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1 Glossary/dbreviations

AB: Antibiotics

AMR: Antimicrobial resistance

AMU: Antimicrobial use

AnsesThe French Agency for Food, Environmental and Occupational Health & Safety
BDCT: Blanket dry caveatment

ClAs: Criticl important antimicrobials

DCT: Dry cow therapy

DISARM:Research projectldisseminating Innovative Solutions for Antibiotic Resistance
Managemen}

ECDC: European Centre for Disease Prevention and Control

EFSA: European Food Safety Agency

EMA:European Medicines Agency

ES: Spain

ESPRUMAES)

Idele:French Livasck Institute

ILVO: Flanders Research Institute for Agriculture, Fisheries and Food
IMA: The Industrial Minerals Association (EU)

INTERPORSpanish Inteprofessional AgrFood Organization for White Pork
ITAVI The French Poultry Institute

NL: The Netheands

PCU:Population correction unifunit developed by the EMAo calculate AB use in foed
producing animals)

RUMA:Responsible Use of Medicines in Agriculture Alligt€)

SCC: Somatic cell count

SDCT: Selective dry cow therapy

UK: United Kingdom

VETesponsabletUso Responsable de los Medicamentos Veterina(i8pain)
WHQ World Health Organisation

WR: Wageningen Research (NL)

WUR: Wageningen University and Research (NL)



2 Introduction

The DISARM thematic network has developed a network linking togefdweners,
veterinarians, advisors, industry members and researchers to codify and promote best
practice strategies to reduce antibiotic resistance in intensive and grazing livestock farming.
The network focusses on pigs, poultry and the grazing sector/(deef and sheep). There is
real benefit in the exchange of innovative approacHaifferent sectors can learn from the
approaches to livestock health adopted by innovative farmers in other sectors or countries.
The overall aim is to reduce antibiofi&B) resistance, by reducing the need #Bin livestock
farming by focussing on disease prevention and prudent us@&BfBest practices are
therefore focussed on improving animal health and prevention of disease.

The DISARM Network developed a baselinesssent of stateof-the-art strategies and
technologies to reduce antimicrobial use (AMU) and improve animal health on farms,
including strategies developed by farmers, industry and researchers. A library of open access
information sources has beateveloped, which can be used by farmers and their advisors to
access information on strategies to reduce AMU and subsequently antimicrobial resistance
(AMR) [ttps://disarmproject.eu/searciresour@s/; see also Bennani et al., 2020). Best
practices and innovations have been selected because they reduce the potential
development of AMR. The stat#-the-art report and connected database has been used to
feed the community of practice (CoP) with besactices. Vice versa, the database has been
fed with best practices from farms, industry and research by the community of practice
members.

This synopsis report presents the strategies delivered by the consortium partners in the
DISARM thematic networkt. éstablishes the baseline Stavé-the-Art for AMU and AMR in
livestock farming with innovative strategies from farmers and industry as well as the baseline
information from research projects at the global, EU and national level on how to reduce AMR
in livestock production. The repodummariseghe separate entries in the database and is
mainly meant to explain the structure of the database and create interest in the reader to
explore the database furtheh{tps://disarmproject.eu/searckresources).

This final state-of-the-art review and linked database of strategies has been continually
updated with feedback from the CoP, mudiitor farm health plan groups and from the
events, workshops andollected best practices developedwork package 5(WP3 of the
DISARM project.


https://disarmproject.eu/search-resources/
https://disarmproject.eu/search-resources/

3 Approach

In work package 3 of the DISARM project a protocol was developed for theo$ttte-art
materials. An easily accessible Excel file was created with the purpos¢ only collecting

and organizing the material but also with the specific aim to create an easy to use online
presentation of the material for interested parties To process information for this sthte
the-art report and uploading of records on the BFSM website, the authors could only use
records/publications for which summaries in English had been provided by the project
partners, as only these allowed for a quality check. To structure the information in the
database, collected material was subdivddento 10 primary categories. These primary
categories were divided in subcategories and severalssililtategories to enable the
possibility of a detailed search (Table 1). The structure of the database is presented in Table
2.

Table 1Structure of the stee-of-the-art database in categories.

Biosecurity External biosecurity Animalg
People
Materials
Vehicled
Air
Vermin/pest control
Cadavers
Internal biosecurity Animalg
Peoplé
Materialg’
Vehicles
Air
Vermin/pestcontrol
Housind
Cadavers
Pathogen management Vaccinatiofi
Eradicatiofi
Managing sick animdis Targeted use of antibioti¢s
Diagnosticé
Euthanasiéa
Housing and welfare Weaning age and
managemernit
Enrichment
New housing systerfis
Climatef
Stocking density
Milk parlour

Pasture (management)

Manure managemerit
Water Water quality’

Water system



Water additive$
Feed /gut health Early feeding
(colostrum/feed)
Feeding managemetit
Feed compositioh
Feed additivesind
supplements
Precision Livestock Farmini Sensor technolody
& early detection
Big data analysés
Breeding for disease
resistance or robustness

Specific alternatives New antibioticé
Immunomodulator$
Pre/probiotics®
Other*
Antimicrobial use reduction Legislation/Incentives Government
strategies Chain/label$
Monitoring/Surveillancé Disease/health
Antibiotic usé
Prudent Use Farmef

Veterinariarf
Pharmaceuticafs
Agriadvisof
Other*
* When material does not refer to one of the ten categorié€ategories used in the final database

Although it is a specific interest to enhance crpsdlination between sectors, interested
parties might want to search for papers or innovations on dpeapecies or countries.
Therefore, a species and country indication was provided (using bold face and underlined text
respectively). On every entry, additional information was provided to enable readers to get
an impression fthe material at hand, befa diving deeper into the material (via the provided
links) themselves. To give an indication of the level of innovation and of the evidence
presented in the farm and industry led innovations, an expert judgement was added in the
form of a one to five starating. Table 2 presents the information that is (as far as known)
provided on each entry in the database.

Table 2Information on entries in database

Species Pigs

Poultry

Dairy

Beef cattle

Sheep

Multiple species
Age category Young

Adult



All

Scientific paper/report* Scientific paper
Report
Funding body* Public

Private (sector)
Private (industry)
Unknown
Study design* Review
Experimental study
Field study
Intervention study
Questionnaire
Descriptive
Level of efficacy Reducingantimicrobial resistance
Reducing antimicrobial usage
Improving animal health
Reducing risk factors
Animal welfare Improved
Unchanged
Decreased
Unknown
Practical- implementation Easy
With some effort
Difficult
Unknown
Practical- requirements Management change
Purchase materials
(Re)construction
Unknown
Cost benefit- category Economical (farmer)
Social and/or public health
Sector
Unknown
Cost benefit- result Positive
Unchanged
Negative
Unknown
Innovation rating** 1-5 stars
Evidenceating** 1-5 stars

* indicated in research papers and reports only
** indicated in farm and industry innovations only

All partners in the DISARM consortium were asked to search for research papers and farm
and industry innovations, deriving preferalilpm their own country and regarding species
and housing systems relevant to the project. However, since qrolisation is an important

way of innovating, some entries regarding other species were also included when the strategy
or innovation was regaetl of interest for other sectors. Partners were asked to collect
material published after 2010, to enhance collection of newer strategies and innovations.



Consortium members supplied information and links to the databasel were involved in
the reviewingof this stateof-the-art report.
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4 Collected material

A total of 522 records entries were collected by the consortium partners. Of these, 511
records were left after internal quality checks (e.g. by removing double entries) for reporting
and uploading orthe DISARM website. In totHie database include840 research papers
and research reports, 46 farm innovations, 82 tools and checklists and 43 industry
innovations. Table 3 shows the number of entries included in the database in the different
categoriesand Table 4 shows the number of entries per species.

Table 3Numbers of collected papers and innovations divided over categokigd):
antimicrobial use.

Research Tools and Farm Industry Total
papers  checklists innovations innovations

Biosecurity 40 5 7 3 55
Pathogen 45 6 6 4 61
management
Housing and 16 5 3 3 27
welfare
Water 6 2 4 1 13
Feed /gut 33 1 5 7 46
health
Precision 11 1 2 7 21
Livestock
Farming &
Early
detection
Breeding for 8 0 1 2 11
resilience
Specific 33 0 3 2 38
alternatives
AMU 79 6 12 10 107
reduction
strategies
Prudent use 49 16 3 3 71
Other 20 40 0 1 61
Total 340 82 46 43 511

Species Research Tools and Farm Industry

papers and checklists innovations innovations

reports
Beef 7 1 0 0 8
Dairy 86 26 12 12 136
Pigs 93 21 7 9 130
Poultry 49 7 19 7 82

11



Sheep/goats
Multiple/other
Total

10
95
340

19
82

[ERN

46

15
43

19
136
511
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5 State-of-the-art strategies

In this chapter a summary of databasetries is presented, divided over the aforementioned
categories. Further details regarding the strategies and innovations can be found in the
database lfttps://disarmproject.eu/searchresources). In the sections below reference to
database entriesire identified by superscripts in green font like thi&e. more information

can be found imecord #1 irthe databaség Referenceshat were not included in the database
have been referenced in thenfal chapter of the reportBelow, different species of farm
animalshave been highlighted ibold, and countrieswhere studies have been conducted
have been marked witbhnderlined fonts Each section has highlights summarising key ppints
and most sections haveubsections explaining the concepts, how it relates to AMU/AMR,
why it is importanf and what it interesting or worthwhile knowing about the topic

5.1. Biosecurity

Biosecurity measures help to prevent the entry and spread of infectitissases on and
between farms, thereby reducing disease incidence and the need for veterinary antibiotic
treatments®® (Dewulf and Van Immerseel, 2019Jhe sections below discuss first the
database entries on external biosecurity and then on internaldzasty.

5.1.1. External biosecurity
Highlights

1 External biosecurity is the prevention of introducing pathogens, that may cause
disease, from entering the farm.

1 Aspects of external biosecurity include special attention to disease entry via visitors,
animals, wildife, animal products like semen, equipment, materials like bedding, and
via the air.

1 A hygiene lock may be one of the most important measures you can take to build
external biosecurity.

1 The BioCheck.UGent is a freely available checklist you can use$s assious
aspects of biosecurity including external biosecunityv{v.Biocheck.UGent.he

1 Farmers who want to improve are recommended to consult their local veterinarian
to discuss the issue.

What is externbbiosecurity?

External biosecurity aims to prevent the introduction of pathogens onto the farm through,
for example, controlling movement of animals and people onto and off farms; controlling
wildlife vectors; and quarantining new animals when buyim@ivestock. By contrast,

internal biosecurity concerns the spread of pathogens within the farm boundaries
(Palczynski, 2021).

How does external biosecurity help reduce antimicrobial resistance?

By preventing the entry of pathogens onto the farm, and into Heed or flock, causing
infections, external biosecurity reduces disease and thereby the need for treatment and the
subsequent risk of developing AMR (antimicrobial resistance). Antibiotics are used to cure
infections caused by bacteria. The other maineygs infectious disease is caused by viruses.
Viral diseases may lead to increased antibi¢fiB)use due to the increased likelihood of

13
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predisposition to secondary bacterial infections. The best way to prevent viral disease is
through vaccination.

It is also important to distinguish between disinfection and cleaning. Cleaning implies the
removal of visible dirt, whereas disinfection involves killing of (invisible) pathogens like
bacteria, viruses, and worm eggs. When angral manure are present, and eswhen
animals live in close proximity to their manure, disinfection is an illusion. Disinfection can only
be accomplished in empty barns. When animals are present, cleaning mainly involves taking
away the manure.

There have been concerns regarding the akdisinfectants in agricultural environments.
However, a study conducted in 2019 reported that proper disinfectant use did not seem to
promote AB resistance nor reduésscherichia catlisinfectant susceptibility. Nonetheless,
please note that "proper use in agricultural environments" can be a real challénge

It is therefore crucial that disinfectants are used sensibly. In a study involvingabtalf

farms which either reducedBuse alone or in combination with cleaning and disinfection
farms with reduced antimicrobial use (AMU) and farms that acted as control farms showed
reduced MRSA (multesistantStaphylococcus Aureusarriage in veal calves. On other

hand, the additionatleaning and disinfection in these farms had no effect, possibly because
it resulted in increased MRSA air lo&ds

Why is external biosecurity important?
Prevention, of course, is better than cufe External biosecurity can help prevent disease,
reducethe stress associated with disease and decrease the negdBtreatments.

Biosecurity, in combination with other preventiweedicine strategies such as vaccination, is
the basis of any animalisease control program. When prevention fails, (more) cueati
action will be necessary, which often includeB use Improved external biosecurity has
been shown to improve production performan¢é’® In a Facebook survey covering a
range of countries, sectors and professions, biosecurity was recognised a$ theemost
important prerequisites for animal health (Palczynski, 2021

External biosecurity has also been often recognized as an important part of AMU reduction.
A study showed external biosecurity to be among the top 5 most effective (but not among
the top 5 most feasible or most economical) measures bypid &xperts fromBelgium,
Denmark, France, Sweden and Switzerlamceduce AMU®?. The link between biosecurity,
AMU reduction and improved animal welfare has been fairly well establishegidsrand

dairy cattle, and more recently, Diana et ‘df.reported the need formproved biosecurity.
Lower AMU was also related to improved welfare on speciabssdfarms. Another study
pointing out the importance of biosecurity reported thB6BIE coli(extendedspectrum
betalactamase producing. colj positivepig farms less fien had improved biosecurity
measures such as a hygiene lock or professional pest coitrol

Furthermore biosecurity is also important to reduce the risk for zoonoses and food
poisoning, e.gSalmonellan pig production'>=,

However, the importance of bsecurity is still not fully recognized. Farmer perceptions
were the object of an online questionnaire to 2, 279cattle and 61poultry farmers in

14
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than 10% othese farmers>°. Farmers had broadly similar knowledge on disease prevention
and biosecurity. Insufficient motivation was the most likely reason for poor implementation
of biosecurity measures. Insufficient information on costs and economic benefit wasase

the biggest obstacle to implementing preventive measures. The veterinarian was considered
the main source of information. He can raise farmer interest in disease prevention by
explaining the subject in more detéi.

What is interesting & worthwhilenowing about external biosecurity

External biosecurity concerns taking precautions to prevent people, newly purchased farm
animals, wildlife/pests, air, equipment or materials (e.g. bedditg carry pathogens onto

the farm. It concerns using e.g. agmne lock (including e.g. visitor registration, changing
footwear, clothes, taking a shower, disinfection of hands, etc.), imposing a quarantine
period for new animals, the purchase of pathogege animals, the proper disposal of
animals and other mateais, and pest and wildlife control.

For example, it has been found that wild animals foraging in the hdimfirenced
environment are colonized by bacteria with clinically importABresistancé°.

Elements to consider in external biosecurity include shecture of the farm (e.g. a

separation of a clean and dirty area), quarantine, purchase of semen and animals; purchase
of materials and equipment, disposal of animals and materials; manure; storage of
carcasses, supply of feed, water and goods, entraocdrol, footwear and clothing, a

hygiene lock, hand washing, vermin and bird control, farm location and surroun@tegs

and pictures below derived mostly from De Wulf, J., External biosecurity in pig production.
(Presentation). Gent University).

The pictures below illustrate a number of these aspects.

Washing hands

Make surevisitors register ang

Entrance control
know what the rules are
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A dead mouse

Footwear with profile is morg
difficult to clean

VERBODEN TOEGANG
VOOR ONBEVOEGDEN
ONTSMETTEN
VERPLICHT

Do not allow unwanted visitors
enforce disinfection

Make sure rodents do not hav
a place to hide near buildings

,I)A", = % -, b
N, £y

Disposal of manure

Pest control: Make sure bird
and rodentscannot enter the
barn

P

Disposal of carcasses

Farm innovations mainly regard usage of tools to check the status of biosecurity measures,
especially the Biocheck.UGet¢veloped by Ghent UniversitBélgium discussed in more
detail below), and forpoultry e.g. PULSE?>'45%% developed by AIRVOL and ITAVYacs.

With suchtools farmers can gain insight into aspects of their farm that are well taken care of
regardng biosecurity and aspects that require attention to prevent diseases entering or

spreading through the farm.

Other industry innovationsire e.g.a housing and hygiene concept (HyCare®). The HyCare®
system focusses on the hygiene of housing (by usingrapati walls and floors), water,
cleaning and disinfection and vermin control. Coaching is also included in this concept.

16



5.1.2. Internal biosecurity

Highlights
1 Internal biosecurity refers to the prevention of spread of infectious agents within the
farm.

1 Internalbiosecurity is inherently linked with farm management (disease
management, all in / all out (AlI/AO), stocking density, compartmentalization and
working lines, cleaning and disinfection).

1 The BioCheck.UGents a freely available checklist you can use tseas various
aspects of biosecurity including internal and external biosecurity
(www.Biocheck.UGent.he

1 Farmers who want to improve are recommended to consult their local veterinarian
to discuss the issue.

What is internal biosecurity?

Internal biosecurity consists of all measures taken to prevent spread of infectious agents
within the farm (e.g. from one age category to another or from one production group to
another or even within a production group). Intexl biosecurity measures have a very strong
link with the farm management and the daily practice of the animal care takers (e.g. hygienic
measures between compartments, working lines, cleaning and disinfection practices). In
contrast to the external biosegity measures, these are much more oriented towards the
control of endemic infectious diseases.

How does internal biosecurity help reduce antimicrobial resistance?

When experts ipig health were asked to rank alternatives to antimicrobial 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 interna
biosecurity are perceived as the most promising alternative to AMU in pig production
Various studies have provided hints regarding the way internal biosecurity can help reduce
AMR. For examplaveanerfarms inDenmarkthat used less antimicrobials thahe national
median showed a uniform profile with regards to the compartmentalization of the working
lines and the use of all in / all out procedures with subsequent cleaning (Fettakr 2012).

Also inbreederfinisher pigherds inBelgiumit was fownd that herds with higher internal
biosecurity scores had lower antimicrobial treatment incidences, suggesting that improved
biosecurity might help in reducingMU'“°, In France farms with distinct working lines and
use of all in / all out practices werfeund to be associated with lower AMU in breeéder
finishers herds (Lannaet al, 2012). Last but not least, in a European study invoBa&lgium,
Switzerland, France, Sweden, Denmark and Gerntlamylevel of internal biosecurity was
found to positively asociate with a better control of infectious diseases and a lower need for
antimicrobials?®.

Why is internal biosecurity important?

If biosecurity and disease prevention measures are well implemented curative treatment of
diseased animals can be restrictean absolute minimum. Internal biosecurity measures
received attention lately due to the intensification of the animal production where animal
groups are becoming larger and more vulnerable, and production efficacy is becoming more
critical. Also the iaoreasing attention for a reduced and responsible AMU in animal production
has promoted the interest in internal biosecurity measures.
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What is interesting and worthwhile knowing about internal biosecurity?

The main components of internal biosecurity are:

Disease management

A systematic disease management strategy is needed to prtaaotanimalhealth. It is
important to include correct handling and treatment of diseased animals, make use of
proper diagnostics, use isolation and disease registration, asdrera high immunity status
for all animals (through vaccination). Diseased animals should be isolated in a sickbay, in
order to prevent other animals from pathogen exposure. Any treatment of animals should
be performed carefully to avoid mechanical transsion of disease. For example, needles
may get contaminated through use and storage by numerous environmental germs and as
such become efficient disease transmitters.

All'in / All out (AI/AO)

The AI/AO principle helps to prevent crasmtaminationbetween successive production
batches and makes it possible to clean and disinfect rooms/units between different batches.
A consequence of this principle is that within a batch of young animalgp{glgts), any

animals that grow slower in comparisonttee rest must not be kept in the next batch of
younger animals as has been done in the past. Such animals can be a source of infection for
the younger age group.

Stocking density

A high stocking density induces stress which results in an increased sgrnitiafections,

and an increased excretion of germs. Besides this, decreased animal welfare is associated
with high stocking density.

Compartmentalization and working lines

Animals of different age groups may have different levels of sensitivity taiogpathogens

and therefore it is crucial to keep age groups separate and to work according to strict
working lines starting at the youngest animalad workingtowards the oldest animals to

end with the quarantine stable and sick bay. To avoid draggnggon footwear, boot

washers and disinfection baths can be placed between production units. Fdreasing

groups (e.g. quarantine stables, sickbay), an additional hygiene lock for changing of clothing,
footwear and washing of hands is recommended Yoid pathogen spread between

different age groups.

Cleaning and disinfection

To prevent recurring infections between consecutive production rounds, a thorough cleaning
and disinfection of pens is required. This consists of the following seven steps:cclgairing

and removal of all organic material, 2) soaking of all surfaces to loosen all remaining organic
material, 3) high pressure cleaning with water to remove all dirt, 4) drying of the stable to
avoid dilution of the disinfectant (to be applied in thalowing step), 5) disinfection of the
stable to achieve a further reduction of the concentration of germs, 6) rinsing and drying of
the stable to assure that animals afterwards cannot come into contact with remaining

disinfectant and finally 7) testingf the efficacy of the procedure through sampling of the
surface.

The pictures below (courtesy of Prof. Dewulf Jeroen) illustrate these seven steps.
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1. dry cleaning and removal of all organic material

2. soaking of all surfaces to loosen all remaining organic
material
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5. disinfection of the stable

7. Testing of efficacity

Score KVE per plaat
0 0

1 1-40

2 41-120

3 121-400

4 > 400

4 ontelbaar

5.1.3. Biocheck.UGent, a tool to check internal and external biosecurity on
farms

A substantial number of entries in our database use the Biocheck.WG@&his is a scoring
system developed by the University of Gent to measure and quantify the level of biosecurity
on farms This tool is composed of all relevant components of biosecuanity takes the
relative importance of the different biosecurity aspects into account, resulting in -daiséd
weighted score.

'%ipcheck

.ugent
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tKS . A20KSO| ¢! Dbaséd seoresNBsgessRaia(extédhal 4nd internal)
biosecurity ranging from 0 (worst) 00 (best). It has been applied broiler, pig and
cattle farms.

Risks to external biosecurity foroiler farms includes e.g. the purchase ofl-bld chicks,
off-farm movements of live animals, feed and water supply, removal of manure and dead
birds, ertrance of visitors and personnel, supply of materials, infrastructure and biological
vectors and location of the farm. Internal biosecurity concerns e.g. disease management,
cleaning and disinfection between batches of animals and taking measures to preven
disease transfer between compartments. Farm data can be filled in for free at
www.Biocheck.UGent.havhich serves as a national benchmarking tool.

Preliminary results on 1Broiler farms inBelgiumshowed a hge range in the biosecurity

level, with internal biosecurity scores ranging from 54 to 87, and external biosecurity scores
ranging from 55 to 72 (max: 100). These first results showed that despite th&mwesiin

importance of biosecurity, theris a lack bimplementation of many biosecurity measures

and room for improvemerit®. Biosecurity was also scored in 399 conventidmailer farms

in5 EU member stateslere too, internal biosecurity scored better than external

biosecurity. Within externad A 2 8 SOdzNRA G & X aA Yy FNI ai NUzOG dzNB | yR
GKAES a@AaAG2NAR YR adl¥F¥é¢ KIR (GKS t2¢6Sadto 2
GRA&ASIFAS YIylF3SyYySyidé¢ KIFIR (GKS KAIKSad alO2NBo
the number ofemployees and farm size. Results show better education of broiler farmers

and their staff may help to improve biosecurity on broiler fatths

When the Biocheck.Ugent was applied on pigfarms inBelgium, Denmark, France,
Germany, the Netherlands andv8den(between 201416), it was found that farms in
Denmarkhad higher external biosecurity and less variation between farms (e.g. perhaps
because they have more SPF faritis)

Irishfarrow-to-finish pig farms had higher external biosecurity (e.g. purchggnly semen
and breeding gilts) and lower internal biosecurity compared to other EU coutitties
Biosecurity scores explained 8, 23 and 16% of piglet mortality, finisher mortal and ADG
(average daily gaimespectively. Thus, lower performing farms neaedmprove (esp.
internal) biosecurity practices’.

Laanen et at®applied the Biocheck.Ugent on 95 breedimisherpig herds. The average
external biosecurity score was 65 (range¢8%) and the average internal score: 52 (range,
18¢87). Results suggt that biosecurity is generally better implemented in larger herds, in
more modern facilities and by younger farmers. External and internal biosecurity scores
were positively associated with daily weight gain and negatively associated with feed
conversim ratio of fattening pigs. Internddiosecurity scores were negatively associated
with disease treatment incidence, suggesting that improved biosecurity may help reduce
preventiveAMU. This study demonstrates and quantifies a clear link between biosecurity
and both production and antimicrobial treatmenglated criteria in pig herds®.

Postma et al®® applied the Biocheck.Ugent on 232 farrd@¢finish pigsherds inBelgium,
France, Germany and Swed@m 201213). Biosecurity on many pig farms was pood an
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varied between countries. The external biosecurity status was high€stimanyand

lowest inErance The internal biosecurity was highestS8wedenand lowest irBelgium

External biosecurity scores were in general higher than internal biosecurity scores. Herds
with more sows and more employees were likely to have a higher external biosecurity. A
higher external biosecurity positively influenced the number of weaned tsigler sow per
year and the internal biosecurity score. A higher biosecurity level, thus, seems to result in
healthier animals. These findings promote an improved biosecurity status at pig farms and
are of relevance in the discussion on alternative waylsetep animals healthy with a

reduced necessity AMU 68

In a study of 6@ermanfarrow-to- finishpig herds it was observed that a low score for

external biosecurity and bigger farms (more sowsjenassociated with a higher AMU in

pigs from birth till slaughter. Herds with a higher treatment incidence in growing pigs: i)

were located in a region with a high pig density ii) had less strict control for visitors and
LISNE2YY St YR A¥E0FI KRRRABHESNBOOASY'®P. a02NBa
Chantziaras et al. (2020) applied the Biocheck.UGent tool for fattgngsgn 4 countries

(Belgium, Poland, UK and Finlarmehd found poor external biosecurity scores for farm
location and environmeet in countries with reported outbreaks of ASF (African Swine Fever).

A study involving 3Pig and 30poultry farms with a relatively high AMU in tigelgiarg

Dutch border regiorshowed that more biosecurity measures were implemented on Dutch
farms, compard to Belgian farms in both species. In addition, more opportunities were
found to increase the level of internal biosecurity compared to external biosecurity in both
countries'?,

In cattle, Damiaans et al. (2020) applied the Biocheck.UGent tool as aysamv20veal, 50

beefand 50dairy farms inBelgium after weighing of questions and (sitategories based

on input from veterinary experts. For all systems, both internal and external biosecurity

were low (<50 points out of a maximum of 100 points). in& biosecurity was generally

f26SN) GKIYy SEGSNYIf o0A2aSOdzNAGeéd +SFHf Tl Nya
beef and dairy, while scoring higher for the other subcategories of external biosecurity. In
RFANE YR 0SSTI a&bidzNGKIaAa & KISY K ANKIINE R dz@® NA y 3
tool, implementation of biosecurity on cattle farms can be assessed in a standardized and
reproducible manner. This evaluation allows for benchmarking of farms anddpexaific

advice.

5.1.4. Other findings by amtry and species

Focus on external biosecurity

An intervention study in 70 farroso-finish pig farms inBelgium, France, Germany and
Swedershowed that substantial AMU reduction was possible without negative impact on
the technical performance and an awadl positive effect on net farm profit®.

A study comparing 48 intervention farretw-finish pig farms inElanderdo 69 control farms
showed that a substantial reduction in AMU was possible without a negative effect on
technical parameters and a positive effect on farm profit, i.e. biosecurity is seffestive
way to reduce AMU".
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A study among 227 farrowo-finishpig farms inBelgium, France, Germany and Sweden

found thatthe 44 topF I Nya 6 O2Y LI NBR (2 G(GKS WNX3IdzZA I N FI
symptoms in suckling pigs and fewer respiratory symptoms in fatteners, which could partly

explain their reducedMU and higher performance. They also had higher biosecurity and

were located in sparsely populated pig areas. However, 14 of these top farms were located

in denselypopulated pig areas, but they had higher internal biosecurity and more extensive
vaccinationagainst respiratory pathogens. These results illustrate, again, that it is possible

to control infectious diseases with loAMU"3“,

In the same population of 227 farrete-finish pig herds inBelgium, France, Germany and
Swedenra better external biosecurtwas related to a lower AMU from birth until
slaughtet®’.

Noremark et al?? conducted a survey of visitors on 48@%vedistclovenhoofed livestock

farms with reference to the spread of animal diseases. Farms were visited on average 0.3
0.8 times per dayesp. in summer and in small mixed farms. Professional visitors seemed to
increase with increasing herd size. Vetsteghnicians, animal transporters and neighbours
often had direct contact with animals or entered housing, and 8.8% of repairmen were also
in direct contact with animals. The number of visitors that may spread diseases between
farms was associated with animal species and herd“ize

SimonGiriffé et al>'* surveyed 10@Bpanistpig farmers and vets on the current biosecurity
measurestheywdlS G {Ay3Id CINN¥SNB g NRSR AAIYATFAOL
of biosecurity than the veterinarians servicing these farms. According to both, the most

important biosecurity measures were aimed at minimising the risk of disease introduction

by visits and vehicles. Measures to reduce the risk of disease introduction by breeding stock

were not applied in many farms. Mediugized to large farms located in high jignsity

regions reported higher biosecurity measures than small herds locate@vipitpdensity

areas'’,

Frossling et al'® point out that herds that purchase many live animals or have a large
contact network due to trade are at a high biosecurity risk. The authors developed a new
method to assess disease risk taking direction, teraporder, and also movement size and
probability of disease into account. The method may be useful foibasked surveillance, in
the identification of higkrisk herds in control programmes or to represent influential
contacts in risk factor studies. R&gsessment has been identified as a tool (for vet
advisors) for improving external biosecurity at farm levielvas developed iswederfor

cattle andpigs The most important factors affecting the risk and the effect of biosecurity
measures, such as qguantine protocols and protective clothing, were the frequency of
betweenfarm contacts and prevalence of the dise&SeASwedishsurvey of 368
professionals (vets, Al inseminators, livestock hauliers, anwvaHbre inspectors, cattle

hoof trimmers) ofpig, sheep goatandhorsefarms found many obstacles to basics like soap
and water. E.g. 66% of vets perceived obstaéieResponsibility for biosecurity of both
visitors and farmers is key. Farmers must also provide adequate conditions for practicing
good biosecurity*°.
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A network analysis was conductedagittle and pig movements irSwederi'®. The networks
were analysed as monthly and yearly networks, separately per species and with the two
species together. The cattle network and the combined netvabrdwed a recurring

seasonal pattern, while this was not seen in the pig network. Overall, the ingoing infection
chain could be a useful measure when setting up strategies for disease control and for risk
based surveillance as it identifies holdings withnpaontacts through live animal

movements and thus at potentially higher risk for introduction of contagious diseases.

In anotherSwediststudy, it was found tha& highly contagious disease might spread over a
large area in the time span of one incubatiperiod. The difficulties in contacting some
professionals visiting farms could be a problem in an outbreak situation

Sayers et al??found that farmers in the moddairy cattle dense region (in their study) were
three times more likely to quarantingurchased stock than were their equivalents in
regions where dairy production was less intense. Younger farmers in general were over
twice as likely as middlaged farmers to implement biosecurity guidelines. The owners of
large enterprises were almost &times more likely to join a voluntary animal health
scheme, and were over three times more likely to pay a premium price for haetttedited
animals than were those farming small holdifigs

Resistant bacteria can persist and spread within and betvwgemises despite declining or
zeroAMU. Certain aspects of biosecurity repeatedly identified as risk factors for the
presence of antimicrobial resistance (AMR) on fars

Bacterial counts on the swab samples frombt@iler houses on 5 farms showed that

cleaning that was preceded by an overnight soaking with watguced bacterial counts

more than cleaning without being preceded by an overnight sodkingoreover, soaking
reduceswater consumption and working time during high pressure cleaning. Nereiifces

were found between protocols using cold or warm water during cleaning. Drinking cups,
drain holes, and floor cracks were identified as critical locations for cleaning and disinfection
in broiler house®”.

Swederhas cut AB use atlairy farms in bur ways: Reducing unnecessary use of AB,
minimizing the need for AB and preventing the spread of disease, optimising AB use when
needed, and monitoring use and resistafice

Risk factors for AB use on ftfle-gras poultrybreeding lots irFranceshowed bw AB use

(31% of batches received at least 1 treatment, and AB treatment frequency index was < 0.3)
despite the presence of many risky practices such as having at least one other poultry farm
in the vicinity in 60% of cases, mwdijes on the same site #5% of farms, mukispecies

farming in 1 out of 10 cases and low use of sanitaryfiuts

Focus on internal biosecurity

In Italy*4, a study focused on the development of a flaming machine for the disinfection of
poultry grow-out facilities. The trials werrun in controlled conditions in the laboratory of
the University of Pisa, Italy, and on a private fafine results obtained were very
promising. Test bench trials showed a substantial reductida icolj and microbial
determinations carried out offiarm did not show any difference between thermal and
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chemical treatment. Flame disinfection of poultry growt facilities could represent a valid
alternative to chemical disinfection.

A Belgianstudy'’® examired the use of disinfectants jpoultry and pig husbandry, and its
contribution to the antibiotic and disinfectant susceptibility®f colistrains obtained after

Of SIFYAYy3a YR RAAGAYFSOGAZ2Yd ¢KAA aldzRé &aK2 g SR
ampicilin, sulfamethoxazole, trimethoprim and tetracycline for both species, while for
ciprofloxacin only a high resistance prevalence was found in broiler houses. Disinfectant
susceptibility results were homogenously distributed within a very small concentratio

range. AlE. colistrains were susceptible to-umse concentrations of formaldehyde,
benzalkoniumchloride and a formulation of peracetic acid and hydrogen peroxide, indicating
that the practical use of disinfectants did not select for disinfectant tasce. No

indications for the selection of antibiot{&B)resistant bacteria through the use of

disinfectants in agricultural environments were shown. This study suggests that proper use
of disinfectants in agricultural environments does not promAtresistance nor reduce.
colidisinfectant susceptibility.

AnotherBelgianstudy '~ focused on the effect adfowwashing as performed on the farm,

on livestockassociated methicillinesistantStaphylococcus aureisAMRSA) skin status

and strain diversityMore specifically, washing sows on four MRSA positive pig farms had no
AAAYATFAOLIYG STFSOG 2y UK Sal cavitigsin 6404iof chsi=ithe2 (G K S
same strain was detected before and after washing.

In Romania, the efficacy of somerganic acids (citric acid, malic acid and Adabline ALK
product), on bacterial cells and those present in biofilms was tested on 3 bacterial species
from the group of Gram negative bacteriasch. coli, Klebsiella pneumoniae, Pseudomonas
aeruginosa and a Gam-positive one $taphylococcus aureudAll organic acids
(concentrations of 1% and 2% for each) eliminated the bacterial populatidds of
aeruginosaandS. aureusThe Adabline ALK product for the 2% solution concentration was
shown to be more activegainstE. coland K. pneumoniaeompared to malic acid and citric
acid.

In theNetherlands DoradeGarcizaet al. made a study to evaluate strategies to curb A
MRSA'". Fiftyoneveal calffarms were assigned to one of 3 types of study farm: intervened
farms reducing AMU according to protocol; intervened farms reducing AMU according to
protocol and applying a cleaning and disinfection prograntg control farms withoutany
interventions. MFSA carriage was tested in week 0 and week 12 of 2 consecutive production
cycles in farmers, family members and veal calves. This intervention study showed that
lower levels of AMU significantly reduced the probability for MRSA carriage in veal calves.
Thespecific cleaning and disinfection program used in this study was not successful,
possibly because it resulted in increased MRSA air loads.

A scenariebased workshop with stakeholders was organized by the Rgyd and
Biosciences Institute (AFBN) in Deember 2015 irNorthern Ireland” to identify key

actors in driving behavioural change in relation tefarm biosecurity. The discussion
showed that training in biosecurity for farmers is important and necessary. Training was
recommended to be providedybveterinary surgeons, preferably via a faoeface format.
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The discussion addressing disease disclosure proved particularly challenging between those
who were prospective buyers ohttle, and those who sold cattle. This workshop provided a
unique and iraluable insight into key issues regarding fdevel biosecurity activities.

Another qualitative research study was set up in 4" to helpfurther understand why
dairy farmers do not engage in disease prevention and control strategies (biosecurity).
Using semstructured interviews informed by a healgsychology approach with 25 dairy
farmers, a number of barriers, such as disease testing inaccuracies, types of disease
transmission, perceived lack of risk and effectiveness of measures, were identifie
Motivators included being advised to undertake measures by veterinarians, and the
increased threat and severity of the disease in focus. These results suggest there is an
advantage to farm advisors and hene@alth professionals understanding and workisigh
the beliefs of individual dairy farmers to target appropriate communication and advice
strategies relating to biosecurity recommendations.

Methods of information transfer

Biosecurity may best be implemented using an arguriEged education route (g. using
on-farm study group meetings with a professional and tools like checklists and software
apps). In addition implicit persuasion may be used for promoting single management
practices and less complicated messages

Surveys amongig anddairy farmers and advisors indicate little (appreciation for) use of
initial and academic education, and a strong need for professional training and peer
exchange of practices and specialised knowledge from ashiesth expert$®.

Factsheets, practice guidesformation booklets and meetings

Several factsheets and bestactice guides dealing with external and internal biosecurity
have been produced, e.g. the ERPA factsheet for pmaltry farmers®™?, a series oFrench
factsheets for various types pbultry farming related to avian influenza (&), a best

practice guide on AMR spread frgmoultry to humans®, a series ofrishleaflets including

one on bioexclusion and biocontainméfit Thislrishleaflet distinguishes two types of
biosecurity pradtes: 1. Actions taken to reduce the risk of infectious disease coming into
your farm, called bioexclusion, and 2. Actions taken to reduce spread of infectious diseases
within your farm, called biocontainment. As herds expand farmers need to be even more
conscious of implementing bioexclusion practités

The PartAge proje¢tconcerns biosecurity in conventional and outd@aultry using
participatory meetings iftrance Bokma et al. (2016) wrote a report @utch) on how
poultry farmers could deal with Al. One aspect was to use different colours for different
parts of the farm premises indicating different levels of potential contamination. Dutch
poultry farmers can find information and do a hygiene scartheaAvined website Avined,
No date).
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Bedrijfs-

Leghennenstal

Example of farm areas divided in different colo(ieken from Bokma et al., 2016)

An information booklet on reducing lamenesssitee?? addresses external biosecurity in

that tackling lameness in sheep requires a number of measnobsding quarantining all
incomers. It addresses also internal biosecurity by emphasizing the need to reduce disease
challengs, i.e.when treating lame sheep in the flock, whenever possible segregate out the
lame animals to prevent spread between theesp and keep them separate until fully
recovered.

A bestpractice guide for intensivpig farming is available i8panish*’, and there are Covid
guidelines fopig farms inSpanisi*’, water management guidelines fpigsin Spanish®,
and several planesn AMR®>'45246% g guide on AB u$€, a booklet describing principles to
reduce AB through prevention eté?, a number of information sheets+°6:457.458
posters/information sheets, e.g. on African Swine FeSatmonellaand
biosecurity°9460.44.462.468 3 document on biosecurity from the Ministry of Agriculture,
Fisheries and Food &pairi®®, and various information sheets by VETresponsab&pamish
for pigs poultry and cattle*©5466.467

A biosecurity manual for healttalveswas publishd byDairy Australig’, andthere isa
Frenchguide on lameness icattle’”>. AUKfactsheet on Bovine Viral Diarrhogapoints
out that BVD is an economically important and highly contagious viral diseasa¢tlef
requiring special attention to persistentlgfected (PI) animals. England has an indukddy
voluntary scheme to eradicate BVD called BVDFtee

A checklist and factsheet was produced on biosecurity practicedaioy operations in
Texasstating e.gthat not all biosecurity practices will be feasible or necessary for every
operation such that individual producers must assess their own risks when deciding which
biosecurity practices to adopt. Disease Risk Assessment includes e.g. determining which
diseases are the greatest risk to the operation, the dmeefit ratio of biosecurity for the
operation, and how the transmission or introduction of disease on the premises could
occur“e,
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5.2. Pathogen management
Highlights

1 Monitoring and diagnosing causatiypathogens is essential when preventing and
controlling disease in livestock production

1 Vaccination programmes are useful tools when reducing the impact of disease on
livestock health

1 Mastitis and lameness are the major health concernsédtle and sleepand
therefore the main reasons for antibiotic (AB) use

1 Diarrhoea and respiratory disease are the major diseaspgyiproduction and are
often multifactorial

1 Young animals would benefit from improved immunoglobulin transfer to give them
the best chace of fighting pathogens

What ispathogenmanagement?

¢KS GSNY WYWLI K23SyQ SyO2YLI aasSa | ¢gARS NIy3
cause diseases. This includes bacteria, viruses, protozoa, nematodes, insects (such as mites
and ticks), andungi. By managing the occurrence and spread of these pathogens, we can
limit the damage they cause and the extent of infections and diseases in animals. Pathogen
management classically covers the following: prompt identification of the causative agent, i.
diagnosis, which can be at the animal level or population level in fsagke routine
surveillance programmes; various treatment options to include antibiotic (AB) therapy;
prevention of a repeatd occurrence or prevention of the spread of the pathogeithin a
population; managing the risk factors that might lead to it occurring or spreading; and the
control and eradication of a disease caused by a pathogen through populatiehtesting

and vaccination programmes.

Why is pathogen management relevéamreducingAMUand the DISARM network?

Several bacteria are major diseasgusing pathogens that can be treated using ABs.
However, bacteria are becoming increasingly resistant to ABs resulting in treatment failures,
particularly in human health care detgs. If we can reduce the spread and occurrence of the
disease from bacterial infectiongnd this includes secondary infections following viral
infection, we will be less reliant oAMU for curing infections and maintaining health. Less
bacterial diseas = less use and need for ABs = less AB resistance developing.

What is worthwhile knowing abopathogenmanagement?

First, some general pathogen management principles will be presented from thecsttte-

art (SoA) database, such as disease surveillandalisease prevention. Examples from each
species will then be presentegtattle (dairy, calves, and beef), dairy sheep, pigs, and poultry.

International surveillance systems

Surveillance systems that collect and monitor disease outbreak informatioa atal part of

early warning systems and successful responses to disease outbreaks. Antimicrobial
resistance (AMR) is a global public health threat with total mortality of 700,000 human cases
per year“’. A lack of comprehensive global AMR surveillarata dnd an overeliance on an
indicator-based surveillance system has limited the early detection of emerging AMR threats
and trends. An oped 2 dzZNOS R (9 aA 2!S¢ /Ol f Hhsthiten Nded td @trieve
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AMR outbreak reports’. Between August 20i6March 2020, using keywords such as
WNBaAalGlryOoOSQr WNRaArallyldlQs WadzZSNbdzAQ> W6 dz3
outbreaks quicker than an indicattmased surveillance system, as well as outbreaks by
pathogen, including soenot monitored by the World Health Organization. Also, it identified
information on both colonised and infected cases. Thus, egmmnce data from EpiwWATCH

can complement an indicatdyased surveillance system for strengthening AMR surveillance.

Financiakesources may limit the number of samples that can be collected and analysed in
disease surveillance programmes. When the aim of surveillance is disease detection and
identification of case herds, a riddased approach can increase the sensitivity of the
surveillance system. In apapertitlet LILX A OF GA2Yy 2F ySiGg2obded I yI f &
surveillanceq Examples based orattle trade data and bovine infections Bwedef the
association between two network analysis measures (i.edégree’ aml 'ingoing infection
chain’) and signs of infection was investigatéd Results showed that compared to
completely random sampling, these approaches increase the number of detected positives,
both for Bovine Corona Virus and Bovine Respiratory Syncytisl i the study population.

It is concluded that network measures for the relevant time period based on updated
databases of animal movements can provide a simple and strfaghird tool for riskbased
sampling.

Vaccines

Development and implementatioof a health management plan is the cornerstone of a
profitable farm; prevention of microbial diseases by means of vaccination is an integral part
of such a plan. This article reviews and discusses vaccination programs and latest advances in
development ofvaccines against diseases that cause major economic lossemaii
ruminants*?.,

Vaccines can help minimize the need for ABs by preventing and controlling infectious diseases
in animal populations and are therefore central to the future success of ligkstmduction.
Various studies have demonstrated that their use can lead sgynificant reduction in AB
consumption, making them promising alternatives to ABs. To be widely used in food
producing animals, vaccines must be safe, effective, easy to useoakeffective. Although
vaccines have the potential to improve animal health, safeguard agricultural productivity, and
reduce AB consumption and resulting resistance risks, targeted research and investment are
needed to realize that potential. Vaccinegy also have some health and welfare risks for
the animals (side effects; fear and pain related to the injection). In this artickn expert

panel discusses the opportunities, challenges and needs for the development of vaccines that
may reduce the ned for ABuse in animals.

An article highlighting new approaches in vaccine science and potential solutions for the
development of vaccines as alternatives to ABs in food producing anifndéscribes
promising breakthroughs to overcome vaccihmitations, including new biotechnology
technigues, new oral vaccine approaches, novel adjuvants, new delivery strategies based on
bacterial spores, and live recombinant vectors. They also include n@woirvaccination
strategies and strategies that sittaneously protect against multiple pathogens. However,
translating this research into commercial vaccines that effectively reduce the need for ABs,
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improve animal health and protect agricultural productivity will require close collaboration
among stakehalers and targeted investment in research and development.

Vaccination is an integral part of One Health strategies against infectious and often zoonotic
diseases. Using EPRUMA best practice guidélineEPRUMA partners wish to raise
awareness on the beffigs of vaccination and recommend best practices for vaccine use to
ensure optimal animal health. These bgsactice recommendations also aim to complement
existing guidelines on vaccination, which are available in many European couRtaesg

UK- RWMA, Spain VetresponsableBelgium- AMCRA

L yTim&to Vaccinate: The importance of preventive health and vaccination programmes in
ruminant productio®*, the authorsg MSD Animal Healthdiscuss the role of the immune
system in livestock productionThey define immunity as an organism's ability to resist
contracting and succumbing to disease. Immunity can be innate or acquired through previous
infection or vaccination. A strong immunity is therefore crucial to maintain health in our
current livestockproduction, where multiple types of pathogens are continually challenging
the health, welfare and productivity of our animals. Vaccinations play a key role in optimizing
GKS IyAYFHfQa lFoAfAlGe G2 NBarald RA&ASItKeSD hy
eradication and control of many diseases (e.g. Rinderpest) and are indispensable tools to
prevent potentially dangerous infectious diseases and to maintain animal welfare and
productivity.

Biofilms

All microbial species can form or colonise biofilfmscroscopic layers of bacteria coating
pipes/surfaces etc.) under certain stress conditions, nutrient concentration, colony size, and
degree of confinement. The role of biofilms in AMR makes it a key challenge to tackle in
reducing the spread of resistaa. A webinar organised thallemand and Uniteaescribed a
method to combat the formation of pathogenic biofilm exploiting the antagonism between
bacteria®. LalFilmPRO, can be used to reverse the formation of biofilm, using the same
weapons as bacteritb extend and enhance the hygiene protocol. The novel and yet to be
widely validated technology is based on the use of specific bacterial strains with antagonistic
efficacy and high adherence power colonising an environment quickly and uniformly, which
can inhibit and antagonise the growth of other species.

The following sections describe speesgecific examples from the databasegarding
pathogen managment

Cattle

Ensuring animals have access to clean water and a clean environment not dominated by
infection-causing pathogens, is essential in the fight against disease and reducing the need to
treat sick animals with ABs. PruexaUKbased company that makes addés/for water and
bedding and is being used widely by farmers to reduce mastitis, foul of the foot, calf scour
and pneumoni&. One Scottistdairy farm has applied Pruex protocols with the aim of
ensuring dry bedding, clean air, clean feet and quality wa@énce they have worked with
Pruex products they have reduced the environmental challenge their animals face from
disease causing agents. More studies using Pruex are warranted and welcome.
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A paper fromitaly details different strategies for reducing ABeuon dairy farms including the

use of immunomodulatorfS. The authors say the need for AB treatmentsdaiiry farms can

be reduced by a combined intervention scheme based on: (1) timely clinical inspections, (2)
the assessment of animalsed welfare pameters, and (3) the use of predictive laboratory
tests.

The following examples detail different approaches to managing mastitis using veterinarians,
diagnostic technology, and prompt intervention.

Being able to rapidly detect mastitis and the causativehpgen is essential to reduce ABs in
dairy farming. A farmeted field lab, coordinated binnovative Farmergs the UKaims to
demonstrate that following appropriate training, farmers are capable of determining the
causative agent of mild or moderate ctinl mastitis using the: S i 2 NByktBmRandcan
deliver treatment based on the resuitsProviding dairy farmers with a consistent procedure
for typing bacteria rapidly ofarm has the potential to reducAMU in lactating cows by up

to 50%.

In Denmark diagnosis and control of mastitis in dairy cows is led by the Consultant Veterinary
Surgeons of The Danighairy Board®. Prevention and control of mastitis is implemented by
means of a close cooperation between The Danish Dairy Board, The Mastitistbahdhe

dairy farmer and the local veterinary surgeon. The prognosis and eventual strategy for
treatment should be based upon clinical examinations and test results as well as the owner
FYR @SGQa 1y2¢6fSR3IS 2F GKS AYRADGARdZ f O26 AY
When clinical mastitis has been diagnosed in a quarter, a sterile milk sample should be taken
to determine which bacteria are responsible. This will help with implementing specific
mastitis control measure€owsshould be sampled as soon as mastitiseitedted, preferably
before milking is commenced. A printed resource fréoetisgives farmers an eaggp-use
checklist with images on how to prepare the udder and teats before taking a milk sample and
how to do so as cleanly and aseptically as possiblasgo not contaminate the sampl€.
Another stepby-step farmer guide fronZoetisdescribes how to collect and transport milk
samples for bacterial culture 4gensitivity, as well as somatic cell count (SCC), the kit required
marking and preparing theexile pots, taking the milk sample, storing it correctly and sending

it for analysis by a lab or the vét Taking milk samples is key to identifying the pathogen
that iscausing mastitis so that the correct control strategy can be selected and implemented.
Environmental pathogens such &streptococcus uberisequire a different approach
compared to Staphilococcus aureusr E.coli Sensitivity testing can also help to asses
whether the AB treatment protocols prescribed and administered for a clinical case are
indeed effective.

The milk collected frontows with different types of inflammation, including mastitis, is
characterized by an increased SE8@natic cell count)ARomanianstudy aimed to evaluate

GKS 2EARFGAGS &adGliGdAa Ay y2NXYIf 026Q4& YAf]
parameters: total antioxidant capacitfAC); levels of malondialdehyde (MDA); and levels of
proteins (DNPHY)®. Subclinical mastitis wallagnosed using an electrical conductivity method

and by SCC in milk. Comparative analysis of TAC showed that the parameter was on average
significantly lower for mastitis milk samples. The results describing the antioxidant status
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were correlated with tlese on lipid and protein oxidation. The average level of MDA in
mastitis milk was higher compared to the normal milk. The levels of SCC, MDA, and DNPH
were significantly higher in subclinical mastitis milk compared to milk from healthy cows.

In the Netherlands a study to quantify the costs of clinical/subclinical mastitis and AB use
found that the economic impact of reducing the percentage of clinical mastitis was found to
be much larger than reducing the bulk tank SCtThe optimal percentage of cowslte dried

off with AB depends on the udder health situation, expressed as the bulk tank SCC and the
occurrence of clinical mastitis. The bottom line was that Selective Dry Cow trea(BRQIT)

was economically more beneficial than blanket dry cow treatm@RCT using ABpr all

types of herds studied. Economic profits ®DCTare greater if bulk tanliSCCand clinical
mastitis incidence are lower.

Scientists ilCanaddooked at the relationships between management practices usedbmy

farms and herd SCC. A large number of management practices showed consistent associations
with herd-level SCE and should be the basis of udder health recommendations to dairy
producers. Although some management practices have shown interesting assogiatith

SCC, the lack of consistency observed should moderate reliance on their use. This review
generates a more comprehensive understanding of the management practices influencing
SCC and highlights specific areas that lack evidence of effectiveness.

A study fromBelgiumon preventing mastitis highlights the importance of reducing disease
for sustainablealairy productiorf®. High quality milk with low SCC is crucial for product quality
for the processing industry (i.e. cheese making). This contributasréaluction in food loss

and food waste along the supply chain. The risk to human health from AMR and zoonotic
disease spread also threatens dairy sustainability. This study uses data collected at country
level on mastitis therapy and examines strategiesmprove udder health for sustainable
dairy production along the whole supply chain.

A comprehensive and oftedited review called¥®¢ NI G YSy G 2F Of AyAOl €
FYGAYAONROALFt &dza OSLJIi A 0 A évalinis thelhaR Sitimi&rdbialT 2 NJ G N.
susceptibility testing in mastitis treatmefit There has been renewed interest in optimizing
treatment protocols to better target AB administration, with substantial reliance on
susceptibility testing of bacterial isolates from cows witmickl mastitis. This is despite
treatments often being based on availability of labelled drugs, clinical signs oothemilk

culture results for previous mastitis outbreaks in the herd, experience of treatment outcome

in the herd, treatment cost, and thidrawal times for milk and slaughter. This review
recommends 4 steps when selecting an AB to treat clinical bacterial mastitis: (1) appropriate
spectrum of activity; (2) reaches the site of infection; (3) appropriate duration; and (4) avoids
adverse effets and residues.

When mastitis incidence increases, either infection pressure has increased, covifteerd

immunity has decreased. This usually indicates that farm management is not optimal. In a
Dutchstudy by Jansef, the authors demonstrated that méss incidence can be explained

08 FTIFNNYSNEQ I G AdpazedSahavidiir.(THeS MNihtiGnkn: BMSECE itk

sccpl £ dzS A& o0Said SELXIAYSR o6& omMO TIFENYSNEQ Y7z
FENXYSNEQ LISNOSLIWiA2ya o2dzi GKS O2yGNRE 27F Y
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penalty level. The variation in clinical mastitis is best explained by fa#n® LISNIOSLII A 2y &
mastitis control and the perceived effect of a BMSCC penalty level and the frequency of
contact with others.

Trials from theUKand across the world have shown thaawswith no evidence of existing
infection within the udder can beuscessfully dried off with only a teat seal&tit The use of

AB dry cow therapy can then be targeted to only those cows with evidence of infection at dry
offt usually indicated by a high somatic cell count in late lactation.

In the UK, blanket AB drycow therapy (BDCT) used to be commonly prescribed for many
years. An alternative strategy gaining more traction is Selective Dry Cow Therapy (SDCT)
whereby a teat sealant is administered instead of AB therapy to cows with a low probability

of infection. Switclmg from BDCT to SDCT can significantly reduce AB use. Initiatives that seek
G2 Fft34SN) gSiaqQ LISNODSWiAzya 2F GKS Nmxaija | aa
prove useful in facilitating this chanfe The results also suggest senior vets stidake a

leading role in helping farms adopt SDCT. When considering how best to make a change from
BDCT to SDCT, the authors propose a broad approach that clearly recognizes that the issues
blocking this change are very different for vets at different stagf their career. Vets must

work together to promote switching to SDCT where appropriate, and senior vets must take
the lead.

Testday SCC before drying off and after calving were used to deterroin®@ & dzRRSNJ KS |
across the dry period and to studlye impact on the performance in the next lactatiGn

Testday data before drying off were explored to evaluate their diagnostic ability to detect
noninfected cows at the time of drying off in 15 commercial dairy herdeigiumwith an

adequate udder balth management. The authors confirmed that SCC information via milk
recording is capable of predicting the absence of intramammary infections (IMI) with major
pathogens at dnpoff, yet (an estimate of) the herd prevalence of subclinical mastitis, the
cowQa YAf]l @ASfR YR LINARGE AYLIOG GKS SadAYl
values to some extent. It was concluded that implement®IgCTio reduce ABuse on

commercial dairy herds, using strict selection criteria and-tist information is possible

without jeopardizing udder health or milk yield.

An output fromthe9 |  LIN® @&NBO5deskHlids Qow th®utchdairy sector reduced\B

usein dairy farming’’. Between 2009 and 2016, usage decreased by &8 has made an

important contribution to this reduction. PreventivdBuse for drying off dairy cattle is no

longer allowed. The protocol uses the SCC per animal up to 6 weeks prior to drying off. If the
SCQwumber is below 50,000 (cows) or 150,000 (heifees) ml, no ABs may be used. If the

cell number is higher, only a firshoice AB may be used in accordance with the farm health

plan. The use of 2nd and 3rd choice ABs (i.e. highest priority critically important ABs) follows

strict regulations, and is oplallowed after additional testing. This resource also contains a
FINYSNRa SELISNASYOS sAlGK 2YAGGAY3I GKS RNE 27

A Dutchstudy that evaluated the effect of 2 different communication strategies to improve
udder health management showed thatairy farY SNBE Q Y I y I 3SYSy G LINI Ol
AYLINROSR ¢6KSYy 020K (GKS FTAY 2F GKS aGNYrGiS3e |
on udder health are consideréd When aiming at complex issues such as udder health, the
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traditional central route using educationtdols seems to be most effective in reaching the
motivated farmers. In addition to the central route, the peripheral route can be applied to
AYyTtdzSyYyOS TFTINNYSNEQ O0SKIF@A2dzN) 6& Ay Of dzRAyY 3
arguments in campaigns. Thisute is especially effective for single management practices

and when aiming at a less complicated message. To reach as many farmers as possible, both
communication strategies should be used. The communication strategies described in this
paper! are examples of how management practices to control mastitis can be effectively
communicated to farmers, which can be used in optimizing future programs to control and
prevent diseases.

A UKfield trial was conducted on a farm known to have resis@stlerichia coliin order to
understand if feedingalveswith waste milk with AB residues could lead to detecting more
resistant bacteria in the faeces of cal¥esThe findings of this study indicate that feeding
waste milk with AB residues on this farmneases the number of resistant bacteria shed in
the faeces. Resistai. colipersist for longer after weaning in calves fed waste milk with AB
residues. These findings are applicable to the situation observed on this farm but may differ
on other farms depnding on contents of the waste milk or level of contamination. Still, ABs
used on this farm were commonly used on dairy farms ikngland and Waleso results
shown can give an idea of what to expect in those types of farms.

Methicillinresistant Staphlococcus aureufMRSA) can lead to serious disease in humans,

and since MRSA is often found in livestock, this could poteniialtga large impact on public

health. Farmers and veterinarians are especially at risk due to their close contact with animals

A Swissstudy demonstrated a dramatic increase in MRSA prevalence in @ggsfrom 2%

in 2009 to 44% in 2027 Sequencing of the bacterial genes allowed the authors to show a

close association between farmer and pig strains as well as veterinarthhaaige strains,

indicating that pigs and horses are likely to be a source of human colonization. In this study it

gl a faz2 akKz2gy LAI waLl dnanmmQ a0GNFAYya | NBE LN
WA LI GnonQ &aidNI Ay a dbasi&fara moidaichratddskass¥dsmient iR O A R
preventive measures.

Infectious Bovine Rhinotracheitis (IBR) is causeBdoyne herpesvirus (BoHV1), a highly

infectious virus which spreads both directly (animal to animal and over short distances
through the air), and indirectly (on clothing and equipment). Infection in naive animals can

result in respiratory signs, fever, milk drop and abortion. Bulk milk antibody testing shows

that manydairy herds in theUKare chronically infected. Animals exposed to the virus become

lifelong carriers and in times of stress, e.g. at calving, can start shedding the virus. They
may/may not show signs of disease at this time, but they can infect others in the herd. A single

dose of Rispoval IBR Marker Live vaccine followed up to 6 months later with a single dose of
Rispoval IBR Marker Inactivated, allows for an annual vaccination programme using a single
dose of Rispoval IBR Marker Inactivated. A checklist Aoetisdetails e example protocol

for vaccinating herds against IBR

W2KySQa RAaSIFAS Aa | OK NBofHaderivnyaviusasubspgdiess RA a
paratuberculosist a! t 0 @ ¢KSNBE Aa y2 GNBIFIYSyd 2N OdzNI
animals will scour, wate away and eventually die if not culled. The progression of the disease

is usually very slow with most animals becoming infected as yoalvgs(often in the first
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24 hours of life) but not becoming clinically ill until they are adults. It is a dishaseauses
considerable economic losses through decreased productivity and increased wastage of adult
cattle, as well as the cost of monitoring, diagnosis and control. There is a strong association
0SU6SSY W2KySQa RAASI LWthIKRS QWP RazGA DY A YINR &
likely to have poor yields, mastitis, lameness or h#@iCcounts, all of which lead to

premature culling. A tool developed in théKby National Milk Recording provides a guide to
understand and control the disease on dairy fafth

Due to the nature of Johne's disease, accurate identification of infected animals is often
difficult, especially in the early stages of the disease. Infected animals in the early stages are
unlikely to shed the MAP organism or produce a detectablébady response. In the later

stages of Johne's disease, cows will often intermittently shed MAP and exhibit peaks and
troughs of antibody production until reaching the clinical stage of the disease. A suite of tools
developed by thé Y National MikRe2a NRAYy 3 OFy KSftLI ¢gSda +FyR FI N
testing scheme's* and focuses on two major principles: identifying the MAP organism itself

FYR £221Ay3 FT2NJ GKS FTYAYFIfQa FyiAo2Re NBalLkRy

For James Smith, winner of theY National Milkw S O2 NRQ& Hnamy | SNRgAAS
W2KySQa RAAaSI &S -cowndarficyHoldted IRiesiad hekd AinZChippanham, UK

al g W2 Ky Scovisreduigesrani 369 6f the herd to 15%htwo years*!. Since June

2016, this significant reduction hascluded the introduction of several herd management

LIN} OGAOSazr adzOK a Ayaidlrttlraazy 2F LI aidSd
al YLX Sa Gl 1Sy Fa LINLO 2F G0KS WI SNROUAAS W2KY
result above 60%t is culled at the end of that lactation. Cows with very high readings, often
GSNYSR WA dzLISNI aKSRRSNA QX ¢ IKSBefn@gyiiflit © Bliminaie 42 2 Y
W2KyYySQa O2YLX SGSftex odzi NBIFfAaldAOlh&E the (0 KA &
YFEYF3SYSyid aidN}GS3IASa Ay LIFOS (G2 | OKAS@OS (K

Bovine herpesvirus 1 (BoHY and bovine viral diarrhoea (BVD) virus cause diseasedthaf

with a worldwide distribution. A study froorthern Irelanddescribed heredevel BoHVL

and BVDV seroprevalence (based on testing of pooled sera) and control measures on farms
including vaccine usadé. The results from this study indicate that the true héedel
seroprevalences to bovine herpesvirus 1 and bewius diarrhoea virus in newaccinating

herds in Northern Ireland in 2010 were 77.3% and 98.4%, respectively. The study will assist in
guiding regional policy development and estdblsbaseline against which the progress of
current and future controand eradication programmes can be measured.

Three vaccination protocols against Bovine Respiratory Disease (BRD; Bovilis Bovigrip®) for
youngCharolais cattlevere conducted in commercial feedlotsknanceo identify respective
benefits®®’. The average ally gain was significantly higher when animals were completely
vaccinated (2 shots) at breeding farms (early vaccination) compared to those where part of
the vaccination was done at the assembly centre (intermediate vaccination). The number of
cattle whith were observed as sick by farmers was low on average, as well as the proportion
which were treated by them (<15%/lot) but no significant difference could be demonstrated
between protocols. In the context of reducing medication inputs, this experimentesigg

the benefits of vaccinating cattle was most noticeable at the breeding farm to prevent and
decrease BRD incidence in feedlots.
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A Belgan study aimed to develop and validate 2 protocols (for uséaym and at a central
location) for the reduction oMycobacterium avium ssp. Paratuberculd8#\P) in colostrum
while preserving beneficial immunoglobulins (I§G)The orfarm protocol was based on
curdling of the colostrum, where the IgG remain in the whey and the MAP bacteria are
trapped in the curd. Téa semiindustrial protocol was based on centrifugation, which causes
MAP to precipitate, while the IgG remain in the supernatant. The effect of the colostrum
treatment on the nutritional value and palatability of the colostrum and the IgG transfer was
assesed incalves The treated colostrum had no negative impact on animal health, IgG
uptake in the blood serum, milk, or forage uptake. Two protocols to reduce MAP in colostrum
(for use onfarm or at a central location) were developed and both methods presére IgG
GKAOK Aa @QGAGEHE F2N) GKS @&2dzy3 Ol fFQa LI aairgs

Respiratory diseases are frequent malves due to weaning stress, transport and
environmental changes. The aim oRamaniarstudy was to isolate bacteria from 30 calves
with respiratory disrders and test their antimicrobial susceptibifit§. The study carried out

on nasal discharge samples collected from calves with respiratory disorders and their
antimicrobial profile testing led to the following conclusions: 1) Low susceptibility to
Florfenicol is caused by previous treatments when this molecule was excessively used and
without prior sensitivity testing. 2) Cefquinome may represent an emergency therapeutic AB
for respiratory infections in calves, but the administration should always keepled by
susceptibility testing of the isolates.

The impact of concomitant vaccination cdwsto protect the youngcalf against neonatal
diarrhoea and respiratory diseases was tested Frenchstudy*?. Within the first 45 days,
calves from vaccinatecbws received 1 AB treatment less than other calves. The impact was
visible from the arrival at the fattening unit: 1.8 less risk for vaccinated cow calves to show
clinical respiratory disease, and a higher weight (1 kg) at equivalent ages. As a consgquenc
the mortality of calves from vaccinated cows was lower.

For sucklingdairy calves different management routines to ensure sufficient colostrum
intake are used: visual assessment, hand feeding supplemental colostrum or assistance.
However, not much istown about the efficacy of these methods to prevent failure of passive
transfer (FPT). In Norwegianstudy - W crosa SOG A2yt &addzRe 2F &dz0]
immunity and associations with management routines to ensure colostrum intake on organic
daire 7T I, thérmeQalence of FPT among all suckling calves was high, and comparable to
that reported from Norwegian calves in conventional herds that are separated from the dam
and fed colostrum artificially. Securing high colostrum quality is an impottaneventive
measure of FPT in suckling dairy calves. The results indicate that for calves capable of finding
the udder and suckling independently, there is no direct benefit of routinely Haeding
colostrum, although herd level factors may play an imamot role. Herds practicing suckling
(indeed all farms rearing calves) need to systematically address all three important factors to
ensure passive transfer of immunity: time from birth, colostrum quantity and colostrum
quality.

A trial in Franceto test dam vaccination on calf protection involved a survey ofdagy
farmers on their perception of this practice: 6 months before the trial (2017), 77% of them
had a preventive perception of the vaccination but they associated it to rather curative
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practices®. Their participation in the trial has improved their understanding of calf passive
immunity and of the role of colostrum into this process (75% of answers), but also the
importance of the delay for colostrum intake (72%) and of the quality of colos{fi&%o).
After the trial, the farmers declared to be determined to change their practices regarding the
provisionof colostrum to improve the health of calves at farm. These results confirmed the
benefits ofprovidingpracticalinformationto facilitate thechanges in attitude and practices.

A casécontrol study was set up in nineow-calf operations and four fattening units to
compare preconditioned and control cattle in French context’’. The peconditioning
protocol consisted of weaning calves 50 days before sale, with adaptation to solid feedstuff
and housing. A trivalent vaccine protocol [BRSV, B®RéBinheimia haemolyticgformerly
Pasteurella haemolytigh and vitamins and micronutrient spfementation were also
implemented in order to improve the immune response to respiratory diseases. Contrary to
what was expected, disease incidence and lung lesion score were higher for preconditioned
young bullscompared to controls. These results cobiel explained by the epidemiolagl
context of fattening units, poor housing conditions in coalf herds and individual immune
competence, in relation to immune status and previous vaccination. Pathogens detected in
fattening units (e.g. BCoV arRbsteurda multocidg were essentially different from the
vaccine valences.This study identifies critical parameters for the settlement of
preconditioning programs and highlights the necessary adaptation to local conditions and
husbandry factors.

Sheep

Lamenessonstitutes a major animal welfare and economic challenge acrossstikep
sector, costing an estimated £24 million to tb&industry’*®. The high volume of AB currently
used to tackle the estimated 9 million lameness cases that occur annually in trsedl#é
concerning. The aim of this study was to develop and validate an achievabldefaim
solution, the Five Point Plan, to reduce lameness levels to Farm Animal Welfare Council
(FAWC) targets. The Five Point Plan has five action points that suppaahimal in three
different ways: building resilience, reducing disease challenge and establishing immunity. It
was then implemented on a UK sheep farm over a fgear study period (20@62013).
Lameness prevalence across the study flock was measurechipdyta single observer using

a simple époint locomotion score. The results show that lameness reduction is achievable
within a relatively short time scale but does require ldegn commitment in order to sustain
success.

A total of 160eweson one farmin Englandwere studied for 18 month§™. Cases of footrot

and interdigital dermatitis in individually identified sheep and treatment and flock control
measures were recorded. In this one flock, cases of footrot and interdigital dermatitis were
linked andassociated with trimming of feet. They were also negatively associated with the
use of ABs and topical AB sprays in the firssetond 2week period. These results suggest

1) that footrot and interdigital dermatitis are infectious diseases that candygrolled, in

part, through the use of ABs, which acts to reduce the infectious period of diseased sheep
and 2) that routine trimming of diseased and healthy feet increase disease, through
environmental contamination +/through increased susceptibility agheep with recently
trimmed feet.
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Further research from theUKf 221 SR 4 K2¢ GOSUSNAYIlI NE & dzN
effectiveness of two treatments for footrot changed following a review of the evidénce

There was considerable variety in veterinary3@ 2y aQ o0Sft ASFTa otheF 2 NB
review. After hearing the evidence, seven participants quantifiably changed their beliefs. The
results suggest that a substantial amount of the variation in beliefs related to differences in

@S G SNR Y| NEnowkedghHT&@ key fndings from the qualitative data were: (i)
veterinary surgeons believed that farmers are unlikely to actively seek advice on lameness,
suggesting a proactive veterinary approach is required (ii) more attention could be given to
improving the way in which veterinary advice is delivered to farmers. In summary this study

has revealed that the evidence that currently exists can change veterinary opinion and
improved transfer of research knowledge into veterinary practice is needed.

Another WK based study was conducted in 2008 where BA§lislrsheepfarmers were asked
to identify six common foot lesions; only 20% of farmers named all six lesions caffectly
This study highlights the necessity of vets in advising and educating producetssakeep
lameness. Foot lameness in sheep can be attributed to infectious cinfiectious causes.
The three infectious causes of lameness covered in this article are:

w Ovine interdigital dermatitis (OID), often referred to as scald;
w Footrot (infectiougpododermatitis);
w Contagious ovine digital dermatitis (CODD).

Nornrinfectious causes of lameness are less common and include:
w White line degeneration;
w Foot abscess;
w Toe granuloma.

Getting an accurate diagnosis is essential in advising on preveototrpl and treatment.
Often, one or more conditions are present on a farm. Lesions can be in the early or chronic
phase, where they can appear grossly very different, so sufficient animals need to be
examined to achieve a diagnosis

Another lamenesstady aimed to evaluate the effectiveness of ozone therapy and platelet
rich plasma (PRP) in the treatment of acute foottotTensheepsuffering from footrot were
treated and compared to a control group of 5 healthy sheep. Treatment consisted of local
ozone application and then with nehealing cases, the application of PRP. Complete recovery
was achieved after local ozone treatment in 6/10 sheep. The remaining four animals also
healed after the subsequent PRP therapy. Results showed that ozone trealiderdt cause
major blood or inflammatory changes and the local application of ozone and PRP proved to
be an effective footrot treatment that avoids the use of ABs/ disinfectants. However, due to
the relatively high costs and time requirements, it is pdialty most suitable for smaller
farms.

In the UK 160sheepfarmers were asked via questionnaire about their current management
of footrot and their satisfaction with it*. Farmers satisfied with current management

38



reported <= 5% lameness. Farmers repdrtreating lame sheep within 3 days of first seeing
them lame, and those with footrot/scald with parenteral ABs. Farmers dissatisfied with their
management reported >5% lameness. These farmers practised routine foot trimming, foot
bathing and vaccinatioagainst footrot. Whilst 89% of farmers said they were satisfied with
their managemenpractice regarding footrqt>34% were interested in changing what they
did. Farmers reported that ideally, they would contimbtrot by culling/isolating lame sheep,
soucing replacements from nelames, trimming feet less, using less ABs and using
vaccination more. Foebathing was common, linked with dissatisfaction but also listed highly
as ideal managememiractice Some of the ideal managementerventionsaligned wth best
practice but others contrasted with it suggesting cognitive dissonance was present.

In another study, the goal was to understand how key players inUKeheep industry
recommended treating footrot and tested whether reviewing the evidence surdmng
treatment of footrot changed their beliefs’. All participants recommended use of AB
injection but only four recommended not foot trimming feet with footrot. During discussions,
participants stated that parenteral ABs had always been recommendedtasatment for
footrot but that the new research clarified when to use them. In contrast, it was highly novel
for themto hear that foot trimming was detrimental to recovefter hearing the evidence,
seven of the eighkey playersvould recommendhvoiding foot trimming. Some were resistant

to changing beliefs despite hearing the evidence. Three months after the workshop, three
participants stated that they now placed greater emphasis on rapid individual AB treatment
of lame sheep and not foot trimimg feet.

In small ruminants management tools for the control of mammary infections must be
reviewed, considering animal specificities as well as management, equipment and work
organization. Acrenchstudy integrated observation of the work of breedersdaadvisors,
various innovative technological solutions or automated recordings now available or in
development as diagnostic tools (molecular bacteriology, cell counts, infrared spectra, clinical
examination of the udder and the teat), and milking abitityd milking condition®. In a
context of ABuse reduction, criteria for the selection of animals to be cured (or culled) have
been proposed. New phenotypes have been explored for a better understanding of the risk
factors associated with milking. Finallfter studying the genetic progress and economic
impact, the inclusion of new traits in selection schemes was carried out (i.e. somatic cell
counts) or proposed to improve the resistance of animals to mammary infections.

Pigs

AMU inpig farming is influeced by a range of risk factors, including herd characteristics,
biosecurity level, farm performance, occurrence of clinical signs and vaccination scheme, as
gStft a FINYSNARQ | (ABudse.d3B Bratheleffel offhlese Nsk factois2 & | NJ
has been explored separately. A muitistitute study aimed to investigate the relative
importance of all these risk factors in a sample of 207 fafroafinish farms fromBelgium

France GermanyandSwederi®’. The occurrence of clinical signs, especailhgspiratory and
nervous diseases in fatteners, was one of the largest contributing risk factors in all four
countries, whereas the effect of the other risk factors differed between countries. In terms of
risk management, it suggests that a holistic aodntry-specific mitigation strategy is likely

to be more effective.
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Chlortetracycline and the macrolide tylosin were identified as commonly Ag&fdr growth
promotion and prophylaxis irpig production. Resistance to thesABswas measured
throughout thewaste treatment processes at five pig farms in th8by culturebased and
molecular method$'’. Conventional farm samples had the highest levels of resistance with
both culturebased and molecular methods and had similar levels of resistance despite
differences in AMU. The levels of resistance in organic farm samples, where no antimicrobials
were used, were very lowas assessedy a culturebased method targeting faecal
streptococci. The levels of tetracycline and MI(BRcrolidelincosamidestreptograminB)
resistance remained high throughout the waste treatment systems, suggesting that the
potential impact of land application of treated wastes and waste treatmenptmglucts on
environmental levels of resistance should be investigated further.

Diarrhoeain piglets can be caused by several pathogenic agents, inclu@ampylobacter

spp., Clostridium perfringens, Escherichia c8almonella spp., Rotavirus group A-@&Y
coronaviruses (transmissible gastroenteritis viruBGEV; porcine epidemic diarrho@eaust

PEDV), as well as by nematode and protozoan parasites. However, most studies have focused
on a few or only one agent and consequently our understanding of the relative importance
of pathogens, their interactivity and other factors may have strongdsa’.

The effect of vaccination against neonatal diarrhoea is not always high because immunity is
also based otthe intake ofcolostrun?’. An averageow produces enough colostrum for 12
piglets but the average litter size is now 15 piglets. One wampwave colostrum supply is

split suckling. Industry actors in thidetherlandsdescribe that in the case of neonatal
diarrhoea in piglets, it is almost always necessary to take steps on several fronts, especially
pertaining to hygiene. If the piglets do ddup diarrhoea, it may be effective to provide the
sows with acid and cola, then offering water and food, with the third step the possible
application of vaccinations and/or ABs.

A particularly economically important disease in pigs isfRestning diarrhea (PWDgaused

by Escherichia colit isaffecting pigs during the first 2 weeks after weaning and characterized
by sudden death or diarrhoea, dehydration, and growth retardation in surviving pgiglets
Furthermore, many stress factors associated wita weaning period, such as removal from

the sow, dietary changes, adapting to a new environment, mixing of pigs from difféters

and histological changes in the small intestine, may negatively affect the response of immune
system and lead to an intestinal gut dysfunctiompiglets.

A Belgiumstudy investigated the effect of vaccination agaiNstcoplasma hyopneumoniae

on its transnission in nurserpigsunder field condition$’®. Seventytwo pigs were randomly
placed at weaning into vaccinated (V) and n@tcinated (NV) groups. Animals in the V group
were vaccinated at 3 weeks of age with a commengiahyopneumoniadacteria vacine.
Bronchealveolar lavage fluid taken at weaning and at the end of the nursery period was
assessed for the presenceMt hyopneumoniagand the reproduction ratio of infection (Rn)
was calculated. The study indicates that vaccination does not samtificreduce the
transmission of this respiratory pathogen.

Vaccination is also an effective means to prevent and reduce problems with Porcine Intestinal
Adenomatosis (PIAY. PIA leads to loss of growth and vaccination can reduce MED
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AnimalHealthhasmanufactured a PIA vaccine. The vaccine can be administered from 3 weeks
of age and provides protection from 4 weeks up to 21 weeks after vaccination. Vaccination
results in fewer deaths, lower infection pressure and less diarrhoea caused by Lawsonia
infection. The vaccination hassulted inpositiveexperiencesn practice.

Subclinical infections witsalmonella Typhimuriuroccurs frequently in pigs, constituting a
risk for human salmonellosis. In tiB&lgiumstudy, an attenuatedsalmonellaryphimurium
vaccine (Salmoporc®, IDT Biologika) was evaluated in gdigeeerds®’. The excretion of
Salmonella Typhimuriurfield strain was low and similar between farms and production
cycles. Vaccination of either sows and piglets, sows and fattenggy pr in piglets only,
resulted in a smaller number of lymph nodes positive at slaughter, in pigs in the second
production cycle only. Marked reduction of positive lymph nodes at slaughter happened after
vaccination of sows and piglets. The vaccine strais detected in the lymph nodes of 13 pigs

at slaughter. Because of study limitations, results should be interpretéth care.
Nevertheless, in sows and piglets (preferred), sows and fattening pigs, and piglets only,
vaccination can (to some extent) suppthe control ofSalmonella Typhimuriumfections.

In a study fromDenmark,liquid pig manure (n=305) and sewage sludge (n=11lked as
agricultural fertilizers between 2002 and 2005were investigated for the presence of
Escherichia cqlEnterococus faecalisand Enterococcus faeciutit. Bacteria were tested for

their resistance against 40 chemotherapeutics, including several "reserve drugs". E. coli
(n=613) from pig manure were at a significantly higher degree resistant to streptomycin,
doxycycline spectinomycin, cotrimoxazole, and chloramphenicol tiarcoli(n=116) from
sewage sludge. Enterococci frgaig manure were significantly more often resistant to high
levels of doxycycline, rifampicin, erythromycin, and streptomycin thah faecalign=44)

and Ent. faecium(n=125) from sewage sludge. Significant differences in enterococcal
resistance were also seen for tylosin, chloramphenicol, gentamicin and more. High rates of
(multi-) resistant bacteria in pig manure emphasize the need for a prudesntious- use of

ABs in farm animals.

Poultry

Colibacillosis prevention in chicken farms should be maximized as this is a disease commonly
treated with ABs.Understanding the psychological and social context in which farmers
operate can have an impact management of the birdgramcean initial survey (qualitative

study) was carried out involving 14 conventionhickenproduction farmers®. Afterwards,

75 western France farmers replied to a quantitative questionnaire based on results from the
previous survey. The survey revealed that 85% of farmers had insufficient knowledge about
colibacillosis. The major incentives to prevent avian colibacillosis werddsire to improve

farm income and to reduce AB use. Statistical analysis showed five farmers profiles. Advice
should be adapted according to these profiles:

1. experimented little motivated farmers
young and independent farmers

farmers with otherpriorities

motivated with small chicken house farmers
risk takng farmers

asrwn

41



In another study, a 28ay experiment from thé&JSshowed promising results in the recovery

of broiler chicksafter a challenge with mild coccidiosis infectida tenella®**°. The clicks

were fed a diet containing an additive that boosted their immune response to the parasite
and an additional antioxidant to mitigate tissue damage to the gut from an excessive immune
response. Both the chicks on the control diet (without the new adeg) and the chicks
receiving the treatment were challenged with a mild coccidiosis infection and did not differ
in overall performance. However, the chicks on the treatment diet showed faster recovery
and better daily gain instantly after the infectionttvithe parasite. This led the researchers

to believe that chicks recently infected would benefit more from this innovative dietary
supportive treatment.

A Frenchcompany, Altitude, has developed thé@tch VetExpert applicatiof. This app,
developed for he Merial and Chéne Vert Conseil laboratories, is intended to be used during
audits in hatcheries. Veterinarians fill out a predefined questionnaire in the application during
their visit to the farm. This questionnaire, the responses of which appear ifotireof notes,

text, multiple choice questions, etc. then makes it possible to create statistics but also to
benchmark the farms in relation to previous audits or in relation to other farms of the same
type. The questionnaires and statistics can be madafyjem the app but also from the
website.
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5.3. Housing and welfare
Highlights
1 Modern farming is associated with substantial welfare problems that also have an
impact on disease status and the development of antimicrobial resistance (AMR).
1 Animal welfare ishe quality of life as perceived by the anim#iemselves
Health is an important welfare need.
1 Stressed animals have a reduced immune function, increased disease susceptibility
and are therefore likely to need more AMU to treat diseaseslzamntedevelop
AMR.
1 Automated sensors (e.g. of climatic conditions) and improved diéelynanagement
can considerably contribute to improved production, health and welfare of livestock.
1 Happy animals may be more resilient, and they can make farmers happy too.

=

What ishousing and welfare?

Aspects of housing and welfare concewould be seen respectively as the hard and soft

aspects of animal production. That is to say, housing refers to the hardware of the system in
GKAOK (GKS FFNNYSNE IAY utdproda&ds gffentlyia Bossibig. A Y I f 2
Housingconstitutesan importantpartot vy F YA YF £ 3Q LK@ aA Ot Sy gdANER)
G2 + fIFNBS SEGSyld GKS FyAaAYlItaQ KSHtGdK FyR ¢
different ways. For members ofi¢ general public animal welfare is often related to a more

Wyl 0dzNF £ Q fAGAY IS (K2dzAK yFddzZNE Aa y2a |t gl
proposed to define welfare in terms of (the measurable aspects of) biological functioning, but

this defnition also poses issues since biological functioning (survival and reproduction) per se

is, for examplealso a property of plants, which normally are not considered to have a welfare

state; and on the other hand, poor welfare can be present in aninfas are highly (re

)productive. Most animal philosophers and many welfare scientists, define animal welfare in

terms of feelings or affective states,g.as the quality of life as perceived by the animals
themselves (Bracke et al., 1999). Feelings hawedved to help animals deal with a variable
environment, and thus support animapecific biological functioning. Welfare problems of

modern farming practices often relate to the fact that animals are kept in environments that

differ very much from the enkonment in which they have evolved and to which they are
adapted. Keeping large numbers of animals in crowded and barren conditions, as well as other
management decisions associated with intensive farming (e.g. very high production levels

(milk yield, pigtts per sow per year, growth rates), early weaning of pigketsotherless

rearing of calves and chickgood restriction in gestating sows and broiler breedeesd

mutilations (e.g. castration, dehorning, disbudditegl dockingandbeak trimming), a& often

associated with stress and reduced welfare, as well as a certain risk for disease. Welfare
problems, however, are not only related to intensive housing, but also to management
decisions aiming for maximised production efficiency and to some fofngeoy) extensive

production. Welfare, then, is how the animals perceive their environment and provisions of
resources (i.e. the things they need) in terms of positive and negative affect (positive and
negative welfare). In that sense, welfare is inhefe®t & dz0 2SO0 A BS O0A PSP Waz
increasingly possible to measure and model animal welfare based on scientific information.

Main scientific paradigms to measure welfare include, besides the study of behaviour
(preferences, demand, abnormal l&viours), also the health status of the animal (e.g. skin

lesions, etc.), stress levels (which can have an effect on e.g. immune function) and other
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aspects of biological functioning, including the levels of production and reproduction (Bracke
et al., 20@). Health is also an important welfare need, as it may override (to some extent)
other welfare needs. All welfare needs, including the need for health, are based on
behavioural systems, like searching for and ingesting fdwljing social interactions,
reproduction, thermoregulation, rest, exploration, body care, etc. The health need relates to
so-called sickness behaviour, and it is not the health status per se that determines welfare,
but how sickness is perceivéy the animalsand expressed as a behaur. For example, a
tumor can be aggressive (spread in the body), implying a severely reduced health status,
without (at that point) affecting the welfare of thimdividual(yet). Conversely, a mutilation

like tail docking, even when conducted adequateithaut any analgesia, is quite painful even
0K2dzaK A0 R2Sa y2did KFE@gS I 6A3 STFFSOUGU 2y GKS
potential point of entry for pathogens).

How does attention to housing and welfare help reduce antimicrobial resistance?

Providing higlguality housing and good welfare conditions for animals are likely to reduce
stress, improve production and reduce the need for AMU, e.g. improved climate control and
improved immunocompetence will result in less disease.

Why is housing andelfare important?

Good quality housing is important because it provides the environment for both the farmer
and the animals to function well. Good quality flooring is important for locomotion and
resting, including the prevention of healtkelated disorers like lameness and pressure sores.
Good insulation and shelter is important for thermoregulation and disease prevention.
Adequate space is important to allow ftine performance ofmost (natural) behaviours.
Proper biological functioning, including praction performance, is generally indicative of
improved welfare.

By definition, animal welfare is all that matters to the animal (as it is the quality of life as
perceived by the animatself). High production and health are normally a necesdauy not
sufficient condition for good welfare. Sick animals often have reduced welfare, but good
welfare also requires giving animals the opportunity to express normal and sgspeesic
behaviours, such as rooting and wallowing in pigs, scratchingbdthing and roosting in
poultry, and grazing and ruminating in dairy cattle. While reduced AMU is an important aspect
of agricultural sustainability as it serves to protect human health and thereby huvetfare
interests, animal welfare is also importann and of itself This importancethus, does not
only the fact that good animal welfare may help to improve animal health and reduce AMU,
but also because from an ethical standpoint, animals should be handled humaneély
deserve a good life, a life wth living toa

What is interesting and worthwhile knowing about housing and wetaedation toAMU
and AMR

General
As discussed earlier, the health and welfare of animals is related to housing conditions.

Main recommendations and standards have been summarized, providing a good overview of
sheepbasic needs in terms of housing design and la§fduForpigs a study on 130 farms in

5 EU countriesdentified several factors that related optimal housing aadt and health
management to improved sow and piglet performafice
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Climate & climateelated emissions

In broilers, there are several importanaspects of production that require careful
consideration. Thermal models used brnoiler production are outdaéd and not sensitive
enough to fluctuations over time. An hourly model of heat, carbon diofig) and water
vapor production was developed for broilers incorporating performance parameters. The
model can be used for climate control and thermal desigbrofler houses™®. EU directive
2007/42/EC sets a maximum limit of 3000 ppm. @D broilers (at animal height over the
entire duration of thebatch). Since then, GQ@oncentration sensorBave beerdeveloped for
usein Frenchpoultry buildings. Regarding current £€@nsors, measurement should be done
at animal level at the end of theearing periodat a height of 80 cm +20 cm, even though
this may result in an underestimation of £lévels in case of high €@roduction byanimals

and litter. It's better to use more than one €§&nsor for continuous measurement in poultry
barns, butthe first level investment should be in a higlerformance sensor and its
maintenance rather than in purchasing an additional sefiS$oAs 0f2010, a maixnum limit

of 3000 ppm Cg@is allowed at animal height over the entire duration of ttearing period

Two out of five C&sensors tested were not suitable for continuous uspanltry buildings.

A height 080 +~ 20 cm above floor level (beten nipples and feeders) is the recommended
position at the start, but this gives an underestimation at the end of the rearing phase. CO
heterogeneity is more marked at the start than at the end. If an additional sensor is not
economically feasible, a oection could be applied. Again, using a hpgrformance sensor
and its proper maintenance is preferred over buying an additional séfisor

Also pig farms should monitor closely their emissions. Recenteagassion management
guidelines have been speieifl for pig farms (20209 (n Spanish)(see also Klimaatplatform
Varkenshouderij, 2021in Dutch). Reducing gasmissions is possible through technical
improvements to the housing system. For example, the Kempfarm system has a manure belt
underneath the slats to separate urine from faecespig barns to reduce ammonia
production and preveniung problems by removing solid manure from the shed twice &day

Management

¢CKS YIFylFr3aSYSyid ljdaztAGASaE 2F FFENXYSNBR Oly KI@
status and the required AMU to maintain production. Better understandigiarmer

behaviour is important, including farmeret relationships, audit and inspection dynamic,

cultural ideas about farming and the role of 'good farming practices' in farmers' decision
making and actiori$. To support improved management, tools have been developed to assist

the farmer. Predict and prevent by Prognostixs software, for example, supports tracking and
analysing performance based on sensor data related to health and environment to inform
managenent decisions’ (see also the chapter on precision livestock farming). Water
management guidelines have been specifie@franisi*>.

A simulator to calculate water medication and water consumption is also availatjreanish
(see also the next chapt onwater managementin this state-of-the-art report).

As to management decisions made in the dairy sector, bacterial load was found to vary within
and between bedding materials uséor cattle in the UK i.e. it was higher when recycled
material solids (RMS) were used compared to sand and sawdust. Teat dipping with a
disinfectant and drying, prior to milking, as well as disinfecting clusters between milking
different cows resulted itower bacterial counts in mitk

Guidelines omilking control and hygiene are also availableFirenchi®.,
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Another guide aims to help farmers use newking technologies and automatic milking
systems. It describes the various technologies availablm&stitis monitoring and provides
some general tips on maintaining good udder hedlthFinally, the database contains an
individualpig-care poster showing different signs of acute, sudute and chronic conditions

to be recognised by thfarmer**°. Note:a number of practice guides and information sheets
related to (external) biosecurity and prudent use of antimicrobials included in the database
are referred to in the chapters on biosecurity and prudent use respectively.

Young stock management

Various publications draw attention to the specific management of young animals. These
have been grouped by species. TBatch calf-reception project, for example, aims to
improve the quality of young calves on theal farm, by focusing on veal farm mareagent

in the first four weeks, including the release of calves in gréu@n average, 14.5% of live
borndairy heifersfail to reach their first lactation, esp. due to pneumonia in calves aged 1 to
6 months®°, As to respiratory health, alddKbeef caleswith healthy lungs gained 72 g/day
more than those with moderate lung damage, and 202 g/day more than those with severe
damage. The first two months of life are of particular importance for lifetime performance as
indicated by age at first calving, fiend second, lactation milk yield and longevity in the dairy
herd. Careful, proactive management of the young calf is critical to maximise future
productivity*>®, Dairy Australia produced a manual related to healthgalves and
biosecurity°5474,

Anotherdocument (inErench reviewslamb health and housing (from birth to fattening). It
also describes good practices related to housing, including biosecurity, water, litter, farm
layout, cleaning and disinfection, lighting and ventilation

Rearing may alsbave a longerm impact on behaviour, health, and welfare lafyers
Enriching the rearing environment with physical, sensory, and stimulatory additions can help
maximize the bird@developmental potential. The impact of enrichment provided during
rearingon behavioural and physiological development is reviewed. Improved behavioural
opportunities (for e.g. dustbathing, perchirand foraging) will improve bird welfare and
probably immunocompetence, though the mechanism is poorly understood. There is a need
to identify and validate practical cosffective enrichments for ofiarm use®®. Broilersthat

hatch in the barn show reduced mortality and foot sole lesions. There were no differences in
behaviour shown in the pens, but chicks responded differentlydioadlengeboth at a young

age and at an older agg(nbuch  An ITAVI document (French and protocol aims to support

a good and ABeduced start irbroilers®.

A directive was produced fobutch poultry veterinarians concerning the staup and
management of broiler chicks in the first week of life. It concerns the prescriptidBsdnd
practical tips and norms regarding climate, lighting, water, feed and supportive measures
such as the use of prand probiotics, vitamins, minerals, organic acids and fytobiotics. This
guide can also be used by broilers farmers to improve theirstamanagemerit’./ KA O1 a Q
vocalisations in the first 3 days of life (DO to D3; e.g. snuggle, fear, pleasure trillspbut e
comfort and distresgallg can be recorded and analysed automatically to inform the farmer
about the health and welfare status of the animals. Optimal sound recording conditions
include a group of ten chicks, omdirectional microphones and-@iin. recording sequences.
Between DO and D3, chicks emit short sounds with a limited frequency range {2000
HzY¢. Early rearing was examined in Bbel Rouge poultrflocks. Origin of the chicks had
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a significant impact on weight gain, flock homogeneityd mortality at 15 day®f age
Specific starup feeding equipment also appeared to influence weight gain, homogeneity and
rate of pododermatitis. The latter was also influenced by litter quélityA good start is
important for the further developmenof poultry, incl.Label Rouge broilersand influences

the success of the batch in breeding. Following the stg@rimonitoring in 45 Label Rouge
broiler farms (inFrancg; two major factors were: Early feeding and watering, and good
quality bedding*®,

Anather important aspect of management is the handling of @&y chicks The
guality/robustness of these animals plays a crucial role in welfare levels, mortality and AB use.
It is negatively affected by breeder age and time at the hatchery. Chicks platedeat
density, in a controlled environment in the hatchery, and with empty space between each
box to improve air circulation had significantly less weight loss until arrival at the farm,
increased body weight at D12 when hatched from brooding eggs cedlexttthe end of lay,

a higher cloacal temperature at D1, and a higher breast yield at slaughter, but similar mortality
levels . In 50broilersflocks inBrittanythe average mortality rate was 1.9% and 47 % of the
flocks received AB treatment in thedirl0 days of life. Flocks with elevated mortality rates
(2.3 %) were treated with AB more often (58 % of the flocks), had Boomlidetected in
chicks at Day 1, more lameness at Day 3 of life, generally highdev&® at Day 1 (> 3000
ppm), were loated further from the hatchery (> 200 km) and did not use detergent to clean
the poultry housé’?.

Welfare

Pain

Postoperative pain relief (in addition to the use of £fdaesthesia during the procedure) for
castration ofpigsis not legally required in #aNetherlands as it is e.g. iGermany Pain relief
should be administered half an hour before castration. Some pig farmers administer pain
relief at the time of castration, but give the wrong medication or not the proper concentration
for piglets. Propepain management, however, makes the piglets recover faster. The drug
costs roughly 2 cents per pigiét Since mielune 2020Dutch pig farmers are conducting
welfare checks for sucking piglets, weaned piglets, fattening pigs and rearing sows (collected
at www.welzijnscheckvarkens)nlparticularly in relation to tail, ear and flank biting. Both
animatbased and resourebased indicators are used to assess risk, improve welfare and
productivity. Thewelfare check for pigs has been developed because it is legally required and
helps demonstrate good welfare to purchasers of Dutch pigs andPork

Tackling lameness sheepincludes correct diagnosis and prudent ugeofiding AB only
when necessary ane@ffective). A 5oint plan includes culling animals that are lame
repeatedly/persistently, quarantining all incomers and treating affected sheep
appropriately?.

Three booklets are available krenchon intervention methods on lameness d@airy herds
based on pooling of expertisbdsedon approach, risk factor inventory and interventidn)
Guidelines have also been produced forfarm killing ofpigs'e*(inSpanish

Enrichment/improved welfare

Enriched housing was shown to reduce disease suschptinipigs (faster viral clearance in

the blood, and less lung lesions and tissue damage following an experimental infection with
PRRSV and\. pleuropneumonige. The German welfare scheme "Initiative Tierwoh!'
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improves relative farm performancandrespratory health ofpigs and is compatible with a
high economic and high health performance (Uehleke et al., 2021).

Production data from six topoultry farms inRomaniashowed increased production costs
(of between 1.8 and 3.4%) due to the introductionbwbiler welfare rules, esp. related to
lighting, fuel mortality and labour, while savings were found for biological materials, feed and
ventilation’®?,

The Austrian Animal Needs Index 35L/2000 was applied to adaggavelfare in a loose
housed Romanianfarm using 26 indicators (related to locomotion, social interactions,
flooring, light, air and stockmanship). The highest scores concerned locomotion and social
interactions. The lowest scores concerned flooring and light and air. Lighting was critical
(uneven lighting and low intensity values:-38 Lx), as were dirty outdoor areas. Addressing
these issues may improve dairy welfare leva@hd increase milk producticf. Following
previous research showing a link between improved animal welfare, biosgeaml AMU
reduction in pigs and dairy cattle, a study was conducted on 27 specihkstdarms over

3.5 years, reporting a need for implementing biosecurity measures and emergency
management, due to the low efarm assessment scores (24 and 39% respelgti and found

also a statistically lower AMU in relation to improved welfate
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