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B Promoting the building up of animals’ health throughout their lives makes it possible to continue to reduce the
use of antibiotics and antiparasiticagentsin animal production and thus limit the development of resistance to these
compounds. We discuss here the practices that are available in animal production that help meet this objective.
However, development of farming systems that meet societal demands (respect for animal welfare, short and local

distribution channels, access to the outdoors) poses new challenges for integrated animal health management.

Introduction

Controlling animal health (Box 1)
is essential in animal production and
addresses a threefold challenge: optimi-
sing the production cycle and reducing
losses (economic challenge), contribu-
ting to the well-being of animals by
taking care of them (ethical challenge)
and limiting the emergence of zoonoses
(public health challenge). Since their
discovery in the 1930s, antibiotics and
antiparasitic agents, which respectively
control infectious diseases of bacterial
origin and parasites, have been essential
elements of animal health management.
In animal production, they are used
to treat an infected animal (individual
curative treatment) or a group when
some of a batch is ill (metaphylaxis;
Lhermie et al., 2015). In October 2018,

the European Parliament ruled against
the preventive use of antibiotics, i.e.
before the onset of disease, by treating
all animals in a batch that has a high pro-
bability of a disease occurring. Indeed,
their massive use in animal production
(Anses, 2020) has contributed to the
emergence of resistance that reduces
their effectiveness in animals and can be
transmitted to humans, either through
human-animal proximity or via the food
chain. This is why the fight against anti-
biotic resistance has become a global
public health challenge that has been
translated into two national action
plans (EcoAntibio: 2012-2017 and
2017-2021; https://agriculture.gouv.fr/
le-plan-ecoantibio-2-2017-2021)

Monogastric animal species are par-
ticularly concerned by these issues. At
present, these species are reared mainly

https://doi.org/10.20870/productions-animales.2022.35.4.7225

in highly organised systems with high
animal densities and artificial living
environments, and their farms use
large amounts of antibiotics (Anses,
2020). In the same issue, Paul etal.
(2021) review the evolution of anti-
biotic use in the monogastric animal
sector and present the approaches
developed to reduce its use. The objec-
tive of this article is to define the prin-
ciples, develop an analytical framework
and identify the practices available at
the animal and farming system levels
for integrated health management of
monogastric animals, mainly pigs, rab-
bits and poultry. We illustrate this by
showing how various practices can be
combined to meet this objective and
conclude by discussing limitations of
current conventional systems and the
challenges they must address in pursuit
of demedicalisation.
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Animal health, disease and welfare.

Although there are multiple definitions of“animal health” (Gunnarsson, 2006), there is no consensus for that of farm animals. Traditionally, farm animal health was
defined in opposition to disease, which was understood as a deterioration in health, and was frequently assessed using “production traits” (growth, reproduction, etc,;
Villemin, 1981). However, as early as 1946, the World Health Organization defined health more broadly as a state of complete physical, mental and social well-being
and not merely the absence of disease or infirmity.

From a physical viewpoint, disease occurs as a result of exceeding the adaptive capacity to cope with ) the action of pathogens (bacteria, viruses, parasites, fungi),
fi) exposure to toxic substances (mycotoxins, xenobiotics) and jii) living conditions that are not adapted to the needs of the animal (climate, atmosphere, stress, impo-
verished living environment, etc.). In addition to infectious diseases, “production diseases” are multifactorial diseases, which may also be infectious, that influence the
health and well-being of animals and decrease their productivity and that of the farms. They have also been defined as persistent and to increase with the intensification
of animal production (Le Floc'h et al,, 2021).

Thus, animal health is not only the absence of disease, but a form of resilience expressed as an animal’s ability to maintain a physiological and psycho-emotional
balance in an environment, including microbial (/iving with its pathogens), that is temporary and sometimes challenging (Déring e al., 2015). The psychosocial health
of animals requires further research, with consideration of the cognitive abilities and needs of animals, including social needs. However, a connection between stress
and animal physiology has been demonstrated (Fraser et al., 2013).

Anses (2018)" defines the welfare of an animal as the positive mental and physical state related to the satisfaction of its physiological and behavioural needs and expec-
tations. This state varies according to the animals perception of the situation. Health and welfare are thus two concepts that overlap but are not the same.

Ultimately, health is both a state of homeostasis that allows for the optimal performance of biological functions and a process of maintaining or restoring this homeostasis
in response to changes in the living environment. It is defined and assessed at the individual or group level.

1 URL: https://www.anses fr/fr/glossaire/1535. Accessed on 8 June 2021.

1. Definition

and principles

of integrated animal
health management

M 1.1. Definition and purpose

Integrated animal health manage-
ment is a relatively recent concept.
As described by Dumont et al. (2013),
it is defined as all the knowledge and
practices that humans use in a coordi-
nated manner to build up, maintain or
restore the health of an animal or herd
within a farming system (farming sys-
tem: ). While the farmer is a cen-
tral element, this coordination can
also result from a work group invol-
ved directly or indirectly on the farm
(veterinarian, advisor, employee,
etc.; Manolietal., 2021; Gotti etal.,
2021a). Integrated animal health
management refers to a comprehen-
sive approach to health, i.e. a multi-
factorial vision, derived from work on
ecopathology (Ganiere et al., 1991). It
is based on regular monitoring of the
farm and its animals: assessing farm
management, analysing risk prac-
tices and implementing risk mana-
gement plans and adjustments. The
aim is to maintain and/or restore the
herd’s health balance.
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The aim of integrated animal health
management is i) to promote the
building up of animal health so that
animals have a harmonious life trajec-
tory and are in a state of well-being
and ji) to prevent the occurrence of
diseases to reduce the use of medi-
cines (antimicrobials, anthelmin-
tics, etc.). Improving animal welfare
contributes to this goal ( ). From
the farmers’ viewpoint, the objective
is to optimise the production cycle
and reduce losses (economic and
animal life) in animal production due
to diseases. More generally, it is a
question of preserving human health
(zoonoses and antibiotic resistance)
and the health of ecosystems (“One
Health” concept; Hickman et al., 2021).

Integrated animal health mana-
gement involves an initial phase
of farming system design followed
by continuous and iterative phases
of assessing health (individual and
groups of animals) and adapting the
functioning of the farming system over
time to achieve the goal of healthy ani-
mals (health balance).

The design concerns the basic
choices that are based on the
resources available and the structu-
ral constraints of the farming system.

The size and organisation of the buil-
dings, the layout of the animals’ living
environment, the genetic type of the
animals and the choice of mechani-
sation and/or automation have long-
term consequences. These choices
shape the work on the farm and the
functioning of the biotechnical sys-
tem and must be consistent with each
other and adapted to the objectives
of the system. Animal health assess-
ment is a systemic approach (https://
dicoagroecologie.fr/en/encyclopedie/
ecopathology/) based on observing
the animal or group of animals in their
environment. It aims to identify physi-
cal, physiological or behavioural disor-
ders; their causes; and risky practices in
order to avoid focusing on treating the
effects of disease (identifying the cause
rather than treating symptoms). It can
extend to diagnosing diseases based
on clinical examination and observa-
tion of animal or herd behaviour or of
the living environment. The adaptation
phase consists of revisiting production
practices (feeding strategies, reproduc-
tion rates, prophylaxis, culling criteria)
to achieve short- or medium-term goals
or even to modify certain elements of
system design (choice of genetics, hou-
sing type, etc.), if necessary. This phase
is based on the farmer’s production and
business objectives, which are related
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The concept of an animal farming system.

An animal production system is a set of dynamically interacting elements, organised by humans according to their objectives, to produce (milk, meat, hides and skins,
labour, manure, etc.) and reproduce a group of domestic animals by developing and renewing different resources (Dedieu et al., 2008). It consists of a decision-making
system (the farmer or a work group) that manages the biotechnical system (the animal system(s), which may be associated with a forage or field-crop system). Most
current pig, rabbit and poultry farming systems are described as “confined” because the animals'feed is not produced on site. In this situation, the biotechnical system
managed by the farmeris restricted to animal production systems, which are spatially restricted to animal buildings if the animals have little or no access to the outdoors.

An animal production unit is a group of animals in their rearing environment that provide a product of the same type and are managed in the same way (Menjon and
d'Orgeval, 1983). For example, in farrow-to-finish pig or rabbit farming, the breeding female system is separate from the growing animal system. In poultry farming,
the laying hen system is separate from the broiler breeding system (reproduction), and the hatching system (eqg incubation and chick hatching) is separate from the
breeding system.

The farmer (or the work group) aligns his/her (or its) objectives (economic, environmental, social, production services, ather services) with the management of the
breeding system. This management is based on information from the animal production units (e.g. production performance, animal health). Farm animal practices
are the indicators of the farmer’s decisions. Combining the biotechnical system and the decision-making system is dynamic, with time steps that depend on the risks
that occurin the system's environment (Dedieu and Ingrand, 2010): choices can be tactical, at an annual or production-cycle scale, or more strategic, at a longer time
scale, which results in greater reconfiguration of the system.

Farmers' actions are influenced by many factors. Their activities are thus governed by economic constraints and environmental requlations, but also by social norms
of the professional world in which they evolve: their farmer peers and other actors in the production chain (technicians, veterinarians, salespeople) who define “good
practices’, for example for animal health management or how to improve the yields of their farms (Darré et al, 2004; Compagnone). Factors such as risk aversion also

have a strong influence on health-management practices and antibiotic use (Ducrot et al, 2018; Paul et al,, 2021).

to the structural, economic and techni-
cal conditions of the farm ( ).

In practice, integrated health mana-
gement is based on combined use of
three complementary principles (P):
preventing the occurrence of diseases
(prophylaxis and biosecurity) (Prevent,
P1); if contact with pests cannot be
avoided, selecting resistant animals or
developing their adaptive capacity so
they become tolerant to pests (Resist
or tolerate, P2); and, if the disease
does occur, treating the animals in a
well-reasoned way (Treat, P3). These
three principles are developed below.

H 1.2. Prevention
(Principle 1)

Prevention consists of avoiding risky
situations, i.e. those that are likely to
exceed the animals’ adaptive capacity
(contact with pathogens, discomfort,
aggression, etc.). Providing a suitable
living environment and implementing
practices that meet the physiological
and behavioural needs and expecta-
tions of the animals are essential to
prevent disease. In practical terms,
various practices are available to
achieve this objective (section 3.1).

Prophylaxis refers to the methods
used to monitor the health of an

individual or population and prevent
the onset, spread or aggravation of
diseases. It includes practices for
monitoring individuals and herds
through analysis and the use of
health-monitoring tools. For trans-
missible infectious diseases, disease
control is also based on applying the
principles of i) external bios curity,
which aims to prevent and/or
decrease the introduction of new
microbial, viral or parasitic strains
onto the farm. This is achieved by
checking the health of animals when
they enter the farm and implementing
physical barriers or traps that prevent
the presence of vectors (insects,
rodents, etc.), as well as /i) internal bio-
security, which consists of methods
to reduce the spread of pathogens
on the farm (Corrégé and Hémonic,
2018). Isolating and/or eliminating
infected and potentially contagious
animals (whether they are sick or not)
requires organising animal movement
to reduce the spread of pathogens on
the farm, as well as cleaning and disin-
fection protocols for farm buildings
and equipment to reduce the pre-
sence of pathogens. However, most
microorganisms in the environment
or hosted by animals (digestive and
skin microbiota, etc.) are not pathoge-
nic. In contrast, symbiotic or commen-
sal microorganisms can help reduce

the development of pathogens in
animals (Ducarmon etal., 2019).
Orientating the environmental micro-
biota is a strategy that can reduce the
risk of disease. Besides biotic risks,
abiotic risks (air quality, dust, tempe-
rature, etc.) must also be controlled
to prevent health problems. However,
the problems and methods available
depend strongly on whether the
animals are confined or have access
to the outdoors. Thermal comfort is
easier to control in confined housing,
but this comes at a significant cost.
Respiratory problems related to ven-
tilation and air quality occur less fre-
quently on farms with access to the
outdoors.

B 1.3. Resist and/or tolerate
(Principle 2)

Schneider and Ayres (2008) defined
resistance as the ability of an organism
tolimit the pathogen load, and tolerance
as the ability of an organism to limit the
health effects of a pathogen. These defi-
nitions were established for infections
but can also be applied to other condi-
tions such as thermal stress (Berry and
Lopez-Martinez, 2020). Raberg et al.
(2007) suggest that resistance invol-
ves a process of antagonistic coevo-
lution between host and pathogen.
Tolerance is more likely to result from
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mechanisms that regulate the damage
caused to a host by its immune system
responding to pathogens. Robustness
is an animal’s ability to maintain its
physiological functions and a state of
health considered acceptable in a wide
variety of environments (availability
of resources, climate conditions, etc.;
Blancetal., 2013).

Selecting robust genotypes
(Friggens et al., 2017) or using lines
selected for disease resistance
(Ducos etal., 2021) are two rele-
vant strategies in integrated animal
health management. Genetic resis-
tance can be specific (salmonella in
chicken; Tran et al., 2012) or broader
(Gunia et al., 2018), but no species is
resistant to all diseases. Stimulating
the adaptive capacity of animals in res-
ponse to biological agents or environ-
mental variations is thus an essential
complementary strategy to maintain
animal health. When available, vac-
cination can protect animals against
specific pathogens (myxomatosis or
viral haemorrhagic disease (VHD) in
rabbits; Marek’s disease, Gumboro
disease or infectious bronchitis in
poultry; circovirus type 2 in pigs).
Unlike innate immunity, the matu-
ration of animals’ adaptive immune
response can also be stimulated by
exposing them to a rich microbial envi-
ronment from an early age (Round and
Mazmanian, 2009). This contributes to
the diversity of digestive microbiota
and development of the immune sys-
tem associated with the gut, especially
diversification of the antibody reper-
toire (Lanning et al., 2000). This prac-
tice interacts strongly with animal diet,
especially the intake of dietary fibre
and prebiotics, which are substrates
that contribute to the development
of a digestive microbiota beneficial to
its host. The balance of amino acids
and macro-and micronutrients in the
diet is also essential to maintain the
cellular redox balance of animals and
to avoid generating oxidative stress
and chronic inflammation, which can
lead to health problems (Durand et al.,
2021). Ultimately, resistance and tole-
rance should be controlled together
to optimise the building up of animal
health.
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M 1.4. Treat sensibly
(Principle 3)

Applying the above principles is not
always sufficient to prevent the occur-
rence of disease. Therefore, caring
for animals by treating symptoms
and combatting infectious agents is
necessary. For non-infectious diseases
(metabolic diseases, behavioural disor-
ders, xenobiotic toxicity), animal care
requires establishing rearing condi-
tions that are conducive to recovery
(suitable diet, isolation or socialisation,
environmental conditions, adapting the
living environment, etc.) and managing
injuries. To treat infectious diseases,
some farms, especially those in “orga-
nic” systems, prioritise alternative
treatments over veterinary medicines
(Hellec et al., 2021), such as phytothe-
rapy (Blanco-Penedo etal., 2018) or
aromatherapy (Zhai et al., 2018) before
applying allopathic treatments. These
strategies aim to avoid early exposure
to antibiotics that alter the digestive
microbiota, enteric nervous system and
long-term metabolism (Foongetal.,
2020). Others recommend early allopa-
thic treatments to rapidly stop a disease
from worsening and spreading within
a group. When allopathic treatments
are deemed essential, it is important
to use specific medicines (antibio-
grams or coprocultures should be per-
formed before treatment) rather than
broad-spectrum medicines and to fol-
low the prescribed protocol (dose, tar-
get population, duration of treatment
and withdrawal period) to minimise the
amounts used. A veterinarian is the only
person on a farm who can prescribe
medicines.

For monogastric animal production,
health management is performed more
often at the group level than at the indi-
vidual level. This is due to the collec-
tive rearing methods (in hutches), the
sometimes-moderate economic value
of anindividual and the large size of the
group to be managed. This is why, for
these species, it is essential to follow the
first two principles of integrated health
management to reduce the amount of
medicines used.

In the remainder of this article, we
focus on practices that can be used at

the farming system level for integrated
animal health management. Other
practices are applicable at a larger level,
such as the region (e.g. movement or
exchange of animals or equipment wit-
hin an area, monitoring animal health
within a region; Madderm et al., 2012)
or the production chain (e.g. traceability
or consistent practices between links in
the chain, differing roles of various vete-
rinary advisors), but are not discussed.
In addition, Paul et al. (2021) analysed
concrete actions implemented in the
field to help reduce antibiotic use.

2. A conceptual framework
for representing animal
health

N 2.1. The components
of animal health

To be able to consider the integrated
management of monogastric animal
health beyond the characteristics of
each species, the RIMEL consortium
(Fortun-Lamothe etal.,, 2017) deve-
loped a conceptual framework of the
components of animal health defined
above ( ). Its objective is to identify
the structural elements that help build
up the health of farm animals to inte-
grate it into the knowledge required
for integrated management. This
framework includes physical and psy-
chosocial dimensions, which are sub-
divided into 11 components ( ).
The physical dimension of health
includes physical barriers that interface
with the external environment (integu-
ment, mucous membranes and micro-
biota) and the defence system, which
consists of the immune, nervous and
endocrine systems. The psychosocial
dimension includes social connections
between individuals (mother-offspring,
between congeners), the expression of
innate behaviours and respect for the
circadian rhythm. These components
interact with each other and with the
organs involved in major biological
functions (section 2.2).

Species-specific periods have been
identified as critical for health (e.g.
perinatal period, weaning) as they
correspond to key periods of expo-
sure of animals to high risks at a time
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when certain components may not
have developed completely. For exa-
mple, most animal species are born
with immature immune systems and
must rely on maternal immunity (via
the yolk, placenta, or milk secretions)
in the early stages of life to cope with
exposure to multiple biotic and abiotic
stressors in the surrounding environ-
ment (Brambell, 1970). Similarly, the
adaptive immune system of mammals
generally does not mature until after
weaning (Westrom et al., 2020). This
event, which involves a change in diet,
separation from the mother and some-
times a change in the living environ-
ment, represents a risk. The adaptive
capacity of young animals can thus be
exceeded easily. Even outside these
risk periods, health components are
influenced by factors intrinsic to the
animal (genetics; nutritional, physio-
logical and emotional statuses) which
are influenced by the environment
(biotic, abiotic and anthropogenic
components). These extrinsic factors
can positively or negatively influence
the building up of health, sometimes
in different ways depending on the
developmental dynamics of the health
components (section 2.3). Integrated
health management aims to influence
these factors according to Principles 1
and 2 described above and illustrated
in section 3. Farmers are not always
able to influence certain factors (e.g.
climate risks in free-range farming).
In these situations, integrated health
management implies precaution (e.g.
providing shelter) or anticipation as a
part of integrated health management.

H 2.2. Interactions between
components

The various components of animal
health constantly interact. For example,
the immune system develops in close
interaction with the body’s mucous
membranes and their associated micro-
biota. Likewise, colonisation of the gut
by the digestive microbiota is essential
for development of digestive capacity
and maturation of the immune sys-
tem associated with the gut mucosa
(Westrom et al., 2020). Similarly, there
are strong interactions between diges-
tive microbiota and the central and
enteric nervous systems (Foong et al.,

Représentation conceptuelle des composantes de la santé animale.
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2020) and the endocrine system. Thus,
metabolites from the microbiota can
influence the neuroendocrine system
through different pathways (Rabot,
2015) and, conversely, the stimulation
of the corticotropic axis observed at
weaning helps shape the gut micro-
biome and modifies the metabolome
of piglets (Jiang et al., 2020). A recent
study suggests that pecking behaviour
in hens is influenced by an interaction
between gut microbiota and the central
serotonin system, as well as by modu-
lation of the immune system via the
cholinergic system (Falker-Gieske et al.,
2020). Furthermore, the interaction
between the psychosocial component
and the endocrine system can be used
by pathogens that have the ability to
produce or use neuromodulators and
influence the behaviour of infected
animals (Lyte, 2013). In pigs, transport
and social stress are associated with the
reactivation and spread of Salmonella
Typhimurium infection via nore-
pinephrine, a catecholamine involved
in the stress response, which is thought
to activate growth and expression

of virulence factors in Salmonella
(Pullinger et al., 2010). Finally, the inte-
raction between the circadian rhythm
and the microbiota may result in a
difference in the implantation of gut
microbiota in chicks depending on the
photoperiod of the buildings in which
they are reared (Hieke et al., 2019).

H 2.3. A dynamic vision
of the building up of health

The DoHAD (Developmental origin of
Health And Diseases) concept supports
the idea that health is built up in a dyna-
mic process that starts at gametogene-
sis, including the entire period of foetal
and postnatal development, and ends
around sexual maturity (Suzuki, 2018).
Thus, the parents’ living environment
influences the health of their offspring
through gamete development and the
maternal environment during gesta-
tion and lactation (Nilsson et al., 2018).
For example, dietary restriction in hens
influences the immunity of their offs-
pring (Bowling et al., 2018). Similarly, in
conventional rabbit farming, rabbits

INRAE Productions Animales, 2022, numéro 4
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are simultaneously pregnant and lacta-
ting. The superposition of lactation
and gestation impacts foetal growth
(Fortun-Lamothe etal., 1999) and
the development of unborn rabbits
(Fortun-Lamothe et al., 2000).

Beyond the parental imprint, expo-
sure to favourable or unfavourable situa-
tions during development varies among
individuals and generates a unique tra-
jectory of strengthening or weakening
of health ( ; Halfon et al., 2014).
Hertzman and Power (2011) suggested
three ways to model effects of the life
trajectory on health, two of which are
relevant to farm animals. The latent
model highlights the relationships
between exposure at a given point in
life and health years later. In animal
production, this model applies to the
early programming of phenotypes. For
example, the incubation temperature
of eggs alters the heat tolerance of
chickens (Loyau et al., 2015). In addition,
the hours after hatching/birth and the
start-up/lactation phase are critical for
subsequent health (Guilloteau et al.,
2019; Foury et al., 2020). The cumula-
tive model identifies combined effects
on health due to multiple exposures
throughout the life trajectory. This is the
case for pigs, which develop a higher
vaccine response when their immunity
has been stimulated by hygienic hou-
sing conditions (Chatelet et al., 2018).
Ultimately, the available knowledge
shows that building up an animal’s
health is an active process involving

distinct adaptation mechanisms at
different stages of development that
coordinate the interactions between
all components of an animal’s health.

3. Practices available at
the farming system level

W 3.1. Practices
that can be used in animal
production

The practices are divided into six
dimensions. The first five dimensions
are biotechnical and concern 1-the
living environment ( ): its struc-
ture and organisation and the imple-
mentation of hygiene and biosecurity
rules; 2-management and control of
reproduction ( ): management
and control; 3-herd management
( ): its structure and control;
4-practices related to the animals them-
selves ( ): the choice of genetic
type, management of physical integrity
and implementation of prophylaxis;
and 5-feeding ( ): feed compo-
sition, feeding method, method and
schedule of distribution and individua-
lisation (precision feeding). to
list concrete examples of practices that
can be used in the field to improve the
health of pig, rabbit and poultry far-
ming systems, and mention the inte-
grated health management principle
to which they relate (P1: prevent or P2:
resist/tolerate). The sixth dimension is
related to the decision-making system

( ): acquiring the knowledge
required to implement integrated
health management (biology, disease,
biosafety rules, use of antibiotics, etc.),
using skills related to animal health,
acquiring information on health on the
farm, organising equipment and work,
and integrating into networks.

H 3.2. Time frames
of practices that can be used
in animal production

The practices used for integrated
animal health management can act
over different time frames ( ).
Thus, practices be distinguished by
i) direct effects: e.g. feeding protein to
piglets around weaning influences their
digestive health (Liao, 2021); ii) delayed
effects: e.g. egg incubation temperature
modifies the heat tolerance of chickens
at the end of rearing (Loyauetal.,
2015), or the consumption of essen-
tial oils during chick start-up perma-
nently modifies the transcriptome of
chickens depending on their postna-
tal experience (Foury et al., 2020) and
iii) effects transmitted between gene-
rations: supplementing maternal diets
of ducks with omega-3 fatty acids can
reduce the phenomenon of pecking in
the offspring (Baéza et al., 2017).

Considering the time frames of prac-
tices encourages a long-term vision of
animal health management and bet-
ter understanding of the connections
among the systems within the entire

Individual trajectories for building up an animal’s health when influenced by events that occur at different stages
of the animal’s life (adapted from Halfon et al,, 2014).
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production system or between the links
in a production chain (breeding stock vs.
growing stock; hatchery vs. farm prac-
tices). For example, in poultry farming,
Van der Waaij et al. (2011) recommend
similar rearing conditions for breeders
and their offspring. However, in the
current broiler industry, breeders are
fed a restricted diet to maximise their
reproductive performance, while their
offspring are fed ad libitum to maxi-
mise their growth. Restricting the feed
of breeders influences their welfare and
immune status (Decuypere et al., 2010)
and limits the growth of their offspring
(Bowling et al., 2018).

4. Integrating the practices
into monogastric animal
health in current systems

The practices available at the far-
ming system level for integrated health
management of monogastric animals
should not be considered separately,
but together in an approach of inte-
grated health management. Integration
means that practices are coordinated to
build up animal health to achieve and/
or maintain balance. This includes coor-
dinating practices of prevention and
those that develop the adaptive capa-
city of animals. Conversely, health disor-
ders, when not specific to a pathogen,
as in the case of production diseases,
are generally multifactorial in origin and
occur because several elements com-
bine to exceed the adaptive capacity
of the animals ( ). In the sections
below, we describe how this coordi-
nation is performed on pig, poultry
and rabbit farms. Note that some of
the practices used for their beneficial
effects on animal health also help main-
tain productivity.

H 4.1. Weaning management
in pig farming

In conventional pig farming, piglets
are weaned at 3-4 weeks of age, when
their digestive and immune systems
are still immature. Separation from the
mother, the transition from milk to solid
plant feed and a new microbial and
social environment contribute to des-
tabilise piglet physiology and can lead

to digestive disorders. Several practices
can reduce the onset and/or severity
of these disorders: i) later weaning;
i) creep feeding; iii) adequate access
to drinking water during lactation;
iv) using a palatable post-weaning feed,
low in protein and balanced in essential
amino acids, that contains highly diges-
tible sources of protein and energy, as
well as fibre for the development of the
intestinal microbiota, along with addi-
tives (probiotics, organic acids, clay, etc.)
to maintain digestive physiology and
microbiota (Pluske et al., 2018); v) hou-
sing that promotes thermal comfort
for the animals, cleaning and disinfec-
ting the housing, and regulating the
movement of personnel on the farm to
reduce the presence and transmission
of pathogenic bacteria (Corrégé and
Hémonic, 2018) and vi) vaccination of
piglets against the main pathogens
responsible for infectious diarrhoea
(Melkebeek et al., 2013).

B 4.2 Consistency between
systems on a rabbit farm

In rabbit farming, various practices
are used in a consistent manner with
the four categories of animals present
(suckling rabbits, growing rabbits,
future breeding females, breeding
females) to achieve integrated animal
health management.

After kindling, farmers homogenise
litter size by eliminating offspring with
a live weight less than 35 g and by
cross-fostering to equalise litter size.
This strategy reduces competition
between young rabbits for access to
milk and improves their thermoregu-
lation (access to nest warmth), which
promotes their survival and develop-
ment (Rodel et al., 2008). It also helps
the mothers to maintain an adequate
body condition (weight is lost if litters
are supernumerary), which increases
their longevity. The feeding strategy
for females focuses on managing the
trade-off between meeting impor-
tant nutritional needs during lactation
(energy-rich feed at the beginning of
lactation) and maturation of the diges-
tive system of the young rabbits (high-
fibre, low-starch feed before weaning;
Gidenne and Fortun-Lamothe, 2002). In
addition, young females and breeding

females are vaccinated against VHD and
myxomatosis. After weaning, feeding
high-fibre diets (Gidenne et al., 2010)
and controlling intake (Gidenne et al.,
2012) reduce the occurrence of
non-specific digestive disorders in
growing rabbits. These strategies are
combined with strict hygiene protocols
at the entrance to the rearing rooms
and regular thorough cleaning, which is
made possible by the batched system.
In addition, the batched system allows
litters to be kept after weaning, which
reduces social stress. Future breeding
females generally arrive at 1-2 days
of age on commercial farms and are
adopted by existing breeding females,
which allows them to adapt to the rea-
ring conditions (environmental condi-
tions, microbial environment, etc.) and
reduces the entry of pathogens onto
the farm, particularly Pasteurella mul-
tocida, the pathogen responsible for
the main respiratory disease in females
(Coudertetal., 1999). In addition, to
manage pasteurellosis in breeding
rabbits (respiratory and abscess forms),
control of environmental conditions
(temperature, humidity and air velo-
city) is combined with the elimination
of animals that show clinical symptoms
to prevent spread of the disease on the
farm. Animals resistant to this highly
problematic pathogen can be selected
(Shrestha et al., 2020), but this is rarely
done in breeding centres.

M 4.3. Diversification
of systems in the poultry
sector

In poultry farming, infectious
diseases are managed using several
complementary practices. Animals
are vaccinated to protect them against
infectious bronchitis and Marek’s and
Gumboro diseases (broiler chickens),
or salmonella and coccidia (laying
hens). Strictly complying with biose-
curity rules (disinfection and control
of entries and exits on the farm), eli-
minating sick animals and disinfecting
after each flock aims to reduce the
entry and concentration of pathogens
on the farm. In addition, controlling
ventilation, humidity and temperature
in the building and keeping bedding
clean and dry helps to reduce damage
to the animals’ legs (pododermatitis,
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Examples of environmental practices for integrated animal health management of monogastric animals at the
farming system level (P: pigs, R: rabbits, P: poultry).

. . . Related
Dimension Examples of positive health effects principles
Provide housing with sufficient surface area and height to allow the animals to move around
and to encourage the expression of species-specific behaviours to avoid mental suffering P1
and muscular problems (P, L, V)
Enrich the living environment of the animals (materials to gnaw, dig or scratch; platform,
perch, burrow) and allow access to the open air to encourage the expression of species- P1
specific behaviours (P, L, V)
Use suitable floors to decrease injuries and pododermatitis (P, L) P1
Provide sufficient clean bedding to decrease pododermatitis and digestive or respiratory
P1
problems (V), or for sows (P) and nests (L)
Structure
and organisation
of the living Use movable buildings on runs to decrease the concentration of pathogens P1
environment and parasites (P, L, V)
Provide access to an outdoor grass run to meet the need for grazing (L, V) P1
Provide access to natural light to improve vitamin D production (P, L, V) P1
Use suitable materials to avoid injuries (P, L, V) P1
Limitations identified: Monitoring and handling animals is more complex when the
housing is larger and more complex. Cleaning may be more difficult and work ergonomics
may be degraded if the housing is more complex. Health risks increase, and predation is
possible on the outdoor run.
Optimise ventilation, humidity and rearing temperature to decrease respiratory, digestive P1 and P2
or skin disorders (P, L, V) an
Regular cleaning and/or sanitation to eliminate or decrease pathogen pressure and risk P1 and P2
of infectious disease (P, L, V) an
Control pests to avoid transmission of pathogens (P, L, V) P1
Provide a foot bath at the entrance to the farm, buildings or rooms to avoid introducing P1
pathogens via footwear or vehicles (P, L, V)
Biosafety,
hygiene and the
environment Use specific footwear and clothing for each building or room to avoid introducing P1
pathogens (P, L, V)
Provide washbasins and showers at the entrance to the site to avoid P1
introducing pathogens (P, L, V)
Regularly purge and disinfect water pipes to decrease contamination (P, L, V) P1 and P2
Limitations identified: Loss of the barrier effect and environmental impacts if cleaning
too frequently and with highly caustic active ingredients. Fewer products are authorised
in organic farming.

2 Principles of integrated animal health management (section 1). P1: avoid risk situations and contact with pests; P2: resist or tolerate pests.
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Examples of reproductive management practices for integrated animal health management of monogastric animals
at the farming system level (P: pigs, R: rabbits, V: poultry).

. . Related
Dimension Examples S a
principles
Wean youngsters at a late age (> 30 days) to decrease post-weaning digestive disorders (P, L) P1
Reproductive Use a semi-intensive (artificial insemination 11 d after kindling) or extensive breeding schedule P1
P to reduce female mortality caused by metabolic exhaustion (L)
management
Avoid breeding females at too early an age to reduce metabolic disorders and disruptions P1
of homeostasis (P, L, V)
Use artificial insemination rather than natural mating to decrease the transmission of sexually P1
transmitted diseases (P, L, V)
Perform controlled suckling to reduce injuries to young rabbits and detect suckling defects (L) P1
Breeding
control Practice self-renewal of breeding stock or have a herd of grandparent animals to avoid P1
introducing external pathogens when renewing breeding stock (L)
Limitations identified: All animals in the flock or herd may be susceptible at the same time
(transmission of pathogens)

2 Principles of integrated animal health management (section 1). P1: avoid risk situations and contact with pests; P2: resist or tolerate pests.

Examples of herd management practices for managing integrated monogastric animal health at the farming system
level (P: pigs, R: rabbits, V: poultry).

. . Related
Dimension Examples principles?
Manage (observe, avoid, advance, delay, etc.) the entry and exit of animals in and out of the
flock, herd or farm to reduce the presence of animals at risk for a health or behavioural disorder P1
(P L, V)
Avoid moving breeding animals between batches to decrease the transmission of pathogens P1
(L, V)
Herd
formation | Manage animals in batches to use more refined feeding strategies (P, L, V) P1
Manage animals in batches to perform cleaning and disinfection after each batch (P, L, V) P1 and P2
Limitations identified: Single-batch management can impose unproductive periods that
reduce individual productivity. In batch farming, all animals have the same physiological stage
and are thus susceptible at the same time, which can promote the spread of diseases.
Homogenise the size of litters at birth via adoption between litters to reduce metabolic strain P1
on the females and provide sufficient suckling for the young (L)
Control and
monitor . . . - .
animals in the Decrease animal density to reduce aggression and injury and promote movement (alternative P1
herd systems, P, L, V)

Manage incubation and start-up/hatching in buildings (V) P1

2 Principles of integrated animal health management (section 1). P1: avoid risk situations and contact with pests; P2: resist or tolerate pests.
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Examples of animal-specific practices for integrated animal health management of monogastric animals at the
farming system level (P: pigs, R: rabbits, P: poultry).

. Related
mension Examples A a
principles
Select for disease resistance (P, L, V) P2
Bregd or Choose animals from more robust lines (P, L, V) P2
genetic type
Use intermediate to slow-growing lines to reduce musculoskeletal disorders (V) P1 and P2
Do not trim beaks, to reduce pain (V) P1
Do not dock tails, to reduce pain and infection (P) P1
Physical
integrity Castrate animals to decrease mounting and aggression between animals (P) P1
Remarks or limitations identified: Anaesthesia has been mandatory since 1 Jan 2022.
If beak trimming and tail docking are not performed, pecking and tail biting should be managed,
especially if densities are high.
Vaccinate against myxomatosis and VHD (L); Marek’s disease, Gumboro disease, infectious P1 and P2
bronchitis and coccidiosis (V); and E. coli (P)
Prophvlaxis: Use essential oils for digestive or respiratory disorders (P, L), to manage stress, stimulate P1
opPNYIaxIs: | the immune system and support anti-infectious properties (V)
vaccines,
phytotherapy, Use herbal extracts to support liver function around parturition (P, L), support immunity
aromatherapy . . P1
and regulate the redox balance and inflammation (V)
Remarks or limitations identified: Contamination should be monitored (live attenuated
vaccines)

¢ Principles of integrated animal health management (section 1). P1: avoid risk situations and contact with pests; P2: resist or tolerate pests.

tarsal burns, etc.). Poultry farms invest
strongly in practices that support the
animals’ ability to adapt to environ-
mental variations that may be stress-
ful and influence health. This means
using feeds with a high value for health
(micronutrients, antioxidants, probio-
tics, plant extracts, essential oils, etc.)
while maintaining the expected pro-
ductivity of poultry (Bhagwatetal.,
2021; Abd El-Hack et al., 2020).

However, total confinement in small
housing units without environmental
enrichment and high animal densi-
ties (up to 42 kg/m? in broiler produc-
tion) have been strongly criticised for
their negative effects on animal wel-
fare. Thus, enriching the living envi-
ronment is an essential practice to
reduce aggression between animals
(Rodenburg et al., 2013). However, this
practice is not always sufficient to keep
the animals healthy, and this type of
farming is currently criticised for not
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considering animal welfare sufficiently.
Consequently, many alternative systems
have been developed recently. Animal
access to a run can diversify the beha-
vioural repertoire (psychosocial com-
ponent of health), and selecting lines
with a low growth rate can reduce mus-
culoskeletal disorders, including mus-
cular myopathies. In these alternative
systems, animals are exposed more to
parasites and pathogens transmitted by
wildlife. In addition, using mobile buil-
dings could reduce disease pressure on
the run, as could the planting of medici-
nal plants. Phytotherapy and aromathe-
rapy could be used more generally in
feed or drinking water (Travel et al.,
2021) or via self-medication with plants
grown on the run or provided in buil-
dings (Guilloteau et al., 2019; Foury
et al.,, 2020). However, access to runs
may also be temporarily prohibited
to protect animal health, for example
during avian influenza episodes. Finally,
intermediate systems, which provide

animals access to winter gardens or
fenced or netted areas, are being deve-
loped to provide animals with space
to express their behavioural and social
needs with little exposure to environ-
mental pathogens or contamination by
wildlife.

5. Limitations of current
strategies and ways
forward

Generally, over the past few decades,
health management on monogastric
animal farms has focused on the phy-
sical health of the animals and the
desire to increase animal productivity
for economic reasons. Certain tech-
nical choices now cause health and
welfare problems (e.g. housing in wire
cages and pododermatitis of breeding
rabbits). Moreover, these choices have
often been made to the detriment of
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Examples of feed-related practices for integrated animal health management of monogastric animals at the farming
system level (P: pigs, R: rabbits, P: poultry).

. . Related
Dimension Examples g a
principles
Use feeds formulated to meet the nutritional needs of the animals at each physiological P1
stage (energy, amino acids, essential fatty acids, fibre, vitamins, minerals)
Use highly digestible low-protein feeds with balanced amino acids to reduce post-weaning P1
digestive disorders (P)
Incorporate phenol-rich raw materials (sainfoin) to control/prevent intestinal parasitism (L) P1 and P2
Feed composition | Supplement feed with pre- and probiotics®, essential oilsbor organic acids® to reduce
L . . P1 and P2
non-specific infectious disorders (V, L, P)
Supplement feed with micronutrients (vitamins, minerals) and antioxidants to reduce P1
metabolic disorders in breeding and growing animals (L, V, P)
Limitations identified: Feed can also be a source of contaminants (mycotoxins,
xenobiotics, pathogens). Organic systems cannot use synthetic amino acids. Search for
alternative protein sources to imported soya bean.
Increase particle size to reduce the risk of ulcers (P) P1
Method Distribute long-stemmed dry fodder to reduce digestive disorders (L) P1
of presentation . . .
Provide dry fodder in the form of compressed blocks to allow animals to gnaw (L) P1
Make plants or extracts freely available in the building or on the run (L, V) P1
Restrict feed after weaning to reduce the frequency of digestive disorders (L) P1 and P2
Method Feed before weaning to stimulate the development of digestive capacity P1 and P2
and schedule |and the establishment of microbiota (P, L)
of distribution
and management | Switch from free-feeding to meals in order to prepare animals for force-feeding (V) P1
of feed transitions
Limitations identified: Risk of female weight loss: only one feeder for females
and young rabbits (L)
Individualisation |Perform precision feeding to reduce excessive fattening or breaks in homeostasis (P, L, V) P1

2 Principles of integrated animal health management (section 1). P1: avoid risk situations and contact with pests; P2: resist or tolerate pests.
®the feed is a medium for administering substances that benefit animal health.

the psychosocial health of the animals
(e.g. high animal density, inappropriate
living environments and pecking for
laying hens; limiting the behavioural
repertoire of rabbits reared in cages;
stereotypies at the end of pregnancy
in sows housed in boxes).

Below, we discuss limitations for pig,
rabbit and poultry farms as well as
potential strategies for technical deve-
lopment. These limitations are not only
technical, but also human and social

(need for security, support for new prac-
tices, competition for working time),
economic (investments, farm profitabi-
lity) or scientific (genetic selection, early
diagnosis of disorders; Ducrot et al.,
2018; Piel et al., 2019).

In conventional pig farming, mana-
ging piglet health at weaning without
using antibiotics remains difficult on
some farms. One reason is the age at
weaning. European Union Directive
2008/120/EC issued minimum standards

for the protection of pigs, which recom-
mends that no piglet should be sepa-
rated from its mother before it is 28 days
old. However, the practice of weaning at
21 days of age has developed strongly
in France in recent years to encourage
a rapid return to heat and maximise the
numerical productivity of sows. Studies
in the Americas (Faccin et al., 2020) and
Europe (Postma et al., 2017) have shown
that a later weaning age (35 days) is
associated with lower antibiotic use,
probably due to greater maturity of the
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Practices for integrated animal health management of monogastric animals (Gotti et al., 2021b).

Practices

Acquire knowledge

Learn more about the biology, physiology and behaviour of animals

Identify good/poor physical health and welfare of animals

Learn more about animal diseases

Improve knowledge of biosafety and prophylaxis rules

Train in animal handling

Train in the well-reasoned use of antibiotics

Train in the detection of diseases and health risks in animals

Use the skills of a work group and experts

Consult regularly with external professionals

Develop the knowledge of the entire work group

Develop a strategy for distributing responsibilities within the work group

Communicate within the animal-health work group

Acquire information on the health of animals and herds

Develop an information and data-recording system on the health of the herd

Observe animals and obtain tools to supplement observation

Obtain equipment to record farm performance and detect the onset of disorders

Organise equipment and work

Optimise the organisation of work on the farm to maximise compliance with biosecurity rules

Obtain equipment or optimise the organisation of work on the farm to have time to observe the health of the animals
and improve the quality of relationships with the animals

Integrate into networks

Provide support for risk-taking during changes that lead to reconfiguration of the system

Provide economic support for productivity losses caused by de-intensification of animal production

Multifactoriality of practices by category that influence the emergence of frequent health problems in rabbit (A),
pig (B) or poultry (C and D) farming. The five categories of practices are described in Tables 1 to 5.

Disorder Influential practices: ; reproduction; herd management; ; feeding

A. Digestive disorders

in young rabbits Age at weaning; ; Fibre intake; Control of intake; Dietary transition

B. Digestive disorders ; Age at weaning; Feed composition, including protein intake

in piglets

C. Myopathies in broiler ; Animal density; Age at slaughter; ; Energy content of the
chickens feed

D. Pecking in laying hens? ; ; Animal density; ; Feed restriction

¢ Interactions between practices are possible. For example, for myopathies in broiler chickens, the age at slaughter and energy content of the feed have a strong
influence only on fast-growing genetic lines.
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Time frames of practices that influence animal health: direct effects (A), delayed effects (B) and effects transmitted

between generations (C).

A. Direct effects

Farm practise =>

Dietary fibre supply
(level and type)

B. Effects delayed over time

Farm practise >

Dietary energy supply =

Cyclical exposure to heat >

Animals > Effect on health
Growing rabbits - Reduction in digestive disorders
Animals at A stage - Animals at A stage -  Effect on health
Pregnant sows > Lactating sows = Body condition
Homeostasis
Eggs (hatchery) > Broiler - Increased heat

C. Effects transmitted between generations

Farm practise

Omega 3 fatty acids supply >

piglets. Other avenues for progress are
mentioned, but they represent signifi-
cant scientific and technical challenges.
They include i) providing forage, which
in addition to getting the animals accus-
tomed to solid feed and promoting the
development of microbiota, provides a
substrate for play, ii) managing sows to
promote their welfare during gestation
and iii) mixing piglets before weaning
to promote social interactions between
piglets from different litters (Blavi et al.,
2021).

Delaying the weaning age is encou-
raged in organic farming, which
requires weaning after 42 days to
approximate natural conditions (90-
120 days), and provides interesting
avenues for improving piglet health
without altering the sows’ return to
reproduction (Ferchaud etal., unpu-
blished data). Using animals that are
resistant to the main pathogens invol-

=  Animals of generationn >

Animals of

resistance

- Effect on health

generation n+1

Breeding ducks >

ved in diarrhoea, resilient to weaning,
efficient from a feeding viewpoint and
adapted to varied and variable rearing
conditions would be a major advance
(Le Roy et al., 2019). Implementing this
depends on scientific advances and
changes in breeding programmes.
Finally, current housing conditions
for lactating sows and piglets are not
always conducive to the expression of
natural behaviours, positive mother-
young relationships, learning to feed or
interactions between piglets from diffe-
rent litters. Changing housing systems
is often hindered by the economic cost
of investment (Bertin and Ramonet,
2016).

In rabbit farming, housing animals
in cages with wire mesh floors is jus-
tified to manage parasitic infestation
by reducing the animals’ contact
with their faeces. However, coccidia
are present on most conventional

Growing ducks

- Reduced pecking
between conspecifics

farms (protozoa of the genus Eimeria;
Licois, 2009) and the use of anticoc-
cidial medicines, mainly robenidine®,
remains frequent and is currently cau-
sing resistance problems. At the same
time, this housing method leads to
pododermatitis in breeding females
(prevalence: 5-15%; Rosell and De la
Fuente, 2013) despite the presence
of plastic “leg rest” bottoms. For this
reason, rabbit farming is moving
towards rearing growing rabbits in
pens, often with slatted floors, and in
large groups (more than 20 animals).
This change leads to more social
interactions (at least with conspeci-
fics), which can modify the dynamics
of pathogen transmission, especially
if animal density is not reduced
(currently limited to 45 kg/m? at 70
days of age for growing rabbits). It
is thus necessary to reconsider i) the
layout of the living environment, to
not disrupt these social interactions

INRAE Productions Animales, 2022, numéro 4



320/LAURENCE FORTUN-LAMOTHE et al.

in relation to animal expectations,
and ii) implementation of hygiene
and prophylaxis protocols, to reduce
pathogen transmission within these
large groups. Changing housing could
prevent the maintenance of mul-
ti-purpose housing for breeding and
growing rabbits and lead to abandon-
ment of the “all-full-all-empty” health
management currently practised on
half of French rabbit farms. This type
of management has the advantage
of allowing the building and housing
to be cleaned and disinfected after
each batch of animals. However, it
can also promote pathogen trans-
mission because the animals in this
confined environment all have the
same physiological stage and are the-
refore exposed to the same degree of
risk. Furthermore, as the microbiota
influences maturation of the immune
system, excessive hygiene could
ultimately be detrimental to animal
health. Combining animals at diffe-
rent physiological stages is a practice
that predates the batch system and
should be studied considering the
new production methods.

For breeding females, respiratory pro-
blems persist despite the methods used
to control environmental conditions.
Using resistant animals seems to be the
most promising approach but remains
to be implemented. Furthermore, it
has been shown that reducing the
rate of reproduction (e.g. insemination
every seven weeks instead of the cur-
rent six weeks) reduces the nutritional
demands of the females, which impro-
ves their body condition and increases
their longevity. Nevertheless, this prac-
tice is not widespread and is often
restricted to summer for economic rea-
sons (reduction in annual productivity).
Finally, individual housing of females
is contested by animal rights activists
because rabbits are social animals
that live in colonies. Group housing of
familiar females (biological or milk sis-
ters) is possible until the first kindling
(Laclef etal., 2021). After that, however,
female rabbits fight and seriously injure
each other in an attempt to establish
a social hierarchy. A system that is a
satisfactory compromise among repro-
ductive performance, health and beha-
vioural expression remains to be found.
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In poultry farming, a major limita-
tion to animal health and welfare is the
segmentation of the production chain
(breeder rearing, hatchery, chicken or
pullet rearing, laying house for egg
production systems, transport to the
slaughterhouse). It leads to waiting and
transport phases, especially between
the hatchery and the farm, that are a
source of considerable stress for the
animals. After being handled (sorting
and sexing), they are kept without
water and feed for several hours and,
during transport, may be subjected to
variations in temperature and humi-
dity, as well as vibrations and transport
hazards. This has been shown to have
a lasting effect on their subsequent
physical (postnatal hypothermia, alte-
red metabolism, growth retardation;
Guilloteau et al., 2019, Beauclercq et al.,
2019; Foury et al., 2020) and psycho-
social (Hollemans et al., 2018) health.
Access to water and feed at hatching is
necessary, and they can be provided in
hydrated feed at the hatchery and/or in
transport boxes or by hatching on-farm
(Van de Venetal., 2011; Leterrier,
unpublished data). Furthermore, early
implantation of a natural (from or in
the presence of adult hens) or selected
(gut microflora, probiotics) microbiota
barrier reduces the load of salmonella
and other enteropathogens (Schneitz,
2005), facilitates maturation of the
immune system and helps decrease
the mortality rate, which remains high
in the start-up phase.

Using highly specialised genetic lines
whose metabolism is oriented mainly
towards the targeted biological func-
tion (growth or egg production) also
influences animal health. For example,
laying hens that are selected for egg
production have a weakened skeleton
after 70 weeks. This situation is exa-
cerbated by the rearing conditions,
which do not provide the animals with
sufficient opportunities to move. In
contrast, chickens that are selected for
rapid growth and high feed efficiency
have pectoral muscle yields greater
than 20% but a weakened thermore-
gulatory capacity (Piestun et al., 2008)
and are prone to frequent muscle myo-
pathies such as white streaks, wooden
breast or spaghetti muscle (Praud et al.,
2020). Using slower-growing lines or

mixed lines for both egg and meat pro-
duction could prevent these disorders.

Finally, feather pecking in laying hens
remains a major health problem that is
currently managed by modifying the
animal’s physical integrity (beak trim-
ming). This practice could be avoided
by providing fibre-rich feed, enriching
the living environment (adapted lit-
ter, pecking stones or blocks), genetic
selection (control of fear and stress
levels) and reducing rearing densities
(Rodenburg etal., 2013; Zepp et al.,
2018).

6. Future challenges

Currently, some European consumers
want animal welfare to be considered
better. They do not support practices
that modify physical integrity (castra-
tion without anaesthesia, tooth grin-
ding, beak trimming, etc.), disapprove
of animal production in cages and
want animals to be allowed to move
freely. Following the citizens’ initia-
tive “End the Cage Age”(https://www.
endthecageage.eu/), the European
Commission has committed to develo-
ping a framework for legislative change
that would require ending cage farming
by the end of 2023 and that would
come into force in 2027. Monogastric
animal farms are particularly targeted
by this initiative (breeding animals and
growing rabbits, etc.).

Monogastric animal farming systems
will have to change significantly, and
health management will have to be
re-evaluated accordingly. Improved
welfare considerations, however, can
sometimes have a negative influence
on animal health in these farming
systems. This is the case for rabbits
(Szendro et al., 2019) or sows kept in
groups. Giving them the opportunity
to interact socially with conspecifics
results in frequent fighting and a high
injury rate until the social hierarchy is
established. Research has also shown
that although animals with access to
the outdoors appear to be subject to
fewer respiratory diseases than ani-
mals kept in confined systems, they are
subject to higher perinatal and repro-
ductive mortality (Delsart et al., 2020).
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This is due mainly to inadequate control
of light and thermal conditions. Health
management in these systems should
thus include ways to help animals adapt
to climate variations (windbreaks, shel-
ter, refuge; Skuce et al., 2013), the abi-
lity to predict these variations (access
to data or weather alerts) to be able
to shelter the animals beforehand and
improving the layout of outdoor areas
(trees, windbreaks, protective barriers,
etc.). Furthermore, animals with access
to the outdoors are exposed to more
parasites and other infectious agents
not encountered in buildings (via
feed, soil and contact with wildlife).
The layout of the living environment
or innovative practices will have to
be considered to manage these new
challenges. The experiences of farms
that comply with organic farming speci-
fications could be valuable (Vaarst and
Alroe, 2012). These changes are likely
to increase the diversity of farming sys-
tems and variability in the health and
welfare of animals. These changes are
also likely to require more individua-
lised ways to monitor and manage
behaviour and health parameters that
could benefit from digital applications
(Grosse-Kleimann et al., 2021).
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Abstract

Integrated animal health management can be defined as the knowledge and practices that humans use in a coordinated manner to build
up, maintain or recover the health of individuals or the herd within the animal farming system. Its aim is to optimise animal health and the
production cycle while reducing the use of antibiotics and antiparasitic agents that cause resistance problems in animals and humans. It is
based on the combined use of three complementary principles: (P1) preventing the onset of diseases by reducing risk situations and contact
with harmful elements (pathogens, toxic elements), (P2) selecting resistant animals or developing their adaptive capacity and (P3) treating
animals in a targeted manner (active ingredient, dose, duration). Health is built up throughout an animal’s life to ensure the harmonious
development and physical integrity of individuals. Multiple practices, grouped into six dimensions (1-living environment of the animals,
2-reproductive management, 3-herd management, 4-choices and practices related to the animals, 5-feeding and 6-farming management)
have been identified to meet this objective. These practices can have a direct, delayed or intergenerational effect on health. Consistent use
of many practices has greatly reduced the use of antibiotics in recent years, but there is still room forimprovement in monogastric farming
systems. In addition, developing farming systems that meet societal demands (respect for animal welfare, short and local distribution
channels, access to the outdoors) poses new challenges for integrated animal health management.

Résumé

Principes, cadre d’analyse et leviers d’action a I'échelle de I'élevage pour une gestion intégrée de la santé chez
les animaux monogastriques

La gestion intégrée de la santé animale peut étre définie comme l'ensemble des connaissances et pratiques mobilisées par ’Thomme de maniére
coordonnée afin de favoriser la construction, préserver ou retrouver la santé des individus ou du troupeau au sein du systéme délevage. Elle a
pour finalité d'optimiser la santé animale et le cycle de production tout en réduisant I'utilisation des antibiotiques et des antiparasitaires qui pose
des problemes de résistance chez les animaux et les humains. Elle se fonde sur la mobilisation conjointe de trois principes complémentaires :
(P1) prévenir l'apparition des maladies en limitant les situations a risques et le contact avec les éléments nuisibles (agents pathogénes, éléments
toxiques), (P2) utiliser des animaux résistants ou développer leurs capacités adaptatives, (P3) soigner les animaux de fagon ciblée (molécule, dose,
durée). La santé se construit tout au long de la vie de I'animal pour garantir un développement harmonieux et l'intégrité physique des individus.
De nombreux leviers d'action, regroupés en six dimensions (1-milieu de vie des animaux, 2-gestion de la reproduction, 3-gestion des troupeaux,
4-choix et pratiques avec les animaux, 5-alimentation et 6-pilotage de I€levage) ont été identifiés pour atteindre cet objectif. Ces leviers peuvent
avoir sur la santé un effet direct, différé, ou bien intergénérationnel. Une mobilisation cohérente de nombreux leviers a permis de réduire fortement
I'usage des antibiotiques au cours des derniéres années mais une marge de progrés est encore possible pour les systémes délevages des mono-
gastriques. De plus, le développement de systémes d'élevage en phase avec les demandes sociétales (respect du bien-étre animal, circuits courts
et locaux, acces a l'extérieur) pose de nouveaux défis pour une gestion intégrée de la santé animale.
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