on
intensive cattle operations where cattle lack access to pasture.
However, where cattle density is low or where cattle have at least
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some access to pasture, these flies can be abundant unless facility
workers manually or mechanically disturb the fresh faecal pats.
Where disturbance of faecal pats is impractical, cattle can be given
feed additives containing an insect growth regulator (IGR) that
will pass through the animal digestive system and into the fae-
ces to prevent immature fly development. However, some IGRs
can also prevent development of dung beetles and other insects
that assist with the breakdown of cattle faeces, so these products
should be used judiciously. Where faecal pats cannot be disturbed
or treated to prevent development of these flies, adult flies can be
controlled using insecticides applied to cattle as insecticide-treated
ear tags, or as topical pour-ons, sprays, oils, and dusts (Wright,
1985). Insecticide applications have been particularly useful in
reducing adult horn flies as these flies only rarely leave their cattle
host. However, over-use of insecticides for adult horn fly manage-
ment has led to the inevitable development of horn fly resistance
to some insecticides (Foil & Hogsette, 1994). There has recently
been increased interest in using low toxicity botanical extracts and
essential oils primarily as repellents applied to cattle to reduce bit-
ing by horn flies (Showler, 2017; Mullens et al., 2017a).

3.5 Flies that develop in fermenting organic matter

Fermenting organic matter including animal faeces, cattle bedding, Fig. 10.5: Resting female
. . . .. stable fly (Stomoxys
and wet animal feed is often plentiful on most modern dairies and calcitrans) after taking
feedlots, with increasing animal density and mechanisation associ- a blood meal. Note the
. .. . . rigid proboscis.
ated with greater quantities of these materials. Important pest flies v

that develop in fermenting organic materials are
the stable fly (Stomoxys calcitrans) and the house
fly (Musca domestica). The adult stable fly feeds
on animal blood (Fig.10.5) while the adult house
fly feeds on any number of carbohydrate or pro-
tein-rich foods available in the environment,
including feeding on cattle faeces. Adult stable
flies typically feed on cattle or other animals

once per day. The bites are quite painful causing

cattle to exhibit bite avoidance behaviour includ-
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Fig.10.6: On cattle, stable
flies (Stomoxys calcitrans)
prefer to feed on the
lower legs. While feeding,
they generally position
themselves facing up-
ward.
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ing leg stamping and tail switching to dislodge biting stable flies
(Mullens et al., 2006). When biting pressure is high, cattle gather
into groups (‘bunching’) to avoid these biting flies. This unproduc-
tive cattle behaviour can result in reduced weight gain and milk
production for animals molested by stable flies (reviewed by Gerry
et al., 2007). Somewhat surprisingly, the stable fly is not known to
transmit important cattle diseases. In contrast, house flies do not
feed on blood but are mechanical vectors of a number of viral and
bacterial pathogens which they acquire from contact with animal
faeces and subsequently distribute throughout the environment.
Pathogen deposition by house flies onto human food crops is of
particular concern (Talley et al., 2009).

Stable fly abundance and activity can be determined by counting
flies on cattle, by using traps such as the Alsynite trap that target
adult stable flies, or by observing animal behaviour in response to
the painful biting of these flies (Gerry et al., 2007). If monitoring
stable flies by counting flies on cattle, counts are performed by
approaching the animal from one side and visually observing the
number of stable flies on the outside of the front leg nearest to the
observer and the inside of the opposite front leg (Lysyk, 1995)
(Fig. 10.6). A count of § stable flies per leg is considered the thresh-
old for economic impact on cattle. Some cattle
behaviour is associated with stable fly biting
activity, and can be used as a means to monitor
fly activity. When stable fly activity is high, cattle
bunching may be noted and is certainly an indi-
cation that stable fly management is needed. At
lower stable fly abundance, the number of cattle
tail flicks within a 2-minute period can be used
as a measure of fly activity, with an average of 10
tail flicks per animal considered the economic
threshold (Mullens et al., 2006). It should be
noted that high numbers of horn flies will also
affect cattle behaviour, including increasing tail flicks (Boland et al.,
2008), making it difficult to distinguish which fly species are
responsible for observed behaviour when both flies are abundant
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on cattle. All cattle observations should be performed on a mini-

mum of 15 randomly selected animals for statistical validity.

House fly activity can be determined by capturing flies using sticky
traps or traps baited with food attractants, or by using ‘spot cards’,
paper cards placed at fly resting sites on which flies deposit faecal
and regurgitation spots. For a reliable monitoring programme,
5 traps or 12 spot cards are usually sufficient (Gerry et al., 2011).
There has been recent interest in using computational technologies
to improve fly monitoring, with development of software (Fly
Spotter©) to automate counting fly spots on spot cards (Fig. 10.7)
(Gerry et al., 2011). Monitoring systems that
identify wingbeat frequency of flying insects
passing through a sensor array are currently
under development and may soon greatly sim-
plify pest monitoring by identifying and count-
ing several pest fly species simultaneously with-
out the need to capture the insects (Chen et al.,
2014).

Management of both the stable fly and house fly
can be challenging on modern intensive cattle
operations. Substantial quantities of cattle fae-
ces collected from animal housing areas are often stored on-site
and long-term storage of animal feed including hay, straw, grains,
and fermenting feed additives including fruit and nut waste is also
common. For both fly species, management is best achieved by
applying sanitation measures to rapidly dry cattle faeces, to pre-
vent wetting of stored dry cattle feeds, and to limit fly access to
cattle feed that is intentionally fermented. Cattle pens should be
regularly scraped or harrowed to break up and dry faecal accu-
mulations within the pen. If faeces cannot be dried this way due
to high animal density or pen characteristics, cattle faeces should
instead be collected and piled to compost in a location where
it will not be rewetted. Composting of cattle faeces can greatly
reduce fly development as internal pile temperatures increase to
exceed lethal temperatures for developing flies while simultane-

ously drying the outer portion of the compost pile to make it
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Fig.10.7: House fly
monitoring can be
accomplished via
placing white cards in
likely fly resting areas.
When flies land (shown)
they regurgitate and/

or defecate leaving ‘fly
spots'. Spots can be hand
counted or software such
as FlySpotter© can be
utilized to track relative
populations over time.
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unsuitable for egg-laying by female flies. Hay, grains, and other
dry animal feeds should be stored in a manner to prevent wet-
ting and subsequent fermentation of these materials. Flies will not
develop on dry animal feed. Where fermentation of animal feed
is desired or necessary, animal feed should be fermented within
enclosed fermentation bags to prevent fly access. When sanitation
measures fail and adult fly numbers reach damaging levels, insec-
ticides used for immediate control of adult flies are best applied as
sprays, fogs, or mists of a long-lasting or residual chemical such as
a synthetic pyrethroid to facility structures near cattle where adult
flies are noted to rest. However, insecticide application alone will
not provide sustainable control of adult flies, and over-reliance on
pesticides has resulted in the development of resistance to many

available insecticides in both species (e.g., see Keiding, 1999).

3.6 Biting midges

Biting midges in the genus Culicoides are small, blood-feeding flies
that are important vectors of several viruses that impact cattle,
including bluetongue virus and the recently isolated Schmallen-
berg virus (Mellor et al., 2000; Rasmussen et al., 2012). These flies
can be produced in substantial numbers in semi-aquatic habitats,
moist leaf litter or even moist manure, depending on the species
of biting midge. Developmental sites are difficult to identify for
many species and are often widespread in the habitat surrounding
animal facilities. Culicoides that bite cattle are usually active dur-
ing crepuscular periods near both sunrise and sunset (Mellor et al.,
2000), though activity may shift toward daylight periods in cooler
weather. Risk of bluetongue virus transmission to cattle is primar-
ily determined by Culicoides abundance and their cattle biting rate
(Gerry et al., 2001; Mayo et al., 2016).

Culicoides activity is commonly measured using traps baited with
UV light or carbon dioxide, though there are a number of limita-
tions associated with these traps, including the inability of light
traps to capture diurnally active midges and the poor efficiency of

carbon dioxide traps for capturing a number of important midge
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vectors of bluetongue virus (reviewed by Mullens et al., 2015).
Collection of biting midges by aspiration directly from animals
would provide better surveillance outcomes, but is certainly more
difficult and is rarely done (e.g., see Gerry et al., 2009; Cohnstaedt
et al., 2012).

Even when Culicoides development sites are known, manipulation
of these developmental sites is often impractical, making manage-
ment of biting midges challenging. Application of insecticides or
insect repellents directly to animals may provide some level of pro-
tection from biting midges (Mullens et al., 2010; Griffioen et al.,
2011) and might be particularly useful when transporting small
numbers of animals through quarantine zones, but insecticide
applications to cattle herds may not be successful in reducing virus
transmission to treated herds overall (Mullens et al., 2001). Sta-
bling of animals indoors can reduce biting by some Culicoides that

are reluctant to enter structures (Meiswinkel et al., 2000).

3.7 Biosecurity for cattle pests

Biosecurity measures for cattle pests should focus on (1) sanitation
measures to reduce fly development in cattle faeces and stored cat-
tle feed, (2) limiting movement of cattle among herds and particu-
larly among cattle facilities to reduce transfer of lice, mites, and
ticks, (3) restricting deer and related wildlife access to cattle facili-
ties to limit tick introductions, and 4) routine observation of cattle
to monitor for pest introductions and increasing pest abundance
to drive management efforts. The main biosecurity concerns will
differ by geographic region, habitat, and the level of intensifica-
tion of the cattle operation. In pasture-based cattle systems, man-
agement efforts should focus on ticks, cattle grub, horn fly, and
face fly, while in more intensive confined dairy and feedlot systems
management efforts should focus on house fly and stable fly, with

biosecurity efforts applied to other pests when noted on cattle.
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4 Insect pests of sheep

In the United States, sheep production has declined rapidly in the
last 50 years as the use of synthetic fibres has replaced the need
for wool (Jones, 2004). While meat production has replaced wool
production as the primary emphasis for the sheep industry, the
industry continues to decline in the United States and other coun-
tries due to increased regulatory pressures, reduced access to graz-
ing lands, and increased costs for raising sheep (Shiflett, 2017).
However, sheep production in Australia and New Zealand has
adjusted to the shrinking wool industry, and export of sheep meat
from these countries is increasing. Top producers of sheep meat
today are China, Australia, New Zealand, the United Kingdom,
and Turkey (FAOSTAT, 2017). Sheep are particularly suited for
the conversion of many different types of forage vegetation into
wool and meat, and for this reason are rarely held in intensive

confined animal production systems.

4.1 Permanent ectoparasites

There are four species of lice found on sheep. Blood-feeding sheep
lice are the sucking body louse (Linognathus ovillus), the sucking
foot louse (L. pedalis), and the African blue louse (L. africanus). A
single species of chewing louse, the sheep biting louse (Bovicola
ovis), feeds on skin rather than blood. The sheep biting louse can
be very irritating, causing sheep to pull at their fleece and rub
against objects to alleviate the itching. These actions can result in
considerable fleece damage as large areas of fleece can be com-
pletely rubbed off. Lice are transferred among animals by direct

contact.

Sheep mites include Psoroptes ovis which causes a condition called
‘sheep scab’, the scabies mite (Sarcoptes scabiei), the sheep leg
mite (Chorioptes ovis), and the Australian itch mite (Psorergates
ovis). Of these mites, Psoroptes ovis is of most concern as this mite
causes intense itching so that sheep scratch their bodies against

objects in their environment, often to the point of causing physical
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damage to their fleece and hide. Psoroptes ovis has been eradicated
from the United States, Australia, New Zealand, Scandinavia, and
Canada (Spickler, 2009).

The sheep ked (Melophagus ovinus) is a wingless, blood-feeding
fly that spends its entire life in the fleece of sheep. Female sheep
ked develop larvae one at a time within their body, periodically
depositing a fully developed larva onto the fleece. Populations of
sheep ked therefore build up more slowly than for most ectopara-
sites. Like lice and mites, sheep ked are transferred among sheep
by direct contact between animals. Sheep ked cause damage from
their irritating bites which can result in the formation of nodules

or ‘cockles’ on the skin, which reduces the value of sheep skin.

Permanent ectoparasites are monitored by direct observation of ani-
mals, with poor fleece or skin conditions indicative of ectoparasite
presence. Management of lice and mites on sheep is similar to their
management on cattle (see above). Sheep ked can be eradicated by
shearing of sheep before lambing in spring, followed by applica-
tion of insecticides to all animals in the herd. To prevent reinfesta-
tion of the herd, new animals should be quarantined, inspected and

treated with insecticide prior to introduction to the herd.

4.2 Ticks

Ticks described in the cattle section above will also feed on sheep,

and management is similar for ticks on both animals.

4.3 Sheep bot fly

The sheep bot fly (Oestrus ovis) is a worldwide pest of sheep and
goats. Adult flies deposit first instar larvae in the nostrils of sheep
where the larvae (maggots) consume the nasal mucosa. Feeding by
sheep bot maggots can be irritating to the sheep and can increase
the opportunity for bacterial infection of the nostrils. The mere

presence of adult flies can also irritate sheep, and they will attempt
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to avoid the flies by running in short bursts and by snorting, behav-
iour which affects sheep grazing and reduces animal weight gains.
There are no management recommendations for this fly, though
individual animals can be treated with ivermectin or other antihel-

minthics if infestation is deemed to be problematic for the animal.

4.4 Wool maggots

Wool maggots are the generic name for the larvae of any fly species
that lay their eggs on sheep fleece that is soiled with urine, faeces,
or blood due to wounding. Most of these flies belong to the blow
fly family (Calliphoridae) and are typically carrion-feeding flies.
Wool maggots consume bacteria associated with the soiled fleece
and may also readily feed on infected skin wounds or lesions.
Where an infestation becomes severe, sheep mortality may occur.

Preventive measures include shearing pregnant ewes to prevent
soiling of fleece during lambing, and scheduling lambing for early
spring before flies are abundant. Fleece that is soiled by urine or
faeces should be clipped to reduce the opportunity for fly strike
(egg laying by flies). Animals infested with wool maggots can be
spot treated with insecticide at the site of infestation to eliminate
maggots.

4.5 Biting midges
Sheep are a suitable host for many Culicoides species that will
attack cattle. Sheep are particularly at risk of Culicoides transmit-
ted bluetongue virus, which can often result in death of infected

sheep.

Surveillance and management for biting midges is described in the
cattle section above.

BIOSECURITY IN ANIMAL PRODUCTION AND VETERINARY MEDICINE



4.6 Biosecurity for sheep pests

Biosecurity measures for sheep pests includes limiting movement
of sheep among herds to reduce transfer of lice, mites, sheep ked,
and ticks, and monitoring sheep for the presence of other pests
with increasing pest abundance driving management efforts. The
main biosecurity concerns will differ by geographic region and
by habitat, with viruses transmitted by biting midges perhaps of
greatest concern for sheep health in most countries.

5 Insect pests of swine

Pork is the most consumed animal protein worldwide and accounts
for 35% of the world’s meat intake (FAO, 2016b). China is the
world’s leading pork producer, which over 50 million metric tons
produced in 2016; this is followed by the European Union (> 23
million MT) and the United States (> 11 million MT). Over 780
million pigs were stocked for consumption in 2016, 68 million
in the United States alone (USDA, 2017). Most swine are housed
indoors, with modern confinement facilities in Europe and the U.S.
housing a high density of swine within environmentally controlled
facilities (Plain & Lawrence, 2003). However, pasture-based swine
production has increased recently in response to animal welfare
interests (e.g., Edwards, 2005; Honeyman et al., 2006).

5.1 Permanent ectoparasites

The hog louse (Haematopinus suis) is a large (ca. 6 mm) blood-
feeding louse specific to pigs. Eggs are glued to hair near the skin
and typically require 2-3 weeks to hatch (Williams, 1985). Lice are
typically found on pigs in the area around the tail and upper inside
of the legs. Blood-feeding causes irritation, which can indirectly
lead to hair loss and skin damage as animals rub against objects to
alleviate itching. Hog lice are also recognized as important vectors

of the swine pox virus, though this virus can also be transmitted
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by direct contact among pigs. Lice do not survive more than a few

days off host and are more noticeable during the winter months.

Like many other animals, swine may get sarcoptic mange caused
by the mite Sarcoptes scabiei. In pigs, mange usually appears first
around the head but can occur anywhere. Damage to swine due to
the irritating bites of lice and mites and the management of these

pests is similar to that described for lice and mites of cattle.

5.2 Ticks and fleas

Like cattle or sheep, swine with access to pasture may become
hosts for many of the 3-host ticks commonly encountered in the
pasture environment. Also like cattle and sheep, swine can host the
spinose ear tick (Otobius megnini), a soft tick that may be found
feeding in the ear canal of pigs. Soft ticks in the genus Ornitho-
doros are known to vector African swine fever virus (Kleiboeker
& Scoles, 2001), an often fatal viral disease among pigs. While
African swine fever virus is not currently in the U.S. or Europe, an
outbreak of this virus on the eastern edge of Europe that started in
2013 is threatening to expand into Eastern Europe, perhaps dis-
tributed by infected wild boars (FAO, 2017). In the past, African
swine fever virus was also transmitted to pigs by soft ticks endemic
in the Caribbean and in Brazil. Should this virus spread to the
main pig raising regions of Europe or North America, soft ticks in

both regions are capable of transmitting the virus.

Swine may also become infested with several species of fleas,
including the cat flea (Ctenocephalides felis), the dog flea (C.
canis), and the human flea (Pulex irritans). Adult fleas take blood
meals from the host. Larvae develop and feed on organic material
near vertebrate hosts. Adult fleas are dark brown and may be spot-
ted periodically feeding on pig bodies; larvae are too small to eas-
ily find in the environment. Flea bites are quite irritating to swine

who will scratch continuously in response to the bites.
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Fleas that attack swine will also attack their handlers as well.
Observation of fleas or flea bites on handlers is often the first indi-
cation of a flea problem in a swine facility. Fleas are controlled by
removal of animal bedding and application of insecticides to the
floor, lower walls, and other structures in the swine facility before
replacement of bedding. Insecticides may be applied directly to
pigs as well for immediate control of fleas on the animals.

5.3 Flies and mosquitoes

House flies (Musca domestica) and stable flies (Stomoxys calci-
trans) can develop in and around swine facilities where manure
and other organic material accumulate and are left relatively
undisturbed. To address animal welfare concerns, swine producers
often add enrichment devices to swine pens. Enrichment devices
can range from balls to teeter-totter type structures with devices
fixed to the ground. Faeces can accumulate beneath and around
such devices creating additional challenges for sanitation of swine
pens. House flies are mechanical vectors of Salmonella and classi-
cal swine fever virus, and there is evidence that they may also be
involved in the transmission of porcine reproductive and respira-
tory virus (PRRSV) in swine facilities (Otake et al., 2003).

Monitoring of flies is described in the cattle section above. Fly
control in swine facilities is achieved primarily through sanitation
measures aimed at interrupting fly development in swine faeces and
bedding. All bedding and accumulated faeces should be removed
and pens cleaned each week, or twice per week if weekly cleanouts
are insufficient to achieve the desired level of control. Immediate
control of adult flies can be achieved by using long-lasting insecti-

cides applied by sprayer to facility walls and structures.

Mosquitoes are typically produced in waste water lagoons or
other bodies of standing water, though some pestiferous mosquito
species can develop in small, temporary water sources such as pails
or other objects that can fill with rainwater. At least one mosquito
species (Aedes vexans) has been shown to vector PRRSV (Otake
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et al., 2002). Mosquitoes are controlled by eliminating aquatic
development sites or by treatment of sites with insecticides, oils,

or bacteria that kill some strains of mosquitoes.

5.4 Biosecurity for swine pests

Limiting the movement of animals and humans among groups of
swine will help to prevent the direct spread of permanent ectopar-
asites. Proper manure management can limit house fly and stable
fly development. Developmental sites for fleas or soft ticks near
animals should be eliminated or treated. Tick prevention will be
more difficult if swine are on pasture. Measures for pastured swine

would reflect biosecurity for pastured cattle (above).

6 Insect pests of horses

Worldwide horses and other equines are kept for recreation, sport,
and as work animals. Indirect economic impact of the equine indus-
try is over $100 billion in both the United States and in Europe,
with horse riding in Europe reported to be increasing by 5% each
year (FEI Sports Forum, 2013). While horses are still used in some
parts of the world as work animals for farming or herding, in many
countries they are predominantly used for recreation and competi-
tive sport. Horse meat is consumed in some countries, but is gener-
ally unavailable or even taboo, especially in many English-speak-
ing countries where horses are considered more as pets than food
animals. Horses are perhaps the most exported animal worldwide,
for example accounting for 57% of all U.S. live livestock exports
(including cattle, poultry, swine, sheep, and goats; USDA, 2015).
The United State is the world leader in horse population followed
by Mexico, China, Brazil, and Argentina (FAOSTAT, 2017). There
is also an exceptionally active international equine sporting indus-
try with worldwide horse movement to attend international com-
petitions. Horse travel has increased the risk of movement of horse

pathogens from endemic areas to non-endemic areas.
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6.1 Permanent ectoparasites

Horses host two lice species; the horse biting louse (Bovicola equi)
and the horse sucking louse (Haematopinus asini). Eggs of the
horse biting louse are laid on fine hairs of the neck and flank of
animals, but can spread to the entire body. Adult biting lice are 1-2
mm in length. Horse sucking lice prefer coarse hair and are found
on the mane, base of the tail, and above hooves. Adult sucking lice
are 2-3 mm in length. Lice can be spread by direct contact or by
contaminated equipment or blankets. Lice infestations tend to be
heaviest in winter months when longer coats offer better habitat.
Horses can be infested with various species of scabies or mange
mites and will exhibit similar scratching behaviour as cattle (see
above).

Management of lice and mites on horses is similar to that described
for cattle.

6.2 Ticks

Many of the ticks that negatively impact cattle will also infest
horses. Ticks can transmit a suite of protozoan, viral, and bacterial
pathogens to horses, including those that cause anaplasmosis,
piroplasmosis, Lyme disease, tularemia, and Q-fever (Granstrom,
1997).

Management of ticks on horses is similar to that described for cattle.

6.3 Bot flies

The main species of bot fly that can affect horses are the com-
mon horse bot fly (Gasterophilus intestinalis), the throat bot fly
(G. nasalis), and the nose bot fly (G. haemorrhoidalis). Eggs are
laid onto the fur of horses and are ingested during grooming. First
instar larvae attach to the mucosa of the mouth or gastrointestinal
tract where they feed on tissue. This process takes several months,
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Fig.10.8: Horn flies
blood-feeding on

a horse. While cattle are
the preferred host, horses
in proximity to cattle may
be also be attacked.
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and when larvae reach the 3rd instar they detach and are excreted.
Bots will then pupate in soil or dried manure. Damage to the host
occurs when the gastrointestinal lining becomes inflamed or 1st
instar larvae burrow into the mouth lining. As for cattle, the pres-
ence of adult flies attempting to lay eggs can panic horses leading

to horse self-injury.

6.4 Flies and mosquitoes

Horses are affected by many of the same fly species that impact
cattle, including the stable fly, horn fly, face fly and house fly. While
horse faeces is typically less productive for flies relative to cattle
faeces, both stable fly and house fly can be produced in large num-
bers when horse faeces and urine is mixed with straw bedding for
stabled horses. Horn flies and stable flies will bite horses and stable
flies in particular have painful bites. Horn flies prefer bovine hosts,
but will feed on horses and cause irritation to animals despite not
reaching high populations on them (Fig. 10.8). Face flies feed on
eye secretions and annoy animals. They are also vectors of eye
worms (Thelazia spp.) House flies do not directly affect horses,
but may be a nuisance to animals, workers,
and neighbours. House flies are also vectors of
numerous pathogens and parasites of animal
health importance, including roundworms of

horses (Habronema microstoma).

Mosquitoes develop in aquatic environments
in and around horse facilities. Mosquitoes are
vectors of several important viruses of horses,
including eastern equine encephalitis (EEEV),
western equine encephalitis (WEEV), West Nile
virus (WNV), St. Louis encephalitis (SLEV), and Venezuelan equine
encephalitis (VEEV). These viruses can cause significant disease in
horses, with mortality as high as 90% for EEEV (Knapp, 1985).
A vaccine is available to protect horses against WNV, and should
be considered for horses in geographic regions where this virus is

actively transmitted.
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Other flies that negatively affect horses and develop in aquatic
or semi-aquatic habitats include black flies (Family: Simuliidae),
biting midges (Culicoides spp.), and horse flies (Family: Tabani-
dae). The adults of both black flies and biting midges are small
(< 15 mm) but in large numbers they can severely depress animals
due to their painful and irritating bites. Biting by these flies can
also result in pronounced itching and tissue irritation as a result of
host allergic reaction to salivary compounds injected into the bite
wound by these flies (Knapp, 1985). Biting midges are also of con-
cern as vectors of African horse sickness virus (AHSV), a severe
disease of horses which is currently limited to sub-Saharan Africa
but has the potential to spread to other geographic regions. Horse
flies are large (10-30 mm) blood-feeding flies that will readily
attack horses. Horse flies have painful bites that can cause horses
to display defensive behavior including panicked running which
may cause horse self-injury. Horse flies are vectors of equine infec-

tious anaemia and trypanosomes (Knapp, 1985).

Monitoring for flies and management of flies and mosquitoes is
described in the cattle and swine sections above.

6.5 Biosecurity for horse facilities

Horse facilities present a unique challenge in terms of biosecu-
rity because of their inherent purpose. Rather than being kept for
livestock or as work animals, most horses are kept for recreation,
meaning that limiting contact among animals or between humans
and animals is not feasible. It may be much more important, there-
fore, to monitor for insect pests on animals more closely, especially
those that could spread to uninfested animals by direct contact
(e.g., lice and mites) and to keep horse stalls clean to prevent insect
breeding. Guidelines outlined for pastured cattle (above) also
apply to horses kept on pasture
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/ Insect pests of poultry

Poultry is one of the most important sources of protein found
around the world (Vaarst et al., 2015). Commercial poultry raised
for food include chickens or related birds that lay eggs and birds
raised for meat. Worldwide, poultry meat production is increasing
with worldwide consumption expected to increase 19% by 2025
(Conway, 2016a). An estimated 110 million metric tons of poultry
meat were produced worldwide in 2016 with the United States
as the world leader followed by China, Brazil, and the European
Union. China is the leading producer of eggs at 30 million met-
ric tons in 20135, followed by the United States (5.8 million MT),
India (4.4 million MT) and Mexico (2.6 million MT) (Conway,
2016b). A variety of insect and arthropod pests and ectoparasites
can negatively impact commercial birds. Egg-laying chickens (lay-
ers) are generally raised for longer periods of time than chickens
for meat (broilers), which can influence the type and severity of
insect pests. Additionally, poultry housing can influence the preva-
lence and severity of poultry pests (reviewed in Mullens & Muri-
llo, 2017). As animal welfare concerns influence poultry housing

(e.g., cage-free eggs) arthropod pest complexes will be affected.

7.1 Permanent ectoparasites

There are several species of lice and mites that infest chickens
and other poultry as permanent ectoparasites. Common species
include, the chicken body louse (Menacanthus stramineus), the
shaft louse (Menopon gallinae), the northern fowl mite (Ornitho-
nyssus sylviarum) and the scaly leg mite (Knemidocoptes mutans)
(McCrea et al., 2005). Lice are generally host-specific, able to feed
on a single host species or very closely related host species. In con-
trast, poultry mites can often feed on a range of avian hosts (Baker
et al., 1956). With a rapid life cycle and high reproductive rate,
both lice and mites can reach high numbers on layers, which have
a productive life of 1-3 years. However, broilers rarely have high
infestations of lice or on-host dwelling mites due to their limited
lifespan (6-14 weeks).
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Louse nymphs and adults feed on feathers and
sometimes blood of poultry, causing irritation to
birds (Fig.10.9). Eggs are laid singly or in clumps
in bird feathers, and the location of the life stages

. . . . e . '
will vary by louse species. Lice can only survive w M

for short periods of time off-host. For example,
chicken body louse adults can survive off-host
for only up to 2-3 days in favourable conditions
(Chen & Mullens, 2008).

The northern fowl mite is the most common mite that lives on
poultry (Fig. 10.10). It is primarily found in the vent region of
birds due to a favourable microclimate in this location. Eggs are
laid in these feathers, and protonymphs and adult mites blood feed
in this area. Mite blood feeding results in irritation to birds and
can result in decreased egg production. These mites are not impor-
tant vectors of disease. Adult northern fowl mites can survive
nearly a month off-host when temperatures are cooler (<33 °C)
and relative humidity is high (85%) (Chen & Mullens, 2008). The
northern fowl mite can feed on a range of poultry and wild bird
hosts making it difficult to prevent introduction of these mites into
a new poultry flock (Knee & Proctor, 2007). The scaly leg mite
looks similar to scabies and lives in the skin under foot and leg
scales where they can cause irritation, inflammation, and in severe

cases, foot deformation or lameness.

Monitoring for lice or mites that live on-host will rely on direct
inspection of animals periodically. Lice may be
found all over the body, but mites will be pri-
marily in the vent area (Axtell & Arends, 1990).
The presence of mites on eggs is also an indicator
of high mite populations and has been used as
a threshold for treatment, though ideally treat-
ment would occur before mite populations reach
such levels (Mullens et al., 2000).

Control of permanent ectoparasites has tradition-
ally relied on insecticidal sprays applied directly
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body lice (Menacanthus
stramineus) on a chicken
(dark brown near the base
of the feather). Several
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Fig.10.10: Northern fowl
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Fig. 10.11: Adult stick-
tight fleas (Echidnophaga
gallinacea) attach to the
host to blood-feed. They
prefer to attach to combs,
wattles, and areas around
the eyes (shown).

to the birds (Axtell & Arends, 1990). These chemicals must be
sprayed at high pressures to penetrate the feather layer to reach
where the ectoparasites live. Chemical resistance, increasing
organic production, and the shift from caged to cage-free birds
has limited the use and effectiveness of insecticides in recent years
(Mullens & Murillo, 2017; Mullens et al., 2017b). Alternatives to
traditional insecticides include the use of inorganic dusts such as
kaolin clay or diatomaceous earth in dustboxes (Martin & Mul-
lens, 2012) or the application of sulphur dust directly to birds or
by dustboxes or bags (Martin & Mullens, 2012; Murillo & Mul-
lens, 2016).

7.2 Nest parasites

Some ectoparasites require poultry blood for development and
reproduction, but spend most of their time living off their poul-
try host in the nest area (‘temporary ectoparasites’). Common
temporary ectoparasites of poultry include the bed bug (Cimex
lectularius), poultry red mite (Dermanyssus gallinae), sticktight
flea (Echidnophaga gallinacea), and several soft ticks (Argas spp.).
These temporary ectoparasites can be problematic for both layers

and broilers as long as suitable off-host harbourage is available.

The eggs of bed bugs, poultry red mites, and soft ticks are laid in
protected cracks and crevices near poultry, such as in nest boxes.
Other life stages of these ectoparasites also live within cracks and
crevices and other harbourage locations near birds, emerging at
night to blood feed on nearby birds. Bed bugs can take 1-4 months
to develop from egg to adult depending on envi-
ronmental conditions, and they survive for weeks
to months without feeding. Bed bugs cause irrita-
tion by feeding but have not been found to vector
poultry disease (Krinsky, 2009). Poultry red
mites can develop from egg to adult in as little as
10 days (Maurer & Baumgirtner, 1992). Red
mites have been implicated as vectors of numer-

ous poultry pathogens including bacteria and
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viruses (Moro et al., 2005). Soft ticks can transmit spirochetes and
cause tick paralysis (Proctor & Owens, 2000).

Sticktight flea adults blood feed by attaching to hosts on the head
or face area for extended periods of time (Fig. 10.11) (Axtell,
1985). Sticktight flea adults lay eggs without detaching from birds.
Eggs fall to the litter, where immatures develop
on organic material and adult flea faeces. Stick-
tight fleas have not been implicated in disease

transmission.

Monitoring for off-host dwelling ectoparasites
should target likely harbourage near animals.
Nest boxes should be examined periodically for
various life stages of ectoparasites, including
eggs, or signs of ectoparasites such as blood-fae-
cal spots (Fig. 10.12). Traps made from corru-
gated cardboard create harbourage for ectopara-
sites and can be used for monitoring presence
and relative abundance. The combs of birds should be examined

directly for the presence of sticktight fleas.

While it can be difficult to locate the often numerous harbourage
sites of these temporary ectoparasites, application of insecticide or
acaricide sprays to these harbourages near birds can provide con-
trol. Sprays must be thorough for effective control. Dusts or silica
gels or entomopathogenic fungi can likewise be applied directly to
cracks and crevices, though environmental conditions may affect

their efficacy.

7.3 Insects that develop in poultry faeces and litter

Insects that develop in poultry faeces and poultry litter include the
lesser mealworm (Alphitobius diaperinus) and several species of
flies, notably the house fly and the little house fly (Fannia canicula-
ris). Lesser mealworm immatures require months to develop, then

burrow into soft wood or poultry housing insulation to pupate
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(eggs, immatures, and
adults) in a wooden nest
box on a commercial
poultry facility. The dark
spots are caused by bed
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ed blood and can be in-
dicative of an infestation.
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(Axtell, 1985). Besides causing structural damage, beetles are also
reservoirs and vectors of numerous poultry diseases. They can also
be nuisance pests of humans if large numbers of these beetles are
removed from poultry houses with manure cleanout, leaving the
adult beetles to disperse into the surrounding area. House flies and
little house flies develop in nutrient-rich moist environments that

include poultry litter, manure, and spilled feed.

House flies can develop from egg to adult in as little as 7-10 days.
Little house flies, in contrast, require 20-30 days to develop from
egg to adult (Axtell, 1985). Adult flies can mechanically transfer

pathogens, though flies are primarily nuisance pests of humans.

Various traps can be used to monitor for immature and adult
beetles (Axtell & Arends, 1990). Tube traps can be constructed
out of short (ca. 15 cm) pieces of PVC pipe filled with corrugated
cardboard. These traps should be placed along the poultry house
perimeter and checked weekly to track relative beetle abundance.
Fly monitoring and control as described for cattle (above) apply
here. In poultry housing, moist manure or litter should be inspected
directly for the presence of developing beetles and fly larvae, which

may then be targeted for control.

Control of these pests is best achieved by sanitation efforts applied
to poultry manure and litter. Moist areas, such as under leaking
water lines, may be hot spots of development. Every effort should
be made to dry manure quickly, which will make it unsuitable for
fly development. In addition, insecticides or insect growth regula-
tors (prevent insects from maturing to adults) may be applied to
manure or other immature development habitat where these pests
are noted. Control of adult flies includes insecticidal spray to rest-
ing areas, granular fly baits, or fly traps, though this should be

secondary to reducing immature development sites.
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7.4 Biosecurity for poultry pests

Biosecurity can impact how insect pests get into poultry flocks,
how insects and disease are spread among flocks, and the dispersal
of insect pests from commercial poultry facilities to nearby proper-
ties. Permanent and temporary pests can be limited or prevented
entirely with good biosecurity because they are so dependent on
poultry hosts for survival. Excluding wild birds and their nests and
excluding or limiting rodent activity can limit introduction and
spread of mites and lice. Humans may act as incidental carriers of
poultry ectoparasites and move them from infested to uninfested
flocks. Cleaning boots and equipment in between flocks can limit
the spread of insects. Limiting movement between poultry houses

will also reduce the risk of spreading ectoparasites.

Lice and northern fowl mites do not infest humans, but poultry
red mites may feed on people causing irritation. The bed bug spe-
cies that feeds on humans can also infest poultry flocks, though the
importance of humans to introducing bed bugs to poultry facilities

is unknown.

Insects that develop in poultry manure are not as dependent on
the presence of poultry, and the way in which manure is stored or
managed is much more important for their survival during the time
between flocks. Manure and litter can be composted or treated
with insect growth regulators or insecticides to limit the spread
of nuisance pests and potential vectors. Flies in particular may be
able to transmit pathogens to or from poultry facilities. House flies
and little house flies can potentially mechanically transmit exotic
Newcastle disease, and the vector potential for avian influenza is

currently unknown.
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8 Conclusion

Biosecurity measures employed to protect animal health must
include control of insects, mites, and ticks that negatively impact
animals by direct feeding damage or as vectors of animal patho-
gens. Control of these pests should follow the general principles
and practices of an integrated pest management (IPM) programme,
including pest monitoring and focusing on proactive measures to

limit pest production.

Insect biosecurity is best achieved by (1) reducing fly abundance
through appropriate sanitation practices to limit fly development
habitat, (2) quarantining and treating animals infested with lice
or mites to prevent direct transfer of these pests to other animals,
(3) separating farm animals from wild animals that may carry and
transfer lice, mites, and ticks, (4) monitoring pest abundance and
activity regularly to identify new pest introductions and to deter-
mine whether pests are nearing damaging levels, and (5) training
facility employees to avoid accidental transfer of ectoparasites
from infested facilities to non-infested facilities.

The pests that need to be monitored and managed will depend
upon the production animal, the operational characteristics of the
facility (e.g., pasture-based or confinement), the geographic region
where animals are located, the season, and the presence or absence
of pathogens within the region. As discussed in the sections above,
pests of importance often differ among the different species of ver-
tebrate hosts, so monitoring efforts should focus on relevant pests

for each animal commodity.
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1 Introduction

Animal production facilities are highly attractive to rodents as
the conditions, such as an easily accessible abundance of food,
plenty of shelter, and protection from variable and harsh climate
conditions, are extremely beneficial to them. Unfortunately, the
uncontrolled presence of rodents on farms can cause a lot of prob-
lems. First of all they are a potential source of infectious disease
transmission acting as both a biological as well as mechanical vec-
tor (Amass and Baysinger, 2006). Rodents are recognised carri-
ers of at least 35 diseases, including the major zoonoses such as
campylobacteriosis, salmonellosis, and yersiniosis, pasteurellosis,
leptospirosis, swine dysentery, trichinosis, toxoplasmosis Hepati-
tis E, EMC virus, PCV2 virus and rabies (Backhans and Fellstrom,
2012; Lapuz et al., 2008, 2012; Friedman et al., 2008; Pinheiro
et al., 2013; CDC, 2017). Mice and rats can carry disease-caus-
ing organisms on their feet and fur thus increas-
ing the spread of disease. Rodents may roam the
countryside looking for new food sources when
animal houses are emptied, and return when they
are repopulated. As a consequence they may not
only be responsible for the spread of infectious
agents within the farm, but they may also transmit
diseases between farms or re-contaminate incom-
ing animals. In addition to transmitting diseases,
rodents can also cause substantial damage to building infrastruc-
tures, by eating the casing of electric wires (Fig. 11.1) for instance
and consequentially causing electric short circuit which can cause
a fire hazard (Lang et al., 2013).

They will also frequently damage insulation material as this is one
of their preferred locations for nesting. The presence of rodents
may also stress animals (pigs, birds, etc.). As most rodents are noc-
turnal, they are generally very active during the night and they
may scare off the housed animals. And finally the rodents may
also consume a substantial amount of animal feed and spoil the

remainder of the feed. By way of example, 100 rats can eat up to
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2 kilos of animal feed per day. When measured over one year, this
results in a loss of up to 700 kilos of feed (Lang et al., 2013).

For all of these reasons it is highly advisable to try to keep rodents
out of farms and animal housings as much as possible. If they are
present, it is essential to control them and to try to eliminate them
as quickly as possible.

2 Rodents and the reasons for their success

The rodents we encounter the most in animal
facilities are rats and mice.

The black rat (Rattus rattus) (Fig. 11.2), also
known as the ship rat, roof rat, house rat, is a
common long-tailed rat. An adult black rat weighs
between 150 and 250 grams, measures around 18

centimetres and has a long tail of around 22 cm.
The black rat is a very good climber and very
often lives in ceilings therefore. The black rat is A

very shy and hard to seduce with bait. They prefer Fig.11.2: Black rat
to eat grains or fruit and do not like a meat diet. -
They require the presence of fresh water.

The brown rat (Fig. 11.3), also referred to as
common rat, street rat, sewer rat, Norwegian rat
(Rattus norvegicus) is one of the best-known and
most common rats. The brown rat is a little taller
than the black rat and weighs between 150 and
500 grams. They often nest under surfaces. They

are very good swimmers and eat just about any-
thing they can find (including meat). They also
dig burrows for instance in insulation material. A

Fig. 11.3: Brown rat
The mice encountered in stables are mainly house mice (Mus mus-  ~—
culus) (Fig. 11.4). They are found in and around animal facilities.
They generally search for warm locations and make their nests in
warm, dry locations. They require very little drinking water. The
house mouse eats around 3 grams of food a day and is omnivo-
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A
Fig.11.4: Mice
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rous. They never eat large volumes at once but

generally eat small amounts continuously.

Rats and mice have poor eyesight but an excel-
lent sense of smell, taste, touch and hearing.
They do not like open areas and prefer contact
with walls and other objects. They do not range
far from the nest. The range for rats is up to 45
metres and 9 metres for mice.

In addition to the reasons stated above (food, climate, shelter),
there are several other reasons for the successful presence of
rodents in stables. First of all they are relatively small which means
they are able to hide in very small surfaces and to move through
very narrow gaps. Secondly they are smart and flexible so that
they are able to adapt easily to varying circumstances. They are
also very athletic which allows them to move very fast, to climb
walls, jump over obstacles and swim. And finally, and probably
most importantly, they are highly reproductive. A female rat for
instance starts to be reproductive from the age of 2-3 months
(mice are reproductive from the age of 6-8 weeks) and they can
produce around 6-8 litters a year, producing up to 10 young per
litter. As a result, one female rat is capable of producing another
22 breeding females in one year (assuming a 50:50 male/female
ratio of offspring), which mature within 3 months. In ideal condi-
tions this means that a pair of rats and their offspring can produce
20,000,000 offspring in the space of three years. The size of the
population in a stable will largely depend of course on the avail-
able hiding and nesting places (in ceilings, under feeding troughs,

in wall cavities) and the availability of food and water.

3 Monitoring: how to identify
arodent problem?

Monitoring is an important step in preventing and/or controlling
rodent populations. Traditional rodent control methods such as
baiting and trapping can also be used as a monitoring tool. Thor-

ough record-keeping of bait disappearance can warn farmers if
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their rodent population is increasing. This is espe-
cially important in the autumn when rodents start to
look for suitable wintering sites.

The following are signs of rodent infestation (Lang
et al., 2013):

e Sounds: gnawing, climbing noises in walls,
squeaking.

* Droppings: found along walls, behind ob-jects
and near food supplies (Fig. 11.5).

e Burrows: rat burrows are indicated by fresh
diggings along foundations, through floor-
boards into wall spaces (Fig. 11.6 and 11.7).

e Runs: look for dust-free areas along walls and
behind storage material.

*  Gnawing marks: look for wood chips around
boards, bins and crates. Fresh gnawing marks
will be pale in colour.

e Rodent odours: persistent musky odours are a
positive sign of infestation.

®  Visual sightings: daylight sightings of mice are
common. Rats will only be visible in daylight
if populations are high (Fig. 11.8). Enter your
barn quietly at night, wait in silence for five
minutes and listen for the sound of rodent
activity. Look around with a powerful flash-
light; rat eyes will reflect the light.

*  Smudge marks: these may be found on pipes
or rafters where dirt and oil from their fur

leave a greasy film.

It is a generally accepted rule of thumb that there
are approximately 25 mice or rats for every one that
is visible. If rats and mice are seen during daylight
hours, it may indicate a severe infestation, as the
population and feeding pressure are so high that

juveniles are forced to forage during the day.
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Fig.11.5: Rat droppings

A

Fig. 11.6 & 11.7:
Rat burrows in ground or
in roof insulation material

A

Fig. 11.8: Rat observed
during day time herd visit




Fig.11.9: Rodent proof
exterior where rats and
mice have no places

to shelter

v

A

Fig. 11.10: Waste piled
up along the stable walls
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4 How to control rodents

A good rodent control plan will always consist of at least two com-
ponents: control outside the animal houses to prevent the rodents
from entering the animal facilities and control inside the stables to
control the rodents that have entered the buildings.

4.1 Preventing the entrance of the rodents

To prevent rats and mice from entering animal
facilities as much as possible, it is advisable to
make the outside of the farm rodent-proof. This
can be done by making sure that there are as few
places as possible where rodents can shelter or
settle (Fig. 11.9).

In other words, no equipment, weeds or waste
should be piled up against the stable walls
(Fig. 11.10). It is important to understand that
rodents don’t have good vision so they don’t rely
on their eyes, but on their sense of touch (whisk-
ers) when they are moving. For this reason, they
always run alongside the wall. Moreover, they
are extremely shy and will continuously search
for places to hide. As a result, a first step in
rodent control is to clean up the surroundings
of the stables and remove all possible shelter

options.

Secondly, the animal houses should be sealed off as much as
possible. This means that all possible entrances (e.g. windows,
air inlets, spaces under the roof) should be either fully closed or
equipped with gratings that prevent rodents from entering. With
regards doors it is important to ensure that they fit well, are always
closed and that there is no space under the door allowing rodents
to enter. Buildings should be inspected at least once a year for
possible entryways for rodents. As mice only need a hole the
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size of a finger, and as rats can enter through a hole the size of
a thumb, entryways can be small. Cracks around door frames,
under doors, broken windows, water and util-
ity hook-ups, vents and holes surrounding feed
augers are potential points of entry. Coarse steel
wool, hardware cloth or sheet metal can be used
to cover/fill any entrances. Plastic, wood or insu-
lation material should not to be used, as rodents
simply gnaw their way through them.

Finally, it is important to place bait outside the
buildings (Fig. 11.11) to ensure that any rodents
that do attempt to enter come into contact with
the bait first and have eaten poison before they
manage to enter the stables. When using bait sta-
tions it is important that the rodenticides are well covered (not acces-
sible to children and/or non-targeted species) and that they are fixed

inside the bait station to avoid them being carried out by the rodents.

4.2 Control of rodents inside the animal houses

Once all possible measurements have been taken to avoid rodents
entering the buildings, the next step is to ensure a good control
strategy inside the stables. This is based, first of all, on prevention,
by avoiding conditions that favour nesting, feeding and reproduc-
tion (see above). Secondly the control should be based on a combi-

nation of chemical and mechanical control measures.

4.2.1 Chemical control

Chemical control is based on the use of rodenticides. The most
frequently used rodenticides are anticoagulantia (table 11.1). They
work by preventing blood coagulation. They are vitamin K precur-
sor analogues that inhibit the production of vitamin K as the
enzymes that are needed to produce vitamin K use the precursors
analogues as substrate Vitamin K is essential for the production of
precursors of coagulation factors. This results in internal bleeding

and shock that cause death among rodents 3 to 4 days after intake.
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The slow action of the products is the result of a gradual decrease
in body reserves of vitamin K. The carcasses of these rodents will
slowly dry out and will not spread a bad smell. As mentioned
before rodents are very suspicious and very clever, and if the con-
nection between eating a rodenticide and death is noticed, they will
very quickly refrain from eating the poison. It is important there-

fore that they do not die immediately after eating the rodenticide.

Table 11.1: Most frequently used rodenticides

1st generation 2nd generation
Group A Group B
Chlorophancinon Difenacoum Brodifacoum
Warfarin Bromadiolone Difethialon
Coumatetralyl Flocoumafen
Diphacinone

The toxicity of a rodenticide is expressed in terms of LD50. This
is the dose needed to kill 50% of the rodents that have eaten it.
A frequently used rodenticide is brodifacoum which has an LD50
of 0.26 mg/kilo for the brown rat and 0.70 mg/kilo for the black
rat. More rodenticide is needed therefore to kill a black rat than a
brown rat. First generation and second generation group A anti-

e coagulants require rodents to feed over several days in order to
Fig. 11.12: Different

formulations of rodenti- acquire a lethal dose of the active ingredient whereas second-gen-
cides: a) paste; b) grain eration group B anti-coagulants may only require a single feeding
mixture; c) sticky foam; . . . .

d) grains to acquire a lethal dose. Both are slow-acting products which is
v essential in order to avoid the animals associating the consump-

tion of the poison with death.

b)
In addition to the toxicity, the formulation of
the rodenticide is also of importance. Depending

on the circumstances paraffin blocs, foam, gel,

wheat, malt, oaks, or other formulations can be

b used (Fig. 11.12). In any case, rodents, and espe-
o cially the black rats, are very selective about
- what they eat making it important that the

rodenticide and its vector are fresh and tasty, to
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avoid the rodents ignoring it. When using bait stations outside the
stables it is advisable to use paraffin blocks as they are more resistant

to humidity, although they are a little less attractive than grains.

The location of the baits is important as rodents
tend to use the same runs all the time (Fig. 11.13).
The easiest time to identify the runs is at night
as this is when there is the highest likelihood of
seeing the animals walking around. Rodents will
not make a detour to reach the rodenticides, even
if they smell attractive. It is important therefore
to check the location of their runs very carefully
and install the mechanical traps (see below) or
the rodenticide along these runs. Moreover, rats
are extremely apprehensive about new objects
and will avoid them for several days. Leaving a trap or bait station
out for about five days is necessary to ensure acceptance. Mice
quickly accept new objects. These tendencies are very important

when designing baiting or trapping programmes.

It is highly recommendable to put the rodenticide in a bait sta-
tion, not only for safety of personnel, pets, and animals, but also
because this keeps it away from dust and it remains more attrac-
tive. Moreover, rodents feel comfortable hidden in a bait station
and will eat more of the rodenticide. Mice have a small territory,
so rodent bait stations should be placed about every five metres.

Rodents may occasionally develop bait shyness after being made
sick, but not killed, by a rodenticide. The shyness is towards the
bait carrier, e.g., grain, and not to the rodenticide. In this event

another formulated product or a different attractant can be used.

4.2.2 Mechanical control

In combination with chemical control, it is advisable to use mechan-
ical control measures. This consists mainly of using traps. They are
efficient as a monitoring tool in circumstances where the rodent
infestation is under control and for monitoring potential

reintroductions.
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The best mechanical control devices are traps (Fig. 11.14). These
should be placed on rodent runs. It is also advisable to place two
traps one behind each other to avoid rats jumping over them. It is
also advisable to use plastic trays rather than wooden ones as they
are easier to clean and absorb less of the smell of rat urine and

faeces. Whenever a trap catches a rodent it is important to empty

and clean the trap as quickly as possible. Cages are less suitable as
A the animals in the cage are not killed immediately and they _might

Fig. 11.14: Arodent frap tart to panic and scare away the others rodents. The rats will con-

sequently quickly learn to avoid the cages.

Sound and ultrasound devices are not advised in animal facilities.
Rodents may be frightened by strange noises in the first few days
but then quickly become accustomed to them. Sound devices may
cause distress among commercial poultry flocks, as well as result
in decreased production and increased injury/mortality.

Pets such as cats and dogs are not good partners in rodent control.

Fig. 11.15 & 11.16: They may catch a few mice or rats however they do not comply with
Rodents should not be biosecurity measures themselves either. In this instance therefore you
controlled by cats or dogs

v are replacing one potential vector of disease transmission with another.

5 When to control rodents

Rodent control should be a continuous focus in all ani-
mal facilities. Even if there are no visible signs of rodent
infestation, prevention is still required in order to avoid
new entries that may result in large infestations before
the problem has been detected.

If an important rodent problem is encountered, a very
good time to control the infestation is when the stables
are emptied. Any remains of animal feed should be
removed so that there is no more feed for the rodents
to eat. If attractive rodenticides are placed after feed
removal, at sites where the rodents have been accus-

tomed to feeding (e.g. animal feeding troughs), it is

very likely that they will eat large volumes of the
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rodenticides. This is especially true of rats living under the floors
above dung and which are hard to reach as long as the animal
house is populated. To avoid having rats living above the dung it is
also important to make sure that no crusts form on the slurry as

these are ideal hiding and nesting locations for rats.

Common mistakes in rodent control

Rodent control programmes often produce disappointing results and

this may be due to a number of frequently made mistakes such as:

1. Insufficient control outside the stables and/or foo many entrances
to the stables from the outside. In these cases control methods are
inefficient as there will be a continuous influx of new rodents from
outside.

2. The rodenticide is placed at the wrong place, at a location where
the rodents don't pass for instance. As mentioned before rodents
stick very closely to their habits and runs and will not make a detour.
[tis important therefore to make frequent checks fo see whether ro-
denticides have been eaten. If not, new locations should be found.

3. Fresh rodenticide is not put down sufficiently frequently. As ro-
dents prefer fresh food they will ignore rodenticide that has be-
come stale and mouldy. It is important therefore to replenish the
baits frequently even if they have not been touched.

4. Insufficient follow-up of pest control after a while because the
farmer has the impression that the infestation is under control.
This is offen when new animals enter the buildings and a new
episode of heavy infestation may start.

6 Conclusions

Rodent infestations can cause huge damage and may be important
disease transmitters. An efficient rodent control programme is an
indispensable component of a biosecurity plan therefore. It should
be based on a combination of efficient prevention of entrance and
good chemical and mechanical control inside the stables.
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1 Introduction

Pigs are susceptible to a wide range of endemic and epidemic dis-
eases, including zoonotic infections, which can affect health, wel-
fare and productivity, and thereby have a major economic impact.
The implementation of biosecurity measures along the production
chain presents itself as one of the major solutions for minimising
the risk of introduction of these diseases into farms (external bio-
security), as well as their spread within farms (internal biosecurity)
(Anonymous, 2010). Probably as a consequence of its role in dis-
ease prevention and control, biosecurity has been shown to have a
positive impact in reducing the amount of antimicrobials used in
Belgian pig production (Laanen et al., 2013; Postma et al., 2016).
This is a promising finding considering that antimicrobial use in
pig production has been identified as one of the highest among
livestock sectors in European Union (EU) countries (Filippitzi et
al., 2014; Carmo et al., 2017).

Recently, several studies have demonstrated a positive associa-
tion between biosecurity and production parameters (Laanen et
al., 2013; Postma et al., 2016) and between biosecurity and farm
profitability (Corrégé et al., 2012; Siekkinen et al., 2012; Rojo
Jimeno et al., 2016; Collineau et al., 2017). Despite these docu-
mented associations and the recognised importance of biosecurity
measures, there are still major shortcomings in the implementation
of these measures among European pig farms (Laanen et al., 2013;
Backhans et al., 20135, Filippitzi et al., 2017). There are several
examples of spread of diseases due to insufficient implementation
of biosecurity measures, such as the porcine epidemic diarrhoea
(PED) (Scott et al., 2016), the highly pathogenic strain of porcine
reproductive and respiratory syndrome (HP-PRRS) (Brookes et
al., 2015) and the foot-and-mouth disease (FMD) epidemic in the
United Kingdom in 2001 (Ellis-Iversen et al., 2011). It is highly
necessary therefore to continue emphasising the importance of
biosecurity in disease prevention.

In this chapter, the routes of direct and indirect transmission of
the most common pig diseases are described and translated into

biosecurity measures. These measures might help in preventing
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infectious agents from moving between and within pig farms via

these routes.

2 Review of pig disease transmission

In order to identify the disease transmission routes of the most
important pig diseases we first studied a table by Amass (2005).
This table included the routes of indirect transmission of 19 impor-
tant pig pathogens. We then reviewed more recent literature pub-
lished between 2005 and 2016 on transmission of the same patho-
gens in order to retrieve additional information and to update this
table. Additionally, based on the opinion of three experts in swine
health, biosecurity and epidemiology, the list of pathogens selected
by Amass (2005) was extended to include five important diseases
for pig production in Europe. Finally, the direct disease transmis-
sion route was also added. For each disease, a rapid structured
literature search was carried out in PubMed and Web of Science
(Thomson Reuters) using a search string formulated as the combi-
nation of (the name of the pathogen) AND (pig OR swine) AND
transmission. The book Diseases of Swine (Wiley-Blackwell®
2012) was also used as reference. The results are summarised in
Table 12.1 (see p. 298-301).

>

Table 12.1: Routes of pig pathogen transmission
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Direct contact

Indirect contact

People Semen Manure Domestic/feral
animals
Pathogen Biosecurity measures (in sub-categories) preventing each route of disease transmission
Purchasing policy, | Access check Purchasing Transport/ | Vermin and bird
Transport/ Indirectly: Trans- | policy removal of | control
removal of ani- port/removal of animals/
mals/manure/ animals/manure/ manure/
cadavers, cadavers; Supply cadavers
All sub-categories | of fodder, water
of internal and equipment;
biosecurity® Cleaning and
disinfection
Actinobacillus O (Gottschalk, O (Gottschalk,
pleuropneumo- 2012a; Tobias et 2012a; Baroch et
niae al., 2014) al., 2015;
Marinou et al.,
2015)
Bordetella O (Nicholson et X
bronchiseptica al., 2012; Brock-
meier et al., 2012)
Brachyspira O (Desrosiers, O (Hampson, X X
hyodysenteriae 2011; Hampson, | 2012)
2012)
Brucella suis O (Wu et al., X X O (Olsenet | X
2012; Olsen et al., al., 2015)
2015)
Classical swine O (Muiioz- O (Ribbens et al., | X X X
fever virus Gonzilez et al., 2007; Anony-
2015; Anony- mous, 2014)
mous, 2014)
Clostridium O (Songer et al., O (Songer
perfringens 2012; Allaart et et al., 2012;
al., 2013) Allaart et
al., 2013)
Erysipelothrix O (Opriessnig et O (Opriess-
rhusiopathiae“ al., 2012) nig et al.,
2012)
Escherichia coli O (Cornick et al., | X X O (Fairbrother et
2008; Fairbrother al., 2012; Pearson
et al., 2012; Cal- et al., 2016)
lens et al., 2015)
Foot-and-mouth O (Desrosiers, X X X O (Mohamed et
disease virus 2011; Dekker, al., 2011; Fukai et
2011; Anony- al., 2015)
mous, 2011;
Pacheco et al.,
2012)
Haemophilus O (Aragon et al., O (Aragon et al.,
parasuis© 2012; Brockmeier 2012)
et al., 2013)
Lawsonia O (McOrrist et al., O (McOrist | O (Baroch et al.,
intracellularis© 2012) et al., 2015; Pearson et
2012) al., 2016)

a As described in Biocheck.UGentTM; b Transmitted to distances >2 km; ¢ Added to the original list of Amass (2005).




Rodents Insects Aerosol Animal feed | Water Fomites
(Vectors)
Vermin and | Location, Purchasing policy, | Supply of Supply of fodder, | Cleaning and disin-
bird control | environment | Transport/ removal | fodder, water | water and fection, Indirectly:
of animals/manure/ | and equipment Transport/removal
cadavers, Location, | equipment of animals/manure/
environment, All cadavers; Supply of
sub-categories of fodder, water and
internal biosecurity equipment; Access
check; Vermin and
bird control
X O (Gottschalk, O (Assavacheep et
2012a; Assa- al., 2013)
vacheep et al.,
2013; Loera-
Muro et al.,
2013)
X O (Brock- X X O (Brockmeier et
meier et al., al., 2012)
2012)
X O (Desro- O (Hamp- X O (Hampson,
siers, 2011) son, 2012) 2012)
O (Olsen et O (Olsen et al., O (Olsen et
al., 2015) 2015) al., 2015)
X X O (Anony- X
mous,
2014b)
O (Allaartet | X X O (Allaart et al.,
al., 2013) 2013)
X X X O (Fair- X X
brother et
al., 2012)
X® O (Schembri | O (Schijven et al.,, | X
etal.,, 2010; | 2005)
Hernandez-
Jover et al.,
2011)
O (Friedman, | O (McOrist O (McOrist et al.,

et al., 2008;
McOrrist et
al., 2012;
Pearson et
al., 2016)

et al., 2012)

2012)

‘X' represents possible fransmission routes described by Amass (2005). 'O’ describes new possible transmission routes
based on studies published between 2005 and January 2016.




Direct contact

Indirect contact

People Semen Manure Domestic/feral
animals
Pathogen Biosecurity measures (in sub-categories) preventing each route of disease transmission
Purchasing policy, | Access check Purchasing Transport/ | Vermin and bird
Transport/ Indirectly: Trans- | policy removal of | control
removal of ani- port/removal of animals/
mals/manure/ animals/manure/ manure/
cadavers, cadavers; Supply cadavers
All sub-categories | of fodder, water
of internal and equipment;
biosecurity® Cleaning and
disinfection
Leptospires O (Ellis, 2012) X O (Althouse X
and Rossow
2011, Maes,
2016)
Mycoplasma O (Thacker and O (Nathues et al. O (Baroch et al.
hyopneumoniae Minion, 2012) 2012) 2015, Marinou et
al. 2015, Pearson
et al. 2016)
Pasteurella O (Fablet et al. O (Desrosiers, X O (Desrosiers
multocida 2011, Desrosiers, | 2011) 2011, Register et
2011, Register et al. 2012)
al. 2012)
Porcine circovirus | O (Segalés et al. O (Althouse O (Patter- O (Baroch et al.
type 2°¢ 2005) and Rossow son et al. 2015, Boadella et
2011, Maes, | 2011) al. 2012, Segalés
2016, Segalés et al. 2012, Corn
et al. 2012, et al. 2009)
Woeste and
grosse Beilage
2007)
Porcine epidemic | O (Saif et al. O (Scott et al. O (Scottet | O (Scott et al.
diarrhoea virus© 2012) 2016) al. 2016) 2016)
Porcine O (Miao et al.
parvovirus 2009, Truyen and
Streck, 2012)
Porcine reproduc- | O (Zimmerman et | X X X O (Baroch et al.
tive and respira- al. 2012, Thakur 20135, Boadella et
tory syndrome et al 2015) al. 2012, Corn et
virus al. 2009, Zimmer-
mann et al. 2012)
Pseudorabies O (Mettenleiter et X X X
virus al. 2012)
Salmonella spp. O (Carlsonetal. | X X X
2012, Andres and
Davies 2015)
Streptococcus suis | O (Fablet et al. X X X
2011, Gottschalk
2012b)
Swine influenza O (Van Reeth et X X X
virus al. 2012)
Swine vesicular O (Alexandersen | X X O (Alexan- | O (Alexandersen
disease virus et al. 2012) dersen et al. | et al. 2012)
2012)
Transmissible O (Saif et al X X X
gastroenteritis 2012)
virus

a As described in Biocheck.UGentTM; b Transmitted to distances >2 km; ¢ Added to the original list of Amass (2005).




Rodents Insects Aerosol Animal feed | Water Fomites
(Vectors)
Vermin and | Location, Purchasing policy, | Supply of Supply of fodder, | Cleaning and disin-
bird control | environment | Transport/ removal | fodder, water | water and fection, Indirectly:
of animals/manure/ | and equipment Transport/removal
cadavers, Location, | equipment of animals/manure/
environment, All cadavers; Supply of
sub-categories of fodder, water and
internal biosecurity equipment; Access
check; Vermin and
bird control
X X
Xk X X
X X O (Desrosiers,
2011, Register et
al. 2012)
O (Pinheiro | O (Blunt et O (Opriess- | O (Woeste and
etal. 2013, al. 2011) nig et al. grosse Beilage
Csdgola 2009) 2007, Fablet et al.
2008) 2011, Segalés et
al. 2005)
X X O (Truyen and O (Truyen and
Streck, 2012, Sliz | Streck, 2012)
et al. 2015)
O (Marinou | X XPe O (Brookes X X
etal. 2015, et al. 2015)
Zimmer-
mann et al.
2012)
X X X O (Mettenleiter et | X
al. 2012)
X X x> X X X
X X X X
X
X O (Alexan- X
dersen et al.
2012)
X X

‘X' represents possible fransmission routes described by Amass (2005). 'O’ describes new possible transmission routes
based on studies published between 2005 and January 2016.
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3 Biosecurity measures in pig production

Based upon the described disease transmission routes biosecurity
measures are described that aim to prevent either the introduction
or spread of these pathogens in pig herds. For the sake of clarity,
these measures are subdivided into external biosecurity measures
aimed at prevention of disease introduction, and internal biosecu-

rity measures aimed at the prevention of disease spread within

herds.

3.1 External Biosecurity

3.1.1 Purchasing policy

The introduction of non-proprietary animals or genetic material
(e.g. semen) is a possible source of the introduction of pathogens
against which there is no farm immunity. Pathogen transmission
occurs very effectively via direct contact between infected and
susceptible animals (Filippitzi et al., 2017). The importance of
biosecurity in purchasing policy therefore is great in ensuring the
protection of farms from many pathogens as listed in Table 12.1.
As a consequence, the primary aim should be to avoid purchasing
animals or genetic material as much as possible (Amass and Bay-
singer, 2006; Dewulf, 2014; Filippitzi et al., 2017). A fully closed
herd or production system has a substantially lower risk of disease
introduction. Moreover, in addition to the risk of disease introduc-
tion, the frequent addition of ‘naive’ animals may also favour the
continuous circulation of herd-specific pathogens, which may in
turn hamper the control and eradication of certain pathogens in
herds. Yet, in modern pig production facilities, avoiding the intro-
duction of new animals or semen is often very difficult because
farms want to keep up with the genetic progress made by breeding
companies. Therefore, whenever new animals are introduced, a

number of precautionary measures should be taken.
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3.1.1.1 Limit the frequency of introduction

Both the frequency of introduction and the number of animals
purchased will influence the risk of disease introduction (Févre et
al., 2006; Laanen et al., 2013). In both, the maxim from a bios-
ecurity point of view is ‘the less, the better’. However, sometimes
it can be advisable to increase the size of the group of purchased
animals (e.g. new gilts) as this may enable a reduction in the fre-
quency of new introductions. It is believed to be less risky to buy

twenty gilts five times a year than 10 gilts 10 times a year.

3.1.1.2 Limit the number of sources

It is very important to limit the number of source herds, both for
animals and semen, as much as possible (Dewulf, 2014). Several
studies have shown that introducing animals from different source
herds increases the risk of disease introduction (Hege et al., 2002;
Lo Fo Wong, 2004). Moreover, source herds should preferably
have a documented high health status (Pritchard et al., 20035; Kir-
wan, 2008; Dewulf, 2014). This status may include the certified
absence of a number of infectious diseases (e.g. specific pathogen
free status) thus avoiding the unintended introduction of new
pathogens in the receptor herd (Laanen et al., 2010; Filippitzi et
al., 2017).

3.1.1.3 Implement good quarantine measures

Newly purchased animals should always be introduced first into
a quarantine stable. A good quarantine stable is fully isolated
from the other animal facilities and should be accessed through
a separate entry with its own hygiene lock (Fig. 12.1). During
the quarantine period, animals should be clinically inspected to
ensure that no symptoms of disease are present or will emerge.
Animals can also be sampled in order to detect any current infec-
tions and to identify the immune status of the animals. Moreo-
ver the quarantine period can also be used to vaccinate the newly
introduced animals to ensure a sufficient level of immunity when

they are brought into contact with the resident animals (Barceld
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and Marco, 1998; Corréegée, 2002; Pritchard et al., 2005; Calvar
et al.,, 2012; Dewulf, 2014). A quarantine period should last at
least four weeks and for some diseases longer periods are required
(PRRSV and PCV2 - 6 to 8 weeks; M. hyopneumoniae — 8 to 10
weeks) (Eijck, 2003; Pritchard et al., 2005).

Fig.12.1: Design of a good quarantine stable

Clean part 1 Dirty part

| QUARANTINE PEN —

Entrance of

Hygiene lock
animals

3.1.2 Transport of animals, removal of manure and carcasses

Pathogens can spread through the transport of live animals and/or
the removal of cadavers or manure. This spreading of infectious
germs can be achieved directly (via se- and excreta of diseased
animals and cadavers) or indirectly (via fomites of cadavers, the
rendering truck, humans and their equipment, rodents, domestic

animals and manure) (Table 12.1).

3.1.2.1 Use clean animal fransport vehicles

Epidemiological field studies have highlighted contagious livestock
lorries as a main source of contamination for many disease-caus-
ing agents, including classical swine fever (CSF) (Fritzemeier et al.,
2000), Mycoplasma hyopneumoniae (Hege et al., 2002), Actino-
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bacillus pleuropneumoniae (Fussing et al., 1998 and Hege et al.,
2002), Brachyspira hyodysenteriae (Windsor and Simmons, 1981)
and Salmonella (Rajkowski et al., 1998). They should be empty,
cleaned and disinfected at all times therefore before entering the
premises (Pritchard et al., 2005; Dewulf, 2014). Although this is
a well-known principle, there are many occasions when this is not
sufficiently respected. Very cold weather conditions may hamper
thorough cleaning and disinfection for example. Moreover, trucks
that collect culled breeding sows are not always fully empty upon
arrival at the farm. Some recommendations state that a livestock
transport lorry should be empty for at least a couple of hours or
days before it can enter the farm. This might provide an addi-
tional reduction in risk, however it is clear that thorough cleaning,
disinfection and drying are the principal measures that cannot be
replaced by a certain ‘downtime’. Pigs that have been in contact
with the lorry during loading, should not be moved back to the
stable in order to minimise the chance of introducing pathogens
through an inadequately cleaned lorry. For the same reason, the
lorry-driver should not be allowed to enter the stables either. The
loading bay should also be cleaned and disinfected after every load
of animals (Pritchard et al., 2005; Backhans et al., 2015).

3.1.2.2 Make a separation between the clean and the dirty area

The principle of the clean and dirty road in a pig farm guarantees a
clear separation between the clean and the dirty (risky) sections of
the premises (Hémonic et al., 2010; Anonymous, 2010; Neumann,
2012; Filippitzi et al., 2017). All inbound and outbound traffic that
serves multiple companies (e.g. feed, liquid manure, external trans-
portation of animals, etc.) should always go via the ‘dirty road’.
The ‘clean road’ is preserved for the delivery of animals and harm-
less products, but only in fully cleaned and disinfected lorries.

Only the ‘dirty road’ should be of relatively easy access to visitors,
suppliers and consumers. The collection of cadavers should, for
obvious reasons, be part of the dirty section. Barrels, wheelbarrows
and other tools used for this, should only be returned to the clean

section after they have been thoroughly cleaned and disinfected.
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Fig.12.2: Cooled cadaver
storage

306

Liquid manure must always be conveyed via the dirty road. Fur-
thermore, it is advisable that farmers use farm-specific discharge
pipes in order to prevent pipes belonging to the manure removal
company, which recently have been in contact with manure on
other farms, also being used on your farm.

Recent studies have indicated that the clean-dirty area principle is
not always completely observed by manure removal and supply
companies in a number of EU countries (Filipitzi et al., 2017). This
indicates that the farmers should ensure that the clean-dirty areas
are clearly defined with signs illustrating how to adhere to these
rules. Making reminders could also help influence behaviour in
these kinds of problems (e.g. Reddy et al., 2016).

3.1.2.3 Management of cadavers

Cadavers are always a major source of infectious material. Ani-
mals often die due to infections and cadavers thus have the great
potential to spread a lot of infectious material. It is strongly advis-
able therefore to remove the cadavers from the stables as soon as
possible and to store them in a well-insulated place (Meroz et al.,
1993; Pritchard et al., 2005). Make sure that no vermin can reach
the cadavers as they could spread the infectious material.

After the collection of the cadavers the cadaver storage room
should be thoroughly cleaned and disinfected. The people han-
dling the cadavers should always wear disposable gloves for their
own safety as well as in order to avoid further spread of pathogens
(Pritchard et al., 20135; Filippitzi et al., 2017).

The cadaver storage room should be located in a place where
the rendering company can collect the cadav-
ers without entering the farm to avoid disease
introduction through these potentially high-risk
cargos (Evans and Sayer, 2000; McQuiston et
al., 2005; Pritchard et al., 2005; Anonymous,
2010; Maes, 2016). It is also advisable to have a
cooled cadaver storage room both to avoid the
smell and to reduce the frequency of visits by
the rendering company (by achieving a higher
storage capacity) (Fig. 12.2). Moreover, these
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cooled systems are generally also fully sealed and are very effective

in preventing contact with vermin.

3.1.3 Supply of feed, water and equipment

Feed itself should generally not pose a risk due to the strict hygienic
conditions in the production thereof. However swill feeding
(banned for decades under EU law) is a practice that was previ-
ously associated with major outbreaks of infectious diseases,
among others CSF (Horst et al., 1997; Fritzemeier et al., 2000;
Filippitzi et al., 2017). Pig drinking-water quality often leaves
much to be desired. The water may originate from different sources
(surface, wells, etc.) after which it is stored most of the time in a
tank and then supplied to the animals. At the source, in the reser-
voir or in the pipes, the water may be contaminated and biofilms
may form. Regular (at least once a year) examination of drinking
water quality both at the entrance and at the nipples is therefore
definitely advisable, as well as the systematic cleaning of the pipes
(see also chapter on quality of drinking water).

The introduction of all sorts of equipment such as floating panels or
shovels, which comes into contact with the animals and their
manure may also introduce pathogens. It is preferable therefore to
avoid the introduction of new equipment as much as possible or if

any is introduced, it is advisable to carry out a disinfection step first.

3.1.4 Access of personnel and visitors

Humans can act as a mechanical vector of pathogens if they have
been in contact with infected animals and subsequently come in
to contact with susceptible animals without taking any preven-
tive measures. This type of transmission has been proven through
experiments on several pathogens, among which the transmissible
gastroenteritis virus (Alvarez et al., 2001), Escherichia coli (Amass
et al., 2003) and CSF (Ribbens et al., 2007). The transmission
occurs mainly through remains of excreta from infected animals
on footwear and clothing. The possibility of biological transmis-
sion of pathogens between humans and pigs exists and these can

infect both humans and pigs, such as the HIN1 influenza virus
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(Wentworth et al., 1997) or methicillin-resistant
Staphylococcus aureus (MRSA) ST398 (Huijs-
dens et al., 2006). Therefore, the first measure
to be taken is to limit the number of people with
access to the stables to an absolute minimum.
To do so, provide clear markings that prevent

visitors entering by mistake (Fig. 12.3).

When visitors and personnel enter the stables,

they should always wear clean, herd-specific
A clothes and footwear. They should also wash
Fig. 12.3: Clear entrance their hands properly (Pritchard et al., 2005; Hémonic et al., 2010;
control at the farm fo Dewulf, 2014; Maes, 2016). The latter is a simple and very useful

avoid unwanted visitors
measure, which is often omitted. Pathogens are efficiently trans-

ferred by the hands of animal carers via direct
contact with the animals (Vangroenweghe et
al., 2009; Hémonic et al., 2010; Backhans et
al., 2015). A study by Lo Fo Wong et al. (2004)
reveals that the chance of testing positive for Sal-
monella is reduced as a result of consistent hand

washing before entering a section with pigs.

A

Fig.12.4: Proper washing

of hands . .
To ensure a change of clothing and allow people and visitors to

wash their hands, a good hygiene lock should be available (Van-
groenweghe et al., 2009). In this hygiene lock, a clear physical sep-
aration (e.g. bench) between the dirty and the clean areas should
be provided. When entering the hygiene lock the following steps
should be observed (Maes, 2016):

1. When entering the lock, take off your jacket and shoes.

2. Wash your hands with disinfecting soap.

3. Step over the bench and put on a clean overalls and boofs.

4. Disinfect the boots with the boot washer before entering the sta-
ble.
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5. When returning to the hygiene lock, clean and disinfect the
boots with the boot washer

6. Put the boots on the appropriate shelf

7. Take off the dirty overalls and put them in the laundry basket

8. Step over the bench and wash your hands before you put on
your own jacket and shoes again.

In companies with high health standards, visitors and personnel
are often obliged to shower before entering the farm. The main
benefit of this obligation is the certainty that all possibly contam-
inated clothing is exchanged for farm-specific clothing and that
hands are washed thoroughly. It also discourages less urgent visits
(Moore, 1992; Amass and Clark, 1999).

A pig free downtime of 24 or even 48 hours is also often required
for visitors before they can gain access to the farm. This is based on
the argument that germs excreted by pigs could survive on humans
for a specific period. During this period, people can secrete germs
passively and transfer them to susceptible animals. Yet, in scien-
tific literature there is very little proof of the true risk related to
this transmission route. As far as we are aware, there is only one
study that dates back to 1970, in which it was noted that FMD
could be isolated from the nose and mouth of people who had
been in contact with animals infected with the FMD-virus. On
one person the virus could be isolated 28 hours after contact with
the infected pigs. After 48 hours this was no longer possible (Sell-
ers et al. 1970). If all required precautionary measures are taken
as described above, the downtime probably has little additional

value.

3.1.5 Vermin and bird control

A number of pathogens can be directly or indirectly transmitted
from outside the farm or between different compartments within
the farm by rodents, birds, dogs and cats (Table 12.1). They can
act as reservoirs for herd-specific pathogens that will continue to
circulate in the farm (Andres et al., 2015). Rodents and birds can

also cause damage to the equipment and the farm buildings or they
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can be a cause of food wastage if they have access to it (Backhans
and Fellstrom, 2010).

To control vermin an efficient control programme is required. This
is often developed in collaboration with specialised companies
(Amass, 20035; Lister, 2008; Hémonic et al., 2010; Dewulf, 2014;
Backhans et al., 2015; Filippitzi et al., 2017). It is important to
prevent vermin taking up residence in the proximity of the sta-
bles. This can be achieved by avoiding the presence of all types
of hiding places close to the stables (e.g. plants, piles of dirt, etc.).
Feed should also be stored in closed reservoirs with no access for
rodents or birds (Lister, 2008; Anonymous, 2010).

The entrance of birds into the stables can be prevented by covering
all air inlets with nets. Pets should also be kept out of the stables
as they can act as mechanical vectors of pathogens. The use of
cats or dogs to control rats and mice therefore is not a good policy
(Vangroenweghe et al., 2009).

The measures required for controlling vermin in stables are

described in more detail in chapter 11 Of this book

3.1.6 Location and environment

The location of the farm and the density of pig farming in the
proximity are important factors for airborne and vector-borne dis-
ease transmission. Wild boars may also act as a reservoir for swine
diseases (Table 12.1).

3.1.6.1 Airborne fransmission diseases

Usually, transmission through the air is particularly important
within short distances (< 2 kilometres (km)), hence the importance
of distance to the nearest neighbour. Rose and Madec (2002) con-
cluded that the number of farms within a range of 2 km had signif-
icantly increased the frequency of respiratory disorders in a farm.
As for the chance of transmission of Mycoplasma byopneumoniae
through the air of e, the distance to neighbouring farms proved to
be the most determining factor (Goodwin, 1985, Dee et al., 2009).
Maes et al. (2000a) reported increased seroprevalences for M. hyo-

pneumoniae, swine influenza viruses and Aujeszky’s disease virus
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in herds located in pig-dense areas. Mintiens et al. (2003) showed
that the combination of distance to a neighbouring farm and pig
herd density in an area are major risk factors for the spread of
CSE. When planning the building of a new pig farm, the distance
to the nearest neighbour pig farm should be a determining factor
for the choice of location. The predominant direction of the wind
should also be taken into account. Knowledge of the presence of
diseases in neighbouring farms is equally important. The spread
of liquid manure, originating from other farms, in the neighbour-
hood of the farm should also be avoided. It has become possible to
equip stables with highly performant air filtration systems that can
prevent the entrance of pathogens through the air. This might be
worth evaluating in densely populated livestock areas, especially
if the animals at the farm are free of a number of endemic diseases
in the area. It has been demonstrated that filtration of incoming
air, in combination with standard biosecurity procedures, can pre-
vent transmission of PRRSV into susceptible herds (Alonso et al.,
2013). The authors showed that air filtration reduced the risk of
introduction of novel PRRSV by approximately 80%, indicating
that on large sow farms with good biosecurity in pig-dense regions,
approximately four out five PRRSV outbreaks may be attributable
to aerosol transmission. Air filtration may also be helpful in pre-
venting airborne transmission of other pathogens such as swine

influenza and M. hyopneumoniae.

3.1.6.2 Wild animals

Direct or indirect contact with wild boars may cause disease trans-
mission (e.g. CSF (Fritzemeier et al., 2000) and Aujeszky’s disease
(Artois et al., 2002)). Therefore, in regions where free ranging wild
boar are present, it is important to keep them out of the farm by
setting up a solid fence (Amass and Clark, 1999) with a depth of
30 to 40 cm under the ground (Hartung, 2005). Even if pigs are
kept indoors, wild boars should not have access to the vicinity of
the farm in order to avoid the indirect transmission of infections
(e.g. airborne transmission, through vectors, trough contact with
stored feed).
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3.2 Internal Biosecurity

3.2.1 Management of diseases

Disease management concerns all actions related to the correct
handling and treatment of diseased animals. This includes proper
diagnostics, isolation of the sick animals and disease registration
as well as the improvement of the immunity status of susceptible
animals, in particular through vaccination. Correct disease man-
agement should provide a good insight into the specific health sta-
tus of the herd and should result in the application of the required
preventive treatments to avoid disease (Table 12.1) and any sub-

sequent losses.

3.2.1.1 Returning to younger age group

In the case of a slower growth rate among some piglets compared
to the rest of the group, it is of crucial importance to avoid these
animals that are lagging behind, being returned to a batch of
younger piglets. It is very likely that these slower growing piglets
suffer from one or more infectious diseases. By transferring these
pigs to a younger age group, potential carriers of germs are intro-
duced into a susceptible population (Vangroenweghe et al., 2009;
Dewulf, 2014; Filippitzi et al., 2017). When a piglet demonstrates
a low probability of becoming a profitable fattening pig, euthanasia
is a better choice to avoid the piglet, and subsequently the whole
litter, becoming a permanent source of infection. Its litter will also
be a permanent source of infection. If euthanasia is not believed to

be the right option, these animals should be isolated in the sick bay.

3.2.1.2 Sick bay

Diseased pigs should be isolated in a sick bay in order to protect
other animals from exposure to pathogens through infected excre-
tions and secretions. A good sick bay should be completely sepa-
rated from the rest of the animals in a separate house. (Hémonic
et al., 2010; Dewulf, 2014). Once an animal has been in the sick

bay, it should never return to the regular stables as it is very likely
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that it will transmit remaining pathogens to the healthy animals.
Therefore, the sick bay should also be accessed separately by farm
workers and the necessary hygienic measures (e.g. changing of
overalls, footwear, washing hands, etc.) should be implemented
when entering and leaving this place. The sick bay should prefer-
ably only be visited at the end of the working round (Vangroen-
weghe et al., 2009; Backhans et al., 2015).

3.2.1.3 Use of needles and medicines

Extensive literature on the spread of germs via injection equip-
ment (needles and syringes) (Hémonic et al., 2010; Filippitzi et
al., 2017) exists. On pig farms the same needles are often used,
and are only replaced when they become blunt! These needles may
become contaminated by numerous environmental germs through
use and storage. Moreover, injecting sick animals may cause the
needle (and consequently the bottle) to become contaminated
with a pathogen. Injecting multiple animals with the same needle
increases the risk of the spread of germs. Ideally, single-use needles
should be used (Hémonic et al., 2010). If this is unfeasible, it is
highly advisable to use one needle per group (e.g. pen). Avoid the
use of the same needles for different age groups and do not wait to
replace needles until they become blunt, both for hygiene and ani-
mal welfare reasons. Previously opened bottles should be stored in

a hygienic environment at the recommended temperature.

3.2.2 Farrowing and suckling period

Pathogens can be transmitted from sows to piglets vertically, via
the placenta or via contaminated colostrum and milk. They can
also be transmitted horizontally through the skin for example or
the nipples and the udder. Cross-fostering in particular increases
the risk of transmission from infected or carrier sows to suscep-
tible piglets without maternal antibodies (e.g. of PRRSV as indi-
cated by Zimmerman et al., 2012). Returning piglets to younger
age groups is also a risky practice, since it can introduce pathogens
to a susceptible population as discussed in the previous paragraph.

Nursery pigs are a vulnerable age group due to their temporary
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lower immunity status, the higher presence of diverse pathogens
in this life period (Johnson et al., 2012) and the fighting or biting
when the pigs are mixed (Cameron et al., 2012). Another route of
pathogen transmission in the farrowing unit is the use of materials
(e.g. castration blades, elastrator for tail docking, ear-tagger, iron
injection needles) from one piglet to another without intermediate

cleaning and disinfection thereof.

3.2.2.1 Washing the sows

Before the sows are placed in the farrowing pen, they should be
dewormed and washed in order to prevent the transmission of
germs from the sow barn to the farrowing pen. It is important that
sows are washed before they enter the farrowing pen, to avoid the

contamination of these pens during the washing process.

3.2.2.2 Cross-fostering

Mixing litters in the farrowing pen is an important way of spread-
ing infection to different animal groups. Sows carrying Streptococcus
suis may already infect their piglets during parturition (Amass et al.,
1996). A further spread of S. suis may take place if piglets are moved
to other litters. This principle applies to other germs as well. If 5 % of
the piglets are moved between pens more than 48 hours after birth,
there is an increased probability of problems with PRRS (Duinhof et
al., 2006). It is advisable therefore to avoid cross-fostering as much as
possible. If this is not possible, it is advisable to limit cross-fostering

to one occasion and to perform it in the first 48 hours after birth.

3.2.2.3 Equipment for treatment of piglets

Equipment that is used in the farrowing pen, such as pliers for
cutting the teeth and blades for castration, is exposed to secretions
and excretions of the piglets. This allows germs to be transferred
from one piglet to another. It is necessary to clean and disinfect the
equipment when using it for different piglets (immerse in disinfect-
ant). This will limit the chance of disease transmission (Vangroen-
weghe et al., 2009; Filippitzi et al., 2017).
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3.2.3 Nursery and fattening unit

3.2.3.1 Allin/ all-out (also applies to the farrowing unit)

The all-in/all-out (AI/AO) principle helps to prevent cross-con-
tamination and makes it possible to clean and disinfect the sta-
bles thoroughly between different consecutive rounds. The strict
application of this AI/AO principle is a very important measure in
breaking the infection cycle from one production round to another
(Clark et al., 1991). It is of fundamental importance that the AO
part in particular is fully respected. Sometimes this is only applied
for 95% and a few (light-weight) animals are kept in the stables
and mixed with the next round. These animals, albeit few in num-
ber, are a likely source of infection for the next groups (see above
on returning to younger age groups; repetition of previous sec-
tions). When moving the animals from one production stage to
the next (e.g. from the farrowing house to the nursery pen), it is
advisable to keep the groups together as much as possible rather
than sorting all animals according to size. The latter will result in a
lot of mixing which substantially increases the likelihood of spread
of infection (Maes et al., 2008; Hémonic et al., 2010).

3.2.3.2 Stocking density

A high stocking density induces stress which results in an increased
sensitivity to infection and increased excretion of germs. Large
numbers of infected pigs in a small area can cause a sharp rise in
infection pressure. Various studies have shown that higher stock-
ing density in the different production phases increases the occur-
rence of respiratory illnesses as well as digestive tract disorders
(Pointon et al., 1985; Maes et al., 2000a; Maes et al., 2000b;
Stark, 2000; Laanen, 2011). In addition, it has been proven sev-
eral times over that there is a positive connection between avail-
able space per animal and its daily growth (Dewulf et al., 2007).
In many cases the norms, as prescribed in EU legislation, are based
on outdated research and insights and have not evolved along with
the recent developments in the industry. It is advisable therefore to

consider these norms as the absolute minimum requirement rather
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than ideal values (Dewulf et al., 2007). Studies have shown that
the optimal average values for stocking density are 20 to 24 %
above the legal requirements (Hamilton et al., 2003; Laanen et al.,
2011). If we compare Belgium with the Netherlands, we see that
the legal requirements in the Netherlands are closer to the optimal
values. It is clear that a lower stocking density will result in better

on-farm biosecurity.

Table 12.2: Legal and optimal standards of stocking density in a pig house (Dewulf
et al., 2007; Council Directive 18 December 2008; Dutch Government,

5June 2014)

Average Required area Required area in Optimal
animal EU, among which the Netherlands | area (in m?)
weight (kg) Belgium (in m?) (in m?) per animal | per animal

per animal

Council Directive Dutch Govern- Dewulf et

18 December 2008 | ment 5 June 2014 al., 2007
<10 kg 0.15 |Upto15kg | 0.20 0,17
10 to 20 kg 0.20 |15 to 30 kg 0.30 0,27
20 to 30 kg 0.30 0,35
30 to 50 kg 0.40 0.50 0.49
50 to 85 kg 0.55 0.65 0.70
85to 110 kg 0.65 0.80 0.83

>110 kg 1.00 1.00

3.2.4 Compartmentalising, working lines and equipment

Animals of different ages may have different levels of sensitiv-
ity to certain pathogens and therefore it is crucial to keep differ-
ent age groups separate and to work in a well-defined sequence.
Equipment and materials (e.g. bedding material, feeders, drinking
troughs, boots, spades, syringes, needles, etc.) may also play an
important role in the transmission of a large number of diseases

(Table 12.1).

3.2.4.1 Working lines and separate hygiene locks
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An important basic rule for preventing the spread of disease between
different age groups is to determine and uphold working lines within
farms. A fixed route should be created and used at all times to visit
and work in the stables. During the rounds to the stables the young-
est animals should be visited first, followed by the pregnant sows,
the older age groups, the quarantined and sick animals and finally
the cadaver storage.

For each age category and especially for risk-bearing groups (e.g.
quarantine stables, sick bay), it is advisable to provide an addi-
tional hygiene lock allowing proper changing of clothing, foot-

wear and hand washing.

Fig. 12.5: Floating panels
in different colours to be
3.2.4.2 Equipment in the various compartments used in different compart-
ments of the herd to avoid
using the same material
Specially designated equipment should be foreseen along the work- for different age groups

v

ing lines. A brush, a shovel or floating panels can easily be contami-
nated with faeces containing a great number of
germs. It is t recommendable therefore to use dif-
ferent equipment in different sections. The equip-
ment has to be clearly recognisable (different col-

ours) (Fig. 12.5) to avoid moving it from one

section to another (Vangroenweghe et al., 2009;
Laanen, 2011; Gelaude et al., 2014). The same
rule applies to clothing and footwear for exactly

the same reason.

3.2.4.3 Boot washers and disinfection baths

To avoid dragging germs on your footwear, boot washers and dis-
infection baths should be placed between the different production
units. An efficient disinfection can only be achieved if dirt and
faeces are removed from the boots in advance. This can be done
with a boot washer and water (preferably with detergent added).
The boots should then be placed in a visually clean solution with a
disinfectant. This protocol requires that instructions for the con-
centration of the disinfectant and the duration of the cleaning as
provided in the disinfectant manual, should be strictly adhered to
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(Amass et al., 2000). Disinfection baths that are not used properly
will inadvertently increase the number of germs on the boots. This
results in a lot of wasted time and money and it even increases the
risk of the spread of disease. However, having to stand for many
minutes in a disinfection bath before being able to go to another
section is not very practical. This inconvenience can be avoided by
providing a pair of extra boots at each disinfection bath, so there’s
always a pair of boots ready to be used at each bath while the other
boots are placed in the disinfection solution. Moreover, the pres-
ence of foot baths draws the attention of staff and visitors to the

importance of biosecurity on farm grounds (Amass et al., 2000).

3.2.5 Cleaning and disinfection

Pens, feeding troughs and equipment infected by faeces can main-
tain an infection cycle because new animals keep getting infected.
These animals will consequently secrete germs and will reinfect
their environment. To break the infection cycle between consecu-

tive litters pens should be thoroughly cleaned and disinfected.

A complete C&D protocol consists of seven steps:

1. Dry cleaning to remove all organic material.

2. Soaking of all surfaces, preferably with a detergent.

3. High-pressure cleaning with water to remove all dirt. This step
will be much easier, faster and effective if a goad soaking step is
performed before.

4. Drying the stable to avoid dilution of the disinfectant applied in
the next step.

5. Disinfecting the stable to achieve a further reduction in the con-
centration of germs.

6. Drying the stable to ensure that animals cannot come into contact
with pools of remaining disinfectant afterwards.

~

Testing the efficiency of the procedure through surface sampling.

(Vangroenweghe et al., 2009a; Hémonic et al., 2010; Laanen, 2011; Dewulf, 2014;
Luyckx, 2016).
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It is possible to check all surfaces simply and quickly for microbial
contamination with the aid of pressure plates. These plates meas-
ure and quantify the presence of bacterial contamination (mostly:
the presence of small parts of germs after cleaning and disinfec-
tion). The results are expressed in colony-forming units (CFU) per
plate. Reference values used for such hygienograms in pig stables

are provided in table 12.3 (Anonymous, 2017).

Table 12.3: Criteria for hygienograms (Anonymous, 2017)

Score CFU per plate Interpretation
0 0 Perfect

1 1-40 Very good

2 41-120 Good

3 121-400 Average

4 > 400 Poor

N No count Very poor

CFU= colony-forming unit

If all these steps are performed correctly it is not necessary to fore-
see an additional empty period to further reduce the infection load
(Luycks et al., 2016).

For more details on cleaning and disinfection see chapter 6.

4 Conclusions

As illustrated above, biosecurity in pig production is a combina-
tion of many different measures aimed at preventing the introduc-
tion and spread of pathogens on farms. It forms the basis of any
disease control programme. Although most of the measures to be
implemented are logical and generally easy to apply, adhering to
the measures in daily practice requires strong discipline. However,

those who do so will surely see the benefits.
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1 Introduction

1.1 Poultry production

In poultry production today disease control is mainly based on
prevention. Prophylactic use of antibiotics should be limited
because of the risk of antimicrobial resistance. The mainstays of
disease prevention are vaccination programmes, good manage-
ment and biosecurity (Butcher and Miles, 2012). Since the 1950s
breeder companies have selected genetic lines to optimise meat and
egg production (Anthony, 1998; Vaillancourt and Carver, 1998;
Graham et al., 2008; Butcher and Miles, 2012). Genetic progress
is very fast because females are able to produce many eggs and
the generation interval is short. Only a few breeder companies
operate globally and select pedigree birds. They produce lines of
Great Grand Parents — GGP, these are mated to produce Grand
Parents -GP, who produce Parent stock. These parent birds pro-
duce birds for production: broilers for meat and layers for egg
production. This is called the poultry production pyramid (see Fig.
13.1) (Anthony, 1998; Pym, 2013; European Commission, 2016).
The value of pedigree birds is easily 1000 times higher than that
of parent stock and 10,000 times higher than that of broilers. The
upper part of the pyramid from the pedigree birds to grandpar-
ents is generally occupied by breeder companies and contains very
valuable animals, and as such disease prevention is a top prior-
ity; biosecurity rules are very strict in these farms. Parent stock,
broilers and layers are mainly owned by integrations or private
farmers. The implementation of biosecurity on these farms is not
always adequate (Hiemstra and Napel, 2013). Other special fea-
tures of poultry production include artificial incubation, usually in
the hatchery, and intensive mass production in broiler and layer

farms.
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Fig.13.1: Poultry production structure: Broilers (left) and Layers (right)
(adapted from Pym, 2013)
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CONSUMERS CONSUMERS

The poultry production process can be set up as an integrated sys-
tem, or a non-integrated system. When choosing the integration
approach the same company controls the whole production chain
from parent stock, hatchery to production animals. The feed mills
and processing plants also sometimes form part of the same com-
pany. In a non-integrated system farmers choose freely to work
with different hatcheries, feed mills and slaughter houses. It is
obvious that it is easier to impose biosecurity rules in integrated
systems (Gillespie and Flanders, 2009; Hiemstra and Napel, 2013).

1.2 Disease transmission: horizontal and vertical

Most poultry diseases are transmitted horizontally from one
infected bird to the other or, what is often more important, through
mechanical carriers and people. Vertical transmission occurs when
the pathogen infects the reproductive organs and is incorporated
in the eggs and the embryo is born infected (Pattinson et al., 2008;
Butcher and Miles, 2012; de Gussem et al., 2013). In commercial
poultry operations eggs from different breeder flocks are hatched
together, so horizontal spread of pathogens from vertically infected
eggs may already start in the hatchery. Hatched chicks are often
also transported over long distances bringing vertically transmit-
ted pathogens to new farms. Mycoplasma and Salmonella are the
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most important examples of vertically transmitted pathogens and

standard control programmes are implemented in breeders to pro-
tect the offspring (Hafez, 2007; Leon, 2015). In table 1 the most

important poultry pathogens, their transmission route and persis-

tence in the environment are listed.

Table 13.1: Transmission and persistence in the environment of the most important
poultry diseases

Disease Vertical | Horizontal | Horizontal | Persistence
transmission | transmission spread in the
environment
Mycoplasma spp. yes yes slow low
Salmonella yes yes fast high
Avian influenza ? yes very fast low
Newecastle disease no yes fast low
Infectious no yes fast low
laryngotracheitis
Infectious bronchitis no yes fast low
Turkey rhinotracheitis ? yes medium low
Fowl pox no yes slow high
Aspergillus no no Environmental high
contamination
Pasteurellosis no yes medium low
Avibacterium no yes fast low
paragallinarum
Ornithobacterium ? yes fast high
rhinotracheale
Escherichia coli no yes fast high
Gallibacterium anatis no yes medium low
Chlamidia psittaci no yes medium high
Gumboro no yes fast high
Marek disease no yes medium high
Coccidiosis no yes fast high
Worms no yes medium high
Clostridium no yes medium high
Perfringens
Avian yes yes fast high
encephalomyelitis
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2 General biosecurity principles

The intensification of poultry production, with bigger farms and
higher bird densities, has increased the level of infection pressure
in poultry farms, resulting in higher risk of endemic and epidemic
diseases with substantial economic consequences. Biosecurity in
poultry production is the most effective and economic way to
control poultry diseases (Butcher and Miles, 2012; Gelaude et al.,
2014). Basic rules of biosecurity for any poultry unit include cor-
rect choice of geographical location of the farm, proper design of
the buildings and positioning of equipment, well-planned opera-
tional protocols, focusing on potential sources of infection and
the flow of people, materials, feed, eggs and flocks to and from
the farm. When designing successful biosecurity programmes it is
important to include education of all personnel involved in the
operations of the unit.

2.1 Geographical location of the poultry farm

There are a few basic elements to take into consideration when set-
ting up a poultry farm. First of all, it is essential to be aware of the
location of all farming units in the planned area. The best strategy
when building the new farm is to keep as far away from any other
commercial (poultry) farming units and also processing plants as
possible. This will limit natural transmission of pathogens. It is also
essential to be aware of the prevailing wind currents (Nespeca et
al., 1997; Graham et al., 2008; Vieira et al., 2009; Lister, 2008).
This will help when designing an effective and economic ventilation

programme, as many pathogens are air-borne and may be carried
on the wind (Hartung and Schulz, 2007). Wild birds can be an
important source of infection, and areas with a lot of forest or
water, around lakes, rivers or moors should be avoided therefore
(Kapperud et al., 1993; East, 2007; Charisis, 2008; Lister, 2008;
Sims, 2008; Van Steenwinkel et al., 2011).
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Fig.13.2: Gates at the
entrance of the farm
where it is clearly marked
that no access is allowed
without permission.
Guard dogs are only
allowed if they are not

permitted into the houses.

v
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2.2 Structural layout of the poultry farm and
buildings

Ideally, the buildings should be as far away as possible from roads,

along which poultry, feed or litter are transported (De Gussem et al.,

2013). The whole farm should be fenced off,
access should only be via the gates (Fig. 13.2)
where everything entering and leaving the farm is
recorded and where all vehicles can be disinfected
(Nespeca et al., 1997; Sims, 2008; Van Steenwin-
kel et al., 2011; De Gussem et al., 2013).

Within the unit, there should be a clear separa-
tion of the dirty (outside world) and the clean
areas, where the animals are kept (Fig. 13.3 floor
plan). The dirty route should be used by trucks
to unload the feed or to pick up dead birds, with-

out coming into the close vicinity of the broiler house (Al-Saffar et
al., 2006; De Gussem et al., 2013; Ssematimba et al., 2013). The
immediate area around the poultry house should be kept clean and

free of any vegetation (Nespeca et al., 1997; Charisis, 2008; Lister,
2008; Anonymous, 2010; De Gussem et al., 2013).

Fig. 13.3: Floor plan of a broiler farm. The clean and dirty roads should be separated.
Entry to the house should be via the clean road, while the gate of the
poultry house for chick delivery and loading should be via the dirty road.
Feed bins and fan-outlets should also be positioned along the dirty road.

clean road

parking -

dirty road

house 1

house 2

L1l

house 3
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The buildings should be secure from wild birds, rodents and
insects that may be carriers of Salmonella, Mycoplasma and other
diseases (Lister, 2008; Gelaude et al., 2014). The entrance to the
buildings should be made of solid and cleanable surfaces. Soil con-
tains a lot of organic material, where pathogens can survive longer
and can easily be carried inside the house. A ‘hygiene lock” must be
provided at the entrance of each building (Fig. 13.4), with a clear
separation between clean and dirty section, a wash basin to wash
and disinfect hands and clean clothes and footwear (Evans and
Sayer, 2000; Bestman et al., 2012).

Litter and feed storage should be free of wild birds and vermin.
Silos for feed storage must be clean and sealed (Nespeca et al.,
1997; Charisis, 2008; Lister, 2008; Anonymous, 2010; Van Steen-
winkel et al., 2011). The whole building and equipment should
be conceived in order to allow for easy and efficient cleaning and
disinfection. Floors and walls must be smooth and without cracks,
the floor should ideally be covered with concrete. Feeding and

water lines should be easy to disinfect.

An important biosecurity risk is having flocks of different ages on
one site. The objective should be for single age and all-in all-out,
but this is not always feasible. Older birds can be asymptomatic
carriers of pathogens such as Salmonella, Gumboro, Mycoplasma,
Newcastle and Infectious Bronchitis virus which can infect younger
birds that have not yet developed a resistance to these germs
(Nespeca et al., 1997; East et al., 2006; East, 2007; de Gussem et
al., 2013). Bringing new birds from outside, for example in case of
spiking (= introducing new males in a breeder flock) is associated
with a high biosecurity risk (Jones, 2009; Woodger and Wirral,
2009; Ssematimba et al., 2013; De Gussem et al., 2013). During
the sanitary void between flocks the houses should be cleaned,
rinsed and disinfected, and this can only be done efficiently on

farms if all houses are empty at the same time.
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disinfect.
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2.3 Potential sources of infection and
operational flow on the farm

Identification of potential sources of infection and ensuring the
proper control of all material and people entering and leaving the
poultry unit are the fundamental aspects of biosecurity. A first rule
is that diseases must be kept outside. The second important bios-
ecurity rule is that diseases that have been brought inside, also

should stay inside.

2.3.1 Introduction through humans

There are many ways in which micro-organisms can be introduced
into farms. One of the potential vectors for the introduction of
disease into farms are humans (Lister, 2008; Woodger and Wirral,
2009; Butcher and Miles, 2012). People can carry pathogens into
farms and within farms between houses, on footwear and clothes.
Hands can be contaminated with faeces or discharges when birds
are examined. People may use and move equipment that is contam-
inated with dust, faeces or bird feathers (Lister, 2008; De Gussem
et al., 2013). Some pathogens like Mycoplasma can survive for a
few days on hair and clothing and can be transferred mechanically
(Christensen et al., 1994). Workers on industrial poultry farms
who keep back-yard poultry or pet birds at home can easily intro-
duce disease into a commercial operation (Berndtson et al., 1996;
Van Steenwinkel et al., 2011; Cormick, 2017a). Back-yard poultry
are usually not well vaccinated compared to commercial flocks;
they can also harbour diseases which have been eradicated in com-
mercial poultry flocks such as CRD —Chronic Respiratory Disease
(caused by M. gallisepticum). Contract work crews who perform
vaccinations or other jobs like thinning, blood testing or moving
birds to other locations, can also be an important source of infec-
tion. Such crews usually serve many poultry farms and travel from
one farm to another within a short period of time. Sales and techni-
cal representatives and consultants may travel from one continent
to another within a day or two and visit different poultry units
with different infection pressure and problems, and also different

levels of biosecurity protection. They should be especially careful
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to avoid introducing infections (Berndtson et al., 1996; Hald et al.,
2000; Anonymous, 2010; De Gussem et al., 2013; Gelaude et al.,
2014). In order to reduce the risk presented by humans, a general
rule is to avoid unnecessary visitors at all times and to restrict
access to the farm for any unauthorized people (Sims, 2008; Van
Steenwinkel et al., 2011). If a visitor needs to enter the farm,
he/she should be registered at the entrance, where the personal
data, purpose of visit and the previous visit to the poultry unit is
recorded. The visitors should be given clean clothing and boots;
they should wash and disinfect their hands and if possible, take a
shower. Farm personnel should also change clothes and footwear
between houses (Nespeca et al., 1997; Lister, 2008; McDowell et
al., 2008; Sims, 2008; Dorea et al., 2010a; Cormick, 2017a).

2.3.2 Introduction through equipment and vehicles

Equipment and delivery vehicles can also be important sources of
infection. Trucks that transport poultry, eggs or feed must be cleaned,
washed and disinfected each time before loading (Lister, 2008; Sims,
2008; Anonymous, 2010; Dorea et al., 2010a; Gelaude et al., 2014).
The vehicles should be disinfected at the entrance of the farm. Vac-
cination instruments and other equipment should not be taken inside

the house without first being cleaned and disinfected.

2.3.3 Feed

Another way that pathogens can be introduced into poultry farms is
via feed. It can be contaminated with pathogens (e.g. Salmonella)
through ingredients, during production, delivery or storage. A feed
sample must be kept from each delivery batch until the end of the
production cycle (Lister, 2008; Anonymous, 2010). Trucks trans-
porting feed must be cleaned and disinfected on their return from the
farms before they enter feed storage areas in order to avoid cross-
contamination. The drivers should not be allowed to enter poultry
houses and should wear clean clothes and footwear when they enter
the feed storage area on the farm (Nespeca et al., 1997; Berndtson et
al., 1996; Hald et al., 2000; McDowell et al., 2008; Sims, 2008;
Anonymous, 2010; Dorea et al., 2010a; Gelaude et al., 2014).
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2.3.4 Birds

Carrier birds can also contribute to the introduction and spread
of pathogensin farms (Butcher and Miles, 2012; De Gussem et al.,
2013). Multi-age farms harbour a serious risk of disease from both
infected birds and recovered carriers. Layer pullets that have been
reared on separate premises and exposed to infection can become
carriers of some diseases not existing on the layer farms and intro-
duce new pathogens to aproduction site. In some countries sick
birds are put in a sick bay in the same house and can continue to
infect the healthy chickens. Such birds should be euthanized and

removed to stop continuous infection (Gelaude et al., 2014).

2.3.5 Disposal of dead birds and litter

Dead chickens are a perfect medium for bacterial growth. Chickens
are curious and will pick on dead birds thus spreading more patho-
gens among the flock. Dead birds must be collected at least twice a
day as carcasses remain a source of infection (Meroz and Samberg,
1995; Nespeca et al., 1997; Evans and Sayer, 2000; Anonymous,
2010; Bestman et al., 2012; De Gussem et al., 2013). If there is an
acute infection with high mortality, dead birds must be collected
more frequently. They must be stored in a container, preferably
cooled and placed at the edge of the farm, far from live birds (Evans
and Sayers, 2000; Gibbens et al., 2001; Anonymous, 2010). The
storage location must be chosen so that trucks collecting dead birds
do not need to enter the farm or at least not the clean area. After
depopulation of the house, litter should be removed from the farm
as soon as possible (Charisis, 2008; Lister, 2008; Anonymous,
2010). If needed storage should be far from the buildings so that
insects cannot carry the infection back into the house.

2.3.6 Vermin

Mice and rats are important transmitters of poultry diseases includ-
ing Salmonella and Campylobacter (Liljebjelke et al., 2005; Meer-
berg and Kijlstra, 2007; Lister, 2008; Backhans and Fellstrom,
2012; Robyn et al., 2015). Feed, manure and rubbish should never
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be kept outside the house (Nespeca et al., 1997; Charisis, 2008;
Lister, 2008; Anonymous, 2010). Insects can also be an important
source of infection. Flies and beetles and their larvae can spread
pathogens (Bestman et al., 2012; De Gussem et al., 2013). An effi-
cient and continuous control programme should be set up and con-
tinuously monitored (Nespeca et al., 1997; Evans and Sayer, 2000;
Lister, 2008; Sims, 2008; Van Steenwinkel et al., 2011). More
details on vermin and bird control can be found in chapters 10 and
11 of this book).

2.4 Cleaning and disinfection protocols for poultry

Once birds have left the house it should be cleaned and disinfected
before new chicks arrive (Meroz et al., 1995; Tablante, 2008; De
Gussem et al., 2013). The first stage is to eliminate the sources
of infection. The house must be mechanically cleaned and meas-
ures be taken to deal with insects and rodents (Meroz and Sam-
berg, 1995; De Gussem et al., 2013; Ledoux, 2017). The litter
should be taken out of the house and ideally removed from the
farm (Charisis, 2008; Lister, 2008; Anonymous, 2010; Ledoux,
2017). If this is not possible, the storage zone for litter must be
as far from the poultry houses as possible. The surroundings of
the building, the roof, outside walls, loading zones and personnel
area, must be checked and cleaned to avoid recontamination of the
house from outside (Studer et al., 1999; De Gussem et al., 2013).
Air vents often get contaminated with manure and dust. Salmo-
nella is often found in the dust and surface samples taken from
vents. Special attention should be paid to the paved area in front of
the entrance. It becomes heavily contaminated when loading birds
and removing litter. The decontamination area or hygiene lock
at the entrance of the house and electronic control system must
also be cleaned. Inside the house the water lines must be flushed
and treated to eliminate the biofilm (Watkins, 2006). Water and
feed lines must be raised and feeder pans opened. All surfaces and
equipment must be soaked with detergent for at least 20 minutes
to remove all organic material. After soaking, the house must be
rinsed down with water using high-pressure cleaning equipment.
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Disinfectant should be applied by wet spray or foam application
on dry surfaces but not later than 24 hours after cleaning. Option-
ally, a second disinfection by fog, mist or low-volume wet spray
can be applied before birds are placed. Efficacy of the disinfection
must be monitored visually and by taking samples for bacteriology
as described in chapter 5 of this book (measuring efficacy of clean-
ing and disinfection). Sufficient time between flocks is needed in
order to clean, disinfect and dry out poultry houses. Increasing the
temperature helps to dry the house faster but in general, at least
one week is recommended as a sanitary void between the flocks
(Meroz et al., 1993).

2.5 Water quality in poultry houses

The main use for water in poultry farms is as drinking water for
the birds. When a new flock of day-old chicks arrives on the farm,
the temperature in the houses is very high, around 35°C. Because
water consumption among small birds is very low the flow of the
water in the drinking pipes is also very low. In these circumstances
even a small amount of organic material in the drinking lines can
promote bacterial growth and biofilm production (Sparks, 2009;
de Gussem et al., 2013). It is important therefore, especially dur-
ing the first week, to counteract these problems. The drinking lines
should be flushed before arrival of the birds and at least once a day
during the first week (De Gussem et al., 2013). The water should
also be treated starting from the day of chick arrival, if possible.

Water treatment is a common practice in poultry (Watkins, 2006;
Jones, 2009). Tap water is very expensive, so most farms use
ground or surface water. A lot of different techniques are possible:
chlorine, chlorine dioxide, hydrogen peroxide, electrolysis, UV-
treatment, heat treatment, ozone and reverse osmosis, but chlo-
rine, chlorine dioxide and hydrogen peroxide are the ones that are
used most frequently (Watkins, 2006; Sparks, 2009; De Gussem
et al., 2013). Chlorine is dosed at 10ppm, while chlorine diox-
ide and hydrogen peroxide are dosed in a range of 150-250ppm
when birds are present in the house. The correct dose however
should be calculated according to the activity at the end of the
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drinking pipes. This evaluation can be carried out by ORP (Oxi-
dative reduction potential)-measuring for chlorine or test-strips.
Bacteriological analysis is also an important method for evaluat-
ing water quality and safety. When the water flow in the drinking
pipes rises, doses of the products can be reduced. During vaccina-
tion it is important to stop the water treatment 1 day before the
vaccination. Treatment can be resumed one day after vaccination
(Sparks, 2009).

During the sanitary void and the cleaning and disinfection of the
houses, the inside of the drinking lines should also be cleaned
(Watkins, 2006; Sparks, 2009; De Gussem et al., 2013). This can
be done first mechanically with a device that creates turbulence
using a mix of air and water under high pressure. This will clear
the majority of the organic material. Then a chemical, such as
hydrogen peroxide or chlorine dioxide, should be used in high con-
centrations (500 ppm). The drinking lines should be filled with the
product, leaving the end of the line open to evacuate the surplus gas
created by the chemical reaction. After 15 minutes the drinking
lines should be flushed with pure water to evacuate the last remain-

ing waste and biofilm together with excess chemical product.

3 Biosecurity aspects that are specific
to the different production systems

3.1 Breeders

Breeder birds occupy the upper part of the poultry production
pyramid, so the level of biosecurity in breeder farms is generally
higher than in production farms (Al-Saffar et al., 2006; Woodger
and Willar, 2009; de Gussem et al., 2013). Breeder birds must
come from healthy grandparents and are monitored for different
pathogens, especially Salmonella and Mycoplasma. Extensive vac-
cination programmes in breeders are applied to protect the par-
ent stock and to prevent vertical transmission of pathogens to the
progeny, or to provide maternal antibodies in the chick for the
first 3 weeks (Levisohn and Kleven, 2000; Kleven, 2008; Dorea et
al., 2010b). The litter in the breeder house must be dry and of suf-
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ficient quantity. Eggs must be collected at least twice a day. Dirty,
cracked or floor eggs must be separated from clean ones and ide-
ally not incubated.

An important risk of pathogen introduction in breeder flocks is
spiking of males (Jones, 2009; Woodger and Wirral, 2009; Ssema-
timba et al., 2013; De Gussem et al., 2013; van der Sluis, 2014).
This usually occurs around 35 weeks, at which 20% of the older
males are replaced by younger ones to compensate for the decline
in fertility. It is important that spiking males come from a single
source and that they are tested for disease (e.g. Mycoplasma Gal-
lisepticum, Salmonella, Avian Influenza) before introduction.
Another biosecurity risk are chicks in one house coming from differ-
ent breeder farms (Gelaude et al., 2014). In an ideal situation hatch-
ing eggs in a specific house on the production farm should come

from a single breeder flock, with the same age and health status.

3.2 Production farms: broilers

Broilers grow very fast and there are usually 6-8 production cycles
on a farm within a year. Most of the broilers are kept in all-in all-
out production systems. This means that the houses are emptied of
birds and litter and cleaned and disinfected after each cycle. One
of the major biosecurity risks in broiler production units is thin-
ning (Berndtson et al., 1996; Hald et al., 2000; Slader et al., 2002;
Katsma et al., 2007; Allen et al., 2008; Lister, 2008; McDowell et
al., 2008; Fraser et al., 2010; de Gussem et al., 2013; Koolman et
al., 2014). To avoid excessively high density of broilers per m2
some birds can be taken out (thinned) in the third part of the
grow-out period. As a general rule, 15-20% of the birds at 32-35
days old with body weight of 1700-1800 g are slaughtered. The
remaining birds in the house are left to grow to the final slaughter
weight. This procedure allows a maximum volume of meat per m2
at a lower cost, but it is also a substantial biosecurity risk (Katsma
et al., 2007; Fraser et al., 2010). The catching teams and their
equipment can easily introduce pathogens into the broiler house.
Therefore they should wear clean overalls and footwear at least
and wash and disinfect their hands before starting their work
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(Berndtson et al., 1996; McDowell et al., 2008; Sims, 2008; Robyn
et al., 2015). Transport crates and loaders must be clean (Slader et
al., 2002). Before thinning, the whole house should be deprived of
feed for a few hours in order to empty the intestines for slaughter.
The feed withdrawal and distress during catching causes stress for
the remaining birds. Stress has a negative impact on the immune
responses of the birds making them more vulnerable to disease
(Durant et al., 1999; Humphrey, 2006; Allen et al., 2008).

Slow-growing free-range broilers run a greater risk of picking up
intestinal parasites. The free range area is difficult to clean and dis-

infect, so parasitic infection is able to build up (Permin et al., 1999).

3.3 Production farms: layers

Different housing systems exist for laying hens, with different
biosecurity risks: cages, aviary or barn systems; with and without
free range. Most of the layers worldwide are kept in cages. The
cage system is the most efficient in terms of production and bios-
ecurity (Lay et al., 2011; Bestman et al., 2012). It is easier to con-
trol disease spread in a closed house with a cage system as there is
less contact between animals and there is minimal contact with the
faeces. In general, in cage systems, layers are exposed to lower
infection pressure and a lower variety of pathogens compared to
floor and free-range systems. In the latter systems, birds are able to
move around in- or outside the house and infection can spread
faster than in cages. Free-running birds can easily carry pathogens
throughout the whole building and there is more direct contact
with other birds and their faeces. In the free-range system the birds
move outside in the open air, posing a high biosecurity risk. Free-
range chickens can come into contact with wild birds or their fae-
ces and become infected with pathogens such as Avian Influenza,
Mycoplasma or Newecastle disease virus. They can also pick up
insects that carry pathogens. The free-range area can harbour dif-
ferent intestinal parasites, such as cestodes, nematodes and coc-
cidosis (Permin et al., 1999; Miao et al., 2005; Bestman et al., 2012;
Permin and Bisgaard, 2013). Earthworms are known to be inter-
mediate hosts for Ascaridia galli and Heterakis gallinarum. The
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free range area cannot be cleaned and disinfected and it attracts
rodents and other vermin. Dermanyssus gallinae or red mites are
blood-sucking parasites and are an important biosecurity issue in
layer production farms. They can harbour bacteria and viruses
and transfer them from one bird to another as they feed on them
(De Luna et al., 2008). Red mites are difficult to eradicate and can
survive many months in the environment. It is essential to prevent
contamination of laying production farms with red mites that can
derive from laying hen rearing farms. When entering production
sites pullets should be free of Dermanyssus (Bestman et al., 2012).
Another important biosecurity issue in layers is that these are often
reared in multi-age farms (Wales et al., 2007). In general, layer
birds are kept relatively long on the farm, for 70 up to almost 100
weeks of age. Older birds infected with for example Mycoplasma
or Salmonella can spread the pathogens to flocks that contain
younger birds, so that the pathogens persist on the farm. Farms
rearing replacement pullets and production farms are not usually
to be found at the same location, and pullets are transferred at
around 17 weeks. Care should be taken not to introduce diseases
to the production site. Monitoring for Salmonella and Myco-
plasma is generally the rule before transfer, but internal and exter-
nal parasites should also be looked for and if needed pullets should
be treated before moving to the production farm. The crates and
containers used for transfer should be cleaned and disinfected.

4 Biosecurity in hatcheries
4.1 Hatchery management from egg to chick

The hatchery has a central position in the poultry production
chain in the spread of pathogens: eggs collected from different
breeder farms are processed to deliver day-old chicks to different
production farms (broiler or layer) (Thermote, 2006; Hill and van
Roovert-Reijrink, 2010; Bestman et al., 2012; De Gussem et al.,
2013). Good management in hatcheries should stop the spread
of incoming infections and avoid cross-contamination (Thermote,
2006; Hafez, 2007; Lange, 2015; Leon, 2015; Bennett, 2017).
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Biosecurity in hatcheries starts at the breeder farms producing the
hatching eggs (Thermote, 2006; Ledoux, 2009; Woodger and Wir-
ral, 2009; Bennet, 2017). Eggs received in hatcheries come from
different breeder farms (De Lange, 2015). After storage (up to max
10 days) eggs are put into incubators from day 1 to 18, transferred
to the hatcher, where they stay from days 19-21, after which the
chicks are pulled (=removed from the hatcher) and prepared for
transport to the production farm.

The production capacity in today’s

hatcheries has increased from Breeder farms i
100.000 — 500.000 to up to 2 — 3

million chicks per week. Produc-

= (3
4l'¢
P —
—

tion rhythm has increased from

2 hatching days per week to up to

4 or even 6 days. As a conse-

quence, the cleaning and disinfec-

tion of the different sections of the

hatchery has become more com-

plicated and there is more risk
of cross-contamination, making

increased biosecurity essential.

Previously incubation was carried

out in a multi-stage setting, at A

which eggs of different ages and flock origin were incubated in the  Fig.13.5: Biosecurity risks
. in hatcheries (from CID

same machine and eggs were regularly removed and added  |jNgsNv)

(Almeida et al., 2008; Bennett, 2010). The major disadvantage of

this system in terms of biosecurity is the higher risk of cross-con-

tamination because of intermingling eggs from different origins
(and quality) and because the machine is never empty to allow for
thorough cleaning and disinfection (Thermote, 2006; Decuypere
et al., 2007; De Lange, 2015). Modern hatcheries operate with
single-stage incubation, where all eggs have the same embryonic
age and ideally the same origin. This is an all-in/all-out procedure
and allows good cleaning and disinfection every 18 days (Bennett,
2010; De Lange, 2015).

Hatchery routing can be divided into five steps: egg handling, incu-
bation, transfer, hatching and chick handling. Each step involves
biosecurity risks that need to be adequately controlled (Fig. 13.5).
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4.7 Disease transmission in hatcheries

Diseases can be transmitted vertically or horizontally (Ledoux, 2003;
Hafez, 2007; Pattinson et al., 2008; Butcher and Miles, 2012; de
Gussem et al., 2013; Leon, 2015; Cormick, 2017a). With verti-
cal transmission the embryo is infected during development and
the infection originates from the breeder hen. External contami-
nation of the eggs from the environment can occur and bacteria
can migrate to the internal egg through pores or cracks in the
egg shell. Horizontal transmission occurs through vectors: dust,
insects, rodents, trays, transport equipment, people. Because eggs
are hatched in the confinement of the hatcher, any infection that
is present in one egg or chick can potentially spread to all other
chicks in the same machine (Hafez, 2007; Leon, 2015; Cormick,
2017a). Special attention should be paid to controlling Aspergillus
because climate conditions in hatcheries are ideal for the develop-
ment of fungal growth (Oxley-Goody, 2008; Oxley-Goody, 2011;
De Lange, 2015).

4.3 Hygiene and biosecurity in hatcheries

The aim of biosecurity in hatcheries is to prevent the introduction
of contamination and to minimise the risk of spreading within the
different hatchery compartments (Woodger and Wirral, 2009; De
Lange, 2015; Bennett, 2017). The layout of the hatchery should
therefore provide a good separation between ‘clean’ egg zone and
‘dirty’ chick zone (Ledoux, 2003; Thermote, 2006; Woodger and
Wirral, 2009; Bennett, 2017) (See Fig. 13.6 below). It is important
to create hygiene zones and work with uni-directional flow (Ledoux,
2003; Ledoux, 2009).
e Product flow: no crossing of eggs, chicks, offal
* People flow: from clean to dirty zone
e Airflow: incoming air should be filtered and the ventilation
should create a positive pressure environment with single
direction flows (from clean to dirty zones) with no air intake
near a dirty zone exhaust

*  Waste water flow: separate drains for clean and dirty zones
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General hygiene rules apply to all personnel and visitors. Protocols
for cleaning and disinfection should be established and controlled

by regular monitoring, as applies to poultry houses.

Fig.13.6: Layout hatchery with product flow (white arrows) (from CID LINES NV).
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4.3.1 General hygiene measures for personnel and visitors

At the entrance everyone should change clothes and shoes used

outside the hatchery after taking a shower, and change to clean
disinfected clothes and shoes for inside the hatchery (Woodger
and Wirral, 2009; Leon, 2015; Bennett, 2017). Before entering
the premises visitors should register with their name, company
and date of last contact with live poultry, and follow the hygiene
instructions for personnel (Woodger and Wirral, 2009; Cormick,
2017a). There should be a clear barrier between dirty and clean
zones. Hands should be washed or sanitised at all times after eat-
ing or using the toilet (Ledoux, 2003; Thermote, 2006; Woodger
and Wirral, 2009; Bennett, 2017).
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To prevent contamination spreading to the different compart-
ments of the hatchery a one-way traffic system in line with the egg
flow through the hatchery from ‘clean’ areas (i.e., egg rooms and
incubators) to increasingly ‘dirtier’ areas (hatchery room, chick
handling and hatch debris) should be installed (Ledoux, 2003;
Thermote, 2006; Woodger and Wirral, 2009; Bennett, 2017; Cor-
mick, 2017a). If possible personnel should be restricted to either
‘clean’ egg side or ‘dirty’ chick side, to avoid contamination of
clean areas with chick fluff and debris. Using a designated colour
for clothes and shoes per section can make this separation between
areas more visual (Ledoux, 2003; Ledoux, 2009).

It is important to avoid air flow from dirty to clean rooms, so
opening doors should be kept to a minimum and positive air
pressure should be maintained in critical areas of the hatchery
(Ledoux, 2003; Hafez, 2007; Ledoux, 2009; Bennett, 2017). Opti-
mally, each area of the hatchery should be ventilated separately.
If this is not possible, keep the incubation room under positive
pressure (pushing air out of the room) to minimise potentially
contaminated air from the dirty side of hatchery (Ledoux, 2003;
Thermote, 2006; Oxley-Goody, 2008; Ledoux, 2009).

The perimeter of the hatchery facility should be fenced to avoid
unauthorised people entering the premises. No poultry or other

animals should be kept on the premises.

4.3.2 Egg handling

4.3.2.1 Storage and setting for incubation

Ideally eggs should be disinfected as soon as possible after collec-
tion from the breeder farm and again at the hatchery (Ledoux,
2003; Thermote, 2006; Hafez, 2007; Ledoux, 2009; Woodger
and Wirral, 2009). Floor eggs should not be used as hatching eggs
(Thermote, 2006; Hafez, 2007; De Lange, 2015). Washing eggs
should be avoided. Ideally quality control at the farm should sepa-
rate the non-hatching eggs, and if this is not carried out at the
farm, it should be carried out upon receipt at the hatchery. Hatch-
ing eggs should be labelled and stored before incubation. During
quality control, eggs that are unsuitable for hatching (misshapen,
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dirty or cracked) should be removed because they present a risk of
contamination (Hafez, 2007; De Gussem et al., 2013; De Lange,
2015). Technical data of the parent flock should be recorded for
each batch by the farm manager, and on receipt in the hatchery
all trays should be labelled for traceability (Bennett, 2010; Hafez,
2007).

Conditions during storage and transport should avoid eggs ‘sweat-
ing’ because this provides the ideal conditions for pathogens to
grow and penetrate inside the eggs. ‘Sweating® is caused by con-
densation when cold eggs are exposed to higher temperatures
(Thermote, 2006; Schulte-Druggelte, 2011; Gradl et al., 2017).
The storage room should be kept at 18°C and 70-80% relative
humidity. If eggs are to be stored for more than 7 days, the tem-
perature should be lowered (Cormick, 2017b). Before incubation,
eggs should be placed in setter trays on setter trolleys and disin-
fected in the fumigation room. As mentioned above, care must be
taken to avoid temperature changes and sweating. The fumiga-
tion room should be located between the egg traying room and
the incubator room, and disinfection should be performed with
registered disinfection products (Ledoux, 2003; Thermote, 2006;
Hafez, 2007; Leon, 2015). The use of formaldehyde as an egg dis-
infectant is decreasing due to its negative effects on human health
and on the environment. In some countries, moreover, use of this
kind of disinfectant is already prohibited (De Lange, 2015). Trol-
leys should be moved in from the egg storage room and moved out
onto the side of the setter room. It is important to ventilate after
fumigation before moving the trolleys into the setter room. Setters
should be washed and disinfected after each use (Ledoux, 2013;
Thermote, 2006; De Lange, 2015).

4.3.2.2 Transfer to the hatcher

After 18 days of incubation eggs should be transferred to the
hatcher in the transfer room. Before transfer, eggs can be candled
to remove infertile eggs or dead embryos. Transfer should be com-
pleted in 30 minutes and the temperature in the room should be
kept at 25°C. Eggs with different ID codes should be kept in differ-
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ent hatcher baskets to ensure traceability. Hatcher baskets should
be cleaned, disinfected and dried before transfer.

Recently, in ovo vaccination has become more popular and equip-
ment more adequate and precise (Ricks et al., 1999; Williams,
2007; Williams and Villalobos, 2010). At transfer, eggs should be
injected automatically with vaccines and the opening where the
needle enters the egg should be disinfected after injection. If the
procedure is executed correctly and equipment is well maintained
this is a very efficient method of vaccination, causing less stress
than injection at day 1.

Occasionally ‘bangers’ occur during transfer: these are eggs that
explode with a loud bang and give off a very bad smell, due to
gas producing bacteria, usually Pseudomonas spp.. Gas produc-
tion causes pressure to build up inside the egg and small vibrations
can trigger explosions. These exploders lead to heavy bacterial
contamination in the hatcher that can lead to bad chick quality
(Thermote, 2006; De Gussem et al., 2013; De Lange, 2015). Eggs
from older flocks are more at risk because the shells are weaker
and cracks occur more frequently.

Hatcher baskets get soiled by meconium, eggshells, fluff and
should be cleaned and washed directly after hatching. This is usu-

ally done in a specially designed automatic washing machine.

4.3.2.3 Hatching and chick handling

After 3 days in the hatcher, and 21 days of incubation, chicks
are pulled. The hygiene status of the environment has a direct
impact on the quality of one-day old chicks and mortality in the
first days. It is important to realize that at pipping — when the egg
is opened by the chick, germ counts increase logarithmically in
the confinement of the hatcher (Ledoux, 2003; Thermote, 2006;
Ledoux, 2009). Just before pipping, a disinfecting fogging agent is
used in the hatcher. The chick side is the ‘dirty’ zone of the hatch-
ery: hatcher room, plenum, chick room, wash room are heavily
contaminated with organic material and fluff, and high tempera-
tures and humidity form ideal conditions for bacterial and fungal
growth (Ledoux, 2003; Thermote, 2006; Ledoux, 2009; Woodger
and Wirral, 2009; Bennett, 2017). Therefore it is important that
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air flow is controlled and exhausted, dirty air cannot be drawn
back into the hatchery (Ledoux, 2003; Ledoux, 2009; Bennett,
2017). Cleaning and disinfection in this zone of the hatchery will
be more challenging and very active products that can cope with
organic material are needed.

The process from removing the chicks from the hatcher basket to
dispatch in the transport crates is very much automated. All neces-
sary equipment, including the hatcher basket destacker, transport
belts, chick counter, automatic vaccinator and vaccine spray cabi-
net should be clean and well maintained. Waste removal from the
hatchery should be carried out using a vacuum system and waste
should be stored in a silo, or with offal containers (Thermote,
2006; Glatz et al., 2011). All this equipment should be regularly
cleaned and disinfected.

4.3.2.4 Cleaning and disinfectant products in hatcheries

The hatchery is an ideal environment for pathogen multiplication
(Thermote, 2006; De Lange, 2015). All essential components nec-
essary for growth of micro-organisms are available here: nutri-
ents, air, water and heat (Oxley-Goody, 2011; Thermote, 2006).
Cleaning is very important and can remove at least 85% of micro-
organisms, the rest should be removed by disinfection. Regular
cleaning and keeping surfaces dry reduces the bacterial load. Sur-
faces should be smooth with no cracks or crevices. More detailed
information on the cleaning and disinfection procedures can be
found in chapter 6 of this book.

Monitoring the efficacy of cleaning and disinfection is essential:
visual inspection is the first step, but it is essential to include moni-
toring using agar cultures for total bacterial loads (non-specific)
and specific bacteria (Salmonella, Mycoplasma) and fungi (Asper-
gillus) (De Lange, 2015; Bennett, 2017). Special care should be
taken to choose the correct sampling method and to sample the

critical locations (plenum, washing machines, rubber equipment).
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1 Introduction

In the first part of this chapter we provide a brief outline of the
cattle industry. Since cattle production is a diverse sector, this out-
line will help readers to understand why the approach to biosecu-
rity may sometimes differ between types of cattle farms. Although
biosecurity does not necessarily focus on one particular infectious
disease and aims at upgrading herd health in general, measures are
based on the knowledge of the epidemiology of specific pathogens
(Barrington et al., 2002). Therefore in the second part of this chap-
ter on cattle biosecurity the transmission of endemic and epidemic
cattle diseases is presented.

This outline is not meant to be exhaustive in terms of possible
pathogens or diseases or the references of possible routes of trans-
mission, but is based on recent work in the classification of cattle
diseases of relevance to Belgium (Renault et al., 2017).

In the third part of this chapter we provide an overview of how
biosecurity measures can be implemented in cattle farms. This
overview is based on an elaborate review literature covering the
risk factors for disease transmission as listed in the first part of this
chapter. We will discuss the essential aspects of cattle biosecurity
and specific practical biosecurity measures for dairy, beef and veal
calf farms. Despite the fact that the overview of diseases is not
exhaustive and that there are considerable epidemiologic differ-
ences between pathogens such as the reservoir, modes of transmis-
sion and incubation periods (Barrington et al., 2002; Villarroel et
al., 2007), the basic principle of disease prevention is to reduce
contact between disease agents and susceptible animals (Callan
& Garry, 2002). Most biosecurity measures are not specific to a
single infectious agent therefore (Barrington et al., 2002) and also

apply to diseases that are not listed in the overview.
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2 Outline of the cattle industry

Cattle production is a diverse sector as it comprises both dairy
and beef production. Furthermore, the main focus of the highly
integrated veal calf industry is rearing male dairy calves, a ‘by-
product’ of the dairy sector.

In dairy farms the majority of female calves are kept as replace-
ment heifers, while male calves and surplus female calves are sold
at the age of 2 weeks. Young stock is usually inseminated at around
the age of 15 months (more rarely fertilised by a bull) in order to
have the first calf and start lactating at around the age of 2 years.
After 60 days into lactation, cows are inseminated again to aim for
a new birth 365 days after the previous calving. On average, 40
days before the second calving, a cow will be dried off and moved
to a group of dry cows to prepare for the next lactation.

In beef farms cattle are reared for meat production and it is mainly
specialised beef breeds that are used. Dual purpose breeds for both
beef and dairy production are used but this is rarer. Calves born in
beef herds are either immediately separated from the dam or are
raised together with the dam as suckling calves. The majority of
the calves are reared on the farm of origin, but some are sold to be
reared until the age of slaughter on other beef farms or sold to the
veal industry. Replacement heifers are inseminated or fertilised by
a bull at the same age as dairy heifers.

Most of the veal production takes place in Europe, mainly in
France, the Netherlands, Italy, Belgium and Germany (Pardon et
al.,2014). The term veal is reserved for meat from bovines younger
than eight months. White veal has white meat, rosé veal is a little
more red and bobby veal originates from calves slaughtered within
a week of birth. The production of white veal is highly integrated,
while rosé veal is more privately owned. Calves are collected by
salesmen from their farms of origin at the age of 2 weeks and pass
through a sorting centre before entering the veal farm. Veal farms
maintain an all-in all-out system and tend to be very closed. Dur-
ing the first eight weeks of age the calves are housed in separate
boxes and then split up into groups of typically seven to eight

animals.
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3 Transmission of cattle diseases

The most important route of disease transmission is generally
considered to be direct contact between live animals, but indi-
rect transmission should not be ignored (Barrington et al., 2002;
Callan and Garry, 2002; Brennan et al., 2008; Noremark et
al., 2013), this is especially true of pathogens that can survive
for a long time in the environment (Saegerman et al., 2012).
In addition to direct animal to animal contact, direct contact
also includes transplacental and venereal transmission. The lat-
ter transmission pathway has become less important as artificial
insemination is more frequently used instead of natural fertilisa-
tion by a breeding bull (Robertson & Rendel 1950, Salisbury
& Vandemark 1961, Foote 2002). In this overview a distinc-
tion between several pathways of indirect disease transmission
is made (Table 14.1, see p. 378-381). Disease is able to spread
from cattle to cattle without direct contact through people,
other animals besides cattle (e.g. cats, dogs, rodents), fomites
(e.g. feeding utensils, syringes and needles), ingestion (water
and feed, including colostrum), inhalation (droplets or aerosol),
manure and vectors (either biological or mechanical). When the
literature does not specify the specific pathway for a given dis-
ease, this is denoted in the overview as ‘General’. Furthermore,
this overview also indicates whether the diseases have a zoonotic
aspect, i.e. the disease spreads naturally from vertebrate animals
to humans and vice versa, which species are affected (including
whether a wild life reservoir exists), and whether the disease

spreads through asymptomatic carriers.

4 Biosecurity in cattle farms

The description of the biosecurity measures is subdivided into
external and internal biosecurity, under which the most relevant
subcategories of biosecurity in the prevention of cattle disease
transmission on dairy, beef and veal calf farms are further dis-
cussed. Where necessary, the subcategories are split up in a para-

graph on the prevention of direct and indirect contact.
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4.1 External biosecurity
4.1.1 Purchase of animals

The introduction of new cattle through purchase is by far the most
cited risk factor for introduction of disease pathogens in herds (Valle
et al., 1999; Boelaert, 2005; Cuttance & Cuttance, 2014). Although
the risk of introducing pathogens depends on the frequency of pur-
chase and type of animals purchased (e.g. young stock, breeding bull,
pregnant heifers, lactating cows), every introduction of new cattle is
a risk of entering disease into a herd. Therefore the general advice is
to avoid purchasing cattle as much as possible. However, it may be
that cattle have to be purchased. For example a breeding bull may
be needed when the conception rate through artificial insemination
is too low, or when some female young stock are added as an excep-
tional to the herd when too many male calves have been born. Veal
calf farms are a special case, since they typically purchase all their
animals, which originate from many different farms. Whenever it is
necessary to purchase cattle, measures to avoid disease transmission

through direct and indirect contact should be implemented.

4111 Direct contact

The risk of disease introduction can be reduced by purchasing cat-
tle from farms with a sanitary status and health management that
is equal to or higher than your own farm (Griffin et al., 2010;
Sweiger & Nichols, 2010). If your farm has a specific pathogen-
free (SPF) health status for a disease (e.g. infectious bovine rhi-
notracheitis or bovine viral diarrhoea), it is advisable to purchase
cattle from farms with the same or a higher status. Furthermore,
farmers who pay attention to obtain an SPF status for some dis-
eases are more likely to have good health management in general
and consequently a lower occurrence of other diseases. Also, when
purchasing sperm, embryos or colostrum attention should be paid

to the health status of farms/institutions of origin.

Limiting the number of farms of origin where cattle are purchased
can reduce the risk of disease introduction (Edwards, 2010; Mee
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et al., 2012). This can pose a problem in particular for veal calves
farms, since the animals originate from many different farms. In
such cases calves could be divided in smaller risk groups, depend-
ing on one or more specific disease statuses (Pardon, 2012).

Even when cattle are purchased from farms with a sanitary status
and health management that is equal to or higher than your own
farm, the individual disease status of the purchased cattle should
be checked by testing the animals, preferably at the farm of ori-
gin (Gorden & Plummer, 2010). In this way you avoid diseased
animals entering the farm and whenever a test result is positive
the purchase should be cancelled. It is important to remember
that cattle may be carriers of other disease agents (e.g. Mortellaro
disease, Psoroptes ovis mange, Staphylococcus aureus mastitis, Q
fever) than the small number tested for. It is advisable to test milk
samples of lactating cattle.

When cattle are transported to the farm, contact with cattle (or
other animals) with an unknown disease status from other farms
should be avoided (Mee et al., 2012). Ideally, only the cattle des-
tined for your farm should be present in the transportation vehicle.
When using your own transportation vehicle, you can also control
the cleaning and disinfection status of the vehicle.

Once purchased cattle arrive on the farm they should be quaran-
tined, i.e. the animals should be placed in isolation without con-
tact with the farm’s own herd for a sufficiently long period (Maun-
sell & Donovan, 2009; Gorden & Plummer, 2010; Raaperi et al.,
2014). It should be pointed out that quarantining purchased cattle
cannot be replaced by just testing these animals, since cattle can
be carriers of other disease agents than the small number tested
for (see above). Quarantine allows the newly introduced animals
to adapt to the farm (e.g. feed, climate) and avoids the purchased
cattle transmitting diseases to the herd. The recommended isola-
tion duration of the quarantine varies, but for diseases with a short
incubation period three to four weeks is recommended (Wells et
al., 2002; Barrington et al., 2002; Callan & Garry, 2002; Villarroel
et al., 2007; Maunsell & Donovan, 2008). An appropriate quar-
antine area is a space that prevents disease transmission through
direct and indirect contact (e.g. aerosols). It should preferably be

a separate building where no other cattle are present (Edwards,
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2010). Farmers often argue that there is no space available on the
farm to apply a good quarantine. However, a pasture or an old

building can also serve as quarantine area.

Furthermore, one should also take into account that:

+ a quarantine period of three to four weeks is insufficient for dis-
eases with a long incubation period, e.g. paratuberculosis;

- when purchasing cattle in lactation, they should preferably be
milked inside the quarantine area;

« when purchasing pregnant cattle, calving should preferably occur
in the quarantine area and the new-born should be tested imme-
diately after birth (before the intake of colostrum) and should be
quarantined until fest results are available;

- the all-in/all-out principle should be applied for animals in quar-
anfine.

411.2 Indirect contact

Indirect disease transmission from cattle in quarantine is possi-
ble through people that enter the quarantine area, material that is
used and through feed and water that are provided to the cattle.

Specific clothing and boots (and/or a disinfection footbath) should
be available at the entrance of the quarantine area and they should
only be used for this purpose. Everyone who enters the quaran-
tine area should make use of these facilities. Hands should prefer-
ably be washed when entering and leaving the quarantine area

(Edwards, 2010). Moreover, farmers are advised to enter the quar-

antine area at the end of their daily work routine.

Specific material (e.g. feeding utensils) should be available in the
quarantine area and must not be used in the farm’s own herd. Feed
that is present in the quarantine area should not be used to feed
the farm’s own herd (Edwards, 2010; Gorden & Plummer, 2010).
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Fig. 14.1.: These cattle are
grazing on a pasture with
no neighbouring pastures
thus avoiding fence-line
contact with cattle from
other farms.
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4.1.2 Animals that leave and return to the herd

Sometimes cattle leave the farm, but come back afterwards, e.g.
a breeding bull shared with other farms or for auctions, contests,
markets. Such animals should also preferably be quarantined when
they return to the farm according to the same principles as men-
tioned above (Gorden & Plummer, 2010).

4.1.3 Pasture contact

Very often contact with cattle from other farms is possible on pas-
tures shared with other farms in the same season or through an
adjacent pasture. Furthermore, disease trans-
mission between cattle from different farms
is possible when they have access to the same
surface water in the pastures. The general rule
should therefore be to avoid pasture contact
on the same or adjacent pastures (Fig. 14.1). In
those instances when this is not possible, dou-
ble fenced pastures can reduce the risk of dis-
ease transmission (Valle et al., 1999; Nafstad
& Gronstol, 2001; Raaperi et al., 2014). How-
ever, for non-airborne diseases such as bovine
viral diarrhoea, a distance of at least 3 meters
is reccommended (Laureyns et al., 2010). Another possibility is to
pasture high-risk groups (i.e. where infection from those animals
could have huge consequences, e.g. abortion of animals in gesta-

tion) on pastures with no adjacent pastures.

4.1.4 Removal of dead animals

For every dead animal the cause of death may be infectious and
therefore dead animals should be removed from the farm as quickly
as possible in order to avoid disease transmission through direct

and indirect contact.
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41.4.1 Direct contact

Until the carcasses are collected by the rendering com-
pany they should be stored in a separate storage space
with at least a cemented floor (Smart et al., 1982).
This storage space should preferably be located close
to the public highway to avoid trucks of the rendering
company having to enter the farm (Fig. 14.2).

4.1.4.2 Indirect contact

When handling carcasses it is recommendable to use
disposable gloves and/or to clean and disinfect hands
afterwards. It is also highly advisable to clean and
disinfect the storage place after each use. To avoid
disease transmission through rodents, cats and dogs

the storage place should be sealed off. Ideally, waste

water should be collected in a well. R

Fig. 14.2: Until the car-
4.1.5 Professional visitors and personnel casses are collected by the
rendering company they
should be stored in a sep-
Cattle farms receive a lot of visits from professional visitors (Nore-  arate storage space with
. . . at least a cemented floor.
mark et al., 2013; Sarrazin et al., 2014). Professional visitors enter  This storage space should
preferably be close to the
public highway to avoid
with cattle. In addition to veterinarians, other professional visitors  trucks of the rendering
company having to enter
the farm.

farms for work-related reasons and thus come into close contact

include artificial insemination (Al) technicians, cattle salesmen,
feed suppliers, milk collectors, rendering companies, hoof trim-
mers and possibly also other caretakers (personnel).

Very often (professional) visitors can enter the farm and stables

where cattle are housed freely (Sarrazin et al., 2014). Nevertheless,

it is recommended that all visitors should only be able to enter
the farm after notifying the farmer and the stables should only be
entered together with the farmer. Fencing the farm and closing the
entrance with a gate, making the phone number of the farmer vis-
ible and putting up restricted area signs (pictograms) are practical
tips that make visitors aware that they should not enter the farm
and stables freely (Fig. 14.3, see p. 306).
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L
Y coOWS
- .
Fig. 14.3: Fencing the farm
and closing the entrance with
a gate, making the phone
ARE GREAT number of the farmer visible, a
bell and putting up restricted
area signs are practical tips
WELKOM that make visitors aware that
G ey they should not enter the farm
and stables freely. (Translation:
'Welkom in bedrijfskleding’
is 'Welcome when using
herd-specific clothing')

Other adequate biosecurity measures for professional visitors are
the use of herd-specific protective clothing and boots and/or well-
maintained disinfection footbaths (Villarroel et al., 2007; Nore-
mark et al., 2013). These basic biosecurity measures should be
easily accessible for the visitors, since it was noticed that although
these measures were present in the majority of the cattle farms,
they were rarely used (Sarrazin et al., 2014). Furthermore, we
should also point out that it is not only veterinarians but every
professional visitor that may represent a source of indirect trans-
mission. A recent study revealed that biosecurity measures at
entrances were not implemented by all visitors to the same extent:
veterinarians used protective clothing and boots more often than
Al technicians, followed by cattle salesmen (Sarrazin et al., 2014).
A sanitary transition zone where visitors can change clothes and
wash their hands should be located to ensure that a minimum
amount of effort has to be made in order to access the sanitary
transition zone before entering the stables (Fig. 14.4, see p. 307).

4.1.6 Vehicles and equipment

Although animal movements are generally considered as the major
cause of disease spread, (professional) visitors and vehicles entering
the farm should also be taken into consideration when establishing
a biosecurity strategy for the farm (Alvarez et al., 2011). The risk
of disease transmission depends among other things on the type of
vehicle: for instance, rendering company trucks are considered to
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be a higher biosecurity risk than feed trucks (Ribbens et al., 2009).

Carcass storage space therefore should be located close to the pub-

lic highway to avoid the truck of the rendering company having to
enter the premises (see above). Although feed and milk collection
trucks are rarely exposed to the animals on farms (Noremark et
al., 2013), these vehicles should be considered as a biosecurity risk
as they visit several herds on the same day (Ribbens et al., 2009).
Cattle stables should be designed in such a way that tractors can
gain easy access to feed the animals and clean the pens. However,
this means that vehicles from professional visitors can also enter
the stables, and by so doing come close to the animals, and visi-
tors will be less likely to pass through the sanitary transition zone.
Therefore, it is recommended that vehicles should not enter the
stables and that parking spaces should be provided close to the
sanitary transition zone. Feed should be delivered and tank milk
collected without the driver having to enter the stables.

When cattle leave the farm the animal transportation truck should
preferably be empty, cleaned and disinfected on arrival at the farm
(Crookshank et al., 1979). However, cattle from other farms are
very often already present in the truck. It is advisable therefore
that farmers do not enter the truck when animals are being loaded
in order to avoid contact with cattle from other farms. and the
transporter should not be allowed to enter the stables in order to
avoid contact with the animals on the farm. Furthermore, cattle
leaving the farm should be moved to a separate building or load-

ing area to prevent contact with the herd. For example male dairy
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Fig. 14.4: This figure
shows two examples
of a sanitary transition
zone where profes-
sional visitors can make
use of the herd-specif-
ic clothing and boots
and wash their hands
before and after con-
tact with the cattle.
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calves that are sold at young age should be housed at a different
location from the female calves remaining on the farm.

When equipment is shared with other farms, such as transpor-
tation vehicles or manure spreaders, attention should be paid
to ensuring that the equipment is cleaned and disinfected when
returned to the farm (Brennan et al., 2008).

4.1.7 Rodents, birds, dogs and cats

The presence of rodents, wild birds and cats is difficult to avoid on
cattle farms. Domestic cats and dogs are also very often present. To
avoid disease transmission through these animals (e.g. neosporosis,
leptospirosis), access to the stables, manure storage facility and food
storage facility should be limited as much as possible by closing or
shielding doors, windows and gates (Synge et al., 2003; Fossler et
al., 20035; Nielsen et al., 2007). Moreover, cats are not considered to
be an effective good rodent control programme and traps and/or

poison are recommended for controlling rodents (see chapter 11).

4.1.8 Feed and water quality

Contamination of feed by pathogens and or (myco)toxins can
occur at all stages of feed production and storage. Crops can be
contaminated with manure during fertilisation or even from ferti-
lisation of neighbouring pastures. Therefore attention should be
paid when manure from other farms used close to your own crops
or pastures. Excretions and secretions of carrier animals may also
contaminate feed (Maciorowski et al., 2007). All feeding utensils
should be cleaned after each use to remove remnants that present a
potential source of contamination. To avoid the growth of patho-
gens and/or production of myco(toxins) strict procedures for han-
dling and storing feed should be observed, e.g. by adding products
to improve the preservation of the silage pH.

Water contamination can occur at water sources, in reservoirs or
pipes and at the outlets. It is therefore recommended to test the
water quality at least once a year by carrying out bacteriologi-
cal and chemical analysis at each of these places. Water troughs
should also be checked and cleaned regularly to avoid contamina-
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tion with faeces, urine and feed. For this reason, water troughs
should be placed somewhat higher and at a distance from feeding
troughs (Wright, 2007).

To avoid the contamination of feed and water by rodents, birds,
dogs and cats, access to the food storage facility and water reser-
voirs should be limited as much as possible.

4.2 Internal biosecurity

4.2.1 Calving management

The period around calving is known to be a very critical period for
dams that experience a temporary decrease in immunity as well
as for the new-born calf that is born without any acquired immu-
nity. A great deal of attention should be paid to the calving man-
agement therefore in order to avoid disease transmission through
direct and indirect contact (Klein-Jobstl et al., 2014).

4.2.11 Direct contact

Maternity pens are where dams are housed shortly before and after
calving and should never be used to house sick animals. In the
maternity pens there should be no contact with other cattle,
although visible contact may be recommended to avoid stress
(Svensson et al., 2003). Before and after each calving the maternity
pens should be cleaned and disinfected (Gorden & Plummer, 2010).
When calves cannot be born through natural calving a caesarean
section has to be performed by the veterinarian. Similar biosecu-
rity measures apply to this type of calving: a separate, clean and
disinfected space without contact with other cattle and the use of
herd-specific clothing by the veterinarian.

4.2.1.2 Indirect contact

It is recommended that the farmer is always present at the moment
of calving. Hands, together with all obstetric material, should be
cleaned and disinfected before and after each calving. Before a nat-
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ural calving dams should be prepared by cleaning and disinfecting
the udder and vulva (Meganck et al., 2015). After calving the foetal
membranes and tissues should be removed from the calving area
and the calf and attention must be paid to ensure that dogs in par-
ticular do not eat these membranes and tissues (Anderson et al.,
2000; Wouda, 2000).

Immediately after birth the navel of the calf should be dipped into
fresh disinfectant in a clean vessel. A disinfectant spray can also be
used, but farmers have to be sure that the entire navel is sprayed
and that it is only handled with clean and disinfected hands (Mee,
2008; Gorden & Plummer, 2010).

Since calves are born without acquired immunity, the ingestion of

sufficient maternal anfibodies through colostrum within the first

hours of life is crucial (Harp & Goff, 1998; Mohammed, 1999). The
administration of colostrum should fulfil the following requirements:

« A sufficient amount of colostrum has to be administered, i.e. 200
grams lg G antibodies (Klein-Jobstl et al., 2014). The concentration
of IgG antibodies in the colostrum can be verified in several ways
and depends among other things on the age and type of cattle.
Given the amount of milk that dairy catftle produce, the concentra-
fion of maternal antibodies is lower and therefore more colostrum
has to be given compared to beef cattle.

+ The best quality colostrum is obtained from the first milking. Fresh
colostrum is preferred over frozen colostrum. Frozen colostrum
should never be thawed in a microwave oven - since antibodies
are destroyed above 50 °C - but in warm water at 40-45 °C.

Using colostrum from other farms is not advised, given that the ma-

ternal antibodies in the colostrum of the dam or other cows present

in the herd reflect the herd immunity better than colostrum from
other farms and there is a potential for transmission of pathogens
through colostrum (e.g. paratuberculosis).

+ The absorption of antibodies through the gut quickly drops so the
required amount of colostrum should be administered within 6
hours after birth (Gulliksen et al., 2009).
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- Given the small capacity of the abomasum, colostrum should be
administered frequently to avoid it flowing into the undeveloped
rumen. The colostrum cannot be given all at once therefore, but
should be spread over several feedings (Gorden & Plummer,
2010). Colostrum should not be left in the stable between feed-
ings, but cooled in the refrigerator.

4.2.2 Disease management

4.2.21 Disease prevention

It is highly recommendable to have a register with animal health
data in order to have an overview of the health and treatment
status of individual and groups of animals (Edwards, 2010; Par-
don et al., 2012). This type of register could contain the following
information:

e Which animals are currently under treatment and which treat-
ment are they receiving?

e Which animals are sick on a regular basis?

®  What are the vaccination protocols for the different diseases
and which (groups of) animals have to be vaccinated?

®  When do cattle that go out to pasture: have to be rotated
(every 2 to 6 weeks) or treated against endoparasites and
ectoparasites?

e  When do cows have to go through a disinfection footbath?

e What is the udder health status of lactating cows?

4.2.2.2 Direct contact

Hospital pens are where sick animals are housed
to prevent disease transmission to other animals
in the herd through direct and indirect contact
(e.g. aerosols!) (Gorden & Plummer, 2010; Maun-
sell etal., 2011) (Fig. 14.5). Hospital pens should
never be used as maternity pens and vice versa
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Fig. 14.5: This figure
shows a diseased calf
that is housed separately
to avoid direct and indi-
rect disease transmission.
Specific material for
use in this hospital
pen only should be
available.
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(Fossler et al., 2005). Hospital pens should be cleaned and disin-
fected each time they are used (Edwards, 2010).

Cattle that have aborted should also be considered as sick animals
and housed in hospital pens therefore until the reason for abortion
has been determined.

When lactating cattle are diseased, it is advisable to milk them in
the hospital pen or, if this is not possible, as last cow in the regular
milking facility to avoid contact with the healthy animals (Hage et
al., 2003; Fossler et al., 2005). If the latter option is chosen, special
attention has to be paid to the cleaning and disinfection of milking
material that is also used for healthy animals.

Chronically infected animals (e.g. paratuberculosis, bovine viral
diarrhoea virus persistently infected animals, chronic subclinical
mastitis, ...) are a continuous source of infection and perform
in a suboptimal way and should therefore be removed from the
farm. Such animals are often kept in the herd or in isolation until
the moment of slaughter, but this practice should be discouraged
because of the risk of disease transmission through direct and indi-
rect contact.

4.2.2.3 Indirect contact

In the same way as when entering the quarantine area at the end of
the daily working routine, diseased animals should be taken care
of after the healthy animals (Maunsell et al., 2011).

Similar biosecurity measures to avoid indirect disease transmis-
sion as those adopted in the quarantine area also apply in hospital
pens: the use of specific clothing, washing hands before and after
contact with diseased animals and use of specific material only in

the hospital pen, are strongly recommended.

4.2.3 Age groups and specific material

Except for suckling calves, new-born calves should be removed
from the dam within one hour of the birth (Maunsell et al., 2011;
Gorden & Plummer, 2010). They should preferably be housed in

individual calf boxes or hutches during the first weeks of their life
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Fig. 14.6: Calves should preferably be housed in individual calf boxes or hutches during the first weeks of their
life without physical, but with visible contact with other calves Hutches should be draught-free and placed on
a paved/cemented and easy to clean surface Attention should be paid to ensure that urine and faeces cannot
spread from one hutch to another. Calves should receive milk in their own and always the same bucket. After
each feeding the buckets should be cleaned and placed upside down until the next use to avoid the infroduc-
tion of dust, water, flies, efc.

without physical, but with visible contact with other calves (Klein-
Jobstl et al., 2014) (Fig. 14.6). Hutches should be draught-free and
placed on a paved/cemented and easy-to-clean surface (Lundborg
et al., 2005). Attention must be paid to ensuring that urine and

faeces cannot spread from one hutch to another.

Calves should receive milk in their own and always the same
bucket. This can be done very easily by numbering the boxes/
hutches and buckets. After each feeding the buckets should be
cleaned and placed upside down until the next use to avoid the
introduction of dust, water, flies, etc. (Lassen et al., 2009; Meg-
anck et al., 2015).

When calves leave their individual housing, it is advisable to split
them up into group pens of calves that are the same age (Fig. 14.7).

Initially this means that a variation in age of one week is allowed,
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Fig. 14.7: This figure
shows a stable with beef
cattle; the young stock are
housed in groups of the
same age. The youngest
animals are housed at the
end of the stable at the
left and move up towards
the front of the stable
when they grow older.

To avoid stress and le-
sions, they are grouped
per sex. The position of
the different age groups
in the stable depends on
the direction in the airflow
in the stable: air flows
from the younger calves
to the older animals.
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for older calves variation in age of about eight weeks is allowed
(Gulliksen et al., 2009). Calves that do not grow well should not
be put back in a younger age group, but should be examined for
the presence of a disease and should be isolated to avoid them act-
ing as a continuous source of infection. Calves and young stock
should preferably be housed in different stable from the adult
cattle, or at least well separated (i.e. no physical contact and a
distance of minimum three meters between the boxes) to avoid
disease transmission through direct and indirect contact, including
aerosols and air transmission (Maunsell et al., 2011).

To avoid stress and lesions, beef cattle can be grouped by sex
(Sanderson et al., 2008).

Disease transmission through aerosol is very important for calves.
The position of the different age groups in the stable is important
therefore. If there is a specific direction in the airflow in the sta-
ble, and if the stable houses different age groups, attention should
be paid to ensuring that air flows from the younger calves to the
older animals. If necessary the climate (temperature, humidity,
etc.) should be controlled in the stables (Daugschies et al., 2005;
Gorden & Plummer, 2010).

4.2.4 Working lines

It was already mentioned that sick animals and quarantined ani-
mals should be taken care of at the end of the daily routine. It
is furthermore advisable to work from young to old in the daily
working schedule, i.e. farm-specific working lines (Maunsell &
Donovan, 2009; Gorden & Plummer, 2010; Maunsell, 2011).
Farmers often argue that this young-to-old scheme is difficult to
apply, since lactating cows first have to be milked in order to give
this milk to the calves. This issue can be solved by feeding the
calves with tank milk or by having different people milk the cows
and feed the calves. Furthermore, feeding calves with milk from
cows under antimicrobial treatment is strongly discouraged (Vir-
tala et al., 1999).

It is recommendable to use age-specific material for each age group
and feeding utensils should only be used for feed, i.e. no double

use for removing manure. Distinction between age-specific mate-
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rial or feeding-specific utensils can easily be made by labelling the
material. Feeding utensils should preferable cleaned and disin-
fected after each use.

Ideally a sanitary transition zone (changing clothes, washing hands)
should be provided for each age group of animals and it should
be used correctly. The application of these biosecurity measures
together with the use of age-specific material can be encouraged
by providing physical barriers between the age groups. This may
be a different stable, or a bench or door which has to be passed in

order to go to the next age group.

4.2.5 Milking management

Optimal milking management starts with well-functioning milking
equipment. A yearly maintenance and audit of the milking equip-
ment should be carried out in a static (without milking cows) and
dynamic (while milking cows) test. A dynamic test evaluates the
milking process by the machine and the farmer and only by car-
rying out a dynamic test is it possible to obtain a complete over-
view of the functioning of the milking process. The frequency of
replacing teat cup liners depends on the type: rubber and silicone
teat cup liners should be replaced after 2500 and 6000 milkings,

respectively.

Fig. 14.8: Optimal milking
management includes
clean milking equipment
and parlour.

An optimal milking technique is a next crucial factor in the milking
management (Fig. 14.8). The following recommenda-
fions apply more specifically to manual milking, but
they also apply generally fo robot milking:

- The farmer should wash, clean and disinfect his/her
hands before milking and/or use gloves;

- Teats should be dry cleaned before milking with a
clean cloth. If feats are also disinfected before milk-
ing, they should be dried after disinfection;

« Foremilk should be examined visually;
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« Teats should be disinfected after removing the teat cups;
+ The milking equipment and parlour should be cleaned after milk-

ing.

Cows should be milked in the best possible conditions by ensuring
optimal comfort and hygiene:

+ The flanks and udders should be clipped;

- To avoid stress the hierarchical order amongst cow should be re-
spected, but keeping in mind that sick cows in lactation (e.g. mas-
fitis) should preferably be milked as last;

« After milking, the teatfs remain open for about 30 to 60 minutes.
It is advisable therefore to keep the cows standing for atf least 30
minutes after milking. This can be facilitated by providing fresh
feed at the feeding fence.

- |f cows are housed in stables with slatted floors, rubber mats or
an equivalent surface should be present in the resting spaces to
avoid cows lying down on the slatted floors.

As mentioned above, cows with chronic subclinical mastitis should
be removed from the herd.
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Table 14.1: Overview of transmission pathways for epidemic
and endemic cattle diseases of relevance to Belgium
(references see pp. 382-405) »
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Species affected and
asymptomatic carriers

Direct contact
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g - ezl s 2|8 8 &
N 2 S| S E|E 7| °
5 AN
Anaplasmosis Mammals, birds X X
Anthrax X Mammals, birds X X X
Aujeszky’s Disease Pigs, sheep, dogs, X X X X X X
cats, rodents,....
Babesiosis (bovine) X | Buffaloes, deer X X
Bluetongue Rurmnants, X X X X X X
carnivores
Botulism X | Most animals X X X X X
Bovine enzootic leucosis X X X X
Bovine herpesvirus 4 Ruminants X X
Bovine respiratory Ruminants X | X | X X | X
disease
Bovine Spongiform
Encephalopathy X | Sheep, goats X X X
Bovine Viral Diarrhoea X X X X X X
Brucellosis X Ruminants, pigs, X X X X X
dogs, rodents, ...
Campylobacteriosis X | Vertebrates X X X X X
Coccidiosis X X X X
Cryptosporidiosis X | Mammals X X X X X
Cysticercosis X X X
Dermatophytosis X | Mammals, birds X X X X
Diarrhoea / enteritis
(coronavirus, rotavirus, X Mammals X X X X X
E. coli)
Distomatosis X Ruminants X X
E. Coli (verotoxic) X Mammals X X X
Echinococcosis X | Mammals, birds X X

a The bovine respiratory disease complex includes the bovine respiratory syncytial virus, parainfluenza virus 3 (PI3),

Mannheimia haemolytica, Pasteurella multocida, Histophilus somni, Mycoplasma bovis.
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[56, 59, 66, 67, 161,
X X X X X X 165,167,170, 176,
180-199]
X [21, 200, 201]
X X X X X X [202-212]
X X [4, 213, 214]
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Species affected and
asymptomatic carriers

Direct contact
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Enterot'O)‘(emla Humans X X X X X
(Clostridium spp.)
Foot-and-mouth Disease Cloven—hooyed. X X X X X
livestock, wildlife
Giardiasis X | Mammals X X X X X
Infectious BOVH?C. _ X X X X
Keratoconjunctivitis
Infectious Bovine
Rhinotracheitis (IBR) X X X X X X
(Inter)digital infections All X X
Intestinal parasites X | Ruminants X X X X
Leptospirosis X | Mammals X X X
Lice and ectoparasites X X X
Listeriosis X | Mammals, birds X X X X X X
(Sub)clinical mastitis X X X X X
Metritis: trichomoniasis
(T) + chlamydiosis(C) T =Cl T
Necrobggllosm X X X
(laryngitis)
Neosporosis X | Mammals X X
Papillomatosis X X X X
Paratuberculosis Mammals X X X X
Q Fever / Coxiellosis X | Vertebrates X X X X X X
Rabies X | Mammals X X X
Salmonellosis X X X X X X
Scabies X X
Schmallenberg disease Ruminants X X X X
Tuberculosis (bovine) X | Mammals X X X X
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X X X X X X [4, 431, 432]
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1 Introduction

It is undeniable that infectious diseases pose substantial risks to
the equine industry. Whether it is a sporadic infectious disease
in an individual, cluster of infections on a farm or a regional or
national outbreak, the impact on horses and their owners can be
substantial. The burden of infectious diseases in poorly quantified
and is to a large degree unquantifiable given the high occurrence
of sporadic disease and the disparate nature of the equine industry.
While there have been some notable outbreaks in veterinary hospi-
tals and equine events, with rare but profound large national out-
breaks (e.g. equine herpesvirus type I (EHV-1) in the US, equine
influenza in Australia), (Burgess et al., 2012; Cummings et al.,
2014; Dallap Schaer et al., 2010; Firestone et al., 2011; Traub-
Dargatz et al., 2013) it is likely that the impact of sporadic endemic
disease markedly outweighs that of higher profile outbreaks. This
does not suggest that prevention of outbreaks is not important; it
highlights the importance of approaching equine infectious disease
control from individual horse, farm, event and (inter-)national

perspectives in order to ensure the broadest impact.

2 Biosecurity challenges in the equine
industry

Description of biosecurity challenges and goals for the equine
industry is difficult, if not impossible, because of the highly varied
nature of equine management. While there is variability in man-
agement in all animal sectors, the degree of variability in horses
is likely unsurpassed. In some situations, horses are managed
in closed facilities with strict biosecurity practices. At the other
extreme we have facilities with widespread mixing of horses (and
species), lots of contact with horses and people from other facili-
ties, infrastructure and practices that are not amenable to biocon-
tainment and that have little regard for pathogen transmission. It
is likely that many more horses are kept under the latter conditions
than under intense biosecurity, and that most horses are managed
under conditions with enhanced risk.
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The nature of the use of horses also poses unique risks compared
to most other animal sectors. Unlike livestock and companion
animals, where contact between groups is less common or more
avoidable, inter-horse and inter-farm contacts are an inherent
aspect involving a tremendous number of horses that travel to
participate in races, shows and other events for example. These
situations create considerable risk but are largely unavoidable.
However, that does not mean that risk mitigation measures are
not needed or practical (a perception that is too prevalent), on the
contrary attention should be drawn to the importance of a practi-
cal yet effective, proactive infection control or biosecurity plan to
reduce risks.

3 Principles of biosecurity applied to horses

The approach to preventing and controlling infection can be crudely
divided into three main areas; reducing exposure, reducing suscep-

tibility and increasing resistance.

3.1 Reducing exposure

Reducing exposure to pathogens is the ultimate goal as it is the
most protective measure. Simply put, if a horse is not exposed to a
pathogen, it will not develop disease, regardless of any other fac-
tors. The ability to reduce exposure is highly variable between
pathogens and horses. Pathogens that can be shed by healthy
horses (e.g. equine herpesvirus type-1 (EHV-1), Salmonella, Strep-
tococcus equi equi, methicillin-resistant Staphylococcus aureus,
various intestinal parasites), shed prior to the onset of disease (e.g.
equine influenza), shed transiently after resolution of clinical dis-
ease (e.g. Streptococcus equi, Salmonella) or that are present as a
latent infection (e.g. EHV-1) are more difficult to control because
high-risk individuals cannot be detected through observation
alone. This is compounded in situations where subclinical shed-
ding is prolonged or intermittent (e.g. S. equi), as it limits the

impact of measures such as quarantine.
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Preventing exposure is the ultimate goal, but reducing the like-
lihood or level of exposure (i.e. inoculum size) is sometimes a
more practical goal. Both should be strived for, and most infec-
tion control and biosecurity practices focus on reducing the risk

of exposure.

3.2 Reducing susceptibility

Absolute prevention of exposure to infectious agents is rarely feasi-
ble. Fortunately, disease occurs following only a minority of horse-
pathogen encounters thanks to various protective mechanisms
(e.g. local and systemic immunity, skin barrier) that horses pos-
sess. These protective mechanisms may vary between individuals
and be influenced by a wide range of factors. In some situations, a
horse’s susceptibility to infection may be elevated. Situations that
could plausibly increase risk of disease include extremes of age,
pregnancy, antimicrobial exposure, immunosuppressive treatment,
underlying disease, endocrinopathy, presence of invasive devices
(e.g. intravenous catheters), pain, transportation, poor nutrition,
diet changes and various stressors. Some factors (e.g. age) cannot
be modified, while others (e.g. pregnancy) are an inherent require-
ment of some horses and are unavoidable therefore. However, oth-
ers such as concurrent disease (e.g. endocrinopathy), antimicrobial
use, pain or diet changes can sometimes be reduced or eliminated.
Good general management and healthcare play an important and

often overlooked role in biosecurity therefore.

3.3 Increasing resistance

In some situations, the host’s resistance to pathogens can be
enhanced, which will reduce the risk of disease should a pathogen
be encountered. Efforts to increase host resistance mainly involve
vaccinations that target selected pathogens, and a wide range of
commercially available vaccines can play an important role in pre-

venting disease.
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The role of vaccination in biosecurity on farms or among popula-
tions is more difficult to establish. There is no information about
the degree of vaccine coverage needed to confer effective herd
immunity (i.e. the percentage of horses that must be vaccinated
to provide protection against those that cannot be or are not vac-
cinated) against equine diseases. Furthermore, while vaccines may
reduce the risk or severity of disease in individual horses, they
often do not provide sterilising immunity and some exposed horses
can still shed the pathogen after exposure. These issues highlight
the concept that vaccination should be positioned as an important
component of biosecurity, but as a third line of defence in order to
provide protection when measures to reduce exposure and reduce

susceptibility have failed.

Other measures to increase host resistance could include immu-
nomodulators and probiotics, but clinical efficacy of commercial

products is currently disappointing.

4 Biosecurity considerations
for equine facilities and personnel

A wide range of areas must be considered when designing and
implementing effective equine biosecurity programmes. The dis-
parate nature of the equine industry means that it is impossible
to design one ‘standard’ plan. This means that a specific plan has
to be drawn up for each facility and horse owner. A comprehen-
sive overview of this subject is beyond the scope of this chapter,
but examples of important areas are discussed below. Additional
information can be obtained from a variety of resources (Table
15.1, see p. 414).
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Table 15.1: Examples of equine biosecurity resources

Source Location

National Farm and Facil- | http://www.inspection.gc.ca/DAM/DAM-

ity Level Biosecurity animals-animaux/WORKAREA/DAM-ani-
Standard for the Equine mals-animaux/text-texte/terr_biosec_stand-
Sector (Canada) ards_equine_1461274012655_eng.pdf
American Associa- http://www.aaep.org/custdocs/bios-

tion for Equine Prac- ecurityguidelinesfinal030113.pdf

titioners Biosecurity

Guidelines (US)

Biosecurity Toolkit for https://www.cdfa.ca.gov/AHFSS/
Equine Events (US) Animal_Health/pdfs/Biosecu-
rity_Toolkit_Full_Version.pdf

4.1 Risk assessment

The first component in developing a biosecurity programme is
determining the risks that are present. This is the premise behind a
risk assessment, a practice that often sounds more daunting than
it actually is. Ideally, a risk assessment is a joint effort by facilities
owners or managers and their veterinarians, with input from other
individuals (e.g. trainers or boarders at a public facility). Identi-
fication of risks and consideration of the likelihood and impact
of those risks can help tailor an effective yet practical biosecurity

programme that meets the needs of the individual facilities.

4.7 Quarantine

Quarantine is the practice of separating and monitoring healthy
individuals. This may be used for a new arrival or an individual
that has potentially been exposed to a pathogen but which is clin-
ically normal. Quarantine allows time to observe the horse for
development of signs of disease, time for elimination of patho-
gens that are shed transiently (e.g. equine influenza virus), time
for provision of preventive medicine (e.g. vaccination, deworming)
and time for any diagnostic testing results (e.g. Streptococcus equi
screening) to become available, all before the individual is exposed
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to the rest of the population. Quarantine can be relatively basic,
with physical and procedural separation of new arrivals for a short
period of time, or intensive, with close monitoring, testing for vari-
ous pathogens, vaccination and deworming. The approach taken
varies according to the risk of pathogen shedding (e.g. return of
horses from events with high levels of biosecurity vs purchase of
a horse from a sale), implications of entry of a pathogen onto the
farm (e.g. closed herd vs one with significant horse movement,
farm with actively competing horses vs broodmares vs companion
horses), the availability of a location for quarantine (e.g. separate
barn or paddock, separate area in a main barn that can be ade-
quately contained), risk tolerance and cost.

Each facility should have a quarantine plan, no matter how rudi-
mentary. Routine quarantine of horses that have left the property
is ideal but is often impractical for performance or show horses,
where there is a routine movement of large numbers of horses.
Facilities where there is considerable horse movement should also
have a quarantine plan that addresses higher risk scenarios (e.g.
entry of a new horse of unknown or potentially low health status).
Duration and specific practices of quarantine are ill-defined and
to a large degree indefinable, since duration and practices vary
depending on different pathogens. Quarantine duration, location
and practices need to be facility-specific and take into considera-

tion the risks, risk tolerance, costs and practicality.

Quarantine can be an effective tool, but cannot guarantee total
prevention of entry of pathogens because of factors such as the
potential for long-term subclinical or latent carriage of pathogens
such as S. equi or EHV-1.(Allen et al., 2008; Sweeney et al., 1989)
Notwithstanding, short-term (e.g. 7-28 d) quarantine with the use
of physical (e.g. housing in a quarantine area) and procedural (e.g.
higher level of hygiene, personal protective equipment, dedicated
items such as water buckets, contact with quarantined horses after
other horses) separation methods can serve as a practical and
effective tool.
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4.3 Cohorting

Cohorting involves identification and separation of groups with
a different risk status. This includes considering the likelihood of
shedding infectious agents and the susceptibility or implications
of infections. For example, this may include separation of resident
horses from horses that routinely leave the property (because of
different risks of pathogen exposure) or separation of broodmares
from other populations (because of the greater risk to broodmares
should they be exposed to a pathogen such as equine herpesvirus
type I). On some farms, all horses might fit into one single cohort,
while on others there may be many different risk groups. The
ability to implement cohorting depends on the ability to identify
separate risk groups and to implement physical and procedural

separation practices.

4.4 Zoning

While cohorting involves identification and separation of different
groups of horses, zoning applies a similar concept to the facility
through the identification of high-, medium- and low-risk areas.
Zoning requires assessing the risks of pathogen incursion or pres-
ence thereof in different areas of the farm, controlled access points
that delineate different zones and control of access by horses, peo-
ple, vehicles, equipment and animals.

There are two general levels of zoning. One is at facility level,
where measures can be taken to prevent any unnecessary move-
ment onto the property and to ensure that any entrance onto the
property (people, equipment, animals) is carried out in a controlled
manner. Thus, the zoning is essentially ‘the farm’ compared to
‘anywhere else’. The other level is zoning within the farm, identify-
ing different biosecure zones and implementing movement and
access restrictions (Figures 15.1 and 15.2). On some farms, it may
not be possible to delineate different zones, and all that can be done
is zoning of the farm versus anywhere else. However, there is often
the ability to identify and control two to three (and in some cases,

more) zones on a facility. For example, a high-risk zone could be
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Fig. 15.1: Basic zoning of an equine facility. The yellow fenced area indicates the boundary between
horse care and management areas, and the rest of the facility. All aspects of routine horse care take
place within the boundary. The visitors' parking and trailer storage area is outside the secure zone,
which is controlled by an access point (purple gate).

A

Fig. 15.2: Alternate view of a basic zoning approach to an equine facility. In addition to the controls
described in Fig. 15.1, this image depicts a small barn and paddock to the right of the main stable.
This lies within the overall control zone and is a restricted area within that zone for quarantine or
isolation. A feed storage barn is present within the secure zone. A covered manure storage facility is
present in the back on the left, with its own access point to allow for removal of manure with limited
entry into the property.
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the area where various people (veterinarians, farriers, feed suppli-
ers) enter and leave their vehicles. It could also include quarantine
and isolation areas. At the opposite end of the spectrum would be
barns and outdoor areas housing horses that do not leave the prop-
erty and are therefore the most biosecure. Physical barriers between
zones may include fencing, gates, structures that prevent movement
of vehicles and general farm layout that provides distance between
areas. Procedural barriers include signs and procedures to restrict or
control access to different zones, particularly more biosecure zones.
The concept of zoning can also be applied nationally or interna-
tionally, such as declaring endemic and free countries or regions.
Zoning was also part of the response to the 2007 Australian equine
influenza outbreak, which involved dividing the state of Queens-
land into different infection status zones with different movement
restrictions (Kung et al., 2011).

4.5 Access management

An important aspect of successful cohorting, isolation and zoning
is access management. This involves control of the entry of people,
horses, other animals and items such as vehicles both onto and
within a facility. It may consist of physical barriers (e.g. fences,
gates) and procedures, and should be clearly outlined. The default
for any access management strategy should be ‘no access’, with
access granted as indicated. This is preferable to an approach based
on access restriction, as the initial response to any undefined sce-
nario is ‘no access’ versus a restriction-based approach where lack
of a specific prohibition can be interpreted as indicating that access
is permitted.

4.6 lIsolation

Where quarantine is applied to apparently healthy horses, isola-
tion is used to contain horses that are known or suspected to be
shedding an infectious agent. Confirmation of an infectious disease
should not be required for initiation of isolation. Identification of
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syndromes (see below) that suggest the presence of an infectious
disease should be enough to trigger a response. Concurrent diag-
nostic testing may be useful, but waiting for confirmation of a
diagnosis before initiating isolation practices is unacceptable.

The ability to provide strict isolation varies greatly between facilities
and a comprehensive description of isolation practices is beyond the
scope of this chapter. As with quarantine, the goal is to provide as
much physical and procedural separation as possible. Physical sepa-
ration is important because relying mainly on procedural separation
(e.g. keeping an isolated horse in a common barn while using
enhanced barrier practices) is highly dependent on compliance, and
human factors tend to be the weak link of any control programme.
Physical separation alone is not effective and needs to be supple-
mented with procedural separation; however, the less reliance on

procedural separation and human activities, the better.

4.7 Syndromic surveillance

Prompt recognition of problems is critical, particularly for highly
infectious pathogens that can spread rapidly. For some pathogens,
signs of disease may be evident prior to the onset of infectivity (e.g.
a horse exposed to Streptococcus equi equi will develop a fever 2-3
days prior to the time it sheds the bacterium and is able to infect
other horses)(Sweeney et al., 2005). Prompt identification of abnor-
malities therefore can allow for early intervention and containment.
Even when horses are infectious at or before the time of the onset of
a clinical disease (e.g. equine influenza), rapid identification can

reduce the amount of time that other horses might be exposed.

Syndromic surveillance is the act of identifying certain syndromes
that suggest the presence of an infectious disease (Box 1).(Burgess
and Morley, 2014; Ruple-Czerniak et al., 2013) While causes may
be non-infectious, identification of these signs allows for rapid
assessment and intervention, and is a cost-effective and practical
measure that can be used at any facility. Since these signs are readily
identified by lay personnel, everyone on the farm can be involved

in this form of surveillance, provided they know to look for these
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syndromes and understand the required response (e.g. notify barn
manager, isolate horse, call a veterinarian). Clear written guidance
outlining the syndromes and the response should be available to
reduce the risk of failing to identify relevant syndromes or to initi-

ate the proper response.

Examples of syndromes that are easily identified and indicate the
potential for an infectious disease

« New cough

+ Depression/lethargy
+ Nasal discharge

- Anorexia

« Abortion

+ Neurological disease
+ Limb ocedema

4.8 Active surveillance

While syndromic surveillance takes advantage of broad but read-
ily identifiable signs, active surveillance uses specific approaches
to obtain information.(Burgess and Morley, 2014) This mainly
involves diagnostic testing to screen for the presence of selected
pathogens in clinically normal individuals. Potentially the most
widely used (but still uncommon) approach is screening new
arrivals for S. equi shedding. While syndromic surveillance would
identify signs consistent with S. equi disease (strangles), it can-
not detect subclinical carriers. Active surveillance therefore aims
to identify infectious but clinically normal horses, ideally prior to
their introduction to the general population. Other pathogens that
have been targets for active surveillance on farms or in equine hos-
pitals include Salmonella and methicillin-resistant Staphylococcus
aureus (MRSA).(Tillotson et al., 1997; Weese et al., 2006) Because
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testing is never 100% sensitive, active surveillance cannot guar-
antee that horses are not shedding the agent of concern; however,
negative results from properly collected and tested samples can
provide a greater level of assurance.

Despite the potential benefits, active surveillance is rarely used at
equine facilities. Perhaps the main barrier is cost, since diagnostic
testing can be expensive. Logistical challenges may also be present
in facilities with ample horse movement and/or limited quarantine
facilities, as testing without concurrent quarantine is less effective.
Yet, in some situations, particularly involving closed, high-health
status herds with infrequent entry of new horses, active surveil-
lance can be cost-effective and practical.

4.9 Event attendance procedures

Any situation where a horse leaves its premises and may encounter
another horse poses some degree of risk. However, avoiding events
(e.g. races, shows, trail rides, sales) is impossible in most sectors of
the equine industry. By their nature, horses from different facilities
will converge at events. While this creates some degree of inevita-
ble risk, this risk can be reduced through measures performed by
the event organiser and the horse owner. Comprehensive guidance
is available for event organisers.(California Department of Food
and Agriculture, 2012) Individual horse owners play an important
role by encouraging events to use such guidelines and by comply-
ing with event guidelines. Aspects such as keeping sick horses (and
horses exposed to potentially infectious horses) away from events,
restricting contact between their horses and other horses and peo-
ple at the event and avoiding sharing equipment (e.g. water buck-
ets) with horses from other facilities are practical and should be
implemented. Consideration must also be given to quarantining
horses upon return (something that is often impractical, as dis-

cussed above), or to cohorting risk groups.
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410 Personal hygiene

Anyone who comes into contact with horses or their environment
has the potential to act as a source of infection. This includes trans-
mission of pathogens carried by people (e.g. MRSA), transmission of
pathogens between horses via the person’s body (especially hands) or
clothing or cross-contamination of pathogens from the environment.
The risk of transmission from horses or the environment is present
both within and between farms. Examples of basic hygiene measures

to reduce the risk of transmission are listed in Box 2.

Examples of personal hygiene measures to reduce the risk of patho-
gen fransmission to and from horses:

+ Change clothing and footwear between facilities

+ Perform hand hygiene (hand washing or application of an alco-
hol-based hand sanitiser), particularly after contact with horses at
increased risk of shedding pathogens, before contact with horses
with an increased risk of disease (e.g. neonatal foals), between co-
horts and after having contact with respiratory secretions or faeces

+ Change clothing and footwear (or donning and doffing addition-
al protective outerwear) after handling isolated or quarantined
horses, or potentially when moving between cohorts

+ Use additional barriers for high-risk procedures, such as wearing
disposable gloves when handling wounds

« Work with lower-risk cohorts first and highest-risk individuals or

groups last

411 Cleaning and disinfection

Cleaning and disinfection are two separate but closely related activi-
ties that are widely used and often misused (Box 3).(Dwyer, 2004)
The entire process is designed to reduce (not necessarily eliminate)

pathogen burdens in the environment and on equipment. Cleaning is
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the most important and often overlooked step. Effective disinfection
is not possible without effective cleaning, as disinfectants are typi-
cally inactivated or ineffective in the presence of abundant organic
debris. Cleaning the environment is a routine (e.g. daily) part of facil-
ity and equipment management. Disinfection may be performed on
a routine, periodic (e.g. weekly) or as needed (e.g. after suspected

contamination) basis, depending on the site and other factors.

Common errors with cleaning and disinfection

- Failure to clean adequately before disinfection

« Aftempting to disinfect surfaces that are impossible to disinfect
(e.g. dirt)

+ Use of a poor quality disinfectant

+ Use of a cleaner instead of a disinfectant

+ Improper disinfectant concentration

- Inadequate disinfectant contact time

« Inactivation of bleach by light or organic contamination

- Failure to have a written protocol to ensure consistency and accuracy

Cleaning is the first step and removes 90% or more of the micro-
bial burden and other substances (e.g. organic material), creating
a site that is more amenable to disinfection. Thorough cleaning is
also critical for removal of microorganisms that are resistant to
most disinfectants, such as clostridial spores and protozoa. Simply
rinsing or wiping surfaces is rarely adequate. Combinations of phys-
ical removal of debris (e.g. removing bedding or manure), scrubbing
and washing may be required. Detergents can help remove debris.
High-pressure water can also help remove debris, but should be
avoided because of the potential for aerosolisation of pathogens and
the potential for damage to surfaces (which might compromise dis-

infection efficacy). (Dwyer, 2004)

Disinfection is designed to further reduce the bioburden by elimi-

nating a large percentage of the microbes that remain after clean-
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ing. This step involves application of a disinfectant, in the correct
concentration and for the appropriate contact time. Not all dis-
infectants are alike and they must be chosen for their properties
such spectrum, activity in residual organic debris, safety and cost.
Optimal disinfectants are those with a broad spectrum of activity
that work in the presence of moderate organic debris (e.g. acceler-

ated hydrogen peroxide).

The approach to disinfection of equipment is similar to that of the
general environment. However, additional factors sometimes need
to be considered. The potential for contact irritation exists with
some disinfectants, so rinsing items such as tack and water buckets
may be required after the appropriate disinfectant contact time.
Additionally, surface tolerance is often an issue with tack, since
disinfectants could damage or alter materials such as leather, par-
ticularly with repeated use. There is very little information availa-
ble about material tolerance.. Testing disinfectants on hidden parts
of tack to look for visible change and rinsing after disinfection are

the main recommended measures for these types of surfaces.

4.12 Surface materials

Cleaning and disinfection should be considered when choosing
materials for flooring, walls and other areas. Optimal surfaces for
cleaning and disinfection are non-porous, sealed surfaces such as
metal and some plastics. Dirt and gravel are essentially impossi-
ble to clean and disinfect. Unsealed concrete is similarly challeng-
ing because of its porosity. Wood that is unsealed or where the
treated surface has been damaged is similarly difficult to address.
Rubber floor mats may be amenable to upper surface disinfection
but unless they are permanent and completely sealed, water and

pathogens can accumulate under them.

While smooth, sturdy and non-porous surfaces are ideal from a
disinfection standpoint, many other aspects such as grip (for floor-
ing) and cost must be considered, and there are very few optimal

surfaces that balance cost, safety, comfort and biosecurity. There
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will always be significant challenges for cleaning and disinfection
in equine facilities because of the need to balance all these fac-
tors. The goal is to achieve an optimal environment with easy-
to-clean and disinfect surfaces, with the understanding that not
all surfaces will be ideal. Measures to increase disinfection effi-
cacy include sealing wood and concrete surfaces (e.g. coating
wood with marine epoxy), regularly inspecting surfaces to identify
damage, and avoiding damaging activities such as power wash-
ing. Where cost prohibits the use of certain surfaces throughout a
facility, limited use in high-risk (e.g. quarantine, isolation, foaling)

areas might be practical.

Outdoor areas are difficult or impossible to disinfect because of
size, (e.g. fencing), surface (e.g. dirt, rough wood) or access zones.
This is one reason for trying to keep infectious or otherwise high-
risk horses away from outside areas as much as possible. How-
ever, ultraviolet light is a highly effective disinfectant and many
pathogens will die quickly upon exposure to sunlight.(Weese et
al., 2009) While it is difficult to provide any objective guidance
about the time required for different pathogens to die outdoors
because of variations in temperature, degree of exposure to sun-
light, protection of organic debris and inherent pathogen suscepti-
bility, most vegetative bacteria and non-enveloped viruses that are
exposed to direct sunlight will probably die within days.

Sheltered indoor environments such as riding arenas can be par-
ticularly challenging because of a lack of sunlight and impossible-
to-disinfect surfaces such as dirt. This means that farm practices
to prevent potentially infectious horses accessing those areas are a

key control measure.

4.13 Manure management

Manure is obviously a potential source of pathogens. While
manure from horses with known enteric infectious disease (e.g.
salmonellosis) is of major concern, all horses can shed one or more

potentially pathogenic bacteria, viruses or parasites at any time.
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All manure should be considered as posing an element of risk
therefore to humans, horses and other animals. Storage and han-
dling of manure should be performed in such a way as to reduce
the risk of exposure to other individuals. Some basic aspects of

manure management are listed in Box 4.

Considerations for manure management:

+ Do not use items used for manure removal on feedstuffs

+ Dedicate manure removal equipment (e.g. pitchforks, wheelbar-
row) to specific cohorts (i.e. do not share manure removal items
between groups)

- Store manure where runoff will not contaminate pastures, pad-
docks or water sources

- Compost manure if it is to be used on horse pastures, and only
spread manure that has been properly composted

+ Prevent horses gaining direct access to manure piles

Try to restrict wildlife access to manure piles

+ Wash hands and clean footwear after manure removal

- Consider having a separafe handling area or process (e.g. con-
fracted removal) for manure from high-risk areas such as treatment

areas, isolation and quaranfine

4.14 Pasture management

Pastures are a possible source of various pathogens, particularly
intestinal parasites. While a facility-specific deworming regimen
(ideally with targeted treatment and faecal egg count reduction
testing) is a key component of parasite prevention, pasture man-
agement is an essential consideration. Good pasture management
practices include preventing overstocking, ensuring that all horses
turned out to pasture are included in a deworming programme,
preventing overgrazing, only spreading composted manure on pas-
tures and, ideally, manure removal.
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4.15 Transportation

Moving horses between facilities is associated with the risk of
pathogen exposure. This risk is also present when horses are being
transported, something that may be overlooked. Transporting
horses by trailer or airplane can create opportunities for direct and
indirect contact between individuals and exposure to pathogens
in the environment or on handlers. When this involves individu-
als from different farms or different health statuses, there is an
increased risk. Various measures can be taken to reduce the risk of

pathogen exposure during transportation (Table 15.2).

Table 15.2: Examples of practical measures to reduce the risk of
pathogen exposure during transportation

Pathogen source Mitigation

Transported horses | Try to limit transport to horses from the same
farm and same cohort

Prevent direct contact between horses during
transit

Prevent mingling with other horses if rest stops
are provided in areas where other horses may be
present

Trailer Clean and disinfect trailer between all shipments

Maintain trailer surfaces in a good state of
repair to facilitate cleaning and disinfection

Avoid surfaces in horse contact areas that are
difficult to clean and disinfect

Handlers Ensure handlers do not wear clothing that was
used when handling other shipments of horses

Encourage hand hygiene

Equipment Provide farm- (and cohort-) specific equipment
such as hay nets and water buckets

If equipment such as water buckets is used
between shipments, clean and disinfect each time
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4.16 Personnel

In equine veterinary facilities, as in human healthcare, there is
increasing use of ‘infection control practitioners’, individuals
with specific roles pertaining to infection control in the facility.
The training of these individuals varies, but their common char-
acteristic is that they are the central resource for infection control.
They coordinate infection control activities, conduct surveillance,
educate, communicate and perform a variety of routine tasks. A
similar model can be applied to equine facilities. This is rarely
a full time position occupied by someone with specialised train-
ing, although that would certainly be desirable. More usually and
practically this is someone interested in infection control, who can
oversee day-to-day infection control practices as a minor compo-
nent of their other duties. They can help identify issues, commu-
nicate and educate. They act as the central resource on the facil-
ity for any questions, problems or concerns that arise. In most
instances, this requires limited time and financial commitment, as
day-to-day requirements in most circumstances are not excessive.
However, by centralising communications and knowledge, it is
possible to ensure a more efficient and effective infection control
programme. For example, this person would be promptly notified
following identification of a potentially worrying syndrome (e.g.
fever). With centralised reporting, a cluster of infections might be
more rapidly identified, as would happen if different owners with
different veterinarians identified horses with a fever on the same
day. With multiple cases reported to the infection control prac-
titioner in real time, a rapid response can be initiated to identify
the problem, identify other potentially infected (and/or infectious)

horses and to coordinate the response.

4.17 Auditing

Periodic auditing of procedures and practices is a useful tool. This
may involve use of a generic checklist of procedures and practices,
a checklist developed specifically for the facility, observation of

practices, a review of written materials, or combinations thereof.
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Auditing can be performed by facility personnel, a facility veteri-
narian or an independent third party. The goal of auditing is not to
lay blame, but to identify gaps in protocols and practices, so that

improvements can be made.

4.18 Communication

Since human factors, particularly poor compliance, are at the root
of many breakdowns in biosecurity, it is important to implement
measures to improve communications. Poor compliance may be
intentional, but more often than not it is associated with a lack
of understanding of appropriate biosecurity measures. Intentional
non-compliance may also have its roots in poor communications
as people will be less motivated to comply if they do not under-
stand why they are being asked to do something. Optimising com-
munications is critical therefore for effective biosecurity. Various
groups may be involved, such as farm managers, horse owners,
farm personnel, farriers, feed suppliers, transporters and anyone
else who has contact with horses or the farm. Communications
must be clear, consistent and understandable, and interpersonal
factors, language barriers, education, and numerous other fac-
tors can impact the effectiveness of communications. Biosecurity
practices should be communicated through different approaches
and on a regular basis. A written biosecurity manual is critical for
consistency and depth, but cannot be relied on as the sole method
of providing information. It can be supplemented with conversa-
tions, demonstrations, inspections (with feedback), concise writ-
ten information (e.g. fact sheets) and meetings, depending on the

facility and the issue.
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1 Introduction

More than 20% of households in Western countries own one or
more dogs. The main origins of these dogs, apart from private
individuals, are breeding facilities (i.e. breeding kennels, commer-
cial breeders, merchants) and shelters. Every year approximatively
1% of all pet dogs end up in a shelter and up to 5% of dogs live
in semi-permanent facilities such as day-care or boarding kennels.
This chapter is written for professionals exploiting, managing or
assisting the above-mentioned facilities where dogs are housed in
groups. Our aim is to enumerate and classify the scarce literature
on biosecurity and disease prevention and to describe recommen-
dations while assessing evidence of their impact and feasibility.
Although veterinarians have cooperated with shelters and ken-
nels for decades, until recently there was little scientific interest in
the discipline of preventive companion animals’ veterinary medi-
cine for shelters and kennels. Currently, however, we have seen
an increase in interest in this field as the need for expertise in risk
assessment and disease management has now been acknowledged.
Numerous canine pathogens that impact on health, welfare or
economics have been described and emerging diseases are still
being reported. Furthermore, some canine pathogens represent an
important hazard for public health. To avert animal and human
health risks, poor animal welfare and economic losses, biosecurity
measures need to be implemented to prevent the introduction, per-
sistence and transmission of infectious agents.

In-depth knowledge and understanding of the different transmis-
sion pathways provide guidance for the development of biosecu-
rity measures that should be implemented in kennels and other
canine facilities.

2 General Biosecurity Guidelines

In describing the biosecurity measures a distinction will be made
between external biosecurity measures aimed at preventing the
introduction of pathogens into the facility, and internal biosecu-

rity which aims at preventing the spread of pathogens between
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different animals, groups or compartments within the facility. For
more details on the general principles of biosecurity please consult

chapter 2.

2.1 External biosecurity

2.1.1 Purchase of animals/semen

The biggest risk associated with the acquisition of new animals
is the introduction of pathogens. Anecdotal evidence shows the
purchase of puppies and adult dogs by dog breeders is common
practice and purchasing puppies is an essential element in the busi-
ness of dog merchants. The number of origins should be limited as
much as possible. Nevertheless, different origins are intrinsic when
running a shelter, introducing new bloodlines or running a pet
store. In such circumstances, the incoming dogs should be divided
into smaller risk groups according to origin among other things.
New animals should always be fully assessed by a veterinarian
prior to or on admission. Inconsistent vaccination status, presence
of parasites and symptoms of illness are risk factors and should be
managed accordingly. Prophylactic treatments to support the new
animals and/or to protect the other animals in the facility should
be provided and should be performed according to protocols
adapted to the group at risk, as well as geographical and seasonal
parameters. Merchants trading puppies from different origins may
find themselves with puppies that have a different immune status.
They should at least insist that the same vaccination protocols are
followed by all suppliers for both puppies and breeding adults.
Detailed recommendations for vaccination and deworming can be
found further in box 16.1 and box 16.2.

Although the risk of pathogen introduction in a breeding facility
through semen is much smaller than via the introduction of new
animals, transmission of diseases through semen is a possibility
(Silva et al., 2009). The prevalence of venereal transmission of
canine diseases is well known (i.e. Brucellosis, Canine Herpesvi-
rosis, venereal tumours, Leishmaniosis, Toxoplasmosis); canine

breeding professionals should always be aware of the risk of trans-
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mission not only via mating but also during artificial insemination
(AI). Since Al is common in dog breeding, especially in brachyce-
phalic breeds, it is recommended that sires from endemic areas on
particular diseases be tested (e.g. Brucella canis in Canada, Europe
and subtropics or anecdotally canine visceral leishmaniasis in
Southern Europe, North Africa and Latin America).

Vaccination recommendations:

Multiple organisations and workgroups have developed vaccina-
fion guidelines (Davis-Wurzler, 2014; Day et al., 2016; Moore and
Glickman, 2004; Welborn et al., 2011). The contracting veterinarian
plays a key role in choosing the most appropriate vaccination pro-
gramme for each particular animal, depending on its needs, and
taking into account the essentials for puppy immunization.

Core vaccines should be administrated prior to or directly on admis-
sion, as early as af four weeks of age. Adults should be revaccinated
after two weeks, while puppies should be vaccinated until the age
of twenty weeks with infervals of two weeks.

Deworming recommendations:

Recommendations for most endoparasites have been published. In
addifion fo American recommendations (CAPCVET), European rec-
ommendations are also readily available (ESCCAP, 2010; W.V.P.N.,
2008). Regarding the prevention of worm infestations (e.g. Toxacara
canis, Toxascaris leonina, Uncinaria stenocephala, Trichuris vulpis), it
is recommended to deworm puppies with a broad spectrum an-
thelminthic product from the age of 2 weeks onwards and repeat
every 2 weeks until weaning. Thereafter, puppies should be de-
wormed monthly until the age of 6 months. Adult dogs should be
freated monthly (ESCCAP, 2010b; ESCCAP_Deutschland, 2014).

Prevention is crucial in the combat against protozoa (e.g. Giardia duo-

denalis, Cryptosporidium isospora), especially in shelters and large
kennels. Meticulous cleaning and drying of the environment, con-
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stant removal of faeces and the use of disinfection-proof objects are
necessary. Although curafive tfreatments are available, chronic cases
are typically caused by reinfection (Dupont et al., 2013; ESCCAP, 2010).

2.1.2 Quarantine

The principle of quarantine consists of segregation of suspicious
animals in a fully separated location (Gensini et al., 2004).
Quarantine is essential and should always be implemented even
for dogs that appear healthy at the time of purchase since they may
be incubating infectious diseases. During this period, the quaran-
tined dog is monitored carefully by the veterinarian and staff for
any signs of illness.

Besides the evident risks associated with direct contact between
newly acquired and other dogs, one should be aware of indirect
disease transmission through people, vehicles, material, food and
water as a result of contact with the different animals. Access must
be easy, closed off from other accesses and restricted to dedicated
staff with specific regulations. When animal caretakers visit the
quarantine house, they should wear special clothing and footwear
and wash and disinfect their hands at entry and when leaving the
facility. Separate cleaning equipment, grooming accessories, and
feeding bowls must also be used. Quarantined dogs should only
be given access to specific separate outdoor spaces. Additional
exposure to social stimuli is necessary since quarantined dogs are
kept confined. The duration of the quarantine period should be no
shorter than the longest incubation period of the diseases being
screened for. For particular diseases like rabies, antibody screen-
ing has been proven to be a valid alternative to long quarantine
periods (>6 months) (Cliquet et al., 2003), so animals only need to
be isolated until the results of the test are negative. Evidence from
outbreaks recommends adhering to a quarantine period of at least
four weeks (Bohm et al., 1989; Hollett, 2006). On the ground
however, the legal minimum quarantine between countries does
not exceed 10 to 14 days (Simmons and Hoffman, 2016), but this

is subject to prior prophylaxis (for external and internal parasites)
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Fig. 16.1: Vehicle frans-
porting dogs
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and vaccination or serological testing (i.e. rabies, leptospirosis,
brucellosis) being carried out before admission (Australian Gov-
ernment — Department of Agriculture, 2013; European Commis-
sion — Food Safety, 2017).

2.1.3 Animal flow patterns

Animal flow (e.g. acquisition, reintroduction, visits, exhibition,
mating) is undoubtedly a major cause of the spread of disease.
Vehicles are often omitted when establishing a biosecurity plan for
facilities; yet vehicles must be considered as potential vectors for
disease transmission.

Transport can cause an increase in stress, resulting in higher shed-
ding of pathogens and a lower immunity (Beerda et al., 1997).
In most pet shops and larger kennels, dogs are
delivered in groups. Transport is also often
organised by third parties (i.e. specialised car-
riers) in vehicles with limited to moderate com-
partmentalisation, as shown in Fig. 16.1. Trans-
porting dogs from different origins in the same

vehicle should be avoided.

To limit transmission between facilities, each
animal transport should be limited to one des-
tination. In reality, unfortunately, delivery vehi-
cles with smaller deliveries commonly travel to
multiple facilities. Measures such as ensuring separate and easy
access, cleaning and/or disinfecting the vehicle between each ken-
nel, requiring couriers to wear disposable clothing and footwear,
limiting access of staff to the transport vehicle, and confining
access of the carrier to the quarantine site should be taken. Facili-
ties for cleaning and disinfecting vehicles should be provided at
every stopover. Kennels and pet stores with a high intensity of
shipments should definitely implement a dirty road principle. This
will ensure that dogs transported to the quarantine site are physi-

cally separated from the normal working lines and healthy dogs.
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What is the dirty road principle?

The dirty road principle is the concept designed to ensure move-
ment categorised as a risk is directed towards one specific route.
This passage should only be used for movement of other elements
at similar risk and must not cross normal working paths at any point in
fime. Dirty road is the extension therefore of the compartmentalisa-
fion and workflow from arrival to departure from the kennel.

There may be different reasons for reintroduction of a dog to the
facility. Anecdotal evidence shows pedigree breeders regularly
attend exhibitions or shows or exchange animals for mating. Dogs
are also sometimes relinquished to the facility. Reintroduction of
animals should always be managed in the same way as acquisition
of a new animal, including assessment, testing for immunisation

and quarantine.

2.1.4 Supply of food, water and equipment

Food and accessories (e.g. bedding material, apparel, tools) for
several facilities are often transported in the same truck. Deliveries
and storage should be processed in a place therefore that is easily
accessible and where there is no contact with the animals. All food
should be processed during production and dispensed in such a
way as to guarantee a low risk of contamination of pathogens.
From a sanitary point of view, raw food is not recommended as a
large number of surveys have shown evidence of risks (e.g. pseu-
dorabies, salmonellosis, toxoplasmosis) (Finley et al., 2008; Jones
et al., 2009; LeJeune and Hancock, 2001). Drinking water should
be of suitable for consumption and should be assessed on a regular
basis. Rain water is not recommended. (Lye, 2002). Food bowls
and drinking devices should be washed daily. Access to standing
water should be avoided at all times as water can be contami-
nated by rats (i.e. Leptospira spp.) (Ghneim et al., 2007). All tools
and equipment used in daily care should be cleaned on a regular
basis. Grooming equipment (i.e. brushes, scissors, shavers) must

be cleaned and disinfected every time they are used.
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2.1.5 Human flow patterns

Canine facilities are frequently visited by visitors from outside. In
addition to professional visitors (contracting veterinarians, inspec-
tors), private visitors frequently ask to see the facility, not only to
see the dog they might want to buy, but also to see breeding adults.
Some visitors even request to bring their own dog when visiting.
Since a considerable number of visitors are frequently in contact
with dogs, they all present a potential risk of disease transmission.
Generally, access should only be possible after notification, prefer-
ably accompanied by a member of the personnel. Fences, doors,
windows, room dividers with clear signs that delimit the restricted
area are certainly an easy way to limit free access. Pet shops, which
tend to have unregulated access to at least the dogs they are sell-
ing, can limit physical access to puppies through the layout of the
showroom and if no contained division is available, visitors should
be supervised at all times. Compartmentalisation and workflow
(see further in this chapter) should be respected at all times.

If people want contact with an animal, sanitary measures can be
imposed such as hand and footwear hygiene in order to limit the
introduction of pathogens, contain diseases in the occurrence of
an outbreak, and limit the zoonotic risks (Glickman and Shofer,
1987). Visitors should be informed about general health measures
and about the consequences of not following them. Since hands
are the most important part of the body to come in contact with
dogs, hands should be washed with soap and water and then dis-
infected or a sanitizing gel should be applied between each com-
partmentalisation group and this should be mandatory for every
visitor. Footwear hygiene can be achieved by using disposable boot
covers or footbaths.

Additional measures such as wearing protective clothing are also
advised for visitors who have intensive contact with other kennels,
i.e. professional visitors. The use of a transition zone (i.e. hygiene
lock) is an effective way to remind visitors that they enter another
unit. As a general rule, biosecurity measures directed at visitors
should always be easily accessible, feasible and unambiguously

applicable.
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The Hygiene Lock?

A hygiene lock is a separate room or part of a room where staff
and visitors apply biosecurity measures such as changing clothes or
putting on protective clothing, washing and disinfecting hands, ....
before entfering the premises or when moving between different
units. A hygiene lock must be located af the enfrance or in between
the different units, and it should be as effortless as possible to use.

2.1.6 Vermin/birds and other animals

You will always find rodents or small birds where animals are kept
and food is stored. Apart from anecdotal data there is no evidence
of canine disease transmission through birds. Rodents, on the
other hand, are a known reservoir and vector for canine diseases.
A rodent control programme is strongly recommended therefore
(see chapter 11).

In an ideal situation, no household dogs should be allowed. It is
evident that pet dogs following staff everywhere will negate all
other biosecurity measures. Kennel keepers with pet dogs (e.g.
retired breeding bitches) should be aware of the risks of transmis-
sion and always avoid (in)direct contact between pet dogs and the
kennel dogs.

Depending on geographical and seasonal differences, some insects
and arachnids (e.g. sand-flies, ticks) can be vectors of diseases. A
good insect control programme should also be installed therefore
(see chapter 10). Contact with external dogs, feral animals or
wildlife should be avoided at all times.

2.2 Internal biosecurity

The goal of internal biosecurity is to control the spread of disease
within the facility. One of the key factors influencing internal bios-
ecurity is the time spent by a particular dog in a facility (Stavisky
et al., 2012). The design of the facility can contribute consider-
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ably to reducing transmission if it allows segregation (separation
of animals into different groups based on their susceptibility to
infectious diseases). General measures for the group of adults or
breeding dogs should be discussed. When considering breeding
facilities, pregnant dogs represent another separate group as preg-
nancy, whelping and lactating incur specific needs. Puppies under
five months of age need more protection from exposure to infec-
tious diseases because they are generally more susceptible than
older dogs; both age groups should therefore be segregated. And
last but not least, diseased dogs should be confined during treat-

ment or recovery.

2.2.1 General measures

2.2.1.1 Direct transmission

Direct spread of pathogens between multiple dogs in one facility
is the result of animal flow and the potential for contact between
dogs. The former can be limited via management planning of the
facility. The latter is a consequence of housing. Well-designed
housing will make it possible to limit and control transmission.

Dogs can be housed in rooms, pens, stables, cages, and indoors
or outdoors. Individual buildings are a preferred guarantee of
segregation. When housing multiple groups in the same building,
physical contact (e.g. nose to nose, urinary and defaecation) has
to be limited. Housing must meet the physical and psychological
needs of dogs. Inadequate management and housing of dogs will
increase the incidence of acute and chronic stress (Beerda et al.,
1999). Chronic stress has been linked to negative effects on a dog’s
health and immunity, by altering tissue physiology and damping
immune responses to invasive pathogens, hence influencing the

appearance and transmission of diseases (Radek, 2010).

2.2.1.2 Indirect transmission

The spread of disease is not just a result of direct contact; fomites
can also play an important role in disease transmission. All objects
and materials have to be resistant to cleaning, disinfection but
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also resistant to urine and wear (i.e. dogs biting and scratching).
Enrichment material, food bowls and water dispensers must be
cleaned and disinfected if used among the different dog groups or,
preferably, must be used separately for each particular group. Dis-
ease can also be transmitted via vectors such as insects (i.e. flies,
mosquitoes) and arachnids (Beugnet and Marié, 2009), rodents
(i.e. rats and mice) (Jansen et al., 2005), birds (Song et al., 2008),
other domestic animals (dogs or other) (Crawford et al., 2005),
and feral animals (Kapel et al., 2006). Finally, disease may also be
transmitted indirectly through mechanical vectors such as vehicles,
staff, and visitors. Transmission paths are inherent to a pathogens’
ability to survive in the environment and vice-versa. Non-envel-
oped viruses (e.g. Canine Parvovirus), mycobacteria, bacterial
spores and coccidia in particular can survive for months and are

largely resistant to disinfectants (McDonnell and Russell, 1999).

2.2.2. Work flow

Healthy animals should always be taken care of at the beginning
of the daily routine, and staff should gradually move down the
working line, finishing with diseased animals. Young animals
should be taken care of before adults so that exposure to patho-
gens is kept to a minimum. All upstream paths (e.g. from diseased
animals to clinically healthy young animals) should be avoided at
all costs. However, maintaining a strict downstream path is not
always feasible (e.g. having to administer medical treatments at
the beginning of the working day). In these instances, different
staff members should take care of diseased and healthy animals
and hygienic measures should be respected even more strictly.

Ideally a sanitary transition zone (disposables, hand hygiene)
should be provided for each group and be used correctly. It is
important to extend the principles of the working lines for each

movement or action (e.g. professional visitors).

2.2.3 Cleaning and disinfection

When discussing cleaning and disinfection, the first thing that

comes to mind are the different pens and units. This is particularly
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true since faeces are an important risk factor for enteric disease
if the oro-faecal cycle is sustained. Since dirty animals have been
reported as risk factors (Nagy et al., 2011), regular bathing or
brushing coats if bathing is not possible, are good measures for
removing dirt and soiling. Most uncapsulated viruses (e.g. Canine
Parvovirus, CPV) and sporulated cysts can survive for months
and are largely resistant to disinfectants. But capsulated viruses,
spores and cysts can also demonstrate strong resistance when sur-
rounded by organic material. Rapid or at least daily removal of all
debris, faeces or other organic material before cleaning with water
and detergents and disinfecting is of utmost importance therefore.
Product guidelines should be followed thoroughly (molecule, dilu-
tion, formulation, contact time). Surface-dried viruses are gener-
ally more resistant to disinfection; a single stage disinfection might
not be sufficient. Soaking surface-dried viruses prior to disinfec-
tion is recommended. Obviously, care should be taken with han-
dling, during and after rehydration, as this waste contains infec-
tious viruses (Terpstra et al., 2007). Since dogs are — at least partly
— housed outdoors and most dogs have daily outdoor access, the
outdoor areas should follow the same principles as indoor areas.
It is advised to use separate materials toys and equipment for each
group within the kennel (e.g. puppies, breeding adults). Distinc-
tion between specific materials can easily be achieved by labelling
or using different colours. More detailed info on cleaning and dis-

infection procedures can be found in chapter 6.

2.2.4 Management of sick animals and removal
of dead animals

Animals with clinical signs of illness represent potential risks for
others dogs. In addition, diseased animals are more susceptible
to other diseases, resulting in complicated diseases with increased
morbidity, mortality and/or health expenses (e.g. coronavirus and
parvovirus). Since cleaning outdoor areas is more limited, diseased
animals should not be kept outside.
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2.2.4.1 Direct transmission

Animals with suspected (presenting one or several risk factors) or
proven (by laboratory data) presence of infectious diseases should
be physically isolated to allow for further investigation and treat-
ment before coming into contact with other animals. The isolation
unit should be secluded from other animal groups and individual
isolation within the unit or isolation per type of disease should be
implemented and the same precautionary measures should apply
as in the quarantine unit.

When an animal dies it is advisable to remove the animal from
the kennel as quickly as possible. If infectious disease is the cause
of death, the carcass might as act as a source of infection for the
remaining animals. Carcasses should be stored in a cooled unit
(the mortuary) until disposal can be carried out. Removal by a ren-
dering company is recommended. As an alternative, the treating
veterinarian can dispose of the carcass. Burying, local incineration
or removal with everyday rubbish are not recommended and are
legally prohibited in most countries.

2.2.4.2 Indirect transmission

Healthy dogs should always be looked after before animals with
clinical signs. Biosecurity measures that apply to the isolation unit
are similar to those described for the quarantine unit: the use of
disposables, specific clothing, hand and footwear hygiene and ded-
icated material are strongly recommended.

When manipulating dead animals, it is advisable to use disposable
gloves and/or clean and disinfect the hands afterwards. Routine
cleaning and disinfection of the mortuary is essential. Care should
be taken to prevent access to the mortuary by vermin, rodents or
other animals.

2.2.5 Maternity
The maternity unit is the part of the kennel where pregnant bitches

are housed during the short period around whelping. Immunity
of whelping bitches drops significantly around the time of partu-
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rition and new-born puppies have a low immunity (Day, 2007;
Evermann and Wills, 2011). It is of utmost importance therefore

to maintain a clean, controlled environment.

2.2.5.1 Direct transmission

Transmission of disease towards the maternity unit can be limited
by avoiding contact with other dogs. Compared to males, bitches
are not only more susceptible to acute stress, but also to chronic
housing stress (Beerda et al., 1999). Several degrees of isolation
can be achieved although pregnant bitches will show reduced
stress if they are able to interact with other dogs until partum
when social withdrawal is observed. Transmission of pathogens
to puppies can occur vertically, meaning through placenta or, to
a lesser extent, milk. The maternity unit also serves as a housing
for the puppies until they reach a minimum age of four weeks. If
feasible, and necessary, social exposure is can be achieved; puppies
can be housed in the maternity unit until weaning, at the age of

seven or more week.

2.2.5.2 Indirect transmission

The abovementioned principles of hand and footwear hygiene also
applies to the maternity unit.

Fig. 16.2: Whelping box Since the shedding of pathogens 2 (in particular enteric parasites)

in polyethene dramatically increases during the late pregnancy (Lloyd et al.,

v

1983), a whelping box can serve as transmitter
of diseases. Whelping boxes should not only be
practical and sturdy therefore, but also easy to
clean and disinfect (Fig. 16.2). Painted plywood
or polyethene are more resistant to detergents,
wear, water and are better alternatives to solid
wood, Oriented Strand boards (OSB) and
Medium Density Fibre (MDF) boards.
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What are Whelping Boxes?

Whelping boxes are commonly used by breeders as a safe place
for pregnant bitches during late pregnancy and parturition and they
are also used as housing for the puppies until they are weaned. This
confined space creates a safe place for dams, while the presence of
(removable) rails at approximatively 10cm (4inches) of the side walls
and floor helps to avoid them lying on top of new-born puppies.

2.2.6 Puppy management

Housing conditions must be adapted to the physiology and needs
of puppies, with particular focus on ambient temperature. Auto-
matic thermo-regulation should only be used at the end of the
fourth week (Lawler, 2008). Puppies build up a major part of their
immunity by drinking colostrum during the first hours of life; pla-
cental transfer of antibodies is negligible.

These maternal antibodies will start to decline after three to four
weeks. Meanwhile, immunity will be taken over by the pup’s own
immune system and prime vaccination of core vaccines (Root Kus-
tritz, 2011).

Infectious diseases, particularly bacterial diseases, are the second
cause of neonatal death in dogs. Necropsy of the pups mostly
resulted in isolation of bacteria that originate in the environment
or the dam (Miinnich and Liibke-Becker, 2004; Nielen et al., 1998;
Schifer-Somi et al., 2003). The combination of maternal immu-
nity, primary vaccination and a fast-developing immunity progres-

sively decreases the risk of infection.

2.2.6.1 Direct transmission

Puppies are housed in groups together with the dam and other
litter-mates in order to ensure maternal care and social exposure
needed for behavioural development (Wilsson, 1984). Depending
on the degree of immunisation, contact with other litters, adult
dogs, and other animals can be progressively increased from four

weeks to twelve weeks of age as part of the socialisation process.
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If we look at pet shops however, we see that puppies are housed
with dogs of other origins for a short time after they have often
been shipped across a number of different countries. In these condi-
tions, puppies can be more susceptible to disease; stress will inhibit
their immune system while at the same time promoting pathogen
shedding. In these instances high density should be avoided and
puppies should be segregated by supplier, origin and age (Buona-
voglia and Martella, 2007).

2.2.6.2 Indirect transmission

Daily cleaning and regularly disinfecting of the pen, food bowls
and equipment is effective in countering oro-faecal transmission
and environmental accumulation of pathogens. No pen or object
should be reused for a new litter until it has been completely dis-
infected. Airborne spread of diseases can be controlled even fur-
ther by extending compartmentalisation to individual ventilation,
waste water and heating/cooling of every pen. Housing puppies
from different litters (and even different countries) together in
one pen or remixing puppies left over from one litter is not rec-
ommended. When a litter has been sold, housing should be com-

pletely cleaned and disinfected before introducing new puppies.

3 Conclusion

Biosecurity is a cornerstone of infectious disease control in facili-
ties where large numbers of dogs are housed together. As recent
sources show, scientific interest in disease prevention and man-
agement of pet dogs is finally increasing. Measures for disease
management in (semi-) permanent canine groups have long been
underrated; however, preventive medicine is an essential step in
companion animal veterinary medicine. The environment is often
the determining factor in the development and harbouring of
infectious diseases (e.g. giardiasis, worm infestation, parvovirosis).
However, it appears to be difficult to implement the environmen-
tal factor into health management of canine facilities. The leading
cause seems to be that the majority of contracting veterinarians of
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canine facilities have trained as small animal veterinarians and are
not familiar with risk assessment in herd management and have
not been trained in designing comprehensive infection-control
plans (Miller and Zawistowski, 2013).

Because there are large variations in the size and purpose of differ-
ent types of canine facilities, it is impossible to develop a one-size-
fits-all protocol. Never has it been more essential to use a tailored
approach to assess and implement feasible and practical biosecu-
rity measures in (semi-)permanent canine facilities.

Biosecurity measures will only have an impact if they are applied
correctly and consistently. Further improvement can be achieved
by training and accompanying staff. Each facility should have a
trained person who develops and controls the biosecurity meas-
ures as well as a consulting veterinarian who is familiar with the
management and purpose of the facility. This veterinarian should
be willing to adapt general guidelines to practical protocols.
Meanwhile, specific training should be offered to companion
animal veterinarians who are eager to work as consulting vets in
canine facilities. This training should encompass the principles of
disease management in larger populations and familiarisation with
risk assessment. This could result in an increased surveillance of
infectious diseases enabling professionals to evaluate, adapt and
optimise the implemented protocols and to react proactively to
possible outbreaks, thus improving the welfare and quality of care.
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1 Introduction

After a short presentation of the general principles of biosecurity
that apply to veterinary clinics/practices, we will present two case
studies to illustrate the implementation thereof. The first one focuses
on the hospitalisation of a dog with methicillin-resistant Staphylo-
coccus aureus (MRSA) in a small animal clinic while the second
focuses on consultation involving a horse with salmonellosis.

As biosecurity measures are applicable at any time, two additional
sections have been included covering biosecurity audits and inter-

nal audits as well as biosecurity-related veterinary education.

2 General principles of biosecurity applicable
to veterinary clinics/practices

Biosecurity consists of implementing measures that reduce the risk
of the introduction (bio-exclusion) and spread of disease agents
(bio-containment); it involves adopting a set of attitudes and
behaviour to reduce the risk in all activities involving domestic,
captive exotic species and wild birds and their by-products (World
Organisation for Animal Health, 2008). Biosecurity is based on
the prevention of and protection against infectious agents. The
measures to be established should not be seen as constraints but
rather as part of a process aimed at improving the health of ani-

mals, humans and the environment.

Fig. 17.1: Biosecurity principles in an animal facility (Saegerman et al., 2012)

[2]
Bio-exclusion Bio-compartmentation Bio-containment
_— —_—

M1 [3]

| }

Bio-prevention Bio-preservation
[4] <€ > [5]

BIOSECURITY IN ANIMAL PRODUCTION AND VETERINARY MEDICINE



Biosecurity as applied to veterinary medicine is based on 5 main
principles (Saegerman et al., 2012), as shown in Fig. 17.1.

Legend: All stages specified in the figure above are part of a biose-
curity approach and contribute to reducing the risk of introduction
and spread of infectious agents: 1) to limit the risk of introduction
(bio-exclusion); 2) to limit the spread of the pathogen within the
same facility, e.g. by isolating excreting animals (bio-compartmen-
tation); 3) to limit the spread of the disease agent outside the facil-
ity (inter-herd transmission) (bio-containment); 4) to prevent the
risk of human contamination (bio-prevention); 5) to prevent any
environmental bio-contamination and persistence of the pathogen
(bio-preservation). Humans can contaminate animals as well (e.g.,
Mycobacterium bovis) (Fritsche et al., 2004). Animals can become
re-infected by a contaminated environment, which is especially
true for pathogens presenting a high environmental persistence
such as Bacillus anthracis or Mycobacterium bovis, when ecologi-
cal conditions are optimal (Courtenay & Wellington, 2008; OIE-
WHO-FAO, 2008).

Implementing biosecurity amounts to the prevention and control
of infections. The main goals of a biosecurity programme in a hos-
pital setting are to optimise hygiene, break transmission cycles and
protect hospitalised individuals (in case of zoonotic pathogens).
At the Faculty of Veterinary Medicine (FVM), University of Liege
(ULg), Belgium, biosecurity has been implemented in different
ways, motivated by the European Association of
Establishments for Veterinary Education (EAEVE)
agreement; these concepts are also completely appro-

priate for private practices/clinics:

e Floor markings: green lines may be crossed
without restrictions, yellow lines (Fig. 17.2) may
be crossed but with certain restrictions (with
particular account being taken of strict bios-
ecurity measures, such as wearing the appropri-
ate personal protective equipment) and red lines may not be
crossed other than with the explicit permission of supervisors
(e.g. operating theatre). For example, at the Faculty of Veteri-
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nary Medicine, University of Liege, a red line is painted just
in front of the entrance of the isolation unit for small animals
(Fig. 17.3). Access is thus limited and only allowed with staff
authorisation and subject to wearing appropriate additional

personal protective equipment.

e The principle of ‘onward march’ must be respected. This type
of concept is generally used in the food industry; it is based on

a movement from the least contaminated to the most contami-

nated sectors. For example, in a practice, infectious animals

A are treated last to avoid contaminating non-infected patients.
Fig.17.3: Red line may Daily visits should be scheduled according to the same princi-
not be crossed without . . . L. .

the explicit permission of ple. Another example is provided in the Clinic of Ruminants
supervisors (e.g. entrance (FVM, ULg): animal caretakers (staff and students) have to

of the isolation unit) . .
S — respect the order of visits: first, they look after the non-infec-

tious calves (hospitalised for surgery, etc.), which are usually
more susceptible to infections, then the adults hospitalised for
non-infectious diseases, and finish with infectious animals, i.e.
class 3 (infectious disease with a moderate risk of transmis-
sion; see below) (Fig. 17.4).

Fig. 17.4: The principle of onward march in a clinic of ruminants
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e Classes of risk have been defined in function of the pathogens
involved (Table 17.1):

o

o

CLASS 1: non-infectious condition

CLASS 2: infectious disease with a low or non-existent
risk of transmission

CLASS 3: infectious disease with a moderate risk of trans-
mission; these patients are suspected of having an infec-
tious disease and being contagious for other patients and/
or for humans

CLASS 4: infectious diseases with a significant risk of trans-
mission; any patient suspected of suffering from a notifiable

disease falls in this category.

Classes of risk determine the way patients are housed. Class 1 and

Class 2 patients are held in normal housing. Class 3 patients are

housed in a dedicated aisle of the practice/clinic and handled with

barrier nursing precautions. Barrier nursing is a concept intending

to protect other patients and/or the medical staff from contami-

nation. It relies on the implementation of a ‘barrier’ between the

patient and medical staff in order to prevent cross-contamination

of the body, clothing and footwear, which, in turn, decreases the

risk of nosocomial transmission to other patients (Sheridan, 2009,

Manuel SOP). Barrier nursing precautions include, among others:

o

Visible information on the animal status (display on the
stall/cage door)

Wearing specially designated personal attire (e.g. specific/
additional personal protective equipment such as dispos-
able overalls, over-boots, etc.)

Using material and equipment totally dedicated to the ani-
mal (e.g. for cattle: halter and rope, examination equipment
such as thermometer, stethoscope, etc.)

Minimising the movements of patients (and ensuring the
‘onward march’) and avoiding unnecessary contact with
them

Hosting in a separate unit (but not in the isolation unit), if
possible, with implementation of foot bath/mat. In a small
animal hospitalisation unit, if it is not possible to dedicate
a unit to moderately infectious patients, leave at least one

cage unoccupied on either side of the patient’s cage.
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o

Management of waste as being biologically contaminated

Appropriate decontamination protocols when the patient leaves

the unit. Sometimes the use of a different biocide might be neces-

sary, depending on the pathogen. For example, a horse might be

hospitalised in the class 3 unit of the equine clinic for a contagious

dermatologic infection such as mange (see Table 17.1), in this

instance a specific insecticide must be used (e.g. phoxim?). Class 4

patients should be housed in the specific isolation unit and barrier-

nursing precautions must also be taken of course.

Table 17.1: Classification of infectious risks, as implemented in the Veterinary
Teaching Hospital, University of Liege (some practical examples)

SMALL ANIMAL HOSPITAL

EQUINE HOSPITAL

CLASS 1 — normal housing

Non-infectious diseases or infectious diseases caused by agents with no likeli-
hood of transmission to other animals and no potential for human infection

Pre- and post-operative patients

No fever, no respiratory problem, no
history of fever or respiratory
problems during the last 6 months

Trauma, wounds

Pre- and post-operative patients,
excluding colic patients (without
contagious complications)

Ophthalmologic patients

Non-contagious neonates

And other similar conditions

CLASS 2 - normal housing

Infectious diseases caused by agents with a low level of transmission
and with the likely inclusion of non-resistant bacterial infections

Feline leukaemia virus

Feline immunodeficiency virus (FIV)

Feline infectious peritonitis (FIP)

Any wound infected with
non-resistant bacteria

Chronic coryza

Aspergillosis

Leukopenia

Severe immunosuppression

Sepsis

Wounds infected with non-
resistant bacterial infections

Bacterial pneumonia, pleuro-
pneumonia with no suspicion
of contagious bacteria

Bacterial corneal ulcers with non-
resistant bacterial infections

And other similar animal conditions

1 https:/www.vetcompendium.be/fr/node/3732

BIOSECURITY IN ANIMAL PRODUCTION AND VETERINARY MEDICINE



https://www.vetcompendium.be/fr/node/3732

CLASS 3 - barrier nursing

Subclass A: (multi)resistant bacteria

Subclass B: infectious diseases caused by agents with a moderate level of trans-
mission and/or potential human pathogens

Leptospirosis
Patients carrying multi-resistant
bacteria

Fever and/or leukopenia of unknown
origin

Viral respiratory disease: cough, nasal
discharge (< 2 weeks), possibly
with fever

Rhodococcus equi (foals < 10 months
with respiratory problems and
fever)

Diarrhoea without fever and/or
leukopenia

Non-surgical digestive problem with
haemorrhagic reflux OR non-
haemorrhagic reflux with fever
and/or leukopenia

MRSA or other multi-resistant bacte-
rial infections

Contagious skin infections (dermato-
phytosis, dermatophilosis, chorio-
ptic mange, phtiriasis and other
parasitic conditions)

CLASS 4 - isolation

Infectious diseases caused by agents that are considered to
have a high level of transmission and/or are extremely seri-
ous human pathogens; housing in the isolation unit

Feline panleukopenia

Canine parvovirus

Rabies

Canine distemper virus

Acute coryza

Acute diarrhoea in dogs and cats
(Salmonella spp., Campylobacter
spp., Cryptosporidium spp.,
Giardia spp.)

Strangles

Salmonellosis

Acute diarrhoea with leukopenia and/
or fever

Acute, rapidly deteriorating neuro-
logical disease or acute neurologi-
cal disease accompanied by fever
(e.g. suspicion of
EHV1-myelocencephalopathy)

Abortion (150-300 days of gestation)

Perinatal death (>300 days of gesta-
tion) without dystocia, premature
placental separation, congenital
abnormality or twins explaining
the perinatal death

Zoonotic diseases: rabies, glanders,
brucellosis, anthrax, tuberculosis,
etc.
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Personal protective equipment (PPE): in order to avoid the
risk of transferring pathogens through contact with contami-
nated clothing and specific attire is often required; it can vary
depending on the zone or activity at risk. Wherever possible,
equipment for handling contagious patients (barrier nursing)
should be furnished on site. For example, horses housed in the
isolation unit should only be handled after donning white cov-
eralls, gloves and special rubber boots (as well as a respiratory
mask and safety goggles if necessary). It is crucial to remem-
ber that wearing gloves does not exempt from hand washing.
Some people might be concerned by the cost and waste gener-
ated by disposable PPE, and might opt for re-using potentially
contaminated PPE. It is strongly advised not to do so. The
risk represented by handling contaminated PPE is high and
requires particular skills and strong discipline to avoid it.
Personal hygiene: basic hygiene principles reduce risk. For
example, everyone involved should have short nails and not
wear jewellery; hair should be tied back. Waterproof shoes are
highly recommended in order to limit potential damage due do
foot baths/mats solutions.

Hygiene of patients: keeping animals as clean as possible helps
reduce infection pressure. It is also essential to keep the envi-
ronment of the cage/stall tidy and clean.

Use of disposable material (syringes, needles, PPE)

Behaviour: specific behaviour should be adopted, while other
types of behaviour should be avoided (e.g. using a mobile
phone or smoking). Hand hygiene is a cornerstone of biosecu-
rity as it reduces the risk of transmitting pathogens between
patients and it protects oneself against zoonotic pathogens
(World Health Organisation, 2009). Food and beverages
should not be consumed or stored in the hospital, except in
designated areas (cafeteria, offices).

Minimise unnecessary contact with patients: anyone involved
in the care of animals should minimise contact with patients in
order to reduce the risk of nosocomial exposure to them. This
is particularly important when dealing with class 3 and class 4

patients. Video surveillance could be seen as an option.
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e Management of visitors: animal owners are discouraged from
visiting their animal when hospitalised, especially if housed in
the isolation unit. If necessary (e.g. in event that an animal has
to be euthanized), visitors should only be allowed if they wear
the appropriate attire and they should always be accompanied
by a staff member.

e Waste management: waste can be broken down into specific

categories. Contaminated waste is managed via specific routes:
an accredited company is charged with collecting waste for
further incineration. Specific containers are either yellow or
red, depending on the company and the country.
Sharp objects such as needles and scalpel blades are disposed
of in small puncture-resistant containers provided by the offi-
cial collector, for further incineration as well. Precautions
should be taken to prevent injury by sharp objects, so needle
recapping should be avoided.

e Cleansing and disinfection protocols: specific protocols are
implemented in practices/clinics. These are sometimes adapted
in the case of specific pathogens that are more resistant in the
environment (e.g. canine parvovirus or Leptospira spp. [Gor-
don &Angrick, 1986; Levett, 2001]). The decontamination
process consists in: (1) removing all waste as organic material
(faeces, in particular), which inactivates most disinfectants;
(2) washing with water and detergent, then rinsing to remove
all residual detergent as some biocides may be inactivated by
detergents; (3) leave the area to dry; (4) apply the appropriate
biocide (e.g. http://www.cfsph.iastate.edu/Disinfection/Assets/
AntimicrobialSpectrumDisinfectants.pdf) and respect the con-
tact time; (5) remove all residual biocide and leave the surface
to dry. Due to the toxic and irritant potential for people and
animals, several biocides such as bleach (sodium hypohlorite),
phenols, oxidizing agents and quaternary ammonium com-
pounds should only be applied on equipment or facility sur-
faces. If contact with skin or other tissues is unavoidable, it is
advised, depending on the spectrum of activity, to use biocides
such as alcohols, povidone-iodine and chlorhexidine (Biosecu-
rity SOP, 2010).
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e Communicating about risks: efficient communication about
the potential infective status of patients is crucial. This can be
done through labelling the doors of premises in which they are
hosted; patients’ hospitalisation cards; any biological samples
as well as any requests for complementary examinations. In
addition, displaying pictograms also encourages individuals to
follow biosecurity guidelines.

e Exclusion criteria for patient admission: wherever possible,
animals with a suspected officially reportable disease should
be refused. Admission can also be refused if the potential con-

tagion to other patients and/or humans is too important.

3 How to implement biosecurity
in a veterinary practice/clinic — case-study
#1: dog with methicillin-resistant
Staphylococcus aureus

A dog came for a routine surgery but developed a surgical site
infection during post-operative hospitalisation. A sample taken
from the wound revealed the presence of methicillin-resistant
Staphylococcus aureus (MRSA). The pathogen is considered to be
an emerging zoonotic pathogen (Weese, 20035). Furthermore, nasal
and intestinal carriage of MRSA by clinically healthy animals as
well as nasal colonisation of veterinarians are frequent, (Loeffler et
al., 2005; Hanselman et al., 2006). This means that it is a reverse
zoonosis that can be transmitted from human to animals and from
animals to humans (Van Duijkeren et al., 2004; Weese et al., 20035;
2006; 2007). Upon receiving lab results, the patient fell into the
class 3 category; barrier nursing precautions were implemented to

minimise the risk of transmission to other patients and humans.

3.1 Patient care

The first step consisted in moving the patient to another unit on a

specific medical cart to avoid contaminating the floor. Low-traffic
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route was preferred for transit. The cart was completely
cleaned then disinfected after use.

The dog was given a yellow collar, to remind others of the
class 3 status (Fig. 17.5). A dedicated leash was allocated
to the patient. Movements of the patients were restricted to
a minimum, and only allowed on a gurney. If the patient had to
undergo a special clinical examination which could only be per-
formed in the main hospital, e.g. in the Medical Imaging Unit,
procedures were scheduled for the end of the day, after all the
other patients. Barrier nursing precautions were also taken in the
Medical Imaging Unit. A specific antimicrobial susceptibility test
was carried out along with a sample analysis in order to select the
appropriate antibiotic. The patient was cared for after all the other
patients hospitalised in the class 1-class 2 hospitalisation area, in
order to prevent cross-contamination. Unconsumed feed was dis-
carded as contaminated waste. Any biological samples were han-
dled with the same barrier nursing precautions as the patient itself,
and stored in a sealed plastic bag. The risk of infection was clearly
identified on the plastic bag and on the analysis request.

Prior to discharge, the dog’s owners were informed about the
potential zoonotic risk of MRSA and recommendations were pro-
vided to minimise the risk at home. Any surplus medication was
sent home with the patient, and not returned to the pharmacy.

3.2 Personal protection when handling the patient

All personal hygiene recommendations, as already mentioned,
were strictly followed. Special attire was worn by anyone coming
into contact with the patient. The personal protective equipment
(PPE) consisted of a disposable yellow apron and single-use gloves
(Fig. 17.6). A surgical mask and protective eyewear, two classi-
cal items of PPE, were worn only when procedures that generated
droplets and splashes of blood or any other fluids were performed.
Appropriate clothing was worn for cage/unit decontamination as

well.
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Fig. 17.5: The dog was
given a yellow collar to
identify its class 3 status.
Additional PPE (dispos-
able yellow apron and
examination gloves)
were used).

Fig. 17.6: The dog was
moved to another unit
and the adjacent cage
was kept unoccupied
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Contact with the patient was kept to a minimum, in order to limit
the risk of nosocomial exposure to the patient. The owners’ visits
were restricted to the minimum, but barrier nursing rules were

observed at each visit.

Special emphasis was laid on hand hygiene, as MRSA is a risk for
other patients and humans; people can act also as vectors and con-
taminate other patients. Thorough hand washing and disinfection
(hydro-alcoholic solution) was mandatory after removing gloves,
following any contact with the patient, its direct environment, its
dedicated material, any equipment for complementary examina-

tions and any contaminated waste.

3.3 Management of premises

The cage was located at the end of an aisle, away from all traffic
routes (Fig. 17.6). Cages on both sides of the cage housing the
patient were left empty. The risk and diagnosis were clearly identi-
fied on the cage. Yellow tape was stuck on the ground to delimit a
buffer area. A foot mat was placed at the entrance of the unit and
refilled as soon as dry. Any contaminated surface outside the cage
(secretions/excretions such as faeces, urine, blood, etc.) was imme-
diately decontaminated. When the patient left the area, the bed pad
was disposed of in a yellow container (contaminated waste). All
organic materials were removed before proceeding to decontami-
nation, as they could inactivate many disinfectants. A thorough
cleaning of the cage and surrounding areas was performed before
disinfection. After decontamination, the unit was labelled as ‘dis-
infected’ so that people knew that the process had been completed.

3.4 Equipment and materials

A ready-to-use and specific class 3 box was brought to the unit: it
contained all classical and reusable equipment such as a thermom-
eter and a stethoscope required for caring of a class 3 patient. As
such equipment is dedicated to the patient; it was left next to the
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cage during its hospitalisation, and went through a decontamina-
tion process before further use. If surplus disposable material was
brought in the unit (e.g. bandages), it was put into the class 3 box
and reused for this animal only. When the animal left the unit, all
single-use materials remaining in the premises were processed as
contaminated waste (yellow bin).

Yellow bowls for food and water were specifically labelled with
the patient’s name to be sure that they were not used for another
patient.

After the patient’s discharge, all instruments, equipment and other
objects (bowls, leash, etc.) were collected in the cage, then decon-
taminated by using 0.5% chlorhexidine (if they had come into
contact with animal), then sterilised as soon as possible.

3.5 Waste management

All contaminated waste was disposed of in yellow containers.
These containers were then brought to the temporary storage
facility through low traffic areas that could be easily cleaned and
disinfected.

4 How to implement biosecurity
in a veterinary practice/clinic -
case-study #2: horse with salmonellosis

Salmonellosis is a very contagious bacterial disease affecting several
animal species and humans. The disease is reportable at national
level if diagnosed by a laboratory in an animal sample (Anony-
mous, 2014). Our case-study focused on a horse that had come to
the equine hospital for routine surgery. During the post-operative
period, while hospitalised in the class 1-class 2 area of the equine
hospital, it developed clinical signs suspicious of salmonellosis,
mainly characterised by diarrhoea, along with fever and leukope-
nia. The combination of these clinical signs led the horse to be
categorised as a class 4 patient, requiring hospitalisation in the iso-

lation unit. Salmonella spp. are carried asymptomatically in intes-
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tines of many animals.? Any stress or immunosuppressive state
(e.g. surgery) can lead to reactivation of the bacteria and the devel-

opment of clinical signs (Weese, 2002).

4.1 Patient care

As soon as the suspected clinical signs appeared, the horse was
moved to the isolation unit. Two people were required to carry out
the transfer, both of them wearing appropriate PPE: one person led
the horse while the other followed it, holding a bag under the tail
to collect any faeces discharged during the transfer. The horse was
led to the isolation unit through a low-traffic route, and avoiding
any contact with other patients or humans.

In the main hospital (class 1-class 2), the premises in which it
was housed was identified as unavailable before complete clean-
ing and disinfection had been carried out. Once in the isolation
unit, the horse did not leave it under any circumstances during
the whole stay. Any complementary examination would have been
performed in the unit itself (e.g. x-ray or ultrasound).

4.2 Personal protection

Anyone coming into contact with the patient had to wear appro-
priate PPE. Before entering the isolation unit, people had to go
through an air lock (or cloakroom) where all necessary protec-
tive equipment was available: basic PPE equipment to be worn
in the isolation unit are water-resistant coveralls, rubber boots
(dedicated to the isolation unit) and disposable gloves. Face masks
and protective eyewear (goggles) are also available for procedures
where there is a risk of generating droplets and splashes of body
fluids. If infrastructures are unable to provide a specific dedicated
room as an air lock, a special area dedicated to dressing must be
made available to ensure the ‘onward march’ (form the clean to
the dirty area).

2 hiftp:/www.cfsph.iastate.edu/Factsheets/pdfs/nontyphoidal_salmonellosis.pdf
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Air locks should generally be designed to ensure the ‘onward
march principle’, with clean and dirty areas separated by a bench
(Fig. 17.8 and 17.9): (1) people remove clothes/coveralls worn
outside the isolation unit and leave them in a locker, along with
their personal belongings, (2) they put on waterproof disposable
coveralls, (3) they step over the bench to enter the dirty area and
put on a pair of rubber boots (stored in the air lock
and dedicated to the isolation unit), (3) they wash
and disinfect their hands at the sink then put on dis-
posable gloves, (4) they walk through the foot bath
then leave the air lock and enter the animal air lock,
then access the isolation ward.

After handling the animal, and before leaving the
isolation unit, they will follow the same path, but in
the reverse direction. Boots should be washed (boot-
washing station) before leaving the animal air lock
and before walking through the footbath.

It was crucial to limit the number of people looking
after the patient in the isolation unit, to minimise
the zoonotic risk and the potential dissemination
outside the isolation unit. People at risk, such as
young, old, pregnant and immunosuppressed peo-
ple (YOPDs), were forbidden to enter the unit. The
patient’s owners were not allowed in either; usually,
they are authorised to enter the isolation unit only
should their animal need to be euthanized, in which instances they
are required to observe all the procedures to be adopted in terms
of PPE, hygiene, etc. Whenever and wherever possible, only a few
people (always the same) should be allowed in the risk area; after
caring for the isolated patients, they should not go back to the
main hospital. If such an approach is not possible (i.e. if one or
two people cannot be dedicated to the isolation unit), the isolated
patient should be taken care of after all the other animals, based
on the ‘onward march’ principle.

Hand hygiene is especially important when dealing with Salmo-

nella spp., due to the zoonotic risk and the main route of transmis-
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Fig.17.8: In the large
animal isolation unit, the
special air lock for people
is split up info two sepa-
rate parts, the clean area
(grey floor) and dirty area
(red floor), both being
separated by a bench.
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Fig.17.9: People just sit
down on the bench to
remove their shoes then
turn around to put on
the boots
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sion, i.e. faecal-oral.’> As wearing gloves is not sufficient, a special
emphasis was made on hand washing and disinfection (with a
hydro-alcoholic solution).

4.3 Premises - isolation unit

The isolation unit was prepared before the patient arrived (bed-
ding in the stall, all equipment ready, etc.). Doors remained closed
at all times. Once the patient had left the unit, it was completely
emptied, cleaned and disinfected, using the appropriate biocide.
Salmonella spp. is susceptible to a wide variety of biocides, e.g.
2% bleach, 70% ethanol, 2% glutaraldehyde, iodine-based disin-
fectants, phenolics and peroxygen disinfectants (Wheeler and Dal-
lap, 2008). Formaldehyde is efficient as well, but due to its carci-
nogenic potential, its use is now discouraged (U.S. Department of
Health and Human Services, 2016). A stall that housed a patient
with a Salmonella positive-culture should be sampled after clean-
ing and decontamination to assess the effectiveness of the process,
and before being made available to another patient.

4.4 Equipment and material

Any equipment used in the isolation unit was disinfected before
leaving the area. This is especially important for x-ray and ultra-
sound equipment that needs to be thoroughly cleaned then disin-
fected before leaving the unit. Specific grooming material was left
in the unit and dedicated to the patient during its stay. The unit
has its own cleaning equipment (wheelbarrow, brooms, etc.), that
is not used in the main hospital.

* http:/www.cfsph.iastate.edu/Factsheets/pdfs/nontyphoidal _salmonellosis.
pdf
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4.5 Waste management

A special emphasis was put on the management of manure as it is
highly contagious for other horses and humans. Furthermore, Sal-
monella spp. is quite resistant in the environment: it was determined
that Salmonella Typhimurium could survive in cattle slurry during
19 to 60 days, and in cattle manure for 48 days (vs. 231 days in the
soil and maximum 152 days in water).* Manure was put directly
into resistant plastic bags dedicated to contaminated waste, and
these were disposed of in specific containers. The containers are col-
lected by a specific and accredited company for further incineration.
All PPE and single-use equipment was disposed of in a similar way.
It is important to minimise the amount of equipment and material
introduced into the unit for economic reasons. Any remaining feed

and medicine were eliminated via the same procedure.

5 Biosecurity audits — internal audit

The standard operating procedures (SOP) in each clinic/practice
should be promoted and needs regular audits to monitor its practi-
cal application and to identify any shortcomings that could com-
promise the level of biosecurity. When a shortcoming is identified,
corrective action should be taken.

Moreover, an independent annual audit of each clinic/practice is
recommended in order to validate/approve the process. In addi-
tion, all results of internal and external audits should be central-
ised in a biosecurity unit. The role of this type of unit is to antici-

pate problems and resolve them before they appear.

6 Biosecurity and veterinary education

Prevention is better than cure and hints at changes taking place in
veterinary education, especially with the introduction of biosecu-

rity concepts and methods as new skills (Saegerman et al., 2009).

4 http:/www.phac-aspc.gc.ca/lab-bio/res/psds-ftss/salmonella-ent-eng.php
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In order for veterinary students to acquire the above information
the introduction of a course in biosecurity and veterinary good
practices in the curriculum is recommended. As an example,
one such course was introduced in the FVM-ULg in 2010. The
course includes a theoretical introduction (2 hours) and 30 hours
of e-learning. This eLearning is hosted on the University website,
largely illustrated by video capsules. Furthermore, an associated
open website illustrating the biosecurity SOP was developed for
students and all potential visitors to the various clinics and ‘high-
risk’ areas (from a biosecurity point of view) in the Faculty (http:/

www.fmv-biosecurite.ulg.ac.be/?langue=en).

Each chapter includes written notes (FVM Biosecurity manual and
Good Veterinary or Farming Practices codes) and multimedia data
(a video or Power Point presentation illustrating the main points
to be memorised). After studying each chapter, the student has to
pass an on-line questionnaire in order to test his or her knowledge
(max. 5 questions) before moving on to the next chapter. Chapters
are organised as follows: necropsy room, dissection room, equids,
ruminants, swine, small animals, birds, rabbits and rodents, food
industry [slaughterhouse, cutting plants and industries], microbi-

ology labs and imaging unit.

It is also essential to maintain an awareness about veterinary bios-
ecurity through continuing education. A good example is the Bios-
ecurity Day that the FVM-ULg has held every year since 2013.
Continuing education is essential, as infection control procedures
need regular revision. Furthermore, the continuous (re)emergence
of potentially zoonotic infectious diseases also highlights the
importance of staying up-to-date with developments through con-
ference/meeting attendance, and even briefings organised within
the veterinary structure itself. The One Health approach is totally
justified in such context. In order to ensure continuing education
in a veterinary private structure or teaching hospital, a veterinar-
ian responsible for infection control should be designated (Aus-

tralian Veterinary Association, 2011).
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7 Conclusion

Biosecurity is an important key component of disease prevention.
It should be part of the educational programme of each veterinary
student as it applies everywhere, at every stage of the food chain
(from primary production, processing, distribution, consumption
and management of waste and by-products). In the context of a
veterinary teaching hospital, it relates to clinical activities, visits to
farms, dissection rooms and visits to abattoirs and food industry
companies. The main concepts are completely applicable in any

private practice or clinic.
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The development of therapeutic agents and advances in biomedi-
cal research would not be possible without the use of animal mod-
els. Responsible conduct of animal research starts with an effec-
tive animal care and use programme as described in the Guide for
the Care and Use of Laboratory Animals (the Guide) (National
Research Council (US), 2011). Although this is an American guid-
ance document, it is a cornerstone resource used by the Associa-
tion for Assessment and Accreditation of Laboratory Animal Care
International (AAALAC International), which accredits lab ani-
mal programmes that maintain a high level of quality animal care.
Animal biosecurity programme criteria are described in the Guide
as a preventive medicine function. The Guide also outlines expec-
tations for an occupational health and safety programme which
includes the safe and contained research use of biological agents

as well as other research-related hazards.

While a broad spectrum of species may be used to support bio-
medical research, this chapter focuses primarily on ‘traditional’
lab animal models (i.e., rodents) commonly used in academic or
pharmaceutical research settings. The first part focuses on animal
biosecurity from the veterinary care perspective. Best practices for
assuring that incoming animals are pathogen-free as well as moni-
toring and hygiene practices used to prevent spread of infections
within animal colonies will be discussed. The second part discusses
animal biosecurity as it relates to the introduction of biological
agents in animal models, and the principles behind determining
and applying biosafety or biocontainment measures to ensure that
pathogens are not spread beyond their intended study population.

1 Biosecurity & the lab animal holding facility

Disease transmission in laboratory animal facilities can arise from
multiple sources. Contamination could occur from direct ani-
mal contact, cell lines, tissue transplants, or fomites. Preventing
disease transmission requires addressing all potential sources of
infection. Preventive measures include the use of clean, sanitised

supplies, purchasing animals free from specific pathogens, intro-
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ducing pathogen-free products into live animals, and practising
strict hygiene processes.

Establishing and maintaining the appropriate health status of an
animal colony involves a comprehensive preventive approach.
Sources of pathogen introduction need to be identified and pre-
ventive practices need to be developed and implemented to address
each source. The ideal practice to ensure the exclusion of specific
pathogens within the animal colony is to only permit animals of
acceptable disease status from reputable sources into the colony.
In addition to sourcing quality animals, a culture of heightened
biosecurity practices is necessary. These factors will support a
comprehensive health monitoring programme that provides an
effective mechanism to verify the disease status of the colony.

The style of rodent housing will also affect disease transmission
and containment. Each system has advantages and limitations that

need to be considered as outlined below.

Fig.18.1: Caging Systems: Biosecurity Advantages & Limitations

CAGING SYSTEM ADVANTAGES LIMITATIONS

¢ Low cost of equipment ¢ High biosecurity risk
« Effective pathogen * Unable to contain
transmission between pathogens within a cage
cages
Conventional
(open top, wire bar lid)
¢ Cost effective design ¢ Increased labor cost from
« Effective in containing increased cage change

pathogens within a cage ¢ Accumulation of waste
gases within the cage

Microisolator —style

(filter lid)

* Good allergen control * High equipment cost
Individually [ % Effective in containing * Poor pathogen detection at
ventilated |2 By pathogens within a cage low prevalence levels
caging E * Decrease labor cost from
(forced - decreased cage change
Ventilation) i} frequency

Reference: (Smith & Szczepan, 2013)

Source: Smith J, B. Szczepan. Rodent Housing Methodologies. 2013.ALN
Magazine. Advantage Media. https:/www.alnmag.com/article/2013/07/
rodent-housing-methodologies)

BIOSECURITY IN LABORATORY ANIMAL RESEARCH FACILITIES

477



https://www.alnmag.com/article/2013/07/rodent-housing-methodologies
https://www.alnmag.com/article/2013/07/rodent-housing-methodologies

478

2 Animal acquisition considerations

Given the need of specific animal models and the variety of
research focuses, institutional animal colonies generally originate
from commercial vendors, internal breeding and animals bred in
other research facilities. A reputable commercial vendor adheres
to strict practices in order to minimise the introduction of patho-
gens; provides timely notification to clients when excluded patho-
gens are identified; and adheres to transportation practices that
further protect the disease status of the animals during delivery.
The descriptions and results of their health monitoring programme
should be readily available for review. Commercial vendor health
monitoring programmes are not standardised resulting in variabil-
ity between companies with regards their excluded agent list and
testing frequency. Institutions should carefully review commercial
vendor health monitoring programmes therefore as well as dis-
ease status reports and delivery practices to establish an approved
vendor list of commercial suppliers that meet the institution’s

expectations.

When commercial vendors do not have specific animal mod-
els readily available, research requirements will drive the need
to acquire animals from non-approved research or commercial
sources. To protect the integrity of the health of the colony, insti-
tutions should only consider accepting animals that either meet
or exceed their colony’s disease status. Evaluating the originating
animal colony disease status involves reviewing the description
of their health monitoring programme and the health monitoring
reports from the previous year or a longer historical perspective.
Biosecurity of these animals also needs to be considered for the
transportation procedure in order to minimise disease. A quaran-
tine programme to verify that the disease status meets the receiving
institution’s requirement is highly recommended for these animals

prior to introducing them into the colony.
If the health report from the originating institution identifies the

presence of an excluded agent, the receiving institution will need

to assess the potential risk of receiving infected animals. The risk
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assessment should be based on the originating institution’s hus-
bandry practices, biosecurity practices, eradication response, and
colony health status testing in response to the detected presence
of the excluded agent. If the receiving institution agrees to accept
these animals, the quarantine programme will provide an opportu-
nity to directly assess the health status of the animals.

3 Maintaining biosecurity in the facility

Maintaining the appropriate health status of an animal colony
involves taking a comprehensive approach to pathogen prevention
within the institution, as well as by the manufacturers and dis-
tributors of animal supplies. The manufacturers and distributors
need to establish processes that eliminate pathogens and protect
their products from contamination. Many control points within
the institution can be implemented to protect the colony health

status including;:

® a pest management programme to control the introduction
of feral animal pathogens;

® an animal supply in-processing sanitation programme to
control the introduction of pathogenic agents on packaging
surfaces;

* a thorough animal housing sanitising programme to elimi-
nate contaminants in the animal environment;

® microisolation practices in animal handling to prevent
cross-contamination (Fig. 18.2);

* implementing a room entry order from the cleanest to the
least clean animal area;

e discouraging the practice of returning animals back into the
colony after leaving the animal facility to reduce the intro-
duction of contaminants;

® sanitising research equipment and support areas, and using
biological products in animal that are certified or tested free
of specific pathogens to reduce the risk of pathogen intro-

duction into the animal colony.

BIOSECURITY IN LABORATORY ANIMAL RESEARCH FACILITIES

479




480

Fig. 18.2: Best Practice: Microisolation Technique

GOAL: protect animals from contamination during handling procedures

Process: prevent cross contamination of surfaces in direct contact with the animal

Technique:
When available, only open cages and work with animals in cage change stations or

biosafety cabinets

Liberally apply animal-safe sanitizer on surrounding surfaces that come in contact
with cage

Only allow the outside surfaces of the cage to contact table surfaces

Liberally apply animal-safe sanitizer to gloved hands when handling animals
Sanitize equipment that has direct contact with animals

Change gloves when soiled, damaged and/or between study groups

4 Health monitoring programme
considerations

In conjunction with the preventive practices currently in place,
a health monitoring programme is also needed to actually detect
the presence of any pathogenic agents within the animal colony.
There are multiple strategies that involve the use of live animals,
testing fomites, or a combination of both. The dirty bedding senti-
nel programme is commonly implemented, and the advancements
in molecular biology with polymerase chain reaction technology
have enabled the exploration of fomite testing to represent the
colony disease status, which could potentially replace the use of
sentinel animals. Institutions could strategically use both systems

to optimise disease detection.

Dirty bedding sentinel programmes are practical. This type of
programme depends on faecal oral pathogen transmission and is
reliable for the detection of many viral, bacterial, and parasitic
agents of concern. However, it is not be reliable for detecting cer-
tain pathogens such as Sendai virus (Smith & Szczepan, 2013) or
murine fur mites (de Bruin et al., 2016). Sentinel animals allow
direct testing for parasites and bacterial presence, and serology
analysis as an indirect method for evidence of viral pathogen expo-
sure. PCR is highly sensitive because it identifies DNA sequences
of pathogenic vectors and is fully dependent on the specificity of
primers to control cross-reactions to similar agents (Leblanc et al.,
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2014). PCR can also be used exclusively for fomite testing but
this strategy is dependent on the ventilated rack technology where
the rack exhaust design allows full representation of the colony
(Exhaust Air Dust (EADTM), 2016; Hofler et al., 2014; Jensen
et al., 2013; Leblanc et al., 2014). For example, exhaust plenum
particulate samples from rack designs where exhaust air is not pre-
filtered prior to entering the plenum are ideal for this technology.
The current cost of PCR analysis and its specificity for detecting

DNA limits its choice as a surveillance strategy.

The design of health monitoring programmes is driven by multiple
considerations that include pathogens of concern, testing modal-
ity, frequency of testing, cost, and practicality. In the end, decisions
are primarily based on balancing cost and practicality. The goal
of the health monitoring programme is to provide a surveillance
method for disease detection. For general disease surveillance,
quarterly testing of immunocompetent sentinel animals is com-
monly practised. Direct parasitology and bacterial analysis with
serology testing to detect exposure to viral vectors is cost-effective
and addresses the most common pathogens of concern. Once a
pathogen is identified, a more targeted approach can be devel-
oped to address the specific characteristics of the pathogen. For
example, a targeted approach could involve using immunocom-
promised animals to identify viral presence via PCR that offers a
direct testing method for identifying a specific pathogen such as
Murine Parvovirus where intermittent shedding in immunocom-

potent mice confounds accurate detection (de Bruin et al., 2016).
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Fig. 18.3: Health Monitoring Program

COMPONENT STRENGTH LIMITATION

Serology Cost Indirect testing; detects exposure
to pathogen; does not detect
presence

PCR Highly sensitive; direct Expensive; relies on primer

testing specificity; detects DNA — not
viability

Immunocompetent Healthy status; reasonable Viral detection — serology detects
Sentinel Animal cost to purchase; direct exposure to pathogen
parasitology

Immunocompomised Does not clear infections;  Become unhealthy over time;

Sentinel Animal detect presence of expensive to purchase
pathogen
Plenum Testing PCR detects presence of PCR testing cost; requires cage

pathogen; replace the use level prefilter exhaust rack design
of live animals

A quarantine programme designed to assess the diseases status of
animals from non-approved sources will protect the integrity of
the colony’s health. A quarantine programme can be managed in-
house or through a commercial resource. An all-in, all-out process
that houses quarantine animals geographically separate from the
general population minimises the potential for cross-contamina-
tion between shipments and the general colony animals. Alterna-
tive systems can be managed successfully by using appropriate
practices and equipment. Breeding can be included or excluded.
The quarantine-excluded pathogen list determines the testing
strategy options primarily between serology or molecular biology
in addition to direct testing. The choice of testing strategy deter-
mines if a sentinel programme is needed in quarantine. Sentinel
animals allow direct testing without risk to the quarantine colony
animals, but time is needed in order to detect infective pathogens
among sentinel animals. PCR permits low-risk direct testing of
quarantine animals thus potentially reducing the total quarantine
time, but at a much higher financial cost. A combination of serol-
ogy and PCR can also be developed in order to collect samples

directly from quarantine and/or sentinel animals.

Best practices and strict adherence to biosecurity measures will
minimise inadvertent pathogen introduction into a colony. The
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goal of the health monitoring programme is to identify the pres-
ence of excluded pathogens in order to permit timely response,

containment, and eradication from the colony.

5 Biosecurity & animal research activities

In addition to the aforementioned biosecurity measures to obtain
and maintain animals free of pathogens, biomedical lab animal
research facilities must also plan for the biosecurity challenges
introduced as a consequence of research being conducted. Many
research models employ immunocompromised animals, geneti-
cally-modified animals, animals administered with human-derived
cells or tissues, or with wild-type or genetically modified infectious
agents. These models increase the potential for infectious agents to
be introduced in the facility and possibly to the external environ-
ment in a manner that transcends natural occurrence. These agents
may be infectious to naive animals, humans, or both. Therefore,
additional measures to prevent cross-contamination, personnel
exposure, and environmental release are required when working
with these models. Employing such measures is commonly referred
to as biosafety or biocontainment depending on the regulatory
standards applicable to specific countries. The remainder of this
chapter is devoted to understanding and applying biosafety/bio-
containment measures to use in research of biological agents in

animal models.

6 Biological material risk considerations

In order to determine effective practices for working with animal
models without spreading contamination beyond the study ani-
mals, one must first classify the risk of infectious disease caused by
the microbiological agent used (or possibly present) in the study.
The World Health Organization breaks down agents into 4 groups
based on the probability of the agent causing disease in humans
or animals, the transmissibility and severity of the infection, and
the availability of treatment measures (World Health Organiza-
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tion (Geneva), 2004). The risk groups are further described in the
table below, and this classification system is recognised worldwide.
Some countries have generated lists of specific agents and their risk
group assignment (Department of Health and Human Services,
2016; European Commission, 2000) as part of their biosafety/
biocontainment standards, and these lists are a valuable frontline
reference for those involved in determining biosafety/biocontain-

ment measures.

Fig. 18.4: WHO Risk Group Classification of Infectious Agents

RISK PUBLIC HEALTH RISK | PATHOGEN & DISEASE FEATURES
GROUP

1 no or low individual A microorganism that is unlikely to cause human or
and community risk animal disease.

2 moderate individual A pathogen that can cause human or animal disease but
risk, low community is unlikely to be a serious hazard to laboratory workers,
risk the community, livestock or the environment. Laboratory

exposures may cause serious infection, but effective
treatment and preventive measures are available and the
risk of spread of infection is limited.

3 high individual risk, A pathogen that usually causes serious human or animal
low community risk disease but does not ordinarily spread from one infected
individual to another. Effective treatment and preventive

measures are available.

4 high individual and A pathogen that usually causes serious human or animal
community risk disease and that can be readily transmitted from one
individual to another, directly or indirectly. Effective
treatment and preventive measures are not usually
available.

As a general rule, the higher the risk group designation, the greater
the hazard controls and biosafety/biocontainment measures
needed for working with the agent in a manner that is safe for per-
sonnel, other animals in the facility and the outside environment.
While it may seem that risk group designation is applied mostly in
the administration of infectious agents in animal studies, it is also
applied to viable biological materials that may be administered in
the study. For instance, human cells are frequently administered
in cancer-related studies. Human cells are generally assumed to
be potentially infectious for blood-borne pathogens. Most blood-
borne pathogens are considered to be Risk Group 2 agents. There-
fore, as a minimum standard, all human-derived cells in animal
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studies (both when administered and harvested) should be regarded
as Risk Group 2 materials. In the case of viral vectors, considera-
tion should be given to the risk group designation of the virus of
origin. The potential for a recombination event resulting in a func-
tional replicating virus may warrant a risk group assignment equal
to the parent strain. Finally, one must not overlook the zoonotic
infectious disease risk associated with animal species sometimes
used in biomedical research. Common examples of agents that
may be shed include: Herpes B virus from macaques, Toxoplasma
gondii from cats, and Coxiella burnetii from sheep. An extensive
table of global zoonoses can be found in the Merck Veterinary
Manual (Spickler, 2016). When zoonotic agents are likely to be
present in research animal groups, the risk group associated with
the pathogen should be considered when determining biosafety or
biocontainment measures for working with potentially or endemi-

cally infected species.

7 Procedure-related hazards & hazard control

In addition to the risk group designation for different agents, other
factors that may impact the risk of a study include: the dose of the
agent to be administered, the agent’s host range, genetic modifica-
tion features of the agent being studied (or the animals receiving
the agent) that will impact disease severity, and the potential for
shedding the agent. If previous research outcomes for use of an
agent in the proposed animal model are not well-established or are
unknown, biocontainment practices should err on the side of cau-
tion and assume that agents may be shed or present in the animal

holding environment.

Hazard identification, assessment and adoption of hazard con-
trols during the planning phase of the study can reduce the likeli-
hood of an accidental break in biocontainment that could result in
cross-contamination or lab-acquired infection. In addition to the
aforementioned biohazard aspects, the physical hazards of animal

research must be considered.
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The use of live animals in research presents risk of exposure for
personnel that are different from (and in some cases greater than)
those encountered during in vitro life science research activities.
Regardless of the size of animal, they are living beings that will
behave in accordance with their instincts. Biting, scratching and
urinating are examples of ways in which traditional terrestrial
lab animals will respond to handling stress. Other less traditional
species may hiss, spit, throw items, or flap their wings or tails.
All of these actions can generate aerosols and disperse potentially
infectious body fluids or residues when present. It is essential for
the welfare of the animals and also for the safety of personnel to
ensure that individuals handling research animals are well-trained,
and deemed proficient by experienced staff in husbandry, handling
and restraint techniques before they are permitted to work inde-

pendently with the animals.

Procedures required in order to support biological agent-related
research often include the use of sharps such as needles, scal-
pels, and punches. Needles are commonly used to administer test
agents, therapeutics or analgesics. Sharp devices may be used in
surgery and are also necessary for blood and tissue collection. By
the nature of their intended use, sharps present a significant risk
of exposure for personnel using them in animal studies. Compro-
mising the skin barrier creates an opportunity for infectious mate-
rial to be introduced. Therefore, sharp devices must be properly

selected and appropriately used in order to reduce this risk.

A common occupational safety tool for minimising risks when
planning activities is the hierarchy of hazard controls (Centers for
Disease control and Prevention, 2015). This system involves con-
sidering each of the hazards identified and determining first if there
is a means of removing the hazard completely or replacing it with
a lesser hazard. The remaining hazards then need to be considered
in the context of equipment and procedures designed to protect
workers. Because these all require staff to be trained and because
they need to constantly meet established biosafety/biocontainment

policies and procedures, they are more prone to failure.

BIOSECURITY IN ANIMAL PRODUCTION AND VETERINARY MEDICINE



Fig. 18.5: Hierarchy of Hazard Controls

Most errecTive Il DESCRIPTION EXAMPLES

Elimination Physically Needle-less systems
remove the
hazard
Substitution Replace the Nonpathogenic or vaccine strain
hazard with a instead of wildtype agent; species
lesser one selection
Engineering Isolate the Biosafety cabinets, restraint
Controls hazard from cages/shutes, self-shielding
personnel sharps
Work Practice Change the way  Training & proficiency programs;
Controls personnel work  signage; restricted access
Personal On-body barrier  Safety glasses, face shields,
Protective to protect from respirators, fluid-resistant
Equipment injury/exposure  disposable gloves, fluid-resistant
LEAST EFFECTIVE body coverings

8 Biosafety/Biocontainmentlevels & principles

The basic goal of biosafety is to employ hazard control measures
in order to work with potentially infectious biological materials
without contaminating the people working with the agent, other
people (or susceptible animals) in the surrounding area, or without
allowing contaminants to escape outside of the facility. In other
words, all necessary actions are taken to ‘contain’ the contami-
nant. These actions include a combination of facility design fea-
tures, safety equipment, work practices, personnel training and

qualifications, and personal protective equipment (PPE).

Like the 4 risk group classification system for pathogens, many
countries have adopted a 4-level system to define biosafety/biocon-
tainment combinations (Public Health Agency of Canada, 2016;
Public Health Service, Centers for Disease Control and Prevention,
2009; World Health Organization (Geneva), 2004). Additionally,
standards exist that specifically address biocontainment levels and
considerations for genetically modified microorganisms (Depart-
ment of Health and Human Services, 2016; European Commis-
sion, 2009). In many instances, the risk group assignment and the

biosafety/biocontainment level will correlate (i.e., RG 1 agents
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are typically handled using biosafety level 1 (BSL-1)/containment
level 1 (CL-1) conditions). Under the BSL/CL system, as the level
increases, so do the facility requirements, need for safety equip-
ment and PPE, work practices and level of training and qualifica-
tion of personnel. As a basic reference, BSL-2/CL-2 is usually be
assigned for work with mammalian cells or common pathogens
transmitted primarily through contact (such as Staphylococcus
aureus). This is work that is carried out routinely in academic
research lab settings. BSL-3/CL-3 is usually assigned for work
with Mycobacterium tuberculosis and many pathogens deemed to
present a security risk. This work may be carried out at academic
research institutions but requires facilities that are segregated from
the public and with enhancements to contain the risk of aerosols
and airborne transmission.

Animal biosafety levels/containment levels apply to the in vivo
portion of studies. The size of the animals and caging conFigura-

tion are drivers for determining containment practices.

Containment measures required for handling infected animals
housed in microisolation caging (such as mice and rats) are similar
to the measures one would use in a lab setting. Cages should be
opened only in a biological safety cabinet, personnel must follow
good standard microbiological practices and use PPE prescribed
for the biosafety/containment level. The animal room serves as
a secondary containment barrier. Under these circumstances,
the potential for cross-contamination or escape of contaminants
depends largely on the person handling the infected animals.
Rodent work can be highly repetitive and may not be perceived as
‘risky’. If the person does not consistently follow through with all
required biosafety/biocontainment procedures, a breach of con-
tainment may result. By way of an example, this scenario occurred
in 2015 when Burkholderia pseudomallei was discovered in a
breeding colony of non-human primates (NHPs) at a U.S. insti-
tution (Centers for Disease control and Prevention, 2015). The
strain identified in the NHPs was the same as that used in a mouse
study at the time. Investigation findings by the Centers for Disease
Control (CDC) indicated that lapses and lack of use of PPE could
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have resulted in the transfer of the contaminant via personal cloth-
ing from the rodents to the NHPs.

In the case of species that are housed in open cage systems (i.e.,
stalls, dog runs, rabbit cages, etc.), the animal room serves as the
primary containment barrier. Personnel working in these settings
must be mindful to use a containment approach when performing
husbandry procedures. Husbandry and cleaning techniques that
may be acceptable for rooms housing naive animals of the same
species may undermine contamination containment. Examples
include dry sweeping and liberal use of water for washing rooms
down.

Because there is no true separation between the room surfaces
and the animal and its waste products, every surface in the room
has a strong potential for contamination. Physical handling of the
animals (which is not likely to be carried out in a biosafety cabi-
net or BSC) will result in more widespread contamination of PPE.
Regardless of BSL/CL in an open cage environment, it is essential
that personnel regard the exit of the biocontainment room or area
as a true barrier for potential contamination. Accessible surfaces
of all items and equipment should be disinfected before removal
from the room. PPE should be removed in a designated doffing
area within the containment zone.
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Fig. 18.6: Protecting Animals & Personnel at all Levels

LEVEL DESCRIPTION CONTAINMENT ESSENTIALS

Cage Preventing transmission Microisolation technique, BSC use, rack
through cage-to-cage hygiene, cage identification
handling interactions

Room Minimizing potential for BSC use, secondary containment of
spread of contamination agents/samples, room & equipment
via equipment and cleaning methods, segregation of
common work surfaces groups/agents, restricted access

Facility = Minimizing potential for Directional airflow, room entry order,
contaminant secondary containment,

escape/release outside the decontamination of outgoing items
animal containment area

Outside Preventing escape of viable Waste treatment/disposal practices,

Facility research agents to the personnel exposure
surrounding community prevention/management, adoption
practices

Note: To be effective, containment essentials beginning at the room level must
be supported by facility design and construction standards. Two key references
for those who are planning to build or refurbish animal containment facilities
are the NIH Design Requirements Manual (Division of Technical Resources
(Office NSW Government), 2010) and the USDA ARS Facilities Design Stand-
ards (United States Department of Agriculture Research, Education, Econom-
ics, & ARS, 2002). Both standards are available online at no cost.

Waste management from animal biocontainment areas warrants
specific consideration because it is a means of contamination
release to environments beyond the animal facility. Waste catego-
ries and applicable practices to support containment include:
* microisolation cage contents- should be autoclaved prior to
bedding removal
® open cage pan liners- should be carefully rolled and placed
in a hard-walled, cleanable container lined with a biohazard
bag; autoclave treatment (or equivalent approved sterilisa-
tion technique) prior to disposal
e urine/faeces/body fluids in room environment- minimise
water and pressure used during waste removal process; efflu-
ent decontamination may apply to higher containment levels
e procedural wastes (non-sharps) generated in BSC- these
should be collected in a biohazard bag in the BSC; autoclave
treatment (or equivalent approved sterilisation technique)

prior to disposal
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e PPE and procedural waste generated in open-cage proce-
dures- collect in a hard-walled, cleanable container lined
with a biohazard bag; autoclave treatment (or equivalent
approved sterilisation technique) prior to disposal

® carcass and tissue waste- collect in a biohazard bag that is
securely closed; store in a hard-walled cleanable container

in cold storage; dispose of via incineration.

To eliminate both public relation issues and potential containment
breaches, animals (living or dead) that have been in the contain-
ment environment should not be permitted to leave the facility
as anything other than pathological/biohazardous waste for treat-

ment and disposal.

As biomedical research priorities evolve and infectious diseases
emerge, some research entities will be likely to employ less traditional
animals for these studies. Biocontainment levels and practice stand-
ards/guidelines have been developed for fish (Kent et al., 2009) and
insects (Liebert, 2003). These standards/guidelines echo the princi-
ples of biocontainment found in the biosafety/biocontainment stand-
ards/guidelines previously discussed. The potential for environmental
release of fish and insects presents unique challenges that are com-

prehensively addressed in these species-specific resource documents.

9@ Human factors impacting biocontainment

There are two ways in which human behaviour can directly under-
mine biocontainment in such a way that e agents are able to escape
from animal facilities. The first of these is intentional removal for
criminal purposes; the actions to prevent this are often referred
to as biosecurity. The United States and Canada are examples of
countries that have implemented regulations identifying specific
pathogens and toxins of biological origin which require govern-
mental approval and specific security measures to possess such
agents (Legal Information Institute US (Cornell Law School), 2017;
Minister of Justice of Canada, 2014). Listed agents are those that

have been identified as having the potential to be weaponised, and
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should be maintained under secure conditions therefore. Com-
mon biosecurity measures include: background checks, security
plans, incident response plans, cybersecurity measures, inventory
procedures, validated inactivation procedures, locked storage, and
restricted lab access. When used in animals, access to the infected
animals will likely require the same additional security measures

as access to the agent itself.

The second way that human behaviour can result in a release of
biological agents outside of the laboratory animal research setting
is through lab-acquired infections LAIs). It is entirely possible for
someone to acquire an infection through contaminant splashes or
inadvertent contact with the eyes, nose or mouth. While inhalation
is also a potential route of exposure, airborne agents are typically
not handled without respiratory protection, and usually under
BSL-3/CL-3 conditions. Regardless of the containment level, the
use of animals almost always involves the use of sharp devices.
Puncturing or breaking the skin with a contaminated object is an
efficient way of administering the contaminant into the body and
starting an infection. Unfortunately, in animal research applica-
tions, literature suggests that the risk of exposure via sharp objects

is underestimated.

Fig. 18.7: Best Practices: Sharps Handling

GOAL: reduce lab-acquired infections and animal injury

Process: prevent accidental exposures/injuries through safe sharps handling
practices

Technique:
Eliminate use of devices sharp enough to puncture skin when possible

Select devices that are self-shielding if feasible to minimize recapping as practice
Use luer-lock or fixed needle syringes; avoid the use of slip-tip needles

Do not apply excessive force to a sharp device; if force is required, suspend activity
and consult with senior personnel regarding technique

Do not attempt to use a sharp unless the animal is effectively restrained; avoid manual
restraint that places the hand near or in front of the sharp edge

Place sharps disposal container within arm’s reach of the point of use; deposit the
sharp immediately after using without recapping/resheathing

Assure that sharps disposal containers are configured for the size and number of
sharps to be used; do not fill sharps containers more than 3/4 full

If a sharps-related injury occurs, suspend operations and flush/cleanse the injured
body part immediately; report the injury to occupational health department
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Between 2005 and 2013, seven cases of lab-acquired vaccinia
infections were reported in the U.S. Morbidity and Mortality
Weekly Report (Davies et al., 2009; Hsu et al., 2015; Melchreit
et al., 2008). All seven involved animal procedures, and six had
recognised incidents involving exposure to sharps -. One of the
exposures occurred through a needle scratch. Three exposures
were sustained during/after injecting the mouse. One exposure
was the result of recapping. The last of the six cases of exposure
involved a clean needle stick, but the individual did not change
their gloves or wash their hands until after the work was finished.
Of the seven LAIs, only two were reported before medical inter-
vention was needed to treat infection. Of the seven LAls, four had
not been previously vaccinated. Based on these details, we can
conclude that the laboratory animal research community should
take action to emphasise the importance of safe handling proce-
dures for sharps, exposure response and reporting procedures, and

vaccination programmes.

10 Animal biosecurity: preventive medicine
and research biocontainment partnership

In this chapter, the elements and best practices of animal bios-
ecurity from both the veterinary and biosafety perspectives were
discussed. In many cases, the practices used to maintain pathogen-
free facilities and those employed for biocontainment purposes
are complementary. If procedures do conflict, it is important for
veterinary care, biosafety and research personnel to communicate
openly and determine together how procedures can be carried out
so that it achieves the goal of protecting both personnel and the

susceptible animal colonies.
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1 Introduction

Developing effective, practical and economically viable approaches
to prevent, control and potentially eradicate infectious and con-
tagious diseases in aquaculture operations, have eluded those
involved in farmed aquatic animals for some time. An approach
for meeting these objectives using sound scientific veterinary
principles outlined in the World Organisation for Animal Health
(O.LE. 2017a) and elsewhere, was developed by the International
Aquatic Veterinary Biosecurity Consortium (IAVBC) (Pali¢ et al.
20135), and offers a solution that should meet the needs of pro-
ducers and government regulatory agencies. Developed over a
number of years with input from a wide variety of collaborators
from around the world, the IAVBC approach focuses on apply-
ing several important core OIE processes aimed at determining
and maintaining freedom from disease in any epidemiological unit

(EpiUnit) — from individual farms to whole countries.

These processes include: identifying and assessing risk and prioritis-
ing hazardous diseases important to a clearly defined EpiUnit; iden-
tifying and correcting critical points via which these diseases might
enter or leave the EpiUnit; developing contingency plans should a
disease be discovered in the EpiUnit through disease surveillance
and monitoring; periodic auditing of EpiUnit biosecurity pro-
grammes and records; and, where necessary, certifying the absence
of these diseases in the EpiUnit, with government agency oversight
and endorsement (Pali¢ et al. 2013, Scarfe and Pali¢ 2017).

The primary objective of this chapter therefore is to introduce
readers to key concepts that can help prevent, control and eradi-
cate infectious and contagious diseases in aquaculture in any epi-

demiological unit — what we refer to as biosecurity.
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1.1 Disease ‘'Management’ vs. Disease Prevention,
Control and Eradication

While a number of publications refer to ‘managing’ disease, or
‘best management practices’, we purposefully and intentionally try
to avoid the use of these passive terms. Our intent is to clearly
demonstrate that if the correct approaches are actively taken, all
stakeholders will benefit from the prevention control and eradica-
tion of disease in Epidemiological Units. Indeed, if one were to
carefully examine how smallpox and rinderpest were eradicated
from all countries, we would not be surprised to discover that
many of the procedures are the same as those mentioned here.

Many of the processes and procedures are included in the OIE
Code and Manual (O.LE. 2017i, O.LE. 2017a) and, if imple-
mented correctly, will significantly contribute to sustainable aqua-
culture development and economic growth, and meet government
regulations aimed at protecting aquaculture industries from out-
breaks of devastating diseases. Although implementing biosecurity
procedures may seem daunting at first, the most important factor
is to understand what is required of and what to include in a writ-

ten biosecurity plan.

OIE defines a number of terms that are important in drawing up

and implementing a biosecurity plan, including:

« Biosecurity in aquaculture is a set of management and physical
measures designed to reduce the risk of infroduction, establish-
ment and spread of pathogenic agents to, from and within an
aquatic animal population.

« A Biosecurity Plan is a plan that identifies significant potential path-
ways for the infroduction and spread of disease in a zone or com-
partment, and describes the measures that are, or will be, applied
in order to mitigate the risks of the infroduction and spread of
disease, based on the recommendations in the Aquatic Code.
The plan should also describe how these measures are audited,

with respect fo both their implementation and their fargeting, to
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ensure that the risks are regularly re-assessed and the measures
adjusted accordingly.

An Epidemiological Unit is a group of animals that share approx-
imately the same risk of exposure to a pathogenic agent within
a defined location. This may be because they share a common
aguatic environment (e.g. fish in a pond, caged fish in a lake), or
because management practices make it likely that a pathogenic
agent in one group of animals would quickly spread to other ani-
mals (e.g. all the ponds on a farm, all the ponds in a village system).
An Aquaculture Establishment is an establishment [e.g. farm] in
which amphibians, fish, molluscs or crustaceans for breeding,
stocking or sale are raised or kept.

A Compartment is one or more aquaculture establishments [farms]
under a common biosecurity management system containing an
aquatic animal population with a distinct health status with respect
to a specific disease or diseases for which required surveillance
and confrol measures are applied and for which basic biosecurity
conditions are met for the purpose of international trade. Such
compartments must be clearly documented by the Competent
Authority/authorities).

AZone is an area of one or more countries comprising of: an entire
water catchment from the source of a waterway fo the estuary or
lake, or; more than one water catchment, or; part of a water catch-
ment from the source of a waterway to a barrier that prevents the
introduction of a specific disease or diseases, or part of coastal
area with a precise geographical delimitation, or an estuary with
a precise geographical delimitation, that consists of a configuous
hydrological system with a disfinct health status with respect to a
specific disease or diseases. The zones must be clearly document-
ed (e.g. by a map or other precise locators such as GPS co-ordi-
natfes) by the Competent Authority/authorities).

Adapted from (O.I.E. 2017h)
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1.2 The Epidemiological Unit — the Focus of
All Biosecurity Activities

An epidemiological unit may be small (an individual farm or
‘establishment’, or parts of a farm), or large (several farms, a state
or province, or a whole country). Any geographic area that some-
how separates one group of animals from another may form an
EpiUnit, provided that all animals in each unit are managed in the
same way. The separation may be a physical barrier, or simply dis-
tance — but the animal population in each unit must not co-mingle

with animals outside the unit.

1.3 Expanding the Process for Larger Units in
a Country (Compartmentalisation and Zoning)

The OIE clearly extends the concepts of epidemiological units to
include larger geographic units. Although this chapter focuses on
individual farms (establishments) to illustrate how biosecurity
programmes on a fish farm can prevent, control and eradicate a
number of diseases, the same concepts (with some modifications)
can be extended to larger geographical areas to eventually encom-
pass a whole country or continent. These concepts can also be
used to develop and implement biosecurity plans in order to pre-
vent, control and eradicate any disease, on any type of operation
or establishment.

2 The IAVBC Process Applied to Developing
Biosecurity Plan on Individual Farms

The process we follow has been reduced to nine essential steps or
key processes that are important for developing any biosecurity
plan tailored to specific epidemiological units (from an individual

tank or pond, to a whole country). These are illustrated in Figure
19.1.
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Fig. 19.1: IAVBC Aquaculture Biosecurity Concept Sheet

INTEGRATED COMPONENTS OF EFFECTIVE VETERINARY
BIOSECURITY FOR AQUACULTURE

Veterinary Bicsecurty | Steps for developing, implementing, auditing and certrfymg an effective biosecurity program
Consortium {IAVBC) intended to prevent, oonm and p inany ep iological unit1
kel (a tank/pond, farm, comp tate/province, zone, region of country).
Questions a Farmer Formal Biosecurity Documentation &
Might Ask Process/Steps Records
o
Which diseases are 1. Hazard Identification & | ____,| Prioritized Disease
serious polential hazards? Prioritization List
BIOSECURITY LEVEL | < &
ks my farm al risk? 2. Risk-Impact Assessment ---> Dmlmp:‘eh-
How much risk?
Operational impact of disease? 5 ‘l
Where can these hazardous 3. Critical Control Point - | 1dentity Comectable
i o (CCP) Evaluation ~ m
BIOSECURITY LEVELN J
What can be done to prevent 4. Mitigation, Management & | ___ !
s iy o Sacha? Remediation of CCP Risks i
g |
What should | do if disea in? Isolation, Treatment
e 5. Contingency Planning [ ==~>| Depepulation Pians
BIOSECURITY LEVEL Il < ‘ o
Are any of these diseases 6. Clinical Evaluation & | ___ Farm, Lab & Vet D
Tt Diagnostic Testing = _/J_ Reconiz Results
How do | confinue to monitor 7. Ongoing Disease [— Farm, Lab & Vet
disease absence/presence? Surveillance & Monitoring Records Results.
BIOSECURITY LEVELWV ~ _/ l P
8. Veterinarian Auditing & | ___,|  Serimcete of
Certification w_]__'
How do | get third-party recognition l I
of disease freedom? GoviEnd T
Certificate of
BIOSECURITY LEVEL V 8. Veisﬁnary:u‘murﬂy (Go:t‘t) -] Veterinary |
el

1 Epidemiologic Unit—a defined population of animals, separated to some
degree from other populations, in which infectious and contagious diseases
can be fransmitted

2.1 Teamwork in Developing and Implementing
Biosecurity Programmes

Optimally, developing and implementing a biosecurity plan should
involve a team of individuals that are well acquainted with the
intimate workings of aquaculture operations, farms or EpiUnit/s.
These should include farm owners, managers or employees spe-

cifically assigned to oversee all biosecurity activities, veterinarians
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or para-veterinary professionals with expertise in aquatic ani-
mal disease, diagnostics and epidemiology, and government offi-
cials. Inevitably, any disease prevention, control and eradication
will involve government regulations. It is important therefore to
include a government official who is familiar with local, national,
and international veterinary regula-
tions, laws and OIE standards — par-
ticularly if any animals or their prod-
ucts are sold, traded or moved from
the farm, or if there is a desire to have
the farm certified free of any specific
disease, pathogen or infectious agent.
Following steps outlined in figure
19.1., the team should first gather
as much information as possible
about the EpiUnit and how the farm
operates, as all subsequent activi-
ties revolve around this informa-
tion. This can often be done by talk-
ing to the owner or actually visiting
the farm. Maps or aerial views (e.g.
Google maps) can be very useful in
this as well as architectural plans, or
hand-drawn layouts of the farm and locations of buildings, tanks,
ponds, feed, equipment and water sources (figure. 19.2 a-b). Par-
ticular attention should be given to how diseases can enter or leave
the EpiUnit. Developing a set of standardised preliminary ques-
tions can help here (an example page from an IAVBC question-
naire® is provided in figure 19.2 ¢) and the owner or manager
should complete it before the actual farm visit to get an idea of
the operational set-up. This preliminary information will become
part of the records that need to be kept and should be included in

a biosecurity plan.
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Fig. 19.2 (a): Example
of Google Maps spatial
layout of a 2017 IAVBC
workshop case study
aquaculture operation
(35 Hectares).

Fig. 19.2 (b): Use of
high-resolution satellite
imagery (Google Maps)
and owner-provided
information to delineate
aquaculture farm facilities
layout: 18 clay ground
dams for the rearing of
fish; 44 'Porta Pools' for
the breeding and rearing
of fish; one 100 m green-
house with 18 breeding
and rearing ponds; one
30 m greenhouse with
40 concrete pools for
breeding fish; a trop-

ical hatchery housing
500 tanks for breeding,
rearing and holding fish;
covered display area with
awooden deck and

5 show ponds.

503




Fig. 19.2 (c): Example questionnaire pages filled by the aquaculture establishment
manager/owner and shared with veterinary biosecurity programme
development team.
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2.2 ldentifying, Prioritising and Determining
the Impact of Hazardous Diseases for
the Biosecurity Plan

Biosecurity programmes are best designed and tailored for spe-
cific EpiUnits and for diseases that are, or may be, encountered
on those particular EpiUnits. Including diseases that will never be
encountered in the animals used on the farm (e.g. mollusc disease
on a finfish farm), or diseases that are documented but do not
exist in the country where the farm is located are not a priority.
In many cases, because developing and implementing biosecurity
programmes will require resources (typically man hours, equip-
ment, and money), developing biosecurity programmes for those
diseases that have the greatest potential to negatively impact the
farm is a prudent approach. If necessary, emerging disease(s) found
elsewhere are better addressed in contingency plans. Furthermore,
because a number of issues change over time, overall biosecurity
programmes will need to be periodically revised and new diseases

can be addressed at that time.

In many cases, the owners/managers of aquaculture operations
are already familiar with the diseases that cause (or have caused)
problems on the farms. It is therefore expedient for the producer
to work with a veterinarian and government official to draw up
a list of diseases that are of highest concern. This list can then be
prioritised, based on the respective risk of introduction and the

impact thereof on the farms.

Using a relatively simple semi-quantitative approach, the risks and
impacts of each disease on a farm can be determined by estimat-
ing the probability of it occurring, and the consequences if it is
discovered. Although complex quantitative risk analyses can be
carried out, relatively simple semi-quantitative assessments usually
provide sufficient information (Arthur et al. 2009, Moore et al.
2010, Oidtmann et al. 2013).

Simple, semi-quantitative risk-impact assessments can be based on
scores (e.g. 1 to 10) on the relative ‘weight’ of the likelihood of
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a disease being introduced on a farm, and the impact based on
the experience of the biosecurity team (the producer, veterinarian,
and government official). Although it is often simpler to address in
contingency plans many emerging diseases that are not currently
found in the home country of the farm, if circumstances warrant it
(such as importation of animals from countries known to be expe-
riencing an epidemic), it might be wise to include these diseases in
a risk-impact assessment. A hypothetical example of a risk-impact
assessment is illustrated in figure 19.3

(Scarfe and Pali¢ 2017).

Fig. 19.3: Example of risk-impact assessment sheet

Identi & Prioritizing Disease Hazards Using a lified, Semi-quantative Risk t Analysis
Instructions: Based on the general knowledge of the group, quantify 3-4 viral, bacterial, parasitic, of other diseases that might impact thes farm.
Score; 1. Prosence (Not in Africa= 1, In country=5, On farm=10); 2. Affect farm (D=no Bkelibood, 10=very likely); 3. impact (None=0, 10=very high)
Viral Diseases

Important elements used in a biosecurity risk-impact analysis.

1. Determine what diseases might present a hazard, and severely
impact the EpiUnit;

2. Using a semi-quantitative (weighted) approach*, estimate the
risks and impact of each disease, in order to prioritise the diseas-
es for inclusion in the specific biosecurity plan; and,

3. Determine which important 'emerging’ diseases might be con-
sidered for inclusion in a biosecurity programme for the EpiUnit.
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4. Using cumulative scores (sum of risk and impact scores) select the
highest ranking diseases to include in the biosecurity plan for this
EpiUnit or farm.

* In more complex EpiUnits such as larger farms, compartments, zones or countries/
regions, a more formal risk assessment process is probably needed in order to pro-
vide a better estimate of priorities and associated actions to be drawn up for disease

control and prevention programmes (e.g. FAO Risk Assessment Arthur et al 2009).

The expected output from this step is a prioritised list of diseases
with a historic, current or potential serious impact on the farm.
i.e. ones that severely decrease production, zoonotic diseases, dis-
eases that could cause unacceptable morbidity or mortality, could
result in regulatory restrictions, negatively affect the reputation or
economic viability of the farm, or that might have a serious impact
on wild populations or other farms in the neighbourhood. The
list should not only include those diseases that are reportable to
a government agency, but should also include diseases the owner
feels are important. Once this list of disease hazards has been pri-
oritised, it will be possible to move on to the next step in drawing
up the biosecurity plan.

3 Identifying, Prioritising and Mitigating
Critical Points Where Disease can Enter or
Leave an Epidemiological Unit

Identifying how diseases might enter (or leave) the farm, and which
on-farm procedures might enable this, is an important step in pre-
venting the introduction (or spread) of any unwanted diseases.
Equally important are procedures or places that might provide a
way for the disease to exit the farm. These are sometimes con-
sidered to be bio-exclusion and biocontainment priorities. Ensur-
ing good procedures to accomplish either will reduce a farmer’s
liability for the potential spread of a disease. Inevitably all diseases
or infectious pathogens that can enter and leave the EpiUnit are

associated with vectors (animals or people), or inanimate fomites
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(non-living objects). Vectors and fomites should also be considered

as critical points to be controlled (Karreman et al. 2015).

Overall, critical control points may be very diverse, and include

(but not limited to): animals, people, pests, birds, water, feed,

equipment, and a large number of other things. Drawing up

processes or procedures to correct, mitigate, or eliminate these,
contributes substantially to protecting farms. Prioritising these in
terms of how easy or difficult it will be for diseases or pathogens
to enter or leave the farm, helps to prioritise where to allocate
resources. It is important to consider drawing up processes or
procedures that can reduce (or even eliminate) the probability of
diseases or pathogens entering or leaving a farm as an insurance
policy to protect the farms and their owners (Huchzermeyer and

Colly 2015).

After evaluating the information obtained from the farms’ prelimi-

nary producer/operation biosecurity questionnaire as well as list of

prioritised disease risks and hazards specific to the epidemiological
unit the following objectives need to be met:

1. Identify procedures or locations, vectors and fomites (critical
points) via which diseases can enter or leave the farm.

2. Determine and prioritise the level or risk for each critical con-
trol point, so that resources for correcting, mitigating, or elim-
inating risks, can be allocated.

3. Determine what needs to be done to correct, mitigate or elimi-

nate these critical control points on the farm.

A completed output of this step should include a detailed list of
all Critical Points (vectors, fomites, and on-farm procedures) that
might allow a disease or pathogen to enter or leave this EpiUnit.
An integral part of documenting this in the biosecurity plan, is a
list of actions or measures that have or will be implemented in
order to correct, mitigate or eliminate the problem for each vector,
fomite and procedure. As these actions may use or require addi-
tional resources it is also advisable to: 1) decide how much effort
(manpower, time or money) will be required; and, 2) prioritise
(rank) the actions for each vector, fomite and on-farm procedure
based on the level of risk and the resources needed to correct, miti-

gate or eliminate the problem.
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4 Developing a Contingency Plan if Disease
is Found

Irrespective of how diligent a farm is in ensuring that diseases or
pathogens do not gain access, there is always the chance that this
might happen. Preparing for this by drawing up contingency plans
is not only prudent, but those farms that have developed contin-
gency plans for possible disease outbreaks as a part of their writ-
ten biosecurity plan, will have the advantage of rapid recovery.
Furthermore, rapid recovery will inevitably save a considerable
amount of money, enhance the reputation of the farm as a reli-
able source of disease-free animals, and minimise any regulatory
impact (O.LE. 2017d). Think of contingency plans as an insurance
policy to protect farms and their owners!

Many countries have regulations that determine what is required if
certain diseases are discovered. It is therefore prudent to include a
government regulator in drawing up contingency plans, or to use
information available from the respective national or international
organisations (e.g. OIE). While requirements might vary between
countries, they will inevitably require the owner, the attending
veterinarian, and in some cases a diagnostic laboratory to report
occurrences or suspicions of regulated diseases. Typically, regu-
lations will also require isolating (quarantining) the affected ani-
mals, and all or parts of the farm or a larger EpiUnit, and placing
some sort of barrier between the infected population and unin-
fected populations (E.U. 2006).

Depending on a wide variety of issues, options on which contin-
gencies should be in place will always be specific to each disease.
These may include depopulating all animals in EpiUnit and safely
disposing of carcasses so the disease cannot spread. Also, if there
are no food-safety or public-health concerns, the animals could be
sent to a slaughter facility to be processed as seafood or animal
feed. Further, fallowing or disinfecting the premises and dispos-
ing of all contaminated equipment and supplies, treating animals
with appropriate therapeutic agents (drugs), vaccinating animals,
or other options should be considered depending on the suspected
disease and its potential impact (Gudding et al. 2015).
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Using the available information collected or developed in earlier

steps, a formal contingency plan should be drawn up in an attempt

to meet the following objectives:

1. Which activities should be considered? Should a viral, bacterial,
parasitic or other disease be discovered on this EpiUnit?

2. What is to be accomplished with these activities?

3. Who should oversee implementation of each activity?

4. The order in which the activities should be implemented.

The practical approach for ensuring an optimal response to a dis-
ease outbreak in an EpiUnit would be to draw up an operations
manual as part of the written biosecurity plan including a detailed,
comprehensive and practical description of all the actions, pro-
cedures, instructions and control measures to be implemented.
Training staff to recognise clinical signs is imperative before any
outbreak occurs. After an outbreak an epidemiological investiga-
tion to discover the source of the disease, and how and why it
entered the EpiUnit, should be carried out. It is also important
to ensure that if depopulation is necessary, the animals are killed
or slaughtered in accordance with recommended sanitary and
humane guidelines and that veterinary and environmental safety
issues are properly coordinated (Lillehaug et al. 20135). If prem-
ises are depopulated, attention must be given to mass disposal of
aquatic animal carcasses without endangering animal or human
health, or increasing the possibility of spreading the disease.

Contingency plans should be designed therefore to detect and con-
trol the outbreak of a disease within an EpiUnit, and outline the
‘who’ and ‘how’ of immediate actions, particularly for: a) com-
munications; b) containment; ¢) disposal procedures; and d) re-
establishing freedom from disease. In order to ensure that contin-
gency plans are an effective part of biosecurity programmes aimed
at ensuring freedom from disease, all the steps in the contingency
plans and respective actions during contingency must be docu-
mented and verified in the EpiUnit or farm, and personnel must be

trained in their respective roles.
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5 Determining if Priority Diseases (Hazards)
are Present using Clinical Evaluation and
Diagnostic Tests

The clinical evaluation and diagnostic testing procedures are
imperative in determining the presence or absence of a particu-
lar disease within EpiUnits (Oidtmann et al. 2013). Decisions on
which disease on which to perform laboratory diagnostic assays
are based on the disease hazard and prioritisation list, and on
which of these diseases might be suspected during the clinical eval-
uation. As stipulated in the biosecurity plan, the clinical evaluation
of a disease situation in a specific EpiUnit should include site visits,
clinical exams and necropsy, as well as a review of existing records
(e.g. water quality, animal movement, etc.) and history (anam-
nestic data, earlier veterinary records, diagnostic reports, etc.)
received prior to the visit or on site. Samples for disease diagnos-
tics should be collected during necropsy examination and sent to
a veterinary diagnostic laboratory for evaluation. It is important
that samples are collected and shipped properly by the authorised
individual (either a veterinarian or a person directly supervised by
a veterinarian) in order to keep the chain of custody in the event
that there is a suspicion of a reportable disease or other regulated
disease. The choice of disease diagnostic tests is also of impor-
tance, since they may need to conform to the regulations — this
should be reviewed with a government official prior to sampling
(O.LE. 2017i, O.L.LE. 2017g). Veterinary clinical evaluations, diag-
nostic laboratory results, and farm records therefore need to be
included in the biosecurity plan in order to document presence or
absence of a selected disease at given time.

Circumstances that determine which diagnostic tests to use, and
how the results are interpreted are often complex. Therefore, keep-
ing the complete (or as complete as possible) information about
diagnostic tests and their interpretations as part of the biosecurity
records on a farm/EpiUnit will help the biosecurity team (and audi-
tors) to establish a baseline for disease presence or absence on the
farm through disease surveillance. As part of this process, continu-
ous monitoring of animal morbidity and mortality, and screening

of new animals designated to enter the farm or EpiUnit, is required
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in order to maintain a disease status as recorded or awarded by
the authorities or third party auditors. The following examples of
decisions that a biosecurity programme development team has to
make as part of determining needs for disease diagnostics may be
helpful in focusing on priorities and help provide the information
required in the diagnostic testing record log (Caraguel et al. 2015).
As a first decision, producer and veterinarian need to consider
what testing is required in the biosecurity plan: i.e. should we rely
on official services or use our suppliers’ own testing, or do we have
to provide third party (external testing) evidence? For example, in
many countries, some form of government assistance is offered to
fish farmers as part of the broader disease surveillance following
national or regional programmes and usually focus on reportable
diseases. The decision needs to be made as to whether these pro-
grammes comply with the goals laid down in the biosecurity plan,
and if additional testing needs to be carried out. In other circum-
stances, diagnostic laboratory test results provided by the supplier
of animals brought into to the EpiUnit/Farm may be considered
adequate for monitoring purposes and certifying the disease sta-
tus, especially if there are no other entry routes for potential dis-
ease apart from fish deliveries. However, if an export trade partner
or government requires independent testing to confirm the disease
status of the EpiUnit, an external testing service, usually involving
private veterinary practitioners and accredited laboratories, may
need to be engaged to ensure compliance with contractual or other
regulatory obligations (O.LLE. 2017¢, O.LE. 2017e).

The decision about which laboratory or laboratories to use for
testing is also closely related to the goals laid out in the biosecu-
rity plan, as well as the desired level of certification, contractual
obligations or regulatory requirements. If a government agency is
involved in the surveillance programme and offers assistance in
diagnostic testing, it usually requires diagnostic samples to be sent
to government accredited (official) laboratories. However, in other
cases, diagnostic assays can be performed by private, university, or
even in-house facilities, and the choice may be based on accessibil-
ity, cost, and turn-around time for producing diagnostic reports.
During the preparation of this section of a biosecurity plan, it is

advisable to include contact information of the diagnostic labora-
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tories where samples should be sent. The attending veterinarian
would in most cases have the contact information for diagnostic
laboratory services, but an aquatic diagnostic laboratory such as
www.AquaVetMed.info, can be found online. The OIE also main-
tains a list of reference laboratories for aquatic animal diseases in
case a biosecurity plan is prepared at government or regional level
(such as zone or compartment) (O.LE. 2017i).

When determining which diagnostic assays are suitable and
appropriate for achieving the goals of the biosecurity plan, one
should also consider: sensitivity and specificity of tests; whether
lethal or non-lethal sampling is required for collecting test sam-
ples; how easy it is to collect samples; and the costs involved with
sampling and the tests required (Caraguel et al. 2015). The OIE
Manual provides lists of available and validated tests for specific
disease diagnostics (O.L.E. 2017i), but the expert assistance of a
veterinary epidemiologist may be needed to select the appropriate
test, as well as determine the number of animals to be tested and
the sampling frequency. Detailed analyses of sampling approaches
such as standard versus risk-based sampling, decision making
based on scenario trees, and probability/risk of the introduction
of a disease via a supplier need to be considered for deciding on
optimal testing procedures for disease status determination and

surveillance.

6 Maintaining Biosecurity — Surveillance,
Monitoring and Keeping Records

The most essential step in establishing and maintaining a bios-
ecure facility is ongoing disease surveillance and monitoring
(O.LE. 2017b) to determine which diseases are present or absent
in a EpiUnit. While there are subtle differences in the initial deter-
mination of the presence or absence of disease (usually thought
of as surveillance) and monitoring situations on farms to deter-
mine if anything has changed, both require periodic sampling
for diseases and numerous publications address the appropriate
ways to sample and determine the absence or presence of disease
in aquaculture and other animal populations (Kenton 2015) that
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can be applied to most EpiUnits. Depending on the goals of the
producer, the physical layout of the facility, the process flow for
operations and the epidemiology of the pathogen(s) of concern, a
surveillance programme should be discussed and determined by a
veterinarian, in consultation with the producer and in compliance
with regulatory requirements. While initial surveillance is usually
carried out on a regular basis (e.g. twice per year, every year, etc.),
especially during the initial years of establishing a biosecurity pro-
gramme, monitoring disease status can either be continued on a
regular basis or implemented according to changing circumstances
(e.g. new animals of unknown status introduced, or a disease out-
break). In some cases an EpiUnit may be certified free of specific
diseases or pathogens and diagnostic sampling may not be deemed
necessary, until circumstances change (Kenton 2015). However, if
there is a change in biosecurity status, surveillance and monitoring
may need to be re-initiated (Oidtmann et al. 2013).

Although it is not necessary to outline a process in order to certify
that all biosecurity processes described in this chapter (figure 19.1)
are in place and that a farm is free of specific diseases or patho-
gens, the OIE has processes for recognising other larger EpiUnits
(zones, regions or countries) as disease-free (O.I.E. 2017g). How-
ever, the IAVBC has considered, but has yet to implement, a pro-
cess to certify progress towards achieving disease-free status for a
farm, as illustrated in figure 19.1.

To ensure that appropriate records are maintained, attention should

be given fo the following:

1. Records regarding biosecurity procedures discussed in all previ-
ous exercises should be maintained.

2. Who is responsible for record keeping and how these records
are maintained?

3. How frequently these records need to be updated, reviewed,
and how long should they be mainfained?

4. What information might be needed for a 'Biosecurity Certificate’
that provides assurance that this farm is free of specific diseases
or pathogens?

BIOSECURITY IN ANIMAL PRODUCTION AND VETERINARY MEDICINE



5; Who needs to audit and certify that a farm (or other EpiUnit) is
free of specific diseases or pathogens?

Maintaining good farm records for biosecurity activities that con-
tribute to achieving disease-free status is an absolute necessity.
On-farm records, supported by periodic farm visits and reviews
by attending veterinarians form the basis for auditing and certifi-
cation. The auditors use on-farm and veterinary records to certify
and confirm that adequate biosecurity procedures are being imple-

mented on the farm.

/ Veterinary Auditing and Certification for
Freedom from Disease and Achieving
Government Recognition

Preventing, controlling and eradicating disease on farms or EpiU-
nits has obvious advantages for improving production and increas-
ing economic returns (Lafferty et al. 2015). Moreover, it forms
the basis for ensuring sustainable aquaculture development in all
counties, and possibly sustainable fisheries by reducing the impact
of disease on wild fish populations.

However, biosecurity practices that result in freedom from disease
or pathogens on a farm or EpiUnit need to be well documented. In
order to get full recognition from third parties for disease/patho-
gen freedom (e.g. other farms or countries to which the animals
or animal products are sent), a certification of specific disease or
pathogen freedom needs to be obtained. While there has been no
formal adoption of a biosecurity certification system that leads
to disease-free certification of aquaculture farming operations, a
step-by-step system under consideration by IAVBC is outlined in
figure 19.1.
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Certifying disease or pathogen freedom (often referred to as 'health

certification, ‘quarantine,’ or 'inspection’ procedures) should usually

be carried out by one or more individuals (the attending veterinari-
an, or other knowledgeable and experienced individual) who:

1. have full knowledge of all biosecurity procedures implemented
on the farm;

2. are able to audit and verify that these biosecurity processes are
in place and, in particular, who examine all documentation and
results of diagnostic tests;

3. are given the authority to certify disease/pathogen-freedom by
the government regulatory agency (veterinary or competent au-
thority) that has jurisdiction over animal health;

4. are held accountable for the accuracy of their certification.

Some countries or government agencies are unable to employ suf-
ficient numbers of veterinary or other personnel to perform this
work and they have drawn up programmes to accredit or approve
private practice veterinarians who are allowed to perform animal
health audits and certify disease/pathogens freedom on behalf of
government agencies. In Europe, these veterinarians are referred to
as ‘Official Veterinarians’; other countries give them the ‘Accred-
ited Veterinarian’ designation. However, when animals or ani-
mal products are moved between countries, the Certificates of
Veterinary Inspection (often called ‘health certificates’), require
endorsement by a National government official from the agency
with responsibility over animal health (veterinary or competent
authority)

(Starling et al. 2007).

8 A Way Forward for Aquaculture to Meet
International (OIE) and National Biosecurity
Requirements

Developing, implementing, auditing and certifying comprehensive

biosecurity programmes may be complex and therefore comes at

a cost. The benefits and costs, along with developing practical
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approaches for implementing and applying biosecurity principles,
and the need for education, training, credentialing and certifica-
tion programmes for all involved, will need to be carefully assessed
(Oidtmann et al. 2011, Peeler and Otte 2014, Reed and Royales
2014, Lafferty et al. 2015). This will be particularly important for
the large number of resource-limited, small-scale producers that
are involved and who represent a considerable share of the world’s
aquaculture production.

Implementing, auditing and certifying biosecurity programmes
may be driven by industry and/or government needs, but inevita-
bly the most palatable, feasible and practical will be those imple-
mented voluntarily by the aquaculture industries and individual
farms, that involve government-industry partnerships and cost-
sharing. Several voluntary, industry-driven biosecurity or certifica-
tion programmes are emerging that may have some application
to animal health and biosecurity (O.LLE. 2017f). Some examples
include: U.S. Marine Shrimp Farming SPF Program; World Wild-
life Fund-led Aquaculture Dialogues; Global Partnership for Good
Agricultural Practice (GLOBALGAP); and Global Aquaculture
Alliance’s Best Aquaculture Practices (BAP) certification standards.
Currently, no voluntary biosecurity certification schemes have
fully integrated the veterinary biosecurity principles, approaches
and infrastructure required to effectively meet biosecurity objec-
tives. Several national programmes with industry-government
involvement are being considered for example in Europe, North
America and Australia (E.U. 2006, AQUAPLAN 2014, USDA-
APHIS-VS 2017). Mainly in response to disease-free and biosecu-
rity requirements being addressed in legislation and regulations
(e.g. 2006/88/EC) and government-endorsed international stand-
ards (e.g. OIE Code) for use in live animal trade and commerce
(E.U. 2006, O.L.E. 2017a). However, a new industry-government
effort involving a voluntarily, non-regulatory ‘Commercial Aqua-
culture Health Program Standards’ approach that includes many
elements of the IAVBC approach described here (USDA-APHIS-VS
2017), is currently being tested.

Implementation of biosecurity plans or programmes to meet the
primary objectives outlined above will require the input, documen-

tation and vigilance of many individuals, including the personnel
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overseeing animal and facility care and maintenance, veterinary
and diagnostic service providers, and competent government offi-
cials (Pali¢ et al. 2015). Education and training programmes will
be needed for producers and private and government sector service
providers to ensure that everyone involved has a full understand-
ing of all the biosecurity principles, including: hazard identification
and prioritisation; risk assessment/ evaluation, risk management/
mitigation and risk communication; analysis and remediation of
critical control points where disease could enter or leave the epi-
demiological unit; epidemiological principles, diagnostics, surveil-
lance, monitoring and determining the status of, or freedom from
diseases; and emergency readiness and contingency protocols for
disease control and eradication. Equally important will be record
keeping, auditing and the use of certificates that address decla-
rations related to biosecurity procedures which are not typically
found in existing model certificates used for documenting animal
health or disease freedom. The complexity and time involved in
implementing these requirements and achieving and maintaining
freedom from disease (SPF) may require a biosecurity certification
system that progressively recognises increasing levels of biosecu-
rity. As has been done elsewhere, web-based, train-the-trainer, and
on-farm workshops will be effective tools for disseminating this
information (Scarfe et al. 2009, Pali¢ et al. 2011, Scarfe et al.
2011b, Scarfe et al. 2011a, Scarfe and Pali¢ 2017)

Auditing biosecurity procedures and records, and certifying dis-
ease-freedom for specific pathogen need to be undertaken by a
credible, knowledgeable and experienced independent third-party,
as these responsibilities are accompanied by legal and professional
liability. Traditionally these responsibilities are assigned to vet-
erinarians but, in some countries that have a reduced veterinary
workforce, veterinary para-professionals (e.g. fisheries officers)
are sometimes brought in. In some countries many regulatory
activities involving disease diagnosis, surveillance, monitoring and
verification of disease presence and absence, are performed by
private practitioners that are approved by the national veterinary
authority. Examples include the National Veterinary Accredita-
tion Program (N'VAP) in the United States and similar programmes

in Australia, Canada, New Zealand and elsewhere, where these
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responsibilities are delegate to ‘Accredited Veterinarians.” Within
the European Union similar programmes are being delegated to
‘Official Veterinarians’ in accordance with the European Directive
97/78/EC (European Council, 1998) and subsequent amendments.
Currently only the U.S. and Canada have incorporated training
modules dealing with aquatic veterinary procedures into their
NVAP requirements. Other countries are expected to follow given
the recent OIE recommendation for implementation of a Perfor-
mance of Veterinary Services (PVS) and Aquatic Animal Health
Services tool (O.LE. 2013).

Validation, verification (auditing) and certification that effective
biosecurity plans or programmes have been developed are also
the basis for issuing Certificates of Veterinary Inspection, often
referred to as ‘health certificates’

(Starling et al. 2007). These certificates are a very effective risk
communication tools to confirm that the epidemiological unit has
been evaluated, that appropriate disease risk mitigating proce-
dures (prevention and control) are in place, and to validate that
animals have been examined and tested to verify the absence (or
prevalence) of disease. When endorsed by the government agency
with regulatory authority over aquatic animal health (competent
authority), biosecurity certificates provide the official credibility
that the primary biosecurity objectives have been met. Having a
sufficiently experienced and credentialed workforce to provide
these services to support aquaculture is imperative, particularly
if done with government oversight or involvement and if used for
international trade purposes (DeHaven and Scarfe 2012). Evaluat-
ing this workforce capacity using the OIE PVS Tool may be war-
ranted in some countries, and a system for competent authori-
ties to accredit these workforces as competent officials to perform
aquatic regulatory functions (similar to existing national veteri-
nary accreditation systems in many countries) would substantially
expand national capacities to support aquaculture industry growth
and trade (O.LLE. 2013).
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Biosecurity
in animal production and veterinary medicine

Edited by Jeroen Dewulf and Filip Van Immerseel

Globally, the way the animal production Industry copes with infectious diseases is changing.
The (excessive) use of antimicroblais Is under debate and it has become standard practice to
implement thorough biosecurity plans on farms to prevent the entry and spread of pathogenic
micro-organisms. |n farm animal production and in facilties where companion animals are kept,
Including in veterinary practices and clinics, awareness of the beneficial implications of a good
blosecurity plan has increased: The book ‘Blosecurity in Aplimal Production and Veterinary
Practices’ Is the first compilation of both fundamental aspects of biosecurity practices, and
specific and practical Information on the application of the biosecurity measures in different animal
production and animal housing settings.

The book starts with a general introductory chiapter on the epidemiology of infectious diseases,
followed by a chapter explaining the general principles of blosecunity. Specific topics of biosecurity,
including. rodent and. insect control, cleaning and disinfection, hyglene and, decontamination of
feed, drinking water and alr, and measuring the blosecurlty status of farms, are detalled In dedicated|
chapters. Explanations on the relevance of the implementation of biosecurity plans in order to
improve animal health and performance and reduce antimicrobial usage are described, and a
chapter on ways to motivate farmers to impiement.a blosecurity plan s also Included. Practical
chapters dealwith blosecurity in the poultry, pig and cattle industries, horse faciiities, dog kennels,
veterinary practices and clinics, laboratory animal faclilties and aquaculture.

The book is a practicial‘gulde that can'be used by fanmand animal facility managers, consuttants,
veterinarians, animal caretakers, and people with an interest In prevention of diseases in animals.
Academics and students wiil benefit from the book because it contains ali relevant information on
animal blosecurity.

Profi-Dr. Jeroen Dewult'is professor of Veterinary Epidemioiogy at the Faculty of Veterinary
Mediclne, Ehent Unlversity. His maln research interests are quantitative epidemiology and control
of zoonoses, with a specific.emphasis on antimicroblal resistance and antimicroblal use in animal
production, as wreli as the prevention of epidemic and endemic diseases with a focus on the
appllcali?n of biosecurity measures.

Prot. Dr.-Fll[p Van_Immerseel Is professor at the Department of Pathologys Bacteriology and
Avian Diseases at the Facuity of Veterinary Medicine, Ghent University, Beigium. Being a scientist
with ‘a research group on host-bacterium Interactions in animals, he has specific interest in
prophylaxis of infectious diseases. His group Js internationally renowned for research on Jntestinal
heaith and diseases In production animals, and Is involved in a variety of research projects on
alternatives to antiblotics. He is lecturer of Biosecurity and Hyglene for veterinary students.
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