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1 Glossary/abbreviations 

AB: Antibiotics 

AMR: Antimicrobial resistance 

AMU: Antimicrobial use 

Anses: The French Agency for Food, Environmental and Occupational Health & Safety 

BDCT: Blanket dry cow treatment 

CIAs: Critically important antimicrobials 

DCT: Dry cow therapy 

DISARM: Research project (Disseminating Innovative Solutions for Antibiotic Resistance 
Management) 

ECDC: European Centre for Disease Prevention and Control 

EFSA: European Food Safety Agency 

EMA: European Medicines Agency 

ES: Spain 

ESPRUMA: (ES) 

Idele: French Livestock Institute 

ILVO: Flanders Research Institute for Agriculture, Fisheries and Food 

IMA: The Industrial Minerals Association (EU) 

INTERPORC: Spanish Inter-professional Agri-Food Organization for White Pork 

ITAVI: The French Poultry Institute 

NL: The Netherlands 

PCU: Population correction unit (unit developed by the EMA to calculate AB use in food-
producing animals) 

RUMA: Responsible Use of Medicines in Agriculture Alliance (UK) 

SCC: Somatic cell count 

SDCT: Selective dry cow therapy 

UK: United Kingdom 

VETresponsable: Uso Responsable de los Medicamentos Veterinarios (Spain) 

WHO: World Health Organisation 

WR: Wageningen Research (NL) 

WUR: Wageningen University and Research (NL) 
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2 Introduction 

The DISARM thematic network has developed a network linking together farmers, 
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 (dairy, beef and sheep). There is 
real benefit in the exchange of innovative approaches. Different sectors can learn from the 
approaches to livestock health adopted by innovative farmers in other sectors or countries. 
The overall aim is to reduce antibiotic (AB) resistance, by reducing the need for AB in livestock 
farming by focussing on disease prevention and prudent use of AB. Best practices are 
therefore focussed on improving animal health and prevention of disease. 

The DISARM Network developed a baseline assessment of state-of-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 been developed, which can be used by farmers and their advisors to 
access information on strategies to reduce AMU and subsequently antimicrobial resistance 
(AMR) (https://disarmproject.eu/search-resources/; see also Bennani et al., 2020). Best 
practices and innovations have been selected because they reduce the potential 
development of AMR. The state-of-the-art report and connected database has been used to 
feed the community of practice (CoP) with best practices. 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 network. It establishes the baseline State-of-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 report summarises the 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 further (https://disarmproject.eu/search-resources/). 

This final state-of-the-art review and linked database of strategies has been continually 
updated with feedback from the CoP, multi-actor farm health plan groups and from the 
events, workshops and collected best practices developed in work package 5 (WP5) of the 
DISARM project. 

  

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

In work package 3 of the DISARM project a protocol was developed for the state-of-the-art 
materials. An easily accessible Excel file was created with the purpose of not 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 state-of-
the-art report and uploading of records on the DISARM 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 subdivided into 10 primary categories. These primary 
categories were divided in subcategories and several sub-subcategories to enable the 
possibility of a detailed search (Table 1). The structure of the database is presented in Table 
2. 

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

Category Subcategory Sub-subcategory 

Biosecurity External biosecurity Animals# 
People 
Materials 
Vehicles# 
Air 
Vermin/pest control 
Cadavers# 

 Internal biosecurity Animals# 
People# 
Materials# 
Vehicles 
Air 
Vermin/pest control 
Housing# 
Cadavers 

Pathogen management Vaccination#  

 Eradication#  

 Managing sick animals# Targeted use of antibiotics# 
Diagnostics# 
Euthanasia# 

Housing and welfare Weaning age and 
management# 

 

 Enrichment#  

 New housing systems#  

 Climate#  

 Stocking density  

 Milk parlour  

 Pasture (management)  

 Manure management#  

Water  Water quality#  

 Water system  
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 Water additives#  

Feed /gut health Early feeding 
(colostrum/feed) # 

 

 Feeding management#  

 Feed composition#  

 Feed additives and 
supplements 

 

Precision Livestock Farming 
& early detection 

Sensor technology# 
 

 

 Big data analyses#  

Breeding for disease 
resistance or robustness 

  

Specific alternatives New antibiotics#  

 Immunomodulators#  

 Pre-/probiotics#  

 Other#  

Antimicrobial use reduction 
strategies 

Legislation/Incentives# Government# 
Chain/labels# 

 Monitoring/Surveillance# Disease/health# 
Antibiotic use# 

Prudent Use Farmer# 
Veterinarian# 
Pharmaceuticals# 
Agri-advisor# 

 

Other*   
* When material does not refer to one of the ten categories. # Categories used in the final database 

Although it is a specific interest to enhance cross-pollination between sectors, interested 
parties might want to search for papers or innovations on specific species 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 of the material at hand, before 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 star rating. Table 2 presents the information that is (as far as known) 
provided on each entry in the database. 

Table 2 Information on entries in database 

Information Categories 

Species Pigs 
Poultry 
Dairy 
Beef cattle 
Sheep 
Multiple species 

Age category Young 
Adult 
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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 Reducing antimicrobial 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 

Evidence rating**  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 preferably from their own country and regarding species 
and housing systems relevant to the project. However, since cross-pollination is an important 
way of innovating, some entries regarding other species were also included when the strategy 
or innovation was regarded of interest for other sectors. Partners were asked to collect 
material published after 2010, to enhance collection of newer strategies and innovations. 
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Consortium members supplied information and links to the database, and were involved in 
the reviewing of this state-of-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 on the DISARM website. In total the database includes 340 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 
categories, and Table 4 shows the number of entries per species. 

Table 3 Numbers of collected papers and innovations divided over categories. AMU: 

antimicrobial use. 

 Research 
papers 

Tools and 
checklists 

Farm 
innovations 

Industry 
innovations 

Total 

Biosecurity 40 5 7 3 55 

Pathogen 
management 

45 6 6 4 61 

Housing and 
welfare 

16 5 3 3 27 

Water  6 2 4 1 13 

Feed /gut 
health 

33 1 5 7 46 

Precision 
Livestock 
Farming & 
Early 
detection 

11 1 2 7 21 

Breeding for 
resilience 

8 0 1 2 11 

Specific 
alternatives 

33 0 3 2 38 

AMU 
reduction 
strategies 

79 6 12 10 107 

Prudent use 49 16 3 3 71 

Other 20 40 0 1 61 

Total 340 82 46 43 511 
 

Table 4 /ƻƭƭŜŎǘŜŘ ƳŀǘŜǊƛŀƭ ŘƛǾƛŘŜŘ ƻǾŜǊ ΨǎǇŜŎƛŜǎΩ-classification 

Species Research 
papers and 
reports 

Tools and 
checklists 

Farm 
innovations 

Industry 
innovations 

Total 

Beef 7 1 0 0 8 

Dairy  86 26 12 12 136 

Pigs 93 21 7 9 130 

Poultry 49 7 19 7 82 
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Sheep/goats 10 8 1 0 19 

Multiple/other  95 19 7 15 136 

Total 340 82 46 43 511 
 

 

  



13 
 

5 State-of-the-art strategies 

In this chapter a summary of database entries is presented, divided over the aforementioned 
categories. Further details regarding the strategies and innovations can be found in the 
database (https://disarmproject.eu/search-resources/). In the sections below reference to 
database entries are identified by superscripts in green font like this:1 (i.e. more information 
can be found in record #1 in the database). References that were not included in the database 
have been referenced in the final chapter of the report. Below, different species of farm 
animals have been highlighted in bold, and countries where studies have been conducted 
have been marked with underlined fonts. Each section has highlights summarising key points, 
and most sections have subsections explaining the concepts, how it relates to AMU/AMR, 
why it is important, and what it interesting or worthwhile knowing about the topic. 

5.1. Biosecurity 
Biosecurity measures help to prevent the entry and spread of infectious diseases on and 
between farms, thereby reducing disease incidence and the need for veterinary antibiotic 
treatments160 (Dewulf and Van Immerseel, 2019). The sections below discuss first the 
database entries on external biosecurity and then on internal biosecurity. 

5.1.1. External biosecurity 

Highlights 

¶ External biosecurity is the prevention of introducing pathogens, that may cause 

disease, from entering the farm. 

¶ Aspects of external biosecurity include special attention to disease entry via visitors, 

animals, wildlife, animal products like semen, equipment, materials like bedding, and 

via the air. 

¶ A hygiene lock may be one of the most important measures you can take to build 

external biosecurity. 

¶ The BioCheck.UGent is a freely available checklist you can use to assess various 

aspects of biosecurity including external biosecurity (www.Biocheck.UGent.be). 

¶ Farmers who want to improve are recommended to consult their local veterinarian 

to discuss the issue. 

What is external biosecurity? 

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 buying-in livestock. 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 the herd 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 main type of infectious disease is caused by viruses. 
Viral diseases may lead to increased antibiotic (AB) use due to the increased likelihood of 

https://disarmproject.eu/search-resources/
http://www.biocheck.ugent.be/
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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 animals or manure are present, and esp. when 
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 use of disinfectants in agricultural environments. 

However, a study conducted in 2019 reported that proper disinfectant use did not seem to 

promote AB resistance nor reduce Escherichia coli disinfectant susceptibility. Nonetheless, 

please note that "proper use in agricultural environments" can be a real challenge170. 

It is therefore crucial that disinfectants are used sensibly. In a study involving 51 veal calf 

farms which either reduced AB use alone or in combination with cleaning and disinfection, 

farms with reduced antimicrobial use (AMU) and farms that acted as control farms showed 

reduced MRSA (multi-resistant Staphylococcus Aureus) carriage in veal calves. On other 

hand, the additional cleaning and disinfection in these farms had no effect, possibly because 

it resulted in increased MRSA air loads316. 

Why is external biosecurity important? 

Prevention, of course, is better than cure166. External biosecurity can help prevent disease, 

reduce the stress associated with disease and decrease the need for AB treatments. 

Biosecurity, in combination with other preventive-medicine strategies such as vaccination, is 

the basis of any animal-disease control program. When prevention fails, (more) curative 

action will be necessary, which often includes AB use. Improved external biosecurity has 

been shown to improve production performance142,160. In a Facebook survey covering a 

range of countries, sectors and professions, biosecurity was recognised as one of the most 

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 by 111 pig experts from Belgium, 

Denmark, France, Sweden and Switzerland to reduce AMU162. The link between biosecurity, 

AMU reduction and improved animal welfare has been fairly well established in pigs and 

dairy cattle, and more recently, Diana et al.449 reported the need for improved biosecurity. 

Lower AMU was also related to improved welfare on specialised beef farms. Another study 

pointing out the importance of biosecurity reported that ESBL-E coli (extended-spectrum 

beta-lactamase producing E. coli) positive pig farms less often had improved biosecurity 

measures such as a hygiene lock or professional pest control54. 

Furthermore, biosecurity is also important to reduce the risk for zoonoses and food 

poisoning, e.g. Salmonella in pig production153. 

However, the importance of biosecurity is still not fully recognized. Farmer perceptions 

were the object of an online questionnaire to 218 pig, 279 cattle and 61 poultry farmers in 
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Flanders, BelgiumΦ Lǘ ǿŀǎ ŦƻǳƴŘ ǘƘŀǘ ǘƘŜ ǘŜǊƳ ΨōƛƻǎŜŎǳǊƛǘȅΩ ǿŀǎ ŎƻǊǊŜŎǘƭȅ ŜȄǇƭŀƛƴŜŘ ōȅ ƭŜǎǎ 

than 10% of these farmers159. 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 was seen as 

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 detail159. 

What is interesting & worthwhile knowing about external biosecurity 

External biosecurity concerns taking precautions to prevent people, newly purchased farm 

animals, wildlife/pests, air, equipment or materials (e.g. bedding37) to carry pathogens onto 

the farm. It concerns using e.g. a hygiene 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 pathogen-free animals, the proper disposal of 

animals and other materials, and pest and wildlife control. 

For example, it has been found that wild animals foraging in the human-influenced 

environment are colonized by bacteria with clinically important AB resistance450. 

Elements to consider in external biosecurity include the structure 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, entrance control, footwear and clothing, a 

hygiene lock, hand washing, vermin and bird control, farm location and surroundings (items 

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. 

 
Entrance control 

 
Make sure visitors register and 
know what the rules are 

 
Washing hands 
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Taking a shower 

 
Footwear with profile is more 
difficult to clean 

 
Disposal of manure 

 

 

 
Do not allow unwanted visitors; 
enforce disinfection 

 

Pest control: Make sure birds 
and rodents cannot enter the 
barn 

 
A dead mouse 

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

 
Disposal of carcasses 

 

Farm innovations mainly regard usage of tools to check the status of biosecurity measures, 
especially the Biocheck.UGent developed by Ghent University (Belgium, discussed in more 
detail below), and for poultry e.g. PULSE512,514,515, developed by AIRVOL and ITAVI (France). 
With such tools farmers can gain insight into aspects of their farm that are well taken care of 
regarding biosecurity and aspects that require attention to prevent diseases entering or 
spreading through the farm. 

Other industry innovations are e.g. a housing and hygiene concept (HyCare®). The HyCare® 
system focusses on the hygiene of housing (by using coating of walls and floors), water, 
cleaning and disinfection and vermin control. Coaching is also included in this concept. 
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5.1.2. Internal biosecurity 

Highlights 

¶ Internal biosecurity refers to the prevention of spread of infectious agents within the 

farm. 

¶ Internal biosecurity is inherently linked with farm management (disease 

management, all in / all out (AI/AO), stocking density, compartmentalization and 

working lines, cleaning and disinfection). 

¶ The BioCheck.UGentϰ is a freely available checklist you can use to assess various 

aspects of biosecurity including internal and external biosecurity 

(www.Biocheck.UGent.be). 

¶ 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). Internal 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 biosecurity measures, these are much more oriented towards the 
control of endemic infectious diseases. 

How does internal biosecurity help reduce antimicrobial resistance? 

When experts in pig 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 internal 
biosecurity are perceived as the most promising alternative to AMU in pig production7. 
Various studies have provided hints regarding the way internal biosecurity can help reduce 
AMR. For example, weaner farms in Denmark that used less antimicrobials than the 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 (Fertner et al., 2012). 
Also in breeder-finisher pig herds in Belgium it was found that herds with higher internal 
biosecurity scores had lower antimicrobial treatment incidences, suggesting that improved 
biosecurity might help in reducing AMU160. In France, farms with distinct working lines and 
use of all in / all out practices were found to be associated with lower AMU in breeder-
finishers herds (Lannou et al., 2012). Last but not least, in a European study involving Belgium, 
Switzerland, France, Sweden, Denmark and Germany the level of internal biosecurity was 
found to positively associate with a better control of infectious diseases and a lower need for 
antimicrobials128. 

Why is internal biosecurity important? 

If biosecurity and disease prevention measures are well implemented curative treatment of 
diseased animals can be restricted to an 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 increasing attention for a reduced and responsible AMU in animal production 
has promoted the interest in internal biosecurity measures. 

http://www.biocheck.ugent.be/
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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 protect farm-animal health. It is 

important to include correct handling and treatment of diseased animals, make use of 

proper diagnostics, use isolation and disease registration, and ensure a 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 transmission 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 cross-contamination between 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 animals (e.g. piglets), any 

animals that grow slower in comparison to the 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 sensitivity to infections, 

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 to certain pathogens 

and therefore it is crucial to keep age groups separate and to work according to strict 

working lines starting at the youngest animals, and working towards the oldest animals to 

end with the quarantine stable and sick bay. To avoid dragging germs on footwear, boot 

washers and disinfection baths can be placed between production units. For risk-bearing 

groups (e.g. quarantine stables, sickbay), an additional hygiene lock for changing of clothing, 

footwear and washing of hands is recommended to avoid 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: 1) dry cleaning 
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 the following 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) testing of 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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5.1.3.  Biocheck.UGentϰ, a tool to check internal and external biosecurity on 

farms 
A substantial number of entries in our database use the Biocheck.UGentϰ. This 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 biosecurity and takes the 
relative importance of the different biosecurity aspects into account, resulting in a risk-based 
weighted score. 
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¢ƘŜ .ƛƻŎƘŜŎƪΦ¦DŜƴǘϰ ǇǊƻǾƛŘŜǎ Ǌƛǎƪ-based scores to assess on-farm (external and internal) 

biosecurity ranging from 0 (worst) to 100 (best). It has been applied on broiler, pig and 

cattle farms. 

Risks to external biosecurity for broiler farms includes e.g. the purchase of 1-d-old chicks, 

off-farm movements of live animals, feed and water supply, removal of manure and dead 

birds, entrance 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 prevent 

disease transfer between compartments. Farm data can be filled in for free at 

www.Biocheck.UGent.be, which serves as a national benchmarking tool. 

Preliminary results on 15 broiler farms in Belgium showed a huge 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 the well-known 

importance of biosecurity, there is a lack of implementation of many biosecurity measures 

and room for improvement150. Biosecurity was also scored in 399 conventional broiler farms 

in 5 EU member states. Here too, internal biosecurity scored better than external 

biosecurity. Within external ōƛƻǎŜŎǳǊƛǘȅΣ άƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŀƴŘ ǾŜŎǘƻǊǎέ ƘŀŘ ǘƘŜ ƘƛƎƘŜǎǘ ǎŎƻǊŜΣ 

ǿƘƛƭŜ άǾƛǎƛǘƻǊǎ ŀƴŘ ǎǘŀŦŦέ ƘŀŘ ǘƘŜ ƭƻǿŜǎǘΦ ²ƛǘƘƛƴ ƛƴǘŜǊƴŀƭ ōƛƻǎŜŎǳǊƛǘȅΣ ǘƘŜ ǎǳōŎŀǘŜƎƻǊȅ 

άŘƛǎŜŀǎŜ ƳŀƴŀƎŜƳŜƴǘέ ƘŀŘ ǘƘŜ ƘƛƎƘŜǎǘ ǎŎƻǊŜΦ LƴǘŜǊƴŀƭ ōƛƻǎŜŎǳǊƛǘȅ ǿŀǎ ƛƴǾŜǊǎŜƭȅ ǊŜƭŀǘŜŘ ǘƻ 

the number of employees and farm size. Results show better education of broiler farmers 

and their staff may help to improve biosecurity on broiler farms186. 

When the Biocheck.Ugent was applied on 574 pig farms in Belgium, Denmark, France, 

Germany, the Netherlands and Sweden (between 2014-16), it was found that farms in 

Denmark had higher external biosecurity and less variation between farms (e.g. perhaps 

because they have more SPF farms)148. 

Irish farrow-to-finish pig farms had higher external biosecurity (e.g. purchasing only semen 

and breeding gilts) and lower internal biosecurity compared to other EU countries142. 

Biosecurity scores explained 8, 23 and 16% of piglet mortality, finisher mortal and ADG 

(average daily gain) respectively. Thus, lower performing farms need to improve (esp. 

internal) biosecurity practices142. 

Laanen et al.160 applied the Biocheck.Ugent on 95 breeder-finisher pig herds. The average 

external biosecurity score was 65 (range, 45ς89) and the average internal score: 52 (range, 

18ς87). Results suggest 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 

conversion ratio of fattening pigs. Internal biosecurity scores were negatively associated 

with disease treatment incidence, suggesting that improved biosecurity may help reduce 

preventive AMU. This study demonstrates and quantifies a clear link between biosecurity 

and both production and antimicrobial treatment-related criteria in pig herds160. 

Postma et al.166 applied the Biocheck.Ugent on 232 farrow-to-finish pigs herds in Belgium, 

France, Germany and Sweden (in 2012-13). Biosecurity on many pig farms was poor and 

http://www.biocheck.ugent.be/
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varied between countries. The external biosecurity status was highest in Germany and 

lowest in France. The internal biosecurity was highest in Sweden and lowest in Belgium. 

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 piglets per 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 ways to keep animals healthy with a 

reduced necessity of AMU166,8. 

In a study of 60 German farrow-to- finish pig herds it was observed that a low score for 

external biosecurity and bigger farms (more sows) were associated 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 

ǇŜǊǎƻƴƴŜƭ ŀƴŘ ƛƛƛύ ƘŀŘ ƭƻǿŜǊ ΨŎƭŜŀƴƛƴƎ ŀƴŘ ŘƛǎƛƴŦŜŎǘƛƻƴΩ ǎŎƻǊŜǎ όƛƴǘŜǊƴŀƭ ōƛƻǎŜŎǳǊƛǘȅύ176. 

Chantziaras et al. (2020) applied the Biocheck.UGent tool for fattening pigs in 4 countries 

(Belgium, Poland, UK and Finland) and found poor external biosecurity scores for farm 

location and environment in countries with reported outbreaks of ASF (African Swine Fever). 

A study involving 30 pig and 30 poultry farms with a relatively high AMU in the Belgianς

Dutch border region showed that more biosecurity measures were implemented on Dutch 

farms, compared 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 

countries423. 

In cattle, Damiaans et al. (2020) applied the Biocheck.UGent tool as a survey on 20 veal, 50 

beef and 50 dairy farms in Belgium, after weighing of questions and (sub-)categories 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). Internal biosecurity was generally 

ƭƻǿŜǊ ǘƘŀƴ ŜȄǘŜǊƴŀƭ ōƛƻǎŜŎǳǊƛǘȅΦ ±Ŝŀƭ ŦŀǊƳǎ ǎŎƻǊŜŘ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƭƻǿŜǊ ŦƻǊ άǇǳǊŎƘŀǎŜέ ǘƘŀƴ 

beef and dairy, while scoring higher for the other subcategories of external biosecurity. In 

ŘŀƛǊȅ ŀƴŘ ōŜŜŦΣ άǇǳǊŎƘŀǎŜ ŀƴŘ ǊŜǇǊƻŘǳŎǘƛƻƴέ ǿŀǎ ǘƘŜ ƘƛƎƘŜǎǘ ǎŎƻǊƛƴƎ ǎǳōŎŀǘŜƎƻǊȅΦ ²ƛǘƘ ǘƘƛǎ 

tool, implementation of biosecurity on cattle farms can be assessed in a standardized and 

reproducible manner. This evaluation allows for benchmarking of farms and herd-specific 

advice. 

5.1.4. Other findings by country and species 

Focus on external biosecurity 

An intervention study in 70 farrow-to-finish pig farms in Belgium, France, Germany and 

Sweden showed that substantial AMU reduction was possible without negative impact on 

the technical performance and an overall positive effect on net farm profit128. 

A study comparing 48 intervention farrow-to-finish pig farms in Flanders to 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 a cost-effective 

way to reduce AMU177. 
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A study among 227 farrow-to-finish pig farms in Belgium, France, Germany and Sweden 

found that the 44 top-ŦŀǊƳǎ όŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ΨǊŜƎǳƭŀǊΩ ŦŀǊƳǎύ ƘŀŘ ŦŜǿŜǊ ƎŀǎǘǊƻƛƴǘŜǎǘƛƴŀƭ 

symptoms in suckling pigs and fewer respiratory symptoms in fatteners, which could partly 

explain their reduced AMU 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 densely-populated pig areas, but they had higher internal biosecurity and more extensive 

vaccination against respiratory pathogens. These results illustrate, again, that it is possible 

to control infectious diseases with low AMU134. 

In the same population of 227 farrow-to-finish pig herds in Belgium, France, Germany and 

Sweden a better external biosecurity was related to a lower AMU from birth until 

slaughter167. 

Nöremark et al.122 conducted a survey of visitors on 482 Swedish cloven-hoofed livestock 

farms with reference to the spread of animal diseases. Farms were visited on average 0.3-

0.8 times per day, esp. in summer and in small mixed farms. Professional visitors seemed to 

increase with increasing herd size. Vets, AI-technicians, 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 size122. 

Simon-Griffé et al.211 surveyed 100 Spanish pig farmers and vets on the current biosecurity 

measures they weǊŜ ǘŀƪƛƴƎΦ CŀǊƳŜǊǎ ŀǿŀǊŘŜŘ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƘƛƎƘŜǊ ǎŎƻǊŜǎ ǘƻ ǘƘŜƛǊ ŦŀǊƳǎΩ ƭŜǾŜƭ 

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. Medium-sized to large farms located in high pig-density 

regions reported higher biosecurity measures than small herds located in low pig-density 

areas211. 

Frössling et al.216 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, temporal order, and also movement size and 

probability of disease into account. The method may be useful for risk-based surveillance, in 

the identification of high-risk herds in control programmes or to represent influential 

contacts in risk factor studies. Risk assessment has been identified as a tool (for vet 

advisors) for improving external biosecurity at farm level. It was developed in Sweden for 

cattle and pigs. The most important factors affecting the risk and the effect of biosecurity 

measures, such as quarantine protocols and protective clothing, were the frequency of 

between-farm contacts and prevalence of the disease220. A Swedish survey of 368 

professionals (vets, AI inseminators, livestock hauliers, animal-welfare inspectors, cattle 

hoof trimmers) of pig, sheep, goat and horse farms found many obstacles to basics like soap 

and water. E.g. 66% of vets perceived obstacles136. Responsibility for biosecurity of both 

visitors and farmers is key. Farmers must also provide adequate conditions for practicing 

good biosecurity136. 
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A network analysis was conducted of cattle and pig movements in Sweden218. The networks 

were analysed as monthly and yearly networks, separately per species and with the two 

species together. The cattle network and the combined network showed 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 with many contacts through live animal 

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

In another Swedish study, it was found that a highly contagious disease might spread over a 

large area in the time span of one incubation period. The difficulties in contacting some 

professionals visiting farms could be a problem in an outbreak situation219. 

Sayers et al.222 found that farmers in the most dairy cattle dense region (in their study) were 

three times more likely to quarantine purchased stock than were their equivalents in 

regions where dairy production was less intense. Younger farmers in general were over 

twice as likely as middle-aged farmers to implement biosecurity guidelines. The owners of 

large enterprises were almost five times more likely to join a voluntary animal health 

scheme, and were over three times more likely to pay a premium price for health-accredited 

animals than were those farming small holdings222. 

Resistant bacteria can persist and spread within and between premises despite declining or 

zero AMU. Certain aspects of biosecurity repeatedly identified as risk factors for the 

presence of antimicrobial resistance (AMR) on farms322. 

Bacterial counts on the swab samples from 12 broiler houses on 5 farms showed that 

cleaning that was preceded by an overnight soaking with water reduced bacterial counts 

more than cleaning without being preceded by an overnight soaking327. Moreover, soaking 

reduces water consumption and working time during high pressure cleaning. No differences 

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 houses327. 

Sweden has cut AB use on dairy farms in four 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 resistance393. 

Risk factors for AB use on 70 foie-gras poultry breeding lots in France showed low 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, multi-ages on the same site in 75% of farms, multi-species 

farming in 1 out of 10 cases and low use of sanitary huts265. 

Focus on internal biosecurity 

In Italy24, a study focused on the development of a flaming machine for the disinfection of 

poultry grow-out facilities. The trials were run in controlled conditions in the laboratory of 

the University of Pisa, Italy, and on a private farm. The results obtained were very 

promising. Test bench trials showed a substantial reduction in E. coli, and microbial 

determinations carried out on-farm did not show any difference between thermal and 



25 
 

chemical treatment. Flame disinfection of poultry grow-out facilities could represent a valid 

alternative to chemical disinfection. 

A Belgian study170 examined the use of disinfectants in poultry and pig husbandry, and its 

contribution to the antibiotic and disinfectant susceptibility of E. coli strains obtained after 

ŎƭŜŀƴƛƴƎ ŀƴŘ ŘƛǎƛƴŦŜŎǘƛƻƴΦ ¢Ƙƛǎ ǎǘǳŘȅ ǎƘƻǿŜŘ ŀ ƘƛƎƘ ǊŜǎƛǎǘŀƴŎŜ ǇǊŜǾŀƭŜƴŎŜ όҔ рл҈ύ ŦƻǊ 

ampicillin, 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 concentration 

range. All E. coli strains were susceptible to in-use 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 resistance. No 

indications for the selection of antibiotic (AB) 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 promote AB resistance nor reduce E. 

coli disinfectant susceptibility. 

Another Belgian study333 focused on the effect of sow washing as performed on the farm, 

on livestock-associated methicillin-resistant Staphylococcus aureus (LA-MRSA) skin status 

and strain diversity. More specifically, washing sows on four MRSA positive pig farms had no 

ǎƛƎƴƛŦƛŎŀƴǘ ŜŦŦŜŎǘ ƻƴ ǘƘŜ aw{! ǎǘŀǘǳǎ ƻŦ ǘƘŜ ǎƻǿΩǎ ǎƪƛƴ ƻǊ ƴŀsal cavities. In 64% of cases, the 

same strain was detected before and after washing. 

In Romania203, the efficacy of some organic 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 bacteria (Esch. coli, Klebsiella pneumoniae, Pseudomonas 

aeruginosa) and a Gram-positive one (Staphylococcus aureus). All organic acids 

(concentrations of 1% and 2% for each) eliminated the bacterial populations of P. 

aeruginosa and S. aureus. The Adabline ALK product for the 2% solution concentration was 

shown to be more active against E. coli and K. pneumoniae compared to malic acid and citric 

acid. 

In the Netherlands, Dorado-García et al. made a study to evaluate strategies to curb A-

MRSA316. Fifty-one veal calf farms 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 program; and control farms without any 

interventions. MRSA 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. 

The specific cleaning and disinfection program used in this study was not successful, 

possibly because it resulted in increased MRSA air loads. 

A scenario-based workshop with stakeholders was organized by the Agri-Food and 

Biosciences Institute (AFBI)-NI in December 2015 in Northern Ireland221 to identify key 

actors in driving behavioural change in relation to on-farm biosecurity. The discussion 

showed that training in biosecurity for farmers is important and necessary. Training was 

recommended to be provided by veterinary surgeons, preferably via a face-to-face format. 
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The discussion addressing disease disclosure proved particularly challenging between those 

who were prospective buyers of cattle, and those who sold cattle. This workshop provided a 

unique and invaluable insight into key issues regarding farm-level biosecurity activities. 

Another qualitative research study was set up in the UK242 to help further understand why 

dairy farmers do not engage in disease prevention and control strategies (biosecurity). 

Using semi-structured interviews informed by a health-psychology 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 identified. 

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 herd-health professionals understanding and working with 

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 argument-based education route (e.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 messages81. 

Surveys among pig and dairy 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 animal-health experts494. 

Factsheets, practice guides, information booklets and meetings 

Several factsheets and best-practice guides dealing with external and internal biosecurity 

have been produced, e.g. the ERPA factsheet for rural poultry farmers351, a series of French 

factsheets for various types of poultry farming related to avian influenza (AI)352,32, a best-

practice guide on AMR spread from poultry to humans402, a series of Irish leaflets including 

one on bioexclusion and biocontainment404. This Irish leaflet distinguishes two types of 

biosecurity practices: 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 practices404. 

The PartAge project22 concerns biosecurity in conventional and outdoor poultry using 

participatory meetings in France. Bokma et al. (2016) wrote a report (in Dutch) on how 

poultry farmers could deal with AI. 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 scan via the Avined website (Avined, 

No date). 
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Example of farm areas divided in different colours (taken from Bokma et al., 2016). 

 

An information booklet on reducing lameness in sheep422 addresses external biosecurity in 

that tackling lameness in sheep requires a number of measures including quarantining all 

incomers. It addresses also internal biosecurity by emphasizing the need to reduce disease 

challenges, i.e. when treating lame sheep in the flock, whenever possible segregate out the 

lame animals to prevent spread between the sheep and keep them separate until fully 

recovered. 

A best-practice guide for intensive pig farming is available in Spanish430, and there are Covid 

guidelines for pig farms in Spanish431, water management guidelines for pigs in Spanish432, 

and several plans on AMR451,452,464, a guide on AB use453, a booklet describing principles to 

reduce AB through prevention etc.454, a number of information sheets455,456,457,458, a 

posters/information sheets, e.g. on African Swine Fever, Salmonella and 

biosecurity459,460,461,462,468, a document on biosecurity from the Ministry of Agriculture, 

Fisheries and Food of Spain463, and various information sheets by VETresponsable in Spanish 

for pigs, poultry and cattle465,466,467. 

A biosecurity manual for healthy calves was published by Dairy Australia474, and there is a 

French guide on lameness in cattle475. A UK factsheet on Bovine Viral Diarrhoea173 points 

out that BVD is an economically important and highly contagious viral disease of cattle 

requiring special attention to persistently-infected (PI) animals. England has an industry-led 

voluntary scheme to eradicate BVD called BVDFree173. 

A checklist and factsheet was produced on biosecurity practices for dairy operations in 

Texas stating e.g. that 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 adopt140. Disease Risk Assessment includes e.g. determining which 

diseases are the greatest risk to the operation, the cost-benefit ratio of biosecurity for the 

operation, and how the transmission or introduction of disease on the premises could 

occur140. 
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5.2. Pathogen management 
Highlights 

¶ Monitoring and diagnosing causative pathogens is essential when preventing and 

controlling disease in livestock production. 

¶ Vaccination programmes are useful tools when reducing the impact of disease on 

livestock health. 

¶ Mastitis and lameness are the major health concerns for cattle and sheep and 

therefore the main reasons for antibiotic (AB) use. 

¶ Diarrhoea and respiratory disease are the major diseases in pig production and are 

often multifactorial. 

¶ Young animals would benefit from improved immunoglobulin transfer to give them 

the best chance of fighting pathogens. 

What is pathogen management? 

¢ƘŜ ǘŜǊƳ ΨǇŀǘƘƻƎŜƴΩ ŜƴŎƻƳǇŀǎǎŜǎ ŀ ǿƛŘŜ ǊŀƴƎŜ ƻŦ ƻǊƎŀƴƛǎƳǎ ǘƘŀǘ ŀǊŜ ǳǎǳŀƭƭȅ ƘŀǊƳŦǳƭ ƻǊ 

cause diseases. This includes bacteria, viruses, protozoa, nematodes, insects (such as mites 

and ticks), and fungi. 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.e. 

diagnosis, which can be at the animal level or population level in large-scale routine 

surveillance programmes; various treatment options to include antibiotic (AB) therapy; 

prevention of a repeated occurrence or prevention of the spread of the pathogen within 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 population-level testing 

and vaccination programmes. 

Why is pathogen management relevant to reducing AMU and the DISARM network? 

Several bacteria are major disease-causing pathogens that can be treated using ABs. 

However, bacteria are becoming increasingly resistant to ABs resulting in treatment failures, 

particularly in human health care settings. If we can reduce the spread and occurrence of the 

disease from bacterial infections, and this includes secondary infections following viral 

infection, we will be less reliant on AMU for curing infections and maintaining health. Less 

bacterial disease = less use and need for ABs = less AB resistance developing. 

What is worthwhile knowing about pathogen management? 

First, some general pathogen management principles will be presented from the state-of-the-

art (SoA) database, such as disease surveillance and disease prevention. Examples from each 

species will then be presented ς cattle (dairy, calves, and beef), dairy sheep, pigs, and poultry. 

International surveillance systems 

Surveillance systems that collect and monitor disease outbreak information are a vital 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 year441. A lack of comprehensive global AMR surveillance data and an over-reliance on an 

indicator-based surveillance system has limited the early detection of emerging AMR threats 

and trends. An open-ǎƻǳǊŎŜ ŘŀǘŀōŀǎŜ ŎŀƭƭŜŘ Ψ9Ǉƛ²!¢/I ƻǳǘōǊŜŀƪΩ has been used to retrieve 
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AMR outbreak reports441. Between August 2016- March 2020, using keywords such as 

ΨǊŜǎƛǎǘŀƴŎŜΩΣ ΨǊŜǎƛǎǘŀƴǘΩΣ ΨǎǳǇŜǊōǳƎΩΣ ΨōǳƎǎΩΣ Ψaw{!ΩΣ 9Ǉƛ²!¢/I ƛŘŜƴǘƛŦƛŜŘ ǊŜǇƻǊǘŜŘ !aw 

outbreaks quicker than an indicator-based surveillance system, as well as outbreaks by 

pathogen, including some not monitored by the World Health Organization. Also, it identified 

information on both colonised and infected cases. Thus, open-source data from EpiWATCH 

can complement an indicator-based surveillance system for strengthening AMR surveillance. 

Financial resources 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 risk-based approach can increase the sensitivity of the 

surveillance system. In a paper titled Ψ!ǇǇƭƛŎŀǘƛƻƴ ƻŦ ƴŜǘǿƻǊƪ ŀƴŀƭȅǎƛǎ ǇŀǊŀƳŜǘŜǊǎ ƛƴ Ǌƛǎƪ-based 

surveillance ς Examples based on cattle trade data and bovine infections in SwedenΩΣ the 

association between two network analysis measures (i.e. 'in-degree' and 'ingoing infection 

chain') and signs of infection was investigated217. Results showed that compared to 

completely random sampling, these approaches increase the number of detected positives, 

both for Bovine Corona Virus and Bovine Respiratory Syncytial Virus in 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 straight-forward tool for risk-based 

sampling. 

Vaccines 

Development and implementation of 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 of vaccines against diseases that cause major economic losses in small 

ruminants421. 

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 livestock production. 

Various studies have demonstrated that their use can lead to a significant 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 use, and cost-effective. 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. Vaccines may also have some health and welfare risks for 

the animals (side effects; fear and pain related to the injection). In this article325, an expert 

panel discusses the opportunities, challenges and needs for the development of vaccines that 

may reduce the need for AB use 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 animals326 describes 

promising breakthroughs to overcome vaccine limitations, including new biotechnology 

techniques, new oral vaccine approaches, novel adjuvants, new delivery strategies based on 

bacterial spores, and live recombinant vectors. They also include new in-ovo vaccination 

strategies and strategies that simultaneously 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 stakeholders 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 guidelines163, EPRUMA partners wish to raise 

awareness on the benefits of vaccination and recommend best practices for vaccine use to 

ensure optimal animal health. These best-practice recommendations also aim to complement 

existing guidelines on vaccination, which are available in many European countries (France, 

UK - RUMA, Spain - Vetresponsable, Belgium - AMCRA). 

Lƴ ΨTime to Vaccinate: The importance of preventive health and vaccination programmes in 

ruminant productionΩ244, the authors ς MSD Animal Health - discuss the role of the immune 

system in livestock production. They 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 livestock production, where multiple types of pathogens are continually challenging 

the health, welfare and productivity of our animals. Vaccinations play a key role in optimizing 

ǘƘŜ ŀƴƛƳŀƭΩǎ ŀōƛƭƛǘȅ ǘƻ ǊŜǎƛǎǘ ŘƛǎŜŀǎŜΦ hƴ ŀ ǇƻǇǳƭŀǘƛƻƴ ōŀǎƛǎΣ ǾŀŎŎƛƴŀǘƛƻƴǎ ƘŀǾŜ ƭŜŘ to the 

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 biofilms (microscopic 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 resistance. A webinar organised by Lallemand and Unitec, described a 

method to combat the formation of pathogenic biofilm exploiting the antagonism between 

bacteria364. LalFilmPRO, can be used to reverse the formation of biofilm, using the same 

weapons as bacteria to 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 species-specific examples from the database regarding 

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. Pruex is a UK based company that makes additives for water and 

bedding and is being used widely by farmers to reduce mastitis, foul of the foot, calf scour 

and pneumonia12. One Scottish dairy farm has applied Pruex protocols with the aim of 

ensuring dry bedding, clean air, clean feet and quality water. Since 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 from Italy details different strategies for reducing AB use on dairy farms including the 

use of immunomodulators60. The authors say the need for AB treatments on dairy farms can 

be reduced by a combined intervention scheme based on: (1) timely clinical inspections, (2) 

the assessment of animal-based welfare parameters, 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 causative pathogen is essential to reduce ABs in 

dairy farming. A farmer-led field lab, coordinated by Innovative Farmers in the UK aims to 

demonstrate that following appropriate training, farmers are capable of determining the 

causative agent of mild or moderate clinical mastitis using the ±ŜǘƻǊŀǇƛŘϰ system and can 

deliver treatment based on the results2. Providing dairy farmers with a consistent procedure 

for typing bacteria rapidly on-farm has the potential to reduce AMU 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 Danish Dairy Board19. Prevention and control of mastitis is implemented by 

means of a close cooperation between The Danish Dairy Board, The Mastitis Laboratory, the 

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 

ŀƴŘ ǾŜǘΩǎ ƪƴƻǿƭŜŘƎŜ ƻŦ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭ Ŏƻǿ ƛƴ ŀ ŎƻƭƭŀōƻǊŀǘƛǾŜ ƳŀƴƴŜǊΦ 

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 measures. Cows should be sampled as soon as mastitis is detected, preferably 

before milking is commenced. A printed resource from Zoetis gives farmers an easy-to-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 possible, so as to not contaminate the sample147. 

Another step-by-step farmer guide from Zoetis describes how to collect and transport milk 

samples for bacterial culture +/- sensitivity, as well as somatic cell count (SCC), the kit required 

marking and preparing the sterile pots, taking the milk sample, storing it correctly and sending 

it for analysis by a lab or the vet149. Taking milk samples is key to identifying the pathogen 

that is causing mastitis so that the correct control strategy can be selected and implemented. 

Environmental pathogens such as Streptococcus uberis require a different approach 

compared to Staphilococcus aureus or E.coli. Sensitivity testing can also help to assess 

whether the AB treatment protocols prescribed and administered for a clinical case are 

indeed effective. 

The milk collected from cows with different types of inflammation, including mastitis, is 

characterized by an increased SCC (somatic cell count). A Romanian study aimed to evaluate 

ǘƘŜ ƻȄƛŘŀǘƛǾŜ ǎǘŀǘǳǎ ƛƴ ƴƻǊƳŀƭ ŎƻǿΩǎ Ƴƛƭƪ ŀƴŘ ƛƴ ǎǳōŎƭƛƴƛŎŀƭ Ƴŀǎǘƛǘƛǎ Ƴƛƭƪ ǳǎƛƴƎ ǘƘǊŜŜ 

parameters: total antioxidant capacity (TAC); levels of malondialdehyde (MDA); and levels of 

proteins (DNPH)276. Subclinical mastitis was diagnosed 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 those 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 SCC48. The optimal percentage of cows to be 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 treatment (SDCT) 

was economically more beneficial than blanket dry cow treatment (BDCT using AB), for all 

types of herds studied. Economic profits of SDCT are greater if bulk tank SCC and clinical 

mastitis incidence are lower. 

Scientists in Canada looked at the relationships between management practices used on dairy 

farms and herd SCC. A large number of management practices showed consistent associations 

with herd-level SCC61 and should be the basis of udder health recommendations to dairy 

producers. Although some management practices have shown interesting associations with 

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 from Belgium on preventing mastitis highlights the importance of reducing disease 

for sustainable dairy production66. High quality milk with low SCC is crucial for product quality 

for the processing industry (i.e. cheese making). This contributes to a reduction 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 strategies to improve udder health for sustainable 

dairy production along the whole supply chain. 

A comprehensive and often-cited review called Ψ¢ǊŜŀǘƳŜƴǘ ƻŦ ŎƭƛƴƛŎŀƭ ƳŀǎǘƛǘƛǎΥ ¦ǎƛƴƎ 

ŀƴǘƛƳƛŎǊƻōƛŀƭ ǎǳǎŎŜǇǘƛōƛƭƛǘȅ ǇǊƻŦƛƭŜǎ ŦƻǊ ǘǊŜŀǘƳŜƴǘ ŘŜŎƛǎƛƻƴǎΩ evaluates the role of antimicrobial 

susceptibility testing in mastitis treatment69. 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 with clinical mastitis. This is despite 

treatments often being based on availability of labelled drugs, clinical signs in the cow, milk 

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

in the herd, treatment cost, and withdrawal 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 effects and residues. 

When mastitis incidence increases, either infection pressure has increased, or the cow/herd 

immunity has decreased. This usually indicates that farm management is not optimal. In a 

Dutch study by Jansen70, the authors demonstrated that mastitis incidence can be explained 

ōȅ ŦŀǊƳŜǊǎΩ ŀǘǘƛǘǳŘŜǎ ǊŀǘƘŜǊ ǘƘŀƴ ǎŜƭŦ-reported behaviour. The variation in BMSCC (bulk milk 

SCC) ǾŀƭǳŜ ƛǎ ōŜǎǘ ŜȄǇƭŀƛƴŜŘ ōȅ όмύ ŦŀǊƳŜǊǎΩ ƴƻǊƳŀǘƛǾŜ ŦǊŀƳŜ ƻŦ ǊŜŦŜǊŜƴŎŜ ŀōƻǳǘ ƳŀǎǘƛǘƛǎΣ όнύ 

ŦŀǊƳŜǊǎΩ ǇŜǊŎŜǇǘƛƻƴǎ ŀōƻǳǘ ǘƘŜ ŎƻƴǘǊƻƭ ƻŦ Ƴŀǎǘƛǘƛǎ ŀƴŘ όоύ ǘƘŜ ǇŜǊŎŜƛǾŜŘ ŜŦŦŜŎǘ ƻŦ ŀ .a{// 
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penalty level. The variation in clinical mastitis is best explained by farmeǊǎΩ ǇŜǊŎŜǇǘƛƻƴǎ ŀōƻǳǘ 

mastitis control and the perceived effect of a BMSCC penalty level and the frequency of 

contact with others. 

Trials from the UK and across the world have shown that cows with no evidence of existing 

infection within the udder can be successfully dried off with only a teat sealant490. The use of 

AB dry cow therapy can then be targeted to only those cows with evidence of infection at dry 

offτusually indicated by a high somatic cell count in late lactation. 

In the UK, blanket AB dry cow 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. Switching from BDCT to SDCT can significantly reduce AB use. Initiatives that seek 

ǘƻ ŀƭǘŜǊ ǾŜǘǎΩ ǇŜǊŎŜǇǘƛƻƴǎ ƻŦ ǘƘŜ Ǌƛǎƪǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǎǿƛǘŎƘƛƴƎ ǘƻ ǳǎƛƴƎ {5/¢ ŀǊŜ ƭƛƪŜƭȅ ǘƻ 

prove useful in facilitating this change74. The results also suggest senior vets should take 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 stages of their career. Vets must 

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

the lead. 

Test-day SCC before drying off and after calving were used to determine cowΩǎ ǳŘŘŜǊ ƘŜŀƭǘƘ 

across the dry period and to study the impact on the performance in the next lactation335. 

Test-day 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 herds in Belgium with an 

adequate udder health management. The authors confirmed that SCC information via milk 

recording is capable of predicting the absence of intramammary infections (IMI) with major 

pathogens at dry-off, yet (an estimate of) the herd prevalence of subclinical mastitis, the 

cowΩǎ Ƴƛƭƪ ȅƛŜƭŘ ŀƴŘ ǇŀǊƛǘȅ ƛƳǇŀŎǘ ǘƘŜ ŜǎǘƛƳŀǘŜǎ ƻŦ ǘƘŜ ǎŜƴǎƛǘƛǾƛǘȅΣ ǎǇŜŎƛŦƛŎƛǘȅ ŀƴŘ ǇǊŜŘƛŎǘƛǾŜ 

values to some extent. It was concluded that implementing SDCT to reduce AB use on 

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

without jeopardizing udder health or milk yield. 

An output from the 9¦ ǇǊƻƧŜŎǘ Ψ9ǳǊƻ5ŀƛǊȅΩ describes how the Dutch dairy sector reduced AB 

use in dairy farming 97. Between 2009 and 2016, usage decreased by 48%. SDCT has made an 

important contribution to this reduction. Preventive AB use 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 

SCC number is below 50,000 (cows) or 150,000 (heifers) per ml, no ABs may be used. If the 

cell number is higher, only a first-choice 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 only allowed after additional testing. This resource also contains a 

ŦŀǊƳŜǊΩǎ ŜȄǇŜǊƛŜƴŎŜ ǿƛǘƘ ƻƳƛǘǘƛƴƎ ǘƘŜ ŘǊȅ ƻŦŦ ǇŜǊƛƻŘΦ 

A Dutch study that evaluated the effect of 2 different communication strategies to improve 

udder health management showed that dairy farƳŜǊǎΩ ƳŀƴŀƎŜƳŜƴǘ ǇǊŀŎǘƛŎŜǎ Ŏŀƴ ōŜ 

ƛƳǇǊƻǾŜŘ ǿƘŜƴ ōƻǘƘ ǘƘŜ ŀƛƳ ƻŦ ǘƘŜ ǎǘǊŀǘŜƎȅ ŀƴŘ ŦŀǊƳŜǊǎΩ ƳƻǘƛǾŀǘƛƻƴŀƭ ŘƛŦŦŜǊŜƴŎŜǎ ǘƻ ǿƻǊƪ 

on udder health are considered81. When aiming at complex issues such as udder health, the 
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traditional central route using educational tools seems to be most effective in reaching the 

motivated farmers. In addition to the central route, the peripheral route can be applied to 

ƛƴŦƭǳŜƴŎŜ ŦŀǊƳŜǊǎΩ ōŜƘŀǾƛƻǳǊ ōȅ ƛƴŎƭǳŘƛƴƎ ƛƳǇƭƛŎƛǘ ǇŜǊǎǳŀǎƛƻƴ ǘŜŎƘƴƛǉǳŜǎ ƛƴǎǘŜŀŘ ƻŦ 

arguments in campaigns. This route 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 

paper81 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 UK field trial was conducted on a farm known to have resistant Escherichia coli, in order to 

understand if feeding calves with waste milk with AB residues could lead to detecting more 

resistant bacteria in the faeces of calves84. The findings of this study indicate that feeding 

waste milk with AB residues on this farm increases the number of resistant bacteria shed in 

the faeces. Resistant E. coli persist 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 depending on contents of the waste milk or level of contamination. Still, ABs 

used on this farm were commonly used on dairy farms in in England and Wales, so results 

shown can give an idea of what to expect in those types of farms. 

Methicillin-resistant Staphylococcus aureus (MRSA) can lead to serious disease in humans, 

and since MRSA is often found in livestock, this could potentially have a large impact on public 

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

A Swiss study demonstrated a dramatic increase in MRSA prevalence in Swiss pigs, from 2% 

in 2009 to 44% in 201786. Sequencing of the bacterial genes allowed the authors to show a 

close association between farmer and pig strains as well as veterinarian and horse strains, 

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

ǿŀǎ ŀƭǎƻ ǎƘƻǿƴ ǇƛƎ ΨǎǇŀ ǘлммΩ ǎǘǊŀƛƴǎ ŀǊŜ ǇǊƻōŀōƭȅ ƭŜǎǎ ƭƛƪŜƭȅ ǘƻ ŎƻƭƻƴƛȊŜ ƘǳƳŀƴǎ ǘƘŀƴ ŀǊŜ ǇƛƎ 

ΨǎǇŀ ǘлопΩ ǎǘǊŀƛƴǎΦ ¢Ƙƛǎ ǊŜǎŜŀǊŎƘ Ƴŀȅ ǇǊƻǾƛŘŜ a basis for a more accurate risk assessment and 

preventive measures. 

Infectious Bovine Rhinotracheitis (IBR) is caused by Bovine herpesvirus 1 (BoHV-1), 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 naïve animals can 

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

that many dairy herds in the UK are 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 from Zoetis details one example protocol 

for vaccinating herds against IBR152. 

WƻƘƴŜΩǎ ŘƛǎŜŀǎŜ ƛǎ ŀ ŎƘǊƻƴƛŎ ƛƴǘŜǎǘƛƴŀƭ ŘƛǎŜŀǎŜ ŎŀǳǎŜŘ ōȅ Mycobacterium avium subspecies 

paratuberculosis όa!tύΦ ¢ƘŜǊŜ ƛǎ ƴƻ ǘǊŜŀǘƳŜƴǘ ƻǊ ŎǳǊŜ ŦƻǊ WƻƘƴŜΩǎ ŘƛǎŜŀǎŜ ŀƴŘ ƛƴŦŜŎǘŜŘ 

animals will scour, waste away and eventually die if not culled. The progression of the disease 

is usually very slow with most animals becoming infected as young calves (often in the first 
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24 hours of life) but not becoming clinically ill until they are adults. It is a disease that causes 

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 

ōŜǘǿŜŜƴ WƻƘƴŜΩǎ ŘƛǎŜŀǎŜ ŀƴŘ ǇǊƻŘǳŎǘƛƻƴ ǇǊƻōƭŜƳǎ ς with JoƘƴŜΩǎ Ŏƻǿǎ ōŜƛƴƎ ƳǳŎƘ ƳƻǊŜ 

likely to have poor yields, mastitis, lameness or high SCC counts, all of which lead to 

premature culling. A tool developed in the UK by National Milk Recording provides a guide to 

understand and control the disease on dairy farms155. 

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 detectable antibody 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 the ¦YΩǎ National Milk RecƻǊŘƛƴƎ Ŏŀƴ ƘŜƭǇ ǾŜǘǎ ŀƴŘ ŦŀǊƳŜǊǎ ǳƴŘŜǊǎǘŀƴŘ WƻƘƴŜΩǎ 

testing schemes154 and focuses on two major principles: identifying the MAP organism itself 

ŀƴŘ ƭƻƻƪƛƴƎ ŦƻǊ ǘƘŜ ŀƴƛƳŀƭΩǎ ŀƴǘƛōƻŘȅ ǊŜǎǇƻƴǎŜ ǘƻ ǘƘŜ ŘƛǎŜŀǎŜΦ 

For James Smith, winner of the ¦YΩǎ National Milk wŜŎƻǊŘΩǎ нлму IŜǊŘǿƛǎŜ ŀǿŀǊŘΣ ǊŜŘǳŎƛƴƎ 

WƻƘƴŜΩǎ ŘƛǎŜŀǎŜ ōǳǊŘŜƴ ŀŎǊƻǎǎ Ƙƛǎ нпл-cow organic Holstein Friesian herd in Chippenham, UK 

ǎŀǿ WƻƘƴŜΩǎ ǇƻǎƛǘƛǾŜ cows reduce from 35% of the herd to 15% in two years141. Since June 

2016, this significant reduction has included the introduction of several herd management 

ǇǊŀŎǘƛŎŜǎΣ ǎǳŎƘ ŀǎ ƛƴǎǘŀƭƭŀǘƛƻƴ ƻŦ ŀ ǇŀǎǘŜǳǊƛǎŜǊ ŀƴŘ WƻƘƴŜΩǎ ǘŜǎǘƛƴƎ ŘƻƴŜ ǉǳŀǊǘŜǊƭȅ Ǿƛŀ Ƴƛƭƪ 

ǎŀƳǇƭŜǎ ǘŀƪŜƴ ŀǎ ǇŀǊǘ ƻŦ ǘƘŜ ΨIŜǊŘǿƛǎŜ WƻƘƴŜΩǎ ǎŎǊŜŜƴƛƴƎ ǎŎƘŜƳŜΩΦ LŦ ŀ Ŏƻǿ Ƙŀǎ ŀ ǇƻǎƛǘƛǾŜ 

result above 60%, it is culled at the end of that lactation. Cows with very high readings, often 

ǘŜǊƳŜŘ ΨǎǳǇŜǊ ǎƘŜŘŘŜǊǎΩΣ ŀǊŜ ŎǳƭƭŜŘ ŀǎ ǎƻƻƴ ŀǎ ǇƻǎǎƛōƭŜΦ ά¢ƘŜ ƭƻƴƎ-term goal is to eliminate 

WƻƘƴŜΩǎ ŎƻƳǇƭŜǘŜƭȅΣ ōǳǘ ǊŜŀƭƛǎǘƛŎŀƭƭȅ ǘƘƛǎ ǿƛƭƭ ǘŀƪŜ ǎŜǾŜǊŀƭ ȅŜŀǊǎ ǎƻ ƛǘ ƛǎ Ǿƛǘŀƭ ǿŜ have the 

ƳŀƴŀƎŜƳŜƴǘ ǎǘǊŀǘŜƎƛŜǎ ƛƴ ǇƭŀŎŜ ǘƻ ŀŎƘƛŜǾŜ ǘƘƛǎΦέ 

Bovine herpesvirus 1 (BoHV-1) and bovine viral diarrhoea (BVD) virus cause diseases of cattle 

with a worldwide distribution. A study from Northern Ireland described herd-level BoHV-1 

and BVDV seroprevalence (based on testing of pooled sera) and control measures on farms 

including vaccine usage243. The results from this study indicate that the true herd-level 

seroprevalences to bovine herpesvirus 1 and bovine virus diarrhoea virus in non-vaccinating 

herds in Northern Ireland in 2010 were 77.3% and 98.4%, respectively. The study will assist in 

guiding regional policy development and establish a baseline against which the progress of 

current and future control and eradication programmes can be measured. 

Three vaccination protocols against Bovine Respiratory Disease (BRD; Bovilis Bovigrip®) for 

young Charolais cattle were conducted in commercial feedlots in France to identify respective 

benefits357. The average daily 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 which 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 experiment suggests 

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 Belgian study aimed to develop and validate 2 protocols (for use on-farm and at a central 

location) for the reduction of Mycobacterium avium ssp. Paratuberculosis (MAP) in colostrum 

while preserving beneficial immunoglobulins (IgG)334. The on-farm protocol was based on 

curdling of the colostrum, where the IgG remain in the whey and the MAP bacteria are 

trapped in the curd. The semi-industrial 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 

assessed in calves. 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 on-farm or at a central location) were developed and both methods preserve the IgG 

ǿƘƛŎƘ ƛǎ Ǿƛǘŀƭ ŦƻǊ ǘƘŜ ȅƻǳƴƎ ŎŀƭŦΩǎ ǇŀǎǎƛǾŜ ƛƳƳǳƴƛǘȅΦ 

Respiratory diseases are frequent in calves due to weaning stress, transport and 

environmental changes. The aim of a Romanian study was to isolate bacteria from 30 calves 

with respiratory disorders and test their antimicrobial susceptibility279. 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 be preceded by 

susceptibility testing of the isolates. 

The impact of concomitant vaccination of cows to protect the young calf against neonatal 

diarrhoea and respiratory diseases was tested in a French study492. Within the first 45 days, 

calves from vaccinated cows 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 consequence, 

the mortality of calves from vaccinated cows was lower. 

For suckling dairy calves, different management routines to ensure sufficient colostrum 

intake are used: visual assessment, hand feeding supplemental colostrum or assistance. 

However, not much is known about the efficacy of these methods to prevent failure of passive 

transfer (FPT). In a Norwegian study - ΨA crossȤǎŜŎǘƛƻƴŀƭ ǎǘǳŘȅ ƻŦ ǎǳŎƪƭƛƴƎ ŎŀƭǾŜǎΩ ǇŀǎǎƛǾŜ 
immunity and associations with management routines to ensure colostrum intake on organic 

dairȅ ŦŀǊƳǎΩ, the prevalence 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 artificially71. Securing high colostrum quality is an important preventive 

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 hand-feeding 

colostrum, although herd level factors may play an important 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 France to test dam vaccination on calf protection involved a survey of 36 dairy 

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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practices493. 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 colostrum (65%). 

After the trial, the farmers declared to be determined to change their practices regarding the 

provision of colostrum to improve the health of calves at farm. These results confirmed the 

benefits of providing practical information to facilitate the changes in attitude and practices. 

A case/control study was set up in nine cow-calf operations and four fattening units to 

compare preconditioned and control cattle in a French context497. The preconditioning 

protocol consisted of weaning calves 50 days before sale, with adaptation to solid feedstuff 

and housing. A trivalent vaccine protocol [BRSV, BPI3, Mannheimia haemolytica (formerly 

Pasteurella haemolytica)] and vitamins and micronutrient supplementation 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 bulls compared to controls. These results could be explained by the epidemiological 

context of fattening units, poor housing conditions in cow-calf herds and individual immune 

competence, in relation to immune status and previous vaccination. Pathogens detected in 

fattening units (e.g. BCoV and Pasteurella multocida) 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 

Lameness constitutes a major animal welfare and economic challenge across the sheep 

sector, costing an estimated £24 million to the UK industry290. The high volume of AB currently 

used to tackle the estimated 9 million lameness cases that occur annually in the UK is also 

concerning. The aim of this study was to develop and validate an achievable farm-level 

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 support the animal in three 

different ways: building resilience, reducing disease challenge and establishing immunity. It 

was then implemented on a UK sheep farm over a four-year study period (2009ς2013). 

Lameness prevalence across the study flock was measured monthly by a single observer using 

a simple 6-point locomotion score. The results show that lameness reduction is achievable 

within a relatively short time scale but does require long-term commitment in order to sustain 

success. 

A total of 160 ewes on one farm in England were studied for 18 months291. 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 and associated with trimming of feet. They were also negatively associated with the 

use of ABs and topical AB sprays in the first +/- second 2-week period. These results suggest 

1) that footrot and interdigital dermatitis are infectious diseases that can be controlled, 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 of sheep with recently 

trimmed feet. 
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Further research from the UK ƭƻƻƪŜŘ ŀǘ Ƙƻǿ ǾŜǘŜǊƛƴŀǊȅ ǎǳǊƎŜƻƴǎΩ ōŜƭƛŜŦǎ ǊŜƎŀǊŘƛƴƎ 

effectiveness of two treatments for footrot changed following a review of the evidence292. 

There was considerable variety in veterinary surƎŜƻƴǎΩ ōŜƭƛŜŦǎ ōŜŦƻǊŜ ǘƘŜȅ ƭƛǎǘŜƴŜŘ ǘƻ the 

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 

ǾŜǘŜǊƛƴŀǊȅ ǎǳǊƎŜƻƴǎΩ ƪnowledge. Two key findings 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 UK based study was conducted in 2008 where 809 English sheep farmers were asked 

to identify six common foot lesions; only 20% of farmers named all six lesions correctly299. 

This study highlights the necessity of vets in advising and educating producers about sheep 

lameness. Foot lameness in sheep can be attributed to infectious or non-infectious causes. 

The three infectious causes of lameness covered in this article are: 

ω Ovine interdigital dermatitis (OID), often referred to as scald; 

ω Footrot (infectious pododermatitis); 

ω Contagious ovine digital dermatitis (CODD). 

Non-infectious causes of lameness are less common and include: 

ω White line degeneration; 

ω Foot abscess; 

ω Toe granuloma. 

Getting an accurate diagnosis is essential in advising on prevention, control 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 diagnosis299. 

Another lameness study aimed to evaluate the effectiveness of ozone therapy and platelet 

rich plasma (PRP) in the treatment of acute footrot300. Ten sheep suffering from footrot were 

treated and compared to a control group of 5 healthy sheep. Treatment consisted of local 

ozone application and then with non-healing 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 treatment did not 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 potentially most suitable for smaller 

farms. 

In the UK, 160 sheep farmers were asked via questionnaire about their current management 

of footrot and their satisfaction with it301. Farmers satisfied with current management 
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reported <= 5% lameness. Farmers reported treating 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 vaccination against footrot. Whilst 89% of farmers said they were satisfied with 

their management practice regarding footrot, >34% were interested in changing what they 

did. Farmers reported that ideally, they would control footrot by culling/isolating lame sheep, 

sourcing replacements from non-lames, trimming feet less, using less ABs and using 

vaccination more. Foot-bathing was common, linked with dissatisfaction but also listed highly 

as ideal management practice. Some of the ideal management interventions aligned with best 

practice but others contrasted with it suggesting cognitive dissonance was present. 

In another study, the goal was to understand how key players in the UK sheep industry 

recommended treating footrot and tested whether reviewing the evidence surrounding 

treatment of footrot changed their beliefs302. 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 recommended as a treatment for 

footrot but that the new research clarified when to use them. In contrast, it was highly novel 

for them to hear that foot trimming was detrimental to recovery. After hearing the evidence, 

seven of the eight key players would recommend avoiding 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 trimming 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. A French study integrated observation of the work of breeders and advisors, 

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 ability and milking conditions426. In a 

context of AB-use 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. Finally, after 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 in pig farming is influenced by a range of risk factors, including herd characteristics, 

biosecurity level, farm performance, occurrence of clinical signs and vaccination scheme, as 

ǿŜƭƭ ŀǎ ŦŀǊƳŜǊǎΩ ŀǘǘƛǘǳŘŜǎ ŀƴŘ Ƙŀōƛǘǎ ǘƻǿŀǊŘǎ AB use. So far, the effect of these risk factors 

has been explored separately. A multi-institute study aimed to investigate the relative 

importance of all these risk factors in a sample of 207 farrow- to-finish farms from Belgium, 

France, Germany and Sweden132. The occurrence of clinical signs, especially of respiratory 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 and country-specific mitigation strategy is likely 

to be more effective. 
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Chlortetracycline and the macrolide tylosin were identified as commonly used AB for growth 

promotion and prophylaxis in pig production. Resistance to these ABs was measured 

throughout the waste treatment processes at five pig farms in the US by culture-based and 

molecular methods447. Conventional farm samples had the highest levels of resistance with 

both culture-based 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 low as assessed by a culture-based method targeting faecal 

streptococci. The levels of tetracycline and MLSB (Macrolide-lincosamide-streptogramin B) 

resistance remained high throughout the waste treatment systems, suggesting that the 

potential impact of land application of treated wastes and waste treatment by-products on 

environmental levels of resistance should be investigated further. 

Diarrhoea in piglets can be caused by several pathogenic agents, including Campylobacter 

spp., Clostridium perfringens, Escherichia coli, Salmonella spp., Rotavirus group A (RV-A), 

coronaviruses (transmissible gastroenteritis virusτTGEV; porcine epidemic diarrhoea virusτ

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 strong biases472. 

The effect of vaccination against neonatal diarrhoea is not always high because immunity is 

also based on the intake of colostrum91. An average sow produces enough colostrum for 12 

piglets but the average litter size is now 15 piglets. One way to improve colostrum supply is 

split suckling. Industry actors in the Netherlands describe 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 develop 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 is Post-weaning diarrhoea (PWD) caused 

by Escherichia coli. It is affecting pigs during the first 2 weeks after weaning and characterized 

by sudden death or diarrhoea, dehydration, and growth retardation in surviving piglets473. 

Furthermore, many stress factors associated with the weaning period, such as removal from 

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

and histological changes in the small intestine, may negatively affect the response of immune 

system and lead to an intestinal gut dysfunction in piglets. 

A Belgium study investigated the effect of vaccination against Mycoplasma hyopneumoniae 

on its transmission in nursery pigs under field conditions296. Seventy-two pigs were randomly 

placed at weaning into vaccinated (V) and non-vaccinated (NV) groups. Animals in the V group 

were vaccinated at 3 weeks of age with a commercial M. hyopneumoniae bacteria vaccine. 

Broncho-alveolar lavage fluid taken at weaning and at the end of the nursery period was 

assessed for the presence of M. hyopneumoniae, and the reproduction ratio of infection (Rn) 

was calculated. The study indicates that vaccination does not significantly reduce the 

transmission of this respiratory pathogen. 

Vaccination is also an effective means to prevent and reduce problems with Porcine Intestinal 

Adenomatosis (PIA)168. PIA leads to loss of growth and vaccination can reduce this. MSD 
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Animal Health has manufactured 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 has resulted in positive experiences in practice. 

Subclinical infections with Salmonella Typhimurium occurs frequently in pigs, constituting a 

risk for human salmonellosis. In this Belgium study, an attenuated Salmonella Typhimurium 

vaccine (Salmoporc®, IDT Biologika) was evaluated in three pig herds161. The excretion of 

Salmonella Typhimurium field strain was low and similar between farms and production 

cycles. Vaccination of either sows and piglets, sows and fattening pigs, or 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 strain was detected in the lymph nodes of 13 pigs 

at slaughter. Because of study limitations, results should be interpreted with care. 

Nevertheless, in sows and piglets (preferred), sows and fattening pigs, and piglets only, 

vaccination can (to some extent) support the control of Salmonella Typhimurium infections. 

In a study from Denmark, liquid pig manure (n=305) and sewage sludge (n=111) - used as 

agricultural fertilizers between 2002 and 2005 - were investigated for the presence of 

Escherichia coli, Enterococcus faecalis and Enterococcus faecium445. 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 than E. coli (n=116) from 

sewage sludge. Enterococci from pig manure were significantly more often resistant to high 

levels of doxycycline, rifampicin, erythromycin, and streptomycin than Ent. faecalis (n=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 prudent - cautious - 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 birds. In France, an initial survey (qualitative 

study) was carried out involving 14 conventional chicken production farmers264. 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 were the desire 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 

2. young and independent farmers 

3. farmers with other priorities 

4. motivated with small chicken house farmers 

5. risk taking farmers 
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In another study, a 28-day experiment from the US showed promising results in the recovery 

of broiler chicks after a challenge with mild coccidiosis infection (E. tenella)350. The chicks 

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 additives) 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 infection with the parasite. This led the researchers 

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

supportive treatment. 

A French company, Altitude, has developed the H@tch Vet Expert application31. This app, 

developed for the Merial and Chêne 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 in the form of 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 managed from the app but also from the 

website. 
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5.3. Housing and welfare 
Highlights 

¶ Modern farming is associated with substantial welfare problems that also have an 

impact on disease status and the development of antimicrobial resistance (AMR). 

¶ Animal welfare is the quality of life as perceived by the animals themselves. 

¶ Health is an important welfare need. 

¶ Stressed animals have a reduced immune function, increased disease susceptibility 

and are therefore likely to need more AMU to treat diseases and hence develop 

AMR. 

¶ Automated sensors (e.g. of climatic conditions) and improved early-life management 

can considerably contribute to improved production, health and welfare of livestock. 

¶ Happy animals may be more resilient, and they can make farmers happy too. 

What is housing and welfare? 

Aspects of housing and welfare concerns could 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 
ǿƘƛŎƘ ǘƘŜ ŦŀǊƳŜǊǎ ŀƛƳ ǘƻ ŀŎƘƛŜǾŜ ǘƘŜ ŀƴƛƳŀƭǎΩ ŎŀǇŀŎƛǘy to produce as efficiently as possible. 
Housing constitutes an important part of ŀƴ ŀƴƛƳŀƭǎΩ ǇƘȅǎƛŎŀƭ ŜƴǾƛǊƻƴƳŜƴǘΣ ǿƘƛŎƘ ŘŜǘŜǊƳƛƴŜǎ 
ǘƻ ŀ ƭŀǊƎŜ ŜȄǘŜƴǘ ǘƘŜ ŀƴƛƳŀƭǎΩ ƘŜŀƭǘƘ ŀƴŘ ǿŜƭŦŀǊŜ ǎǘŀǘǳǎΦ !ƴƛƳŀƭ ǿŜƭŦŀǊŜ Ƴŀȅ ōŜ ŘŜŦƛƴŜŘ ƛƴ 
different ways. For members of the general public animal welfare is often related to a more 
ΨƴŀǘǳǊŀƭΩ ƭƛǾƛƴƎΣ ǘƘƻǳƎƘ ƴŀǘǳǊŜ ƛǎ ƴƻǘ ŀƭǿŀȅǎ ƎƻƻŘ ŦƻǊ ǿŜƭŦŀǊŜΦ {ƻƳŜ ǿŜƭŦŀǊŜ ǎŎƛŜƴǘƛǎǘǎ ƘŀǾŜ 
proposed to define welfare in terms of (the measurable aspects of) biological functioning, but 
this definition also poses issues since biological functioning (survival and reproduction) per se 
is, for example, also 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 animals that are highly (re-
)productive. Most animal philosophers and many welfare scientists, define animal welfare in 
terms of feelings or affective states, e.g. as the quality of life as perceived by the animals 
themselves (Bracke et al., 1999). Feelings have evolved to help animals deal with a variable 
environment, and thus support animal-specific 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 environment 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, piglets per sow per year, growth rates), early weaning of piglets or motherless 
rearing of calves and chicks, food restriction in gestating sows and broiler breeders), and 
mutilations (e.g. castration, dehorning, disbudding, tail docking and beak trimming), are 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 forms of (very) 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 inherentƭȅ ǎǳōƧŜŎǘƛǾŜ όƛΦŜΦ ΨǎƻŦǘΩύΣ ŜǾŜƴ ǘƘƻǳƎƘ ƛǘ ƛǎ 
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 behaviours), 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., 2002). 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 food, having 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 perceived by the animals and expressed as a behaviour. 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 the individual (yet). Conversely, a mutilation 
like tail docking, even when conducted adequately without any analgesia, is quite painful even 
ǘƘƻǳƎƘ ƛǘ ŘƻŜǎ ƴƻǘ ƘŀǾŜ ŀ ōƛƎ ŜŦŦŜŎǘ ƻƴ ǘƘŜ ŀƴƛƳŀƭΩǎ ƘŜŀƭǘƘ ǎǘŀǘǳǎ όŀƭǘƘƻǳƎƘ ǘƘŜ ǿƻǳƴŘ ƛǎ ŀ 
potential point of entry for pathogens). 

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

Providing high-quality 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 and welfare 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 health-related disorders like lameness and pressure sores. 
Good insulation and shelter is important for thermoregulation and disease prevention. 
Adequate space is important to allow for the performance of most (natural) behaviours. 
Proper biological functioning, including production 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 animal itself). High production and health are normally a necessary, but 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 species-specific 
behaviours, such as rooting and wallowing in pigs, scratching, dustbathing 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 human-welfare 
interests, animal welfare is also important, in and of itself. This importance, thus, 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 humanely and 
deserve a good life, a life worth living too. 

What is interesting and worthwhile knowing about housing and welfare in relation to AMU 

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 
sheep basic needs in terms of housing design and layout367. For pigs, a study on 130 farms in 
5 EU countries identified several factors that related optimal housing and farm and health 
management to improved sow and piglet performance127. 
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Climate & climate-related emissions 

In broilers, there are several important aspects of production that require careful 
consideration. Thermal models used in broiler production are outdated and not sensitive 
enough to fluctuations over time. An hourly model of heat, carbon dioxide (CO2) and water 
vapor production was developed for broilers incorporating performance parameters. The 
model can be used for climate control and thermal design of broiler houses259. EU directive 
2007/42/EC sets a maximum limit of 3000 ppm CO2 for broilers (at animal height over the 
entire duration of the batch). Since then, CO2 concentration sensors have been developed for 
use in French poultry buildings. Regarding current CO2 sensors, measurement should be done 
at animal level at the end of the rearing period at a height of 80 cm +/- 20 cm, even though 
this may result in an underestimation of CO2 levels in case of high CO2 production by animals 
and litter. It's better to use more than one CO2 sensor for continuous measurement in poultry 
barns, but the first level investment should be in a high-performance sensor and its 
maintenance rather than in purchasing an additional sensor260. As of 2010, a maximum limit 
of 3000 ppm CO2 is allowed at animal height over the entire duration of the rearing period. 
Two out of five CO2 sensors tested were not suitable for continuous use in poultry buildings. 
A height of 80 +/- 20 cm above floor level (between nipples and feeders) is the recommended 
position at the start, but this gives an underestimation at the end of the rearing phase. CO2 
heterogeneity is more marked at the start than at the end. If an additional sensor is not 
economically feasible, a correction could be applied. Again, using a high-performance sensor 
and its proper maintenance is preferred over buying an additional sensor261. 

Also pig farms should monitor closely their emissions. Recent gas-emission management 
guidelines have been specified for pig farms (2020)433 (in Spanish) (see also Klimaatplatform 
Varkenshouderij, 2021, in Dutch). Reducing gas-emissions 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 faeces in pig barns to reduce ammonia 
production and prevent lung problems by removing solid manure from the shed twice a day88. 

Management 

¢ƘŜ ƳŀƴŀƎŜƳŜƴǘ ǉǳŀƭƛǘƛŜǎ ƻŦ ŦŀǊƳŜǊǎ Ŏŀƴ ƘŀǾŜ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ƛƳǇŀŎǘ ƻƴ ǘƘŜ ŀƴƛƳŀƭǎΩ ƘŜŀƭǘƘ 
status and the required AMU to maintain production. Better understanding of farmer 
behaviour is important, including farmer-vet relationships, audit and inspection dynamic, 
cultural ideas about farming and the role of 'good farming practices' in farmers' decision 
making and actions94. 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 
management decisions13 (see also the chapter on precision livestock farming). Water 
management guidelines have been specified in Spanish432. 

A simulator to calculate water medication and water consumption is also available436 (in Spanish) 
(see also the next chapter on water management in 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 used for 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 in lower bacterial counts in milk37. 

Guidelines on milking control and hygiene are also available in French491. 



46 
 

Another guide aims to help farmers use new milking technologies and automatic milking 

systems. It describes the various technologies available for mastitis monitoring and provides 

some general tips on maintaining good udder health394. Finally, the database contains an 

individual pig-care poster showing different signs of acute, sub-acute and chronic conditions 

to be recognised by the farmer435. 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. The Dutch calf-reception project, for example, aims to 
improve the quality of young calves on the veal farm, by focusing on veal farm management 
in the first four weeks, including the release of calves in groups90. On average, 14.5% of live-
born dairy heifers fail to reach their first lactation, esp. due to pneumonia in calves aged 1 to 
6 months158. As to respiratory health, also UK beef calves with 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, first and second, lactation milk yield and longevity in the dairy 
herd. Careful, proactive management of the young calf is critical to maximise future 
productivity158. Dairy Australia produced a manual related to healthy calves and 
biosecurity466,474. 

Another document (in French) reviews lamb 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 ventilation363. 

Rearing may also have a long-term impact on behaviour, health, and welfare of layers. 
Enriching the rearing environment with physical, sensory, and stimulatory additions can help 
maximize the birdsΩ developmental potential. The impact of enrichment provided during 
rearing on behavioural and physiological development is reviewed. Improved behavioural 
opportunities (for e.g. dustbathing, perching and foraging) will improve bird welfare and 
probably immunocompetence, though the mechanism is poorly understood. There is a need 
to identify and validate practical cost-effective enrichments for on-farm use365. Broilers that 
hatch in the barn show reduced mortality and foot sole lesions. There were no differences in 
behaviour shown in the pens, but chicks responded differently to a challenge, both at a young 
age and at an older age353 (in Dutch). An ITAVI document (in French) and protocol aims to support 
a good and AB-reduced start in broilers30. 

A directive was produced for Dutch poultry veterinarians concerning the start-up and 
management of broiler chicks in the first week of life. It concerns the prescription of ABs and 
practical tips and norms regarding climate, lighting, water, feed and supportive measures 
such as the use of pre- and probiotics, vitamins, minerals, organic acids and fytobiotics. This 
guide can also be used by broilers farmers to improve their start-up management257. /ƘƛŎƪǎΩ 
vocalisations in the first 3 days of life (D0 to D3; e.g. snuggle, fear, pleasure trills, but esp. 
comfort and distress calls) 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, omni-directional microphones and 2-min. recording sequences. 
Between D0 and D3, chicks emit short sounds with a limited frequency range (2000 - 5000 
Hz)266. Early rearing was examined in 30 Label Rouge poultry flocks. Origin of the chicks had 
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a significant impact on weight gain, flock homogeneity and mortality at 15 days of age. 
Specific start-up feeding equipment also appeared to influence weight gain, homogeneity and 
rate of pododermatitis. The latter was also influenced by litter quality268. A good start is 
important for the further development of poultry, incl. Label Rouge broilers, and influences 
the success of the batch in breeding. Following the start-up monitoring in 45 Label Rouge 
broiler farms (in France); two major factors were: Early feeding and watering, and good 
quality bedding518. 

Another important aspect of management is the handling of day-old chicks. The 
quality/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 placed at lower 
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 collected at the end of lay, 
a higher cloacal temperature at D1, and a higher breast yield at slaughter, but similar mortality 
levels271. In 50 broilers flocks in Brittany the average mortality rate was 1.9% and 47 % of the 
flocks received AB treatment in the first 10 days of life. Flocks with elevated mortality rates 
(2.3 %) were treated with AB more often (58 % of the flocks), had more E. coli detected in 
chicks at Day 1, more lameness at Day 3 of life, generally higher CO2 levels at Day 1 (> 3000 
ppm), were located further from the hatchery (> 200 km) and did not use detergent to clean 
the poultry house272. 

Welfare 

Pain 

Post-operative pain relief (in addition to the use of CO2 anaesthesia during the procedure) for 
castration of pigs is not legally required in the Netherlands, as it is e.g. in Germany. 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. Proper pain management, however, makes the piglets recover faster. The drug 
costs roughly 2 cents per piglet247. Since mid-June 2020, Dutch pig farmers are conducting 
welfare checks for sucking piglets, weaned piglets, fattening pigs and rearing sows (collected 
at www.welzijnscheckvarkens.nl), particularly in relation to tail, ear and flank biting. Both 
animal-based and resource-based indicators are used to assess risk, improve welfare and 
productivity. The welfare check for pigs has been developed because it is legally required and 
helps demonstrate good welfare to purchasers of Dutch pigs and pork250. 

Tackling lameness in sheep includes correct diagnosis and prudent use (providing AB only 
when necessary and effective). A 5-point plan includes culling animals that are lame 
repeatedly/persistently, quarantining all incomers and treating affected sheep 
appropriately422. 

Three booklets are available in French on intervention methods on lameness in dairy herds 
based on pooling of expertise (based on approach, risk factor inventory and intervention) 475. 

Guidelines have also been produced for on-farm killing of pigs434 (in Spanish). 

Enrichment/improved welfare 

Enriched housing was shown to reduce disease susceptibility in pigs (faster viral clearance in 
the blood, and less lung lesions and tissue damage following an experimental infection with 
PRRSV and A. pleuropneumoniae)5. The German welfare scheme "Initiative Tierwohl' 

http://www.welzijnscheckvarkens.nl/
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improves relative farm performance and respiratory health of pigs, and is compatible with a 
high economic and high health performance (Uehleke et al., 2021). 

Production data from six top poultry farms in Romania showed increased production costs 
(of between 1.8 and 3.4%) due to the introduction of broiler welfare rules, esp. related to 
lighting, fuel, mortality and labour, while savings were found for biological materials, feed and 
ventilation282. 

The Austrian Animal Needs Index 35L/2000 was applied to assess dairy welfare in a loose-
housed Romanian farm 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: 28-30 Lx), as were dirty outdoor areas. Addressing 
these issues may improve dairy welfare levels and increase milk production297. Following 
previous research showing a link between improved animal welfare, biosecurity and AMU 
reduction in pigs and dairy cattle, a study was conducted on 27 specialised beef farms over 
3.5 years, reporting a need for implementing biosecurity measures and emergency 
management, due to the low on-farm assessment scores (24 and 39% respectively) and found 
also a statistically lower AMU in relation to improved welfare449. 

  


































































































































