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Summary 

Investigations into the correlation between animal health, animal welfare quality 

and antibiotic treatment at herd level in pig herds 

Anna Katharina Sunny Wadepohl 

Antimicrobial usage is one of the most important selection factors for antibiotic resistance 

and is therefore also an important factor for the spread of bacterial resistance in animal 

husbandry. Resistant bacteria in livestock also pose a potential threat to human health. 

Common reservoirs play a key role in the spread of antimicrobial resistance and 

demonstrate the need for the One Health approach to maintain the efficacy of antibiotics 

for human and animal health. 

In order to maintain the efficacy of antibiotics in veterinary medicine, animal health and 

animal welfare are increasingly taken into account, as a positive association is assumed 

here. Improved animal health should reduce antibiotic use and thus reduce the selection 

pressure. 

Antimicrobial resistance and antimicrobial usage are both monitored in human and 

veterinary medicine by European organisations (EFSA, ECDC, EMA, EFSA). However, 

a harmonised animal health and welfare monitoring at herd level is still lacking. Therefore, 

the association of animal health and animal welfare with the use of antimicrobials has yet 

to be analysed on a broader European basis.  

For the first time, the EFFORT project has used the opportunity to collect data on 

antimicrobial use and resistance in bacteria from livestock and animal health on assessed 

pig herds. The aim of my PhD research was to determine to what extent the use of 

antibiotics is influenced by the level of animal welfare and animal health, to examine 

whether herds with a high consumption of antimicrobials also have a poorer animal health 

(see Figure 1). 

 

Figure 1 Potential impact of animal health and welfare for antimicrobial usage (AMU) and 

thus, for antimicrobial resistance (AMR). 
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Existing scores to assess the status of animal health and welfare, such as the Welfare 

Quality® Project (WQ®) protocol or the Herd Health Score (HHS), are time consuming 

and often dependent on external animal health data collected at the slaughterhouse. Thus, 

these scores are rarely used to analyse antimicrobial treatments and the associated health 

and welfare status in livestock.  

Therefore, the first goal of my PhD project was to develop an Animal Health and Animal 

Welfare Index (HHWI) that is simple, time effective and can be used directly on the farm. 

The long term plan is to be able to use it as a standardised benchmarking tool in different 

countries. As part of the EFFORT project, the HHWI has been developed and tested in 

nine countries. 

The aim of the EFFORT project was to assess the transmission of antimicrobial resistance 

along the food chain taking into account the use of antimicrobials in livestock. In addition, 

the newly developed HHWI was used by trained members of the project to raise the status 

of herd health. 

As part of the present work, the results of the HHWI were compared with antimicrobial 

usage. The results showed that the decision for antimicrobial treatment is not only 

influenced by the status of animal health and animal welfare, but possibly also by 

psychological and economic factors, e.g. an increased need for security of farmers who 

bear the economic risk of animal losses.  

The importance of awareness of farmers to reduce antimicrobial resistance in livestock 

was highlighted in the work of my PhD, as already known from former studies. The 

analysis on antimicrobial usage and animal health and welfare showed that further training 

to support farmers in their choice of treatment is needed to ensure a prudent use of 

antimicrobials. To implement farm-tailored trainings, well-trained veterinarians are 

needed. However, in order to establish a programme similar to the "antimicrobial 

stewardship" programs in human medicine further actions are needed. 

As the second part of the presented work, a pilot study was conducted to assess the risk of 

occupational exposure of ESBL-producing Enterobacteriaceae to poultry slaughterhouse 

workers. Here it could be shown that, despite intensive animal contact, there was only a 

slightly increased occupational risk compared to the average population. The low 

occurrence in slaughterhouse workers may indicate the presence of a protective factor, for 

example hygienic measures taken, assuming that the use of protective material can reduce 

the spread of bacteria and consequently antimicrobial resistance. However, further 

research is needed to identify the presence of possible factors.  
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In conclusion, the results of my PhD thesis suggest that animal welfare and animal health 

are essential, but not exclusive determinant factors of the use of antimicrobials. 

Unfortunately, the results of the studies did not allow a detailed analysis, to be carried out. 

Therefore, further studies are needed to examine which additional factors can influence 

the use of antimicrobials.  
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Zusammenfassung 

Untersuchungen zur Rolle von Tiergesundheit und Tierwohlqualität als 

Einflussfaktor für den Einsatz von Antibiotika in Schweinebetrieben 

Anna Katharina Sunny Wadepohl 

Der Einsatz von Antibiotika stellt einen der wichtigsten Selektionsfaktoren für 

Antibiotikaresistenzen dar und ist somit auch in der Tierhaltung ein entscheidender Faktor 

für die Resistenzentwicklung. Resistente Bakterien in der Nutztierhaltung stellen zudem 

auch eine potentielle Gefahr für die Humangesundheit dar. Gemeinsame Reservoire 

spielen bei der Verbreitung von Antibiotikaresistenzen eine zentrale Rolle und zeigen die 

Notwendigkeit des One Health Konzepts zur Erhaltung der Wirksamkeit von Antibiotika 

für Mensch und Tier.  

Um die Wirksamkeit von Antibiotika in der Veterinärmedizin zu erhalten, werden verstärkt 

die Tiergesundheit und das Tierwohl berücksichtigt, da zwischen beiden eine positive 

Assoziation angenommen wird. Durch eine verbesserte Tiergesundheit soll der 

Antibiotikaeinsatz reduziert und so der Selektionsdruck auf Bakterien reduziert werden. 

Sowohl Antibiotikaeinsatz, als auch Antibiotikaresistenzen werden bereits überwacht, 

doch bis heute gibt es in keinem Land der Europäischen Union ein einheitliches, nationales 

Tiergesundheits- und Tierwohlmonitoring auf Herdenebene. So konnte die direkte 

Assoziation von Tiergesundheit und Tierwohl mit dem Einsatz von Antibiotika bis heute 

wissenschaftlich nicht untersucht werden. Zum ersten Mal wurde im Projekt EFFORT die 

Chance genutzt, die Daten zu Antibiotikaeinsatz und -resistenzen in der Landwirtschaft 

und der Tiergesundheit in den untersuchten Schweinebetrieben in unterschiedlichen 

europäischen Ländern auszuwerten. Ziel meiner PhD-Arbeit war es zu ermitteln, in 

welchem Maße der Einsatz von Antibiotika vom Level des Tierwohls und der 

Tiergesundheit beeinflusst wird. Es galt zu prüfen, ob Herden mit einem hohen Verbrauch 

an Antibiotika auch eine schlechtere Tiergesundheit aufweisen (s. Abbildung 1). 

 

Abbildung 1 Darstellung des Tierwohl- und Tiergesundheitsstatus als Einflussmöglichkeit 

auf den Einsatz von Antibiotika und somit auf die Entwicklung von 

Antibiotikaresistenzen.  
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Bereits existierende Scores zur Erhebung des Status von Tiergesundheit und Tierwohl, wie 

das Protokoll des Welfare Quality® Projekts (WQ®-Projekt) oder dem Herd Health Score 

(HHS) sind sehr zeitaufwendig und oft auch abhängig von extern, am Schlachthof 

erhobenen Tiergesundheitsdaten. Somit wurden die Scores bislang nur selten für die 

Untersuchung des Antibiotikaeinsatzes und den daraus resultierenden Tierwohl- und 

Tiergesundheitsstatus in der Nutztierhaltung genutzt. Das erste Ziel meines PhD-Projektes 

war es daher, einen Tiergesundheits- und Tierwohlindex zu entwickeln, der einfach, 

zeiteffektiv und direkt auf dem Betrieb einsetzbar ist. Ein langfristiges Ziel ist es, diesen 

als Benchmarkinginstrument für die standardisierte Erhebung in unterschiedlichen 

Ländern einsetzen zu können. Im Rahmen des Projektes EFFORT wurde der Herd Health 

and Welfare Index (HHWI) für die praktische Anwendung neu entwickelt und in neun 

Ländern vergleichend getestet.  

Das Projekt EFFORT hatte nicht nur das Ziel, die Verteilung von Antibiotikaresistenzen 

entlang der Lebensmittelkette zu erfassen, sondern auch in Relation dazu, den Einsatz von 

Antibiotika in der Nutztierhaltung zu bestimmen. Ergänzend wurden in allen Betrieben 

der neu entwickelte HHWI von den speziell geschulten Projekt-Mitarbeitern angewendet, 

um den Status der Herdengesundheit zu erfassen.  

Im Rahmen meiner PhD-Arbeit habe ich die Ergebnisse des HHWI mit der eingesetzten 

Menge von Antibiotika verglichen. Die Ergebnisse zeigen, dass die Entscheidung zum 

Einsatz von Antibiotika nicht nur vom Status der Tiergesundheit und des Tierwohls 

beeinflusst wird, sondern hier u.a. psychologische und wirtschaftliche Faktoren eine Rolle 

spielen, z.B. ein gesteigertes Sicherheitsbedürfnis des Landwirts, der das wirtschaftliche 

Risiko bei Verlust von Tieren in der Herde trägt.  

 

In meiner PhD-Arbeit konnte ich erneut aufzeigen, dass die Wahrnehmung einer 

Notwendigkeit zur Reduktion von Antibiotikaresistenzen in Bereich der Tierhaltung von 

besonderer Bedeutung ist. Der Vergleich der Daten zu Antibiotikaeinsatz und 

Tiergesundheit und Tierwohl zeigen, dass es weiterer Trainings der Tierhalter bedarf, um 

einen sorgfältigen Umgang mit Antibiotika sicherzustellen. Für die Vermittlung von 

alternativen Methoden zum Einsatz von Antibiotika in der landwirtschaftlichen 

Tierhaltung sind speziell geschulte Veterinärmediziner gefordert. Es bedarf jedoch 

weiterer Forschung und zusätzliches Handeln, um Programme ähnlich der „Antimicrobial 

Stewardship“-Programme in der Humanmedizin zu etablieren. 

 



 

 15

Im zweiten Teil meiner PhD Arbeit wurde eine Pilotstudie zur Beurteilung des Risikos 

einer Übertragung von resistenter Enterobacteriaceae bei Mitarbeitern am 

Geflügelschlachthof am Arbeitsplatz durchgeführt. Hier konnte gezeigt werden, dass trotz 

intensivem Tierkontakt ein nur gering erhöhtes Übertragungsrisiko im Vergleich zu der 

durchschnittlichen Besiedlung der Bevölkerung mit resistenten Enterobacteriaceae 

bestand. Der niedrige Anteil von betroffenen Mitarbeitern kann möglicherweise durch 

einen protektiven Faktor, wie Hygienemaßnahmen erklärt werden. Unter der Annahme, 

dass etwa durch die Nutzung von Schutzkleidung, die Verbreitung der Bakterien und somit 

der Resistenzen reduziert werden. Um dies zu überprüfen sind jedoch weitere Studien 

notwendig.  

Zusammenfassend lässt sich aus den Ergebnissen meiner PhD These folgern, dass 

Tierwohl und Tiergesundheit ein wesentlicher, aber nicht allein entscheidender Faktor für 

den Einsatz von Antibiotika sind. Es gilt zu prüfen, welche zusätzlichen Faktoren den 

Einsatz von Antibiotika bedingen. Ergebnisse aus weiterführenden Studien zur Erfassung 

weiterer Faktoren, die den Antibiotikaeinsatz bestimmen, sollten in Herden spezifischen 

Maßnahmen zur Antibiotikareduktion einfließen.  
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1. Introduction 

Reduction in antimicrobial usage (AMU) in humans and animals is gaining more and more 

attention due to the fact that it is one of the strongest drivers for antimicrobial resistance 

(AMR) (Bell, et al. 2014, Robinson, et al. 2016). Due to the spread of antimicrobial 

resistance, more and more infections with resistant pathogens in the field of human 

medicine are taking a severe course with sometimes fatal consequences (Capita and 

Alonso-Calleja 2013, O’Neill 2016, ECDC 2017). Antibiotic resistance poses a particular 

risk to public health. Combatting antimicrobial resistance is therefore a critical issue of 

today and without changes, infections with so far harmless bacteria can become a fatal 

diagnosis in the future (Cassini 2019). 

The global threat of antimicrobial resistance is addressed at different levels of 

responsibility: at a global, European and national level.  

Global organisations such as the World Health Organisation (WHO), World Organisation 

for Animal Health (OIE) and United Nations Food and Agriculture Organization (FAO) 

have reacted as has the European Commission to combat antimicrobial resistance. The 

European Commission became one of the first bodies to react by setting up a Community 

strategy in 2001 and banning antimicrobials as agricultural growth promoters in animal 

productions in 2006. The Commission Action plan against antimicrobial resistance (AMR) 

followed in 2011, even before the WHO introduced the Global Action Plan on AMR in 

2015.  

Monitoring and surveillance systems for antimicrobial resistance and antimicrobial usage 

have been established at European and national level for human and veterinary medicine. 

While there are still difficulties in some countries worldwide, many projects have been 

implemented to reduce antimicrobial usage at European and national level. 

Improving animal health is considered to be one of the most targeted measures to reduce 

antimicrobial usage in livestock. Animal welfare is increasingly being taken into 

consideration as well. National programmes such as the antimicrobial minimisation 

programme in Germany, have already had an effect on AMU reduction in some animal 

species. As an example, the amounts of antimicrobials purchased by veterinarians in 

Germany were reduced by 57% between 2014 and 2017, while the greatest reduction was 

seen in weaner and fattening pigs (Federal Ministry of Food and Agriculture 2019).  
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Taking AMU reduction to the next level, joint programmes to improve animal health and 

welfare at a European level could be helpful. However, to implement standardised 

programmes to reduce AMU, herd health and animal welfare need to be measured in a 

standardised way in all European countries. Nevertheless, a measurement suitable for use 

in different countries with the intention of comparing countries has yet to be developed. 

The EFFORT project (Ecology from Farm to Fork Of microbial drug Resistance and 

Transmission) was set up with the aim of gaining more knowledge concerning 

antimicrobial resistance along the food chain. In nine European countries data on 

antimicrobial usage and the level of antimicrobial resistance were collected, starting at the 

level of primary production. Within the EFFORT project the opportunity was taken to 

obtain data on animal health and animal welfare in addition to the AMU and AMR data 

collected at herd level. Serving the purpose of obtaining animal health and animal welfare 

data in different countries in the context of the EFFORT project, none of the previously 

developed tools are fit for use within the project. Therefore, a measuring tool had to be 

developed, adapting existing scores and indices to the needs of the EFFORT project.  

For the first time data on animal health and animal welfare as well as on AMU was 

collected at herd level using the project-specific assessment protocol as standardised 

method. This has not been done before for such a large group of pig herds within different 

European countries. The data was used to investigate the correlation of AMU at herd level 

and the level of animal health and animal welfare quality. The hypothesis should be tested, 

whether a high level of AMU is directly linked to a decreased health/welfare status in herds 

and consequently whether an increase in the level of animal health and animal welfare in 

herds results in a reduction of AMU.  
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2. Literature review  

2.1. Animal health and animal welfare 

2.1.1. Definitions of Animal Health  

The WHO defined health as ‘a state of complete physical, mental and social well-being 

and not merely the absence of disease or infirmity’ (WHO 1948). However, the recently 

introduced concept of ‘mental health’, makes the definition more specific, stating that it is 

‘more than the absence of mental disorders or disabilities, (...) a state of well-being in 

which the individual realises his or her own abilities, can cope with the normal stresses of 

life, can work productively and fruitfully, and is able to make a contribution to his or her 

community’ (WHO 2010). Despite the fact that it is difficult to describe ‘animal health’ 

in an abstract way, due to the great differences between causes and symptoms of disease 

and the different courses disease can take (Sundrum 2004), the concept of the ability to 

cope with the environment can be adopted for animals. Recital 7 in the preamble of the 

European Animal Health Law mentions the connection between animal health and animal 

welfare, animal welfare without healthy animals being impossible and vice versa 

(Anonymous, 2016). The fifth strategic plan of the OIE (2011-2015) questions, whether 

the World Animal Health Information System (WHAIS) is sufficient to collect data on 

animal health or needs some adaptation regarding animal welfare (OIE 2010a). 

2.1.2. Definitions of animal welfare 

In the past decades different animal welfare definitions have been established. While the 

OIE, similar to the definition used by the Panel on Animal Health and Welfare (AHAW) 

of the European Food Safety Authority (EFSA) and Broom et al. (1986) focus on the 

“ability of an animal to cope with its environment”, the UK Farm Animal Welfare Council 

(FAWC) proposed the five freedoms to be considered for animal welfare (FAWC 1992, 

OIE 2010b, EFSA (AHAW) 2012a). The ‘five freedoms’, formed as response to the 

British report on livestock husbandry in 1965, stating freedom from hunger or thirst, 

freedom from discomfort, freedom from pain, injury or disease, freedom to express (most) 

normal behaviour by providing sufficient space, proper facilities and company of the 

animal's own kind and freedom from fear and distress (FAWC 1992), can be taken as 

common ground, upon which animal welfare measures can be based.  

A good animal welfare status, based on scientific evidence is described by the OIE as 

healthy, comfortable, well-nourished and safe. The OIE also requires disease prevention 
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and veterinary treatment for illness and injuries, appropriate shelter, management, 

nutrition, humane handling and humane slaughter/killing in the case of good animal 

welfare (OIE 2011). By broadening the definition of ‘animal health’ stated in the fifth OIE 

Strategic Plan (2011-2015), it appears like an attempt to add ‘animal welfare’ to the health 

status, as Nicks and Vandenheede (2014) stated in their review.  

2.1.3. Measuring animal welfare  

As animal welfare is becoming more and more important for consumers, the need to 

measure animal welfare and to make it tangible is becoming even greater. Recent changes 

in the mindset of consumers regarding animal lives are leading to the demand for 

transparency in food labelling so consumers can understand the conditions under which 

animals were raised and slaughtered.  

Even though common definitions on animal welfare are readily available, no score or 

index has been established as the five ‘golden standard’ for measuring animal welfare, 

neither by the OIE nor the FAO. The European Food Safety Authority (EFSA) has 

published a series of scientific opinions on how animal welfare can be measured, but there 

is no harmonised measuring tool for animal welfare in legislation or any recommended by 

any of the expert committees (EFSA (AHAW) 2012c, a, EFSA 2012a, 2013a, b, EFSA 

(AHAW) 2014).  

The EFSA published a scientific opinion on the measurement of animal welfare using 

animal-based, as well as management- and resource-based measures, providing a “tool-

box” of animal-based measures to choose from, based on the results of the Welfare 

Quality® project (EFSA (AHAW) 2012c). Not all measures included in the ‘tool-box’ have 

to be considered for each animal welfare measurement. Instead the necessary tools can be 

chosen to suit the specific aim of the study or monitoring programme. More specific aims 

need a narrower, more focused set of measures, as it is often necessary to answer questions 

in the case of scientific projects. The choice of tools determines the assessment time 

needed, as well as the necessary skills of the person measuring and other conditions, such 

as financial constraints. There have been different approaches measuring animal welfare 

mostly focusing on the usage of animal-based, instead of management- or resource-based 

parameters (Broom 1991, Broom 1996, Fraser 2009).  

However, the set of measuring tools recommended by the EFSA is based both on data 

obtained at farm and slaughterhouse level. Ante- and post-mortem inspection add an 

important source of information to welfare monitoring as during inspection the condition 
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of the animal is judged at least once by external personnel in addition to farmers and farm 

veterinarians (Ninios, et al. 2014). This opens the possibility of using a four-eye principle 

to evaluate the welfare status for comparison with herd-level data. Nevertheless, the 

parallel investigations at slaughterhouse and farm level are very time-consuming and 

difficult to coordinate.  

There are increased efforts to coordinate slaughter check results within countries, but these 

are not readily available at national level, let alone as harmonised data throughout Europe. 

The necessary framework for a two-level study (at farm and slaughterhouse level) cannot 

be guaranteed in most studies. Therefore, using these data for the purpose of comparison 

is not yet a highly practical approach. Due to this ongoing process, this important data 

source is not available for assessing animal welfare in different European countries.  

2.1.4. Animal-based parameters  

The EFSA introduced animal-based parameters into policy making and favours their use 

for animal health and welfare measurement (EFSA 2015). They can be assessed either as 

direct or indirect parameters, meaning either being taken directly from the animal and its 

surroundings or indirectly from data collected from following steps of the food chain, for 

example from the slaughterhouse during meat inspection. Direct animal-based indicators, 

such as behaviour, body condition or loose faeces on the ground can be assessed on-farm. 

Indirect animal-based parameters are often assessed at slaughterhouse level during meat 

inspection but may also be encountered by the use of disease surveillance systems, or by 

consulting farm production records. Some animal-based indicators, such as blood taking, 

require expert knowledge, for example that of a veterinarian or other qualified person 

(EFSA 2013a, EFSA (AHAW) 2014).  

Animal-based indicators are probably the most costly parameters timewise, but they 

represent the most transparent measurement for animal welfare. Nevertheless, including 

records as a source for animal-based parameters comprises two possible errors: a) 

Harmonisation of records used as source, e.g. growth rates, health status, culling rate or 

slaughterhouse condemnations. For all records standardised protocols have to be 

developed and implemented. b) Availability has to be guaranteed. For benchmarking on 

different farms, let alone other countries it has to be ensured that all parameters can be 

assessed in all places. Ideally, records are obtained using automated methods or by 

ensuring good quality of data collected by well-trained persons. Therefore, stakeholders 

asked for robust measures, that could be recorded by the farmer (EFSA 2015).  
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2.1.5. Management- and resource-based parameters 

Management- and resource-based parameters represent non-animal-based measures of the 

animal environment. While management parameters describe the tools used and processes 

carried out by the herd manager or stockman, resource-based parameters describe the 

factors of the environment the animals are kept in and which they are exposed to. Space 

allocation, floor type or bedding material are defined as resource-based parameters. 

Management-based parameters include weaning age or the use of legally permitted 

mutilations (e.g. castration or tail docking). Management-based parameters can be used to 

evaluate the level of care taken by, for example the stockman and its impact on animal 

welfare.  

Animal welfare includes different aspects, such as animal health, husbandry systems and 

management. A parameter influencing all three aspects is the level of animal care supplied 

by the herd manager, stockman or farmer. The level of stockmanship can make a 

difference in detecting health problems, affecting management processes, such as drug 

administration or lack of biosecurity measures. The European Animal Health Law takes 

account of this and stipulates in article 11 a special qualification for those people taking 

care of animals (Anonymous, 2016). 

2.1.6. Iceberg indicators  

The level of animal welfare quality observed can be due to various reasons, e.g. tail biting, 

which is a multifactorial event, and in most cases, it is impossible to identify a single factor 

triggering the observed consequence. Research has shown that some factors are more 

likely than others to trigger tail biting. However, research is still needed to specify the 

informative value of these parameters (Taylor, et al. 2010). Iceberg indicators are defined 

as indicators that provide an overall assessment of animal welfare, just as “the protruding 

tip of an iceberg signals its submerged bulk beneath the water’s surface” (Farm Animal 

Welfare Council, 2009). Even if the one single deficiency cannot be clearly identified, 

iceberg indicators can indicate a shortcoming in animal welfare, indicating that further 

research is needed (Heath, et al. 2014).  

2.1.7. Inter-observer reliability  

All indicators used for assessing animal health and animal welfare need to ensure good 

accuracy, reliability and feasibility (Velarde and Geers 2007). To ensure good quality 

indicators these aspects should be considered. Feasibility is a cost-related value, showing 

at what cost the results can be obtained using the chosen test method (Velarde and Geers 
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2007). To test the feasibility of indicators to assess animal welfare an important variable 

is assessment time. Reliability can be split into inter-observer, intra-observer and test-

retest reliability (de Passillé and Rushen 2005). These three aspects of reliability differ in 

their point in time of measurement and number of observers. Intra-observer, the same as 

test-retest reliability, illustrates the extent of alignment the same observer can achieve 

measuring at different points in time. In contrast, the inter-observer reliability describes 

the degree of alignment of two independent observers measuring the same objects at the 

same time. Inter- and intra-observer reliability can be improved by training the observers, 

using pictures and videos that guarantee that all test participants assess the same image 

(Wirtz and Caspar 2002). Test-retest situations are given in all on-farm testing situations 

due to the fact, that it cannot be ensured that the same animal in the same health and 

welfare status is assessed at different points in time under practical conditions. To ensure 

that all observers assess the same objects, the method of using pictures or videos can be 

adopted, ensuring the ability to produce constant testing results (Czycholl 2015). 

2.1.8. Existing animal welfare measurement tools  

Most existing animal welfare measurement tools, such as the protocols of the Welfare 

Quality® Project or the Herd Health Score rely on slaughterhouse data. However, due to 

varying results between slaughterhouses a comparison between pork-production-chains at 

national level is impossible (Blaha 1994). Therefore, it could not be included as a source 

of information in the standardised assessment within the EFFORT project. For the newly 

developed measurement tool used within the EFFORT project, the WQ®-project formed 

the basis and indicators of the Herd Health Score (HHS) were used to complement the new 

tool. 

2.1.8.1. The “Welfare Quality® Project”  

The protocols of the Welfare Quality® project (WQ®-Project) (Quality 2009) were 

developed, based on the fact that animal welfare is an issue of considerable significance 

for European consumers and that European citizens show a strong interest in animal 

welfare. The protocols for pigs are divided into age categories, meaning that separate 

protocols for sows, piglets and growing pigs are available. A top-down approach was used, 

first identifying first four main welfare principles (good feeding, good housing, good 

health and appropriate behaviour) and then splitting them up into twelve independent 

welfare criteria (see Table 1).  
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Table 1 Principles and criteria of the Welfare Quality® assessment protocols (Quality 
2009) 

Welfare principles  Welfare criteria  

Good feeding 1 Absence of prolonged hunger  

2 Absence of prolonged thirst  

Good housing 3 Comfort around resting  

4 Thermal comfort  

5 Ease of movement  

Good health  6 Absence of injuries  

7 Absence of disease 

8 Absence of pain induced by management procedures  

Appropriate behaviour  9 Expression of social behaviours 

10 Expression of other behaviours 

11 Good human-animal relationship 

12 Positive emotional state  

Letters were assigned to the four welfare principles (A-D), and for each sub-parameter 0 

to 5 points were allocated. All points for one principle were added, and the average of all 

four principles was taken. 

The protocols were mainly composed of animal-based parameters, though also resource- 

and management- based parameters were included in the protocol, when animal-based 

measures were not available or not sufficiently robust.  

The parameters were assessed by evaluating pictures taken at farm or slaughterhouse level. 

All pictures taken were assessed by an observation team. However, this allowed only a 

snapshot of the welfare status of the animals. The long list of 12 animal welfare criteria 

takes hours to assess. Therefore, it would not be feasible to include this in the daily routine 

of farmers for monitoring purposes.  

The inclusion of slaughter check data requires a high measure of coordination and 

cooperation. Thus, to achieve optimal usage of the welfare quality protocol, the training 

of observers to harmonise the results is compulsory (Czycholl 2016). The two greatest 

weaknesses of this protocol were determined as the duration of assessment (Czycholl 

2015) and resulting therefrom the animal welfare status, which is only assessed in a few 

predefined moments and not continuously along the food chain.  
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2.1.8.2. The “Herd Health Score” 

The Herd Health Score (HHS), developed by Dickhaus et al. (2009) focusses on the health 

status of pigs. The HHS is a simplified tool using only four parameters assessable at 

slaughterhouse level to measure the status-quo of herd health. The benchmarking system 

is based on retrospective epidemiological data and can be used as a tool to detect herd 

health deficiencies. Mortality, frequency of lesions at slaughter and duration of the 

finishing phase are taken into account in addition to the frequency of antibiotic usage for 

the Herd Health Score. The latter is scored by the so-called Animal Treatment Index (ATI) 

which indicates the average number of days that each animal has been treated with 

antibiotic drugs (Dickhaus, et al. 2009). It is calculated as follows:  

ATI =
no.  of treated animals ×  no.  of treatment days

Total no.  of animals in the herd or group
 

Mortality rate represents the percentage of dead and/or culled pigs during the fattening 

period. The frequency of lesions at slaughter is defined as a consistent parameter for the 

presence of clinical diseases. Duration of the finishing phase is recorded in days the pigs 

need to gain weight up to approximately 120kg starting from 30kg. Determining the 

frequency of lesions at slaughter, is based on the Organ-Lesion-Check in accordance with 

Blaha et al. (1994). Hereby the frequency of pleurisy, pericarditis, liver lesions and 

pneumonia are scored per batch. Due to the varying results between slaughterhouses a 

comparison between pork-production-chains is not possible. Nonetheless, within one 

slaughterhouse, farmers of a cooperative, for example, can be compared (Blaha 1994). 

Only all four parameters taken together can provide an approximate, but nevertheless 

comparable measurement of herd health.  

2.2. Actions to reduce antimicrobial treatments  

The need to use antimicrobial treatments for disease prevention is an important factor for 

the spread of bacterial resistance in the fields of human and veterinary medicine. Since 

AMR was recognised as global threat in the 1990s different actions at European and 

national level have been taken. The EMA and EFSA were asked to write a joint scientific 

opinion (RONAFA) to review these measures taken by the EU to reduce the need to use 

antimicrobial treatments in livestock (EMA, et al. 2017).  

The next chapters will give a brief overview of the most important actions taken, also 

depicted visually in Figure 2: 
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Figure 2 Time-line of actions to reduce antimicrobials. It is no continuous time-line, as 
temporal intervals between points in time are not equally distributed. 

At an early stage, the European Union imposed restrictive measures to control the use of 

antimicrobials in food production, as numbers of livestock were rising to meet the 

increasing demand for animal protein for human consumption (Cogliani, et al. 2011, Van 

Boeckel, et al. 2015). As resistant bacteria can be transferred through indirect or direct 

contact e.g. emerging in farm animals, for example, they can pose a risk not only to 

animals but also to personnel exposed such as farmers, veterinarians or workers processing 

food of animal origin (e.g. at slaughterhouses or dairy plants). 

2.2.1. Total ban of antimicrobials as growth promoters  

Despite the increasing knowledge about the potential impact of veterinary antimicrobial 

use on public health and veterinary medicine, the use of antimicrobials still increased 

during the 1970s and 1980s (EMEA 1999). Sweden became the first country to ban 

antibiotics for growth promotion in agriculture in 1986 and the total use of all general 

prophylactic medications one year later. Denmark followed in 1994 and restricted the 

direct sale of antibiotics by veterinarians, hereby limiting their profits. Individual 

countries, such as Germany and Denmark banned the use of avoparcin during the 1990s, 

as a response to the increasing number of vancomycin-resistant enterococci (VRE) in 

avoparcin-fed pigs and poultry (Aarestrup 1995, Klare, et al. 1999), a total ban of 

avoparcin being imposed within the EU in 1997.  

From a global perspective, the EU countries were among the first to start reducing AMU, 

starting with a ban for growth promotion of tetracycline, penicillin and streptomycin in 

different European countries between 1972 and 1974. The progressive withdrawal of the 

use of growth promoters in animal feed in Europe ended with a complete ban in 2006 as 

the final step of phasing out antimicrobial usage for non-medicinal purposes (Regulation 
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(EC) No. 1831/2003 of the European Parliament and of the Council on additives for use 

in animal nutrition) (EC 2005, Cogliani, et al. 2011, Avguštin 2012) (EC 2005, Cogliani, 

et al. 2011, Avguštin 2012) (EC 2005, Cogliani, et al. 2011, Avguštin 2012) (EC 2005, 

Cogliani, et al. 2011, Avguštin 2012) (EC 2005, Cogliani, et al. 2011, Avguštin 2012)  

2.2.2. Guidelines for the prudent use of antimicrobials in veterinary medicine 

The European Commission published guidelines for the prudent use of antimicrobials in 

veterinary medicine (PUAVM Guidelines) in 2015, including most factors reflecting the 

multifaceted issue to combat AMR. Prudent use of antimicrobials was defined as rational 

and targeted use of antimicrobials, thereby maximising their therapeutic effect and 

minimising the development of AMR (EC 2015). Putting it into practice this means 'As 

little as possible, as much as necessary', considering both AMR as well as animal health 

and welfare and reducing the use of antimicrobials to targeted treatments based on clinical 

diagnosis, and whenever possible on results of microbiological susceptibility testing 

(Anthony, et al. 2001). As preferred choice agents with a narrow- spectrum should be used 

and if possible, individual treatments should be chosen over oral treatments. In any case 

special attention should be given to the use of critically important antimicrobials (CIA), 

which is generally agreed upon to use sparingly in veterinary medicine. 

Considering that 'prevention is better than cure' disease prevention should be the ultimate 

objective to reduce the need of antimicrobials as listed by the joint scientific opinion of 

EMA and EFSA (EMA, et al. 2017). Prevention of disease should focus on increased 

biosecurity, on integrated disease control programmes and good animal husbandry to 

decrease the need to use antimicrobials, as reviewed in the second part of the PUAVM 

Guidelines.  

The PUAVM Guidelines provide guidance and general principles to develop holistic 

national strategies including all aspect of AMR, such as public and animal health, 

environmental concerns.  

2.2.3. Critically important antimicrobials 

To date, despite the aforementioned measures antimicrobials are still used in livestock as 

well as in human medicine worldwide. Hence, in 2005 the WHO addressed public and 

animal health authorities, as well as physicians and veterinarians globally by listing 

critically important antimicrobials (CIA) (WHO 2005). The antimicrobial agents included 

should be used exclusively in the field of human medicine and should be used with 

particular care in veterinary medicine. They are placed in three categories, based on their 
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importance in human medicine: critically important, highly important and important. 

Fluoroquinolones, third-, fourth-, and fifth-generation cephalosporins, macrolides and 

ketolides, glycopeptides and polymyxins have been placed in the category of highest 

priority, in Germany these are named “Reserveantibiotika" (reserve antimicrobials). It is 

recommended by the WHO that carbapenems, glycopeptides, oxazolidinones and any new 

classes of antimicrobials developed for human therapy should not be used in animals, 

plants or aquaculture. The list is constantly updated during the expert meetings of the 

WHO Advisory Group on Integrated Surveillance of Antimicrobial Resistance (WHO-

AGISAR) (WHO 2019).  

The OIE followed their example and categorised antimicrobials used in food-producing 

animals but not in humans and listed them in categories similar to those used by the WHO 

(OIE 2019). The OIE included the animal species to which antimicrobials are to be 

administered, the indications for their use and whether they are essential, listing some 

alternatives in their list of categorised agents. Contrary to the WHO list, the antimicrobial 

agents listed by the OIE as “critically important antimicrobial agents” for veterinary 

medicine (VCIA) are of great use in veterinary medicine, for example erythromycin to 

treat mycoplasma infections in pigs and poultry. However, there is broad consensus that 

antimicrobials of those categories need to be handled with care.  

2.2.4. Development at national level - 16th Amendment to the Medicinal Products 

Act  

As an example, for the development of AMU reduction programmes at national level, the 

implementation of the 16th Amendment of the German Medicinal Products Act (MPA) 

(16. Novelle des Arzneimittelgesetzes) as a final initiative to implement RL 2001/82/EG 

at national level needs to be explained (Anonymous, 2001, 2013).  

Already since 2011, pharmaceutical companies have been required by the German DIMDI 

Regulation (DIMDI-Arzneimittelverordnung) to report the quantities of antibiotics sold 

directly or through wholesalers to veterinarians annually (Anonymous, 2010a). When in 

2014, the 16th Amendment of the MPA came into force, the focus was on improving 

animal health and animal welfare. In fact, this amendment introduced the concept for 

minimising antibiotic usage (§58a-g). In contrast to DIMDI data collection, the farmers 

now had to report the use of antibiotics at herd level. Furthermore, the amendment created 

the legal framework to limit and prohibit off-label-use of antimicrobials and obligated 

mandatory sensitivity testing of pathogens (antibiograms). The current situation on 
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carbapenem resistance indicates, that strict measures for off-label seem to be an effective 

measure to minimise the spread and emergence of ESBL/AmpC-producing bacteria at an 

EU level (Stella, et al. 2018). 

2.2.4.1.Concept for „minimising antibiotic usage“ (“Antibiotika-

Minimierungskonzept“) 

The concept for minimising antibiotic usage was implemented as a national benchmarking 

system for AMU in Germany. As the legal basis to implement the minimisation concept, 

§58 of the 16th amendment has been included.  

To determine the key data, all livestock owners (pigs (fattener, weaner), veal calves, 

poultry and turkey) have to report the frequency of AMU to the responsible authority every 

six months. In addition to the frequency of treatment, farm characteristics are recorded in 

order to better differentiate the type of husbandry.  

The Origin and Information System for Animals (Herkunftssicherungs- und 

Informationssystem für Tiere), abbreviated to HIT database is used to report the 

antimicrobial usage, either directly by the herd manager or through a third person, such as 

the veterinarian. The farm characteristics are stored as master data of the individual farms 

in the HIT database. The set of characteristics include the name and address of the owner, 

as well as the livestock transport regulation registration number assigned by the veterinary 

authority (Die Viehverkehrs-Verordnungs-Nummer (VVVO Nr.)) in accordance with the 

German Animal Health Law (Tiergesundheitsgesetz – TierGesG) (Anonymous, 2010b). 

Due to farm characteristics, the antimicrobial consumption data can be allocated to the 

corresponding herds, which represents a great achievement over the DIMDI sales data 

reported previously.  

The data can be reported either as part of the livestock record or as information recorded 

on the veterinary antimicrobial administration and delivery documents (Tierärztliche 

Arzneimittel-Anwendungs- und Abgabebelege (AuA)). In any case, the documentation on 

drug use has to include the following data: administration date; drug name; type and 

number of animals treated; number of days of treatment; drug dose. Furthermore, if 

antibiotics have been administered, additional data on the movement of animals must be 

reported every six months.  

Based on the reported usage, the therapy frequency is calculated for each herd as follows:  

Therapy frequency=
∑(number of animals treated x number of treatment days) 

average number of animals kept in previous six month 
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The reported therapy frequencies are then used for statistical evaluations carried out by 

the Federal Office of Consumer Protection and Food Safety (Bundesamt für 

Verbraucherschutz und Lebensmittelsicherheit (BVL)) and published as key figures (K1 

and K2) for each animal species individually. The individual therapy frequency of farms 

is made available by the BVL within the HIT data base. The owner is obligated to compare 

the key figures to their own therapy frequency. The key figures (K1 and K2) represent cut-

off values, K1 (<50% of all reported frequencies) and K2 (<75% of all reported 

frequencies) to benchmark the therapy frequency at herd level. If the therapy frequency of 

farms is above K2, the livestock owner has to submit a written action plan to the 

responsible authority to reduce the use of antibiotics. The authority will review all 

information, and, if necessary will order changes and require further measures to be 

implemented to improve hygiene, health care or housing conditions on the farm (Federal 

Ministry of Food and Agriculture 2017). 

2.3. AMU monitoring in veterinary medicine  

For registering antimicrobial usage three general concepts can be applied to quantify 

antibiotic use: a) the active substance dose b) dosage regimen, e.g., UDD c) application 

frequency by sale or usage data. Each concept has different limitations: while the 

registration of the active substance is very precise, it has to be repeated for each substance 

individually and depends on the size and type of production (Jensen, et al. 2004). 

Calculating frequencies such as UDD depends on the availability of data (Blaha 2007). 

Estimations on administration frequency by sale or usage data are commonly used if drug 

administration details are not available. At national level different concepts exist for 

calculating the administration frequency, e.g., Defined Animal Daily Doses (ADD) in 

Denmark and in the Netherlands (Jensen, et al. 2004, Mevius, et al. 2009) or the therapy 

frequencies in Germany. 

Sales data on antimicrobials are used as a common source of data for antimicrobial usage 

rarely categorised by animal species and antimicrobial classes. However, even if 

somewhat imprecise, the sales data give a first impression of differences between countries 

regarding antibiotic consumption in animal husbandry (Grave, et al. 2012). In Germany 

the 16th Amendment of the Medical Product Act (MPA) introduced the approach to 

document the antimicrobial therapy frequency at herd level.  
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2.3.1. At European level: the ESVAC project for registration of antimicrobial 

consumption  

At the start, each country developed its own system mostly based on sales data. After the 

request of the European Commission (SANCO/E2/KDS/rzD(2008) 520915) the European 

Surveillance of Veterinary Antimicrobial Consumption (ESVAC) programme was 

developed for veterinary medicine to form a harmonised measurement tool for AMU in 

Europe (EMA 2013, 2018). In addition, the comparability of sales data and data of 

antimicrobial usage in humans has been attempted. The design of the ESVAC program is 

similar to the European Surveillance Programme of Antimicrobial Consumption (ESAC) 

in the field of human medicine, which was launched in 2001 for collecting data on the 

antimicrobial use in ambulatory and hospital care. The ESVAC project, initiated by the 

European Medicines Agency (EMA) started with nine countries reporting their sales data 

rising to a total of 25 reporting in 2011.  

For the harmonised ESVAC protocol of sales data, the Anatomical Therapeutic Chemical 

Classification System for Veterinary Medical Products (VMP) has been considered 

(ATCvet) for standardisation (EMA 2018). In contrast to the national surveys, the results 

of the ESVAC programme are corrected for the Population Correction Unit (PCU), which 

relates the numbers of animals per animal species to their respective live weights. This 

calculated value may differ from the data published at national level, such as DIMDI data 

in Germany. The ESVAC data is still not available per species, which would help for 

analysis (ECDC/EFSA/EMA 2017), as for example cattle are taken as one target species 

without division of subpopulation. However AMR data is defined for bovine under one 

year, which makes comparison and conclusions more difficult. 

2.3.2. At national level: the 16th Amendment of the German Medical Product Act  

2.3.2.1. DIMDI – Regulation  

Since 2011 the measurement of antimicrobial consumption has been recorded in Germany 

as sales data. In 2014, it was supplemented by the therapy frequencies within the legal 

framework of the 16th Amendment of the MPA. The DIMDI-regulation (DIMDI-

Arzneimittelverordnung) from 2010, as well as § 47 paragraph 1c MPA obligates 

pharmaceutical companies to declare the amounts of antimicrobials sold to veterinarians 

in one year, sorted according to postcodes (Anonymous, 2010a, 2013). The data is 

transferred to the German Institute for Medical Documentation and Information (Deutsche 
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Institut für Medizinische Dokumentation und Information (DIMDI)). The BVL then 

analyses and assesses the quality and validity of the data and publishes an annual report. 

Two challenges occur when using the DIMDI data to analyse AMU. Firstly, most 

antimicrobials are registered for different animal species and data is only published as a 

total amount per postal code. Secondly, it cannot be assumed that all quantities are also 

used in the postal code area for which they are reported.  

2.4. AMR and its key role for public health 

As described in the review by the Federal Institute for Risk Assessment on the increase in 

antimicrobial resistance in bacteria (Burow, et al. 2014), antimicrobials are still crucial in 

animal and human health care. Antibiotics are used in the treatment and prevention of 

infectious diseases both in livestock and human medicine (Arakawa 2000, Ungemach, et 

al. 2006). Therefore, there is a constant need to develop new antimicrobial agents to keep 

up with the acquisition of resistance among pathogenic bacteria and to be able to treat 

diseases caused by resistant bacteria. However, whereas between 1983 and 1992, 30 new 

antibiotic agents were approved by the US Food and Drug Administration only seven new 

agents were approved between 2003 and 2012 (Cooper and Shlaes 2011). The most 

important development concerning the different classes of antibiotics took place in the 

period between 1949 and 1980. The following period has often been defined as an 

“antibiotic discovery void,” when only a few relevant antimicrobials were developed, 

which makes the fight against resistance even more complicated (Ferri, et al. 2017). 

Amongst other things, legal restrictions and little incentive for pharmaceutical companies 

limit the new development of antimicrobial agents.  

The use of antimicrobials represents a strong driving force for the spread of antimicrobial 

resistance. Indeed, the broad use of antimicrobials speeds up the process and transmission.  

Infections with resistant bacteria are causing more and more severe illnesses and deaths. 

In fact, within the European Union resistant bacteria are responsible for approximately 

25.000 deaths per year (ECDC/EMEA 2009, ECDC 2017, Cassini 2019) and worldwide 

cause approximately 700.000 deaths annually. It is forecast that by 2050, more people will 

die due to resistant bacteria than due to cancer (O’Neill 2016). However, data on AMR in 

human isolates is already scarce, the level of information on resistance in animal isolates 

being even scarcer. The lack of quick and practical diagnostic measures especially in 

food-producing animals limits the options to obtain data for AMR surveillance in the field.  
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Most reports on AMR are still based on isolates of pathogens of clinical specimens mainly 

gained from human medicine. However, the focus is changing, due to AMR in commensal 

bacteria in shared reservoirs, e.g. in the gut flora of human and animals, which are 

discussed as potential reservoirs and are thus moving into focus. In this context, new 

emerging methods such as next generation sequencing are becoming more and more 

relevant. Commensal bacteria of the gut flora, such as Escherichia coli are shared by 

mammals including humans, forming a common pool in which resistance genes can be 

transferred to pathogens.  

Antimicrobial resistance is recognised as a One Health problem, especially since the 

Tripartite of WHO, OIE and FAO signed a memorandum of understanding (MoU) in 2018, 

signalling their cooperation with a strong focus on AMR. The One Health approach 

demonstrates the importance of this topic critical to both human and animal health 

worldwide involving environmental factors. Resistant bacteria include commensal 

organisms which may not necessarily cause infectious diseases, but can pose a significant 

risk through direct or indirect transfer to members of the public (Landers, et al. 2012). In 

its Global Action Plan on Antimicrobial Resistance (GAP-AMR), the WHO underlined 

that AMR in commensal bacteria forming reservoirs can cause problems in both human 

and veterinary medicine, as shown in Figure 3 (WHO 2015). Co-resistance and 

transmission of resistance genes are issues that need to be considered when evaluating the 

risks posed by these reservoirs, as associations between antimicrobial consumption and 

AMR in commensal E. coli have been shown (ECDC/EFSA/EMA 2017). Complementary 

to this, the WHO published a list of the antibiotic-resistant ‘priority pathogens’, 12 families 

of bacteria that need new treatment options soon, as they pose a special risk to human 

health (WHO 2017). Pathogens with first priority are pathogens such as carbapenem-

resistant Acinetobacter baumannii or Pseudomonas aeruginosa and carbapenem-resistant 

and/or ESBL-producing Enterobacteriaceae. For each of these bacterial families the status 

of antimicrobial resistance is critical. Though also for bacterial families of ‘high’ or 

‘medium’ priority, initiatives to develop new antimicrobial agents or different treatment 

options have to be started. Not all listed bacterial families are shown in Figure 3. 

Nevertheless the WHO list can be used as a guideline for future research and development. 

The WHO list can canalise national action into one direction, using synergies globally.  
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Figure 3  Schematic overview of antimicrobial resistance some of the most important 
pathogens and the shared reservoir between human and animal health.  

2.4.1. Action Plan against antimicrobial resistance – global and EU 

The purpose of an action plan is to provide guidance for the implementation of strategies. 

Isolated actions cannot make the fight against AMR effective, therefore the EU is at fore 

front addressing AMR. The first European action plan against the rising threat of AMR 

focus on pan-European action taken against AMR, introducing a wholistic approach to 

combat AMR. A key element of the five-year action plan from 2011 was the prudent use 

of antimicrobials. Subsequently, the PUAVM Guidelines were published in 2015.  

Actions taken since then have been proven to be successful, as the sales data reported to 

ESVAC for the years 2011– 2014 showed an overall decrease of 12 % (ESVAC 2016). 

After the first European action plan expired the need for further actions and a subsequent 

action plan was mentioned in the evaluation report (Smith, et al. 2016). Therefore, a 

second One Health action plan against AMR was set up, supporting the EU and its member 

states to actively promote global actions and play a leading role in the fight of AMR. The 

three main pillars of the new action plan are first, “Making EU a best practice region”, 

second “Boosting research, development and innovation” and third “Shaping the global 

agenda” (EC 2016). 
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As global response to combatting AMR, the World Health Organization published its first 

global strategy on Containment of antimicrobial resistance in 2001, followed in 2015 by 

the Global Action Plan on Antimicrobial Resistance (GAP-AMR) providing a framework 

to implement the One Health strategies at national level and further promote the reduction 

in AMU (WHO 2001, 2015). The five objectives outlined in the GAP-AMR to fight AMR 

are : 

1. “to improve awareness and understanding of antimicrobial resistance by 

communication, education and training;” 

2. “to strengthen the knowledge and evidence base through surveillance and research;” 

3. “to reduce the incidence of infection through effective sanitation, hygiene and 

infection prevention measures;” 

4. “to optimise the use of antimicrobial medicines in human and animal health;” 

5. “to develop the economic case for sustainable investments that takes into account of 

the needs of all countries and to increase investments in new medicines, diagnostic 

tools, vaccines and other interventions.” 

In order to achieve the first objective, awareness campaigns were initialised, and 

antimicrobial stewardship programmes were introduced. To strengthen the knowledge 

mentioned in objective number two, surveillance programmes such as Global 

Antimicrobial Resistance Surveillance System (GLASS) were introduced. Antimicrobial 

stewardship programmes cover both objectives number three and four. Objective number 

five is still being worked on by different commissions. For the One Health approach 

different perspectives need to be included, collaboration between different sectors, such 

as veterinary and human medicine or the environmental sector is needed. Therefore, the 

approach was joint by the major international organisations (e.g. OIE and FAO) (Food and 

Nations 2016, OIE 2016b).  

2.4.2. German Antimicrobial-Resistance-Strategy  

The global goals of the GAP-AMR are being implemented nationally, e.g. by the German 

Antimicrobial Resistance-Strategy (Deutsche Antibiotika Resistenzstrategie (DART)). 

The first DART strategy was set up in 2008 by the Federal Ministry of Health 

(Bundesministerium für Gesundheit (BMG)), the Federal Ministry of Food and 

Agriculture (BMEL) and the Federal Ministry of Education and Research 

(Bundesministerium für Ernährung und Landwirtschaft (BMBF)) serving the One Health 

approach and including both human and veterinary health to improve networking of both 



 

 36

medical disciplines. The DART strategy includes five aims similar to those of the GAP-

AMR. In addition to the aims of the GAP-AMR, the aim to strengthen the One Health 

approach nationally and internationally was included. 

In the field of human medicine, the DART programme promotes the development of an 

antibiotic resistance surveillance system (ARS) at the Robert Koch Institute (RKI), the 

establishment of an antibiotic stewardship training programme and the establishment of a 

Commission on anti-infectives, resistance and therapy at the RKI. 

In veterinary medicine the documentation of antimicrobial sales data of pharmaceutical 

companies to veterinarians was a major achievement of the DART initiative. 

Consequently, changes in legislation had to be made, such as the amendment to the MPA 

or the new DIMDI regulation.  

2.4.3. Surveillance of antimicrobial resistance in human medicine  

2.4.3.1.Global Antimicrobial Resistance Surveillance System (GLASS) 

To reduce the number of knowledge gaps regarding antimicrobial resistance transmission, 

in 2015 the Global Antimicrobial Resistance Surveillance System (GLASS) was launched. 

GLASS was introduced for the purpose of standardised collecting and sharing of 

surveillance data on AMR at global level. Its aim was to establish comparable country-

level surveillance of antibiotic use and resistance as a crucial element to fully understand 

the extent of AMR and consequently to combat the emergence and spread of resistant 

pathogens. However, the WHO notes in its first report that the quality and completeness 

of data varies widely between countries (WHO 2018). The economic power of some of 

the participating countries limits the full implementation of the surveillance system, as 

only 22 out of 52 countries currently enrolled in GLASS are able to provide data on AMR. 

Indeed, it should be noted that 20 of these 52 countries only have an average gross national 

income (GNI) and seven a low GNI. However, already 40 countries have set up a 

surveillance system on which they can provide data, although the level of standardisation 

and harmonisation of data is still an issue. 

For the WHO, the GLASS surveillance system is “an important first step”, even if it also 

“confirms the serious situation of antibiotic resistance worldwide", as Marc Sprenger, 

Director of the WHOs Antimicrobial Resistance Secretariat, stated in a press release. 

"Some of the world's most common - and potentially most dangerous - infections are 

proving to be drug-resistant.”  
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2.4.3.2.European Antimicrobial Resistance Surveillance Network (EARS-NET) 

At the European level already the call for the establishment of a European surveillance 

system for antimicrobial resistance was made in 1998 after antimicrobial resistance was 

recognised as a global threat (Copenhagen Recommendations 1998). Subsequently, the 

establishment of the EARSS (European Antimicrobial Resistance Surveillance System) 

was the precursor for today’s European Antimicrobial Resistance Surveillance Network 

(EARS-NET). In 2010, the system was renamed EARS-NET, which is maintained by the 

European Centre for Disease Prevention and Control (ECDC). Resistance is tested using 

standardised pathogen specific protocols and the results are made available as an online 

resistance atlas (https://atlas.ecdc.europa.eu/public/index.aspx). Resistance of Escherichia 

coli, Staphylococcus aureus, Enterococcus faecium, Streptococcus pneumoniae, 

Klebsiella pneumoniae and since 2012 Acinetobacter spp. are tested and classified as 

resistant, intermediate and sensitive (ECDC 2009, 2011). In this way the development over 

time and differences between countries can be analysed. Nevertheless, the data of the 

EARS-NET only consider human isolates.  

In Germany the antibiotic resistance surveillance system (ARS) was introduced to obtain 

surveillance data of consistent quality and enter it to the EARS-NET.  

2.4.4. Surveillance of antimicrobial resistance in veterinary medicine  

Monitoring of antimicrobial resistance of food-producing animals and food is carried out 

based on the 2003/99/EC Directive on monitoring of zoonoses and zoonotic agents. The 

directive has been revised by the Decision 2013/652/EU of the European Commission 

(Union. 2013). Since 2014 the EFSA provides continuous information on antimicrobial 

resistance in an annual report on poultry and poultry meat in one year and pigs, bovines 

under one year, pork and beef in alternate years (2015, 2017 and 2019). Aiming at 

enlarging the scope of the monitoring, the implementation of the EU decision provides for 

a mandatory monitoring of AMR in zoonotic Salmonella spp. and Campylobacter jejuni, 

as well as in indicator E. coli from the major food-producing animal populations (pigs, 

poultry, cattle). This approach ensures comprehensive data for a common core set of 

antimicrobials and bacteria. To ensure harmonisation in testing results the EFSA published 

detailed technical specification and since 2015 a yearly reference testing exercise has been 

established in cooperation with the EURL-AR (EFSA 2012b, 2014, EFSA, et al. 2019). 

Including indicator organism in the mandatory analysis simplifies analysing the effects of 
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antimicrobial consumption, as E. coli are carried by most animal species 

(ECDC/EFSA/EMA 2017).  

At national level in Germany data of the salmonella control programme, in accordance 

with Regulation (EC) No. 2160/2003, poultry and turkey is used for monitoring AMR. 

The sampling of the control programme, and results provided by the general administrative 

regulation on zoonosis (Allgemeine Verwaltungsvorschrift über das Auftreten von 

Zoonosen und Zoonoseerregern entlang der Lebensmittelkette (AVV Zoonosen)) are both 

included in the sampling plan of the Federal Institute for Risk Assessment (BfR). The 

sampling is carried out in accordance with the Directive 2003/99/EC and in close 

cooperation with the EU and international working groups, for example the working group 

of the Codex Alimentarius Commission. While the analysis of the BfR is carried out, 

especially with regard to the risks to human health, the analysis of the BVL serve the 

purpose of testing the effectiveness of antimicrobial agents (Abu Sin, et al. 2018).  

Since 2001, the BVL has been testing the effectiveness of selected antibiotics against 

bacterial isolates from livestock and pets with clinical symptoms (GERM-Vet). After a 

fixed sampling plan, the samples are bacteriologically tested, and the bacteria isolated 

from the samples are tested for their sensitivity to 24 approved antibiotics in accordance 

with CLSI standards (Clinical and Laboratory Standards Institute 2017).  

However, these isolates serve a different purpose, than the AMR monitoring based on the 

Directive 2003/99/EC, as here the effectiveness of antimicrobial agents and its 

development over time are tested.   
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3. Material and Methods 

The potential impact of animal health on the decision to use antimicrobials is still 

unknown. The lack of national monitoring systems for AMU and animal health present an 

opportunity to evaluate the impact of interventions on AMU reduction.  

Raising animal health is undoubtedly an important precondition to decrease the quantities 

of antimicrobials and thus, indirectly, AMR. This could be achieved through different 

measures such as immunisation or even by using antimicrobials. Guidelines on prudent 

use prohibit the treatment with antimicrobials without clinical diagnosis and antimicrobial 

resistance testing. After all, under field conditions suitable laboratory tests are not always 

feasible. Therefore, expert knowledge of the veterinarian can bridge time till the diagnosis 

is confirmed by laboratory testing.  

The association of animal health/welfare with antimicrobial usage has not yet been 

analysed in a standardised manner at European level. Therefore, the data of the EFFORT 

project (see below) were used for this purpose.  

3.1 The EFFORT project  

The acronym of the project of the 7th Framework programme called EFFORT (FP7-

KBBE-2013-7-single-stage) stands for “Ecology from Farm to Fork Of microbial drug 

Resistance and Transmission”. The project focusses on the issue of investigating 

transmission routes and reservoirs of antimicrobial resistance in commensal bacteria along 

the food chain. 

The consortium consisted of 80 research institutes in ten European countries. The team of 

researchers pooled their expertise regarding antimicrobial resistance, food safety, 

epidemiology of food borne pathogens and risk modelling, environmental epidemiology 

and microbial ecology to provide high quality data.  

The project was divided into eight work packages WP1 to WP8, dealing with scientific 

questions and two work packages (WP9 and WP10) concerning organisation and 

dissemination of results.  

Members of the working group of the University of Veterinary Medicine Hannover, 

Foundation contributed to WP1, 4 and 8. Work package 1 (Integrated evidence base for 

the food chain) focussed on obtaining data on AMR and AMU from primary food 

production. This was achieved by compiling a project specific questionnaire, which in the 



 

 40

case of pigs was based on the Biocheck.ugent questionnaire 

(https://www.biocheck.ugent.be) and adapted to the needs of the project.  

In WP4 (Epidemiological analysis of AMR patterns in humans and environment), the 

occupational exposure for slaughterhouse workers was analysed for pigs (the Netherlands) 

and for poultry (Germany).  

In WP8 (Economic impact analysis) the working group of the University of Veterinary 

Medicine Hannover Foundation took the lead in WP 8.1. and contributed to the overall 

aim of WP8 by providing the option to collect data on animal health and animal welfare 

available for all herds within the project. For this purpose, the working group developed a 

protocol to assess the animal health and animal welfare (see Appendix). 

In addition to the phenotypic characterisation of E. coli carried out in WP 1, metagenome 

analysis was carried out in WP 7. For the metagenomic analysis separate samples (pooled 

sample of 25 single faecal samples) were collected and immediately cooled on dry ice after 

collection. The method was described, and results of both methods were compared within 

the EFFORT project (Munk, et al. 2018). 

Even though the work of next generation sequencing was not carried out by the PhD 

student, the results of the analysis were made available within the EFFORT consortium. 

These results were partially used for the analysis of associations of antimicrobial usage 

and herd health and welfare, as the abundance of antimicrobial resistance, presented as 

fragments per kilobase referenced per million bacterial fragments (FPKM) was used to 

describe the outcome of antimicrobial usage. 

Between June 2014 and December 2015, a cross-sectional study was conducted in which 

20 pig herds or poultry flocks were examined in each of the nine countries. In total, 180 

herds respectively flocks were assessed per animal species.  

Within WP1 the phenotypic characterisation of the indicator E. coli as well as the analysis 

of the results, which are stored in the EFFORT database, were included in the present PhD 

study. AMR was tested using Minimal Inhibitory Concentration (MIC) testing in 

Escherichia coli (E. coli) of fresh faecal samples collected and supplemented by 

epidemiological data collected using a project-specific questionnaire 
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3.2. Farm selection and sampling  

Farm recruiting occurred either directly from a randomised database or through 

veterinarians and slaughterhouses. To ensure a certain standardisation each participating 

farm had to meet the criteria previously set out by the project consortium (only 

conventional farming, at least 150 sows and 600 fattening pigs in a closed system). Only 

one farm per farmer was included in the study. In addition, the farms were not allowed to 

have any contact with each other – either by trade or personnel. To assess the effects of 

AMR on the environment of herds without any specific clinical signs, only herds without 

any acute diseases present in the herd were included.  

Within the EFFORT project data was collected on the animal species pigs and poultry in 

all nine participating countries. Additionally, turkeys and veal calves were sampled in three 

participating countries, including Germany. Due to the comprehensive data, only the data 

of the 180 farrow-to-finish pig farms in the nine participating countries were considered 

in the PhD study.  

Faecal samples were collected at herd level during the farm visit as fresh droppings. To 

ensure the greatest possible freshness and least contamination of the samples, they still 

had to have body temperature and should not to have touched the ground. Per farm ten 

faecal samples taken from individual animals, selected randomly at herd level were 

analysed. The samples were taken as close as possible to the slaughter date. For pig herds 

this meant seven to ten days before animals were transported to the slaughterhouse.  

3.3. Laboratory methods  

The faecal samples were cooled to 4 °C after collection in the stable and after arrival at 

the laboratory were processed within 24h. For the analysis, from each of the ten faecal 

samples 0.5 g of faecal material was mixed with Buffered peptone water (BPW) including 

20% glycerol and cultured over night before it was inoculated on MacConkey agar (Becton 

Dickinson, Heidelberg) for 24h at 37 °C. Then one colony per sample was transferred onto 

Gassner (Thermo Fisher Diagnostics GmbH, (Oxoid) Wesel) and Sheep blood agar 

(Becton-Dickinson GmbH, Heidelberg) (24h; 36°C) to be confirmed as E. coli. The E. coli 

strain ATCC 25922 was included in the procedures as a control. Phenotypical resistance 

to antimicrobials was then tested for all confirmed E. coli. For this purpose, the Minimal 

Inhibitory Concentration (MIC) value was tested using broth microdilution testing 

(EUVSEC 1 plate – Thermoscientific, USA) in accordance with ISO 20776-1:1:2006. The 
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EUVSEC plate is mainly used for MIC testing in human medicine. It was chosen for the 

EFFORT project due to the project´s focus on human exposure.  

The layout of the EUVSEC 1 plate includes 14 antimicrobials (see Fig. 4) – used either in 

human and veterinary medicine or only reserved for human medicine. 

a) 

 

b) 

  

Figure 4 EUVSEC 1 plate with a) layout and b) list of included antibiotics 
 
The following antimicrobial agents relevant for veterinary medicine were included: 

ampicillin, azithromycin, chloramphenicol, colistin, gentamicin, tetracycline and 

sulphamethoxazole, used in combination with trimethoprim.  

The resulting MIC values were classified in resistant and susceptible isolates in accordance 

with the European Committee on Antimicrobial Susceptibility testing (EUCAST) 

standards. All isolates above the cut-off value were regarded as resistant isolates, while 

isolates with a MIC value below the cut-off value were classified as susceptible. The 

detailed results of the German data are shown in chapter 4.1. 

1 2 3 4 5 6 7 8 9 10 11 12

A SMX TMP CIP TET MERO AZI NAL CHL TGC COL AMP GEN

1024 32 8 64 16 64 128 128 8 16 64 32

B SMX TMP CIP TET MERO AZI NAL CHL TGC COL AMP GEN

512 16 4 32 8 32 64 64 4 8 32 16

C SMX TMP CIP TET MERO AZI NAL CHL TGC COL AMP GEN

256 8 2 16 4 16 32 32 2 4 16 8

D SMX TMP CIP TET MERO AZI NAL CHL TGC COL AMP GEN

128 4 1 8 2 8 16 16 1 2 8 4

E SMX TMP CIP TET MERO AZI NAL CHL TGC COL AMP GEN

64 2 0.5 4 1 4 8 8 0.5 1 4 2

F SMX TMP CIP TET MERO AZI NAL FOT TGC TAZ AMP GEN

32 1 0.25 2 0.5 2 4 1 0.25 2 2 1

G SMX TMP CIP CIP MERO MERO FOT FOT TAZ TAZ AMP GEN

16 0.5 0.12 0.03 0.25 0.06 4 0.5 8 1 1 0.5

H SMX TMP CIP CIP MERO MERO FOT FOT TAZ TAZ POS POS

8 0.25 0.06 0.015 0.12 0.03 2 0.25 4 0.5 CON CON
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4.1.1. Abstract  

Objective: Animal welfare is a topic of increasing public interest, especially interventions 

for improving the welfare of food-producing animals are demanded. The Herd Health and 

Welfare Index (HHWI) was developed for the EU-research project “EFFORT” (Ecology 

from Farm to Fork Of microbial drug Resistance and Transmission) to measure health and 

welfare without interfering with the daily work of farmers. As improving welfare by 

increasing animal health can contribute to the reduction of antimicrobial usage, it is of 

great importance to measure the quality of welfare and health of pig herds as precondition 

for implementing improvement measures. 

Material and methods: A self-developed HHWI was tested under field conditions by 

assessing 20 German pig herds. The results were used for benchmarking to encourage 

continuous improvement. To test a future field of application, the HHWI results (HHWI 

points: minimum 10 points (very good) to maximum 30 points (very bad)) were compared 

to the amount of antimicrobial substances in the study herds measured by the 

Antimicrobial Treatment Index (ATI).  

Results: The HHWI points of the study herds ranged from 11 to 25 HHWI points. When 

comparing the HHWI with data of antimicrobial treatments (measured by the ATI) no 

strong association could be shown.  

Conclusions: The preliminary data indicate that the HHWI cannot be statistically related 

to antimicrobial usage in the field. The number of risk factors for a higher antimicrobial 

use that are not directly linked to health and welfare parameters is so high that the 

theoretical influence of the welfare and health status is masked by the influence of many 

factors (the farmer’s attitude, routine usage, group treatments). But preliminary results 

show a potential to use the index to measure the outcome of interventions within one herd.  

Clinical relevance: The HHWI is an easy-to-use measuring tool to evaluate animal health 

and welfare. It can help to increase the continuity of monitoring results of health and 

welfare at herd level. In the long term, the HHWI could be used for regional or national 

assessments that could help to identify pig herds that are in need of improvement of their 

health and welfare status in order to increase the overall life quality of pigs in these herds. 

Keywords: herd health and welfare index (HHWI); reference values; pigs; iceberg 

indicators 

Schlüsselwörter: Herd Health and Welfare Index (HHWI); Referenzwerte; Schweine; 

Eisberg-Indikatoren  
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4.1.2. Zusammenfassung  

Gegenstand und Ziel: Tierwohl und Tiergesundheit rücken zunehmend in den Fokus der 

Aufmerksamkeit. Insbesondere Maßnahmen zur Verbesserung des Tierwohls in der 

Nutztierhaltung werden immer stärker durch die Gesellschaft gefordert. Der Herd Health 

and Welfare Index (HHWI) wurde für das EFFORT-Projekt (Ökologie mikrobieller 

Arzneimittel-Resistenz und Transmission vom Erzeuger zum Verbraucher) entwickelt, um 

trotz zeitlicher Einschränkungen, wie etwa durch die straffe Arbeitsroutine in 

Nutztierbeständen, Tiergesundheit und Tierwohl regelmäßig semiquantitativ erfassen zu 

können. Da die Verbesserung von Tierwohl und Tiergesundheit zur Reduktion des 

Einsatzes von Antibiotika beitragen kann, ist es von besonderer Bedeutung die Qualität 

dieser Parameter auf breiter Basis zu erfassen, um Maßnahmen zur Verbesserung planen 

und bewerten zu können. 

Material und Methoden: Der Herd Health and Welfare Index (HHWI) wurde zur 

Beurteilung von 20 deutschen Schweineherden unter Praxisbedingungen eingesetzt. Die 

Ergebnisse wurden zur Beurteilung der teilnehmenden Herden verwendet, um eine 

kontinuierliche Verbesserung der Tiergesundheit und des Tierwohls zu fördern. Um die 

Nutzbarkeit des Index zu belegen, wurden die Ergebnisse des HHWI mit der Anzahl der 

Antibiotika-Behandlungen, gemessen durch den Animal Treatment Index (ATI), 

verglichen.  

Ergebnisse: Die Ergebnisse der untersuchten Herden umfassen nicht die gesamte 

Spannweite der möglichen HHWI-Indexpunkte (10-30), da die minimale und maximale 

Anzahl der HHW-Indexpunkte 11 bzw. 25 beträgt. Im Vergleich des HHWI mit der 

Anzahl der Behandlungen (angegeben als ATI) konnte nur eine schwache Assoziation 

dargestellt werden.  

Schlussfolgerungen: Die vorläufigen Ergebnisse deuten darauf hin, dass der HHWI 

statistisch nicht direkt mit dem antimikrobiellen Einsatz in Verbindung gebracht werden 

kann. Die Anzahl der nicht direkt mit der Tiergesundheit in Verbindung stehenden 

Risikofaktoren für einen erhöhten Einsatz von Antibiotika (z.B. Einstellung des 

Landwirts, Routine- und Gruppenbehandlungen mit Antibiotika) ist zu groß, so dass diese 

den möglichen Einfluss von Tierwohl und Tiergesundheit überdecken können. Doch erste 

Ergebnisse zeigen, dass der Index genutzt werden könnte, um den Verlauf von 

Maßnahmen zur Reduktion von Antibiotika innerhalb eines Betriebs zu beurteilen.  
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Klinische Relevanz: Der HHWI hat sich als einfach nutzbares Messinstrument zur 

Bewertung von Veränderungen des Tiergesundheits- und Tierwohlstatus erwiesen. Dies 

ermöglicht eine kontinuierliche Erhebung der Daten. Langfristig könnte der HHWI zur 

regionalen oder nationalen Bewertung der Tiergesundheit herangezogen werden, um 

Schweinebestände, in denen eine Verbesserung von Tiergesundheit und Tierwohl 

angezeigt ist, zu identifizieren und so das ganzheitliche Wohlbefinden der Schweine in 

diesen Beständen zu verbessern und folglich den Einsatz von Antibiotika zu verringern.  
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4.2.1. Summery  

 

Animal health and welfare have become topics of increasing public interest. Especially 

improvements in the health and welfare of food-producing animals are currently being 

intensively researched. To be able to routinely assess the quality of health and welfare of 

individual pig herds for benchmarking purposes in a simple and robust way, a short and 

easy to use measuring tool is needed. Since the very elaborate assessment tools of the 

Welfare Quality® (WQ) project (FOOD-CT-2004-506508) are too time-consuming for an 

assessment during a regular veterinary herd visit, easy to record indicators were targetly 

selected and supplemented by new elements in order to combine a number of 

measurements in one indicator, using the theoretical concept of iceberg indicators, which 

are thought to trigger further scrutiny into the management of pig herds that reveal 

potential deficiencies. 

The thus created simplified Herd Health and Welfare Index (HHWI) shows a theoretical 

range of 10 (very good) to a maximum of 30 (very bad) index points. It has been 

demonstrated that it can be used as an animal welfare measurement tool to compare herds 

within a group of pig herds that are measured by the same set of criteria. The HHWI has 

proven to be a rough, semi-quantitative, and a less elaborate tool than, for example, the 

complete protocol of the WQ-project. All in all, the HHWI has a broader range of 

application possibilities than the WQ-protocol due to its reduced number of criteria for the 

assessment of the health and welfare status of pig herds. 

 

Keywords: animal health and welfare index (HHWI), on-farm assessment of animal 

welfare, benchmarking of the quality of life of pigs per herd, iceberg indicators for 

triggering further improvement actions 
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4.2.2. Zusammenfassung  

 

Das Öffentliche Interesse an Tierwohl und Tiergesundheit wird immer größer. Besonders 

im Bereich der Nutztierhaltung wird ein immer stärkerer Fokus auf die Verbesserung von 

Tierwohl und Tiergesundheit gelegt. Um eine kontinuierliche Überwachung und somit die 

Möglichkeit der Verbesserung von Tierwohl und Tiergesundheit zu ermöglichen, bedarf 

es jedoch vereinfachter, robuster Erhebungsprotokolle. Um dieses Ziel zu erreichen, 

wurden aus der Vielzahl von Kriterien des sehr umfänglichen Protokolls des Welfare 

Quality® Projektes (FOOD-CT-2004-506508) selektiv im Bestand zu erhebende 

Parameter ausgewählt und zusätzlich um weitere Parameter ergänzt. Hierbei wurde das 

Konzept der „iceberg indicators“ angewendet, um – basierend auf den durch die Iceberg 

Indikatoren dargestellten Mängeln – gezielte und weiterführende Untersuchungen in 

Schweinebeständen durchführen zu können. Dabei können mit der Erhebung eines 

Parameters mehrere Aspekte der Tierhaltung, Tiergesundheit und des Tierwohls 

abgeschätzt werden. Der so entwickelte HHWI-Index wurde als Benchmarking-

Instrument in Schweinemastbetrieben eingesetzt, um die Situation von Tierwohl und 

Tiergesundheit sowie die Qualität der Tierbetreuung einzuschätzen und mit gleichermaßen 

beurteilten Schweinemastbetrieben zu vergleichen. 

Der Herd Health and Welfare Index (HHWI) besitzt eine theoretische Spannweite von 10 

(sehr gut) bis maximal 30 (sehr schlecht) Indexpunkten. Es konnte gezeigt werden, dass 

der HHWI für den Vergleich des Tierwohlstatus zwischen schweinehaltenden Betrieben 

innerhalb der Länder eines großen europäischen Forschunsgprojektes zur Untersuchung 

der Antibiotikaresistenz entlang der Lebensmittelkette erfolgreich angewendet werden 

kann. Der HHWI hat sich zwar als gröberes, semi-quantitatives Maß als das vollständige 

Protokoll des Welfare Quality® (WQ) Projektes herausgestellt, doch ist der 

Anwendungsbereich des HHWI durch seine vereinfachte Struktur deutlich größer.  

 

Schlüsselwörter: Tiergesundheits- und Tierwohlindex, HHWI, Benchmarking zur 

Einschätzung der Lebensqualität, Eisbergindikatoren für die Verbesserung von Tierwohl 
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4.3.1. Abstract  

Antimicrobial resistance is recognised as a public health issue for human and animal 

health. Antimicrobial usage is considered to be one of the strongest drivers of AMR and 

the reduction in antimicrobial usage is an important factor to preserve the efficiency of 

antimicrobial substances. Most programs to reduce antimicrobial usage in livestock are 

based on an increase in animal health and welfare. To determine whether the herd health 

status is directly related to antimicrobial usage, a combined analysis was carried out on 

the health status and level of resistance in pig herds in all nine participating countries as 

well as at national level. Additionally, herds were separated into groups with and without 

antimicrobial usage and their level of antimicrobial resistance and health was compared.  

The comparison of herds in which antimicrobials currently being used, reveal a marginal 

significantly higher antimicrobial resistance level than herds without antimicrobial usage. 

However, the results show no association between antimicrobial usage and herd health and 

animal welfare, either in the combined analysis of all herds or at individual national level.  

This finding suggests that a low usage of antimicrobials does not permit the conclusion of 

a good herd health status in general and vice versa. On the contrary, it implies that herd 

health is not the only driver for antimicrobial usage for farmers. The influencing factors 

can be diverse and possible include non-technical parameters, such as education or attitude 

towards antimicrobial usage of the herd manager.  

In the long term, consideration should be given to implementing a comprehensive 

European surveillance system to document the health status at herd level. This would be a 

rewarding action for further work to determine the influence of non-technical parameters 

to antimicrobial usage.  

 

Keywords: antimicrobial resistance; animal health and welfare, HHWI, EFFORT  
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4.3.2. Introduction 

Antimicrobial resistance (AMR) is recognised as a public health issue for human and 

animal health (EFSA (AHAW) 2012b, Anonymous, 2017). Recently, the relationship 

between antimicrobial usage and the development of resistant bacteria have been well 

established (Bell, et al. 2014) (Van Gompel, et al. 2019). However, the development of 

new antimicrobial substances is not proving fast enough to exceed the development of 

AMR (Sjolund, et al. 2016). Therefore, it is important to preserve the efficiency of 

antimicrobial substances to maintain the effectiveness of treatment of bacterial infections 

(Sjolund, et al. 2016).  

The Word Health Organization (WHO) and the World Organization for Animal Health 

(OIE) recommend that the quantities of antimicrobials used in livestock for disease 

prevention and treatment are monitored to reduce the unnecessary use of antimicrobials in 

food-producing animals (OIE 2016a, Anonymous, 2017). For AMU reduction, most of the 

times the increase in animal health is considered as the most purposeful approach, as also 

stated in recitals of national and EU-legislation, such as the European Animal Health Law 

(Regulation (EU) No. 2016/429) or the 16th Amendment of the German Medical Product 

Act. The commission notice on the guidelines of prudent use (2015/C 299/04), same as in 

the guidelines set up by the private sector, determine the cure of infectious diseases as the 

only reasonable cause for the use of antimicrobials and only to use them if necessary 

(Anthony, et al. 2001). Before applying antimicrobials, the veterinarian has to have 

personal knowledge of the current herd health status to make a diagnosis. Since in most 

cases diseased pigs in which clinical signs have been found are treated with antimicrobials, 

it can be assumed that pig herds with a low health status use high amounts of 

antimicrobials. Building on this hypothesis, this means that herds with a low AMU are 

healthy herds. However, for animal health there is no comprehensive European 

surveillance system in place to document the health status at herd level. Therefore, to test 

the hypothesis if conclusions on the health level of herds can be drawn from the level of 

AMU of corresponding herds, the data on antimicrobial usage, antimicrobial resistance 

and herd health collected within the EU-Project EFFORT were analysed.  
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4.3.3. Material and Methods:  

4.3.3.1. Study design 

The European research project “Ecology from Farm to Fork Of microbial drug Resistance 

and Transmission” (EFFORT) (EU, FP7-KBBE-2013-7) investigates the epidemiology 

and ecology of AMR in food-producing animals, the environment and humans. Based on 

the data of 180 pig herds collected between 2014 and 2015, data on antimicrobial usage 

as well as health data were collected and analysed within the EFFORT project by research 

teams within Europe. The health data retrieved from 179 pig herds within the EFFORT 

project were used to establish the link between AMU and herd health, taking into account 

the level of AMR.  

Between June 2014 and December 2015, a cross-sectional study was conducted in 180 

farrow-to-finish pig farms in the nine participating countries. These nine countries were 

Belgium (BE), Bulgaria (BG), Germany (DE), Denmark (DK), Spain (ES), France (FR), 

Italy (IT), the Netherlands (NL) and Poland (PL). Only conventional, farrow-to-finish 

farms were selected and sampled equally distributed through all seasons starting in 

summer 2014 and ending in winter 2015. Farm recruiting occurred directly from a 

randomised database or through veterinarians and slaughterhouses. The farms were not 

allowed to have any animal trade contact and only one farm per owner was accepted in the 

study. Additional selection criteria were required to admit farms to the EFFORT study, 

such as average number of sows and fatteners present and batch production. Yet, not all 

farms met these criteria as described before in detail (Munk, et al. 2018). All farms were 

pseudonymised by using a farm ID number. The participating countries were anonymised 

as well, as requested by one farming organisation in one participating country.  

4.3.3.2. Abundance of antimicrobial resistance (AMR abundance) 

Within the EFFORT project resistome data were calculated by Munk et al., 2018. 

Differences in the antimicrobial resistome were measured as relative antimicrobial 

abundance as of fragments per kilobase referenced per million bacterial fragments 

(FPKM). The detected FPKMs at AMR cluster-level were summed up for each pig herd 

and presented as AMR abundance. These results were used to analyse the level of 

resistance present at herd level. For this purpose, the herds were divided into two groups, 

one with and one without AMU, as presented in the result section. A more detailed 

description of the pig sampling procedure, handling storage and pooling of samples, DNA-

extraction, sequencing, metagenomic data clean-up and bioinformatics can be found in 
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Munk et al., 2018 (Munk, et al. 2018), which was also published as part of the EFFORT 

project.  

4.3.3.3. Antimicrobial usage (AMU) 

The data on AMU were collected using a standardised questionnaire to be completed by 

the farmer supported by the researcher. Within the questionnaire information was 

requested for all antimicrobial group treatments given to the pigs from birth to slaughter 

of the sampled batch (hereafter referred to as “group treatment data”). Group treatment 

was defined as a treatment applied simultaneously to all animals. The usage of 

antimicrobials was quantified using the treatment index (TI) based on the Defined Daily 

Dose animal (DDDvet), hereafter referred to as “TI200”. The TI200 expresses the number 

of pigs that were treated with a predefined dose of antimicrobials each day (Timmerman, 

et al. 2006). The number of treatments, used for the analyses in this publication, was then 

standardised for a production period of 200 days as published by Sarrazin et al. (2018). 

4.3.3.4. Animal health and welfare quality (HHWI)  

The animal health/welfare status was measured using the Herd Health and Welfare Index 

(HHWI) Wadepohl et al. (2019). The data was collected during the herd visits within the 

EFFORT project, using a standardised protocol to document observations at herd level. 

Five indicators were observed in the age group of weaners and fatteners during a single 

farm visit. In total, 180 data sets were collected and analysed as described by Wadepohl 

et al. (2019) . For one herd the HHWI data was not recorded correctly and it had to be 

excluded from analysis. Therefore, only data of 179 herds could be analysed.  

4.3.4. Statistical analysis  

The association between HHWI and AMU was analysed, using the number of 

antimicrobial treatments (TI) standardised for a production period of 200 days (TI200). 

AMR was expressed as FPKM as a result of metagenomic analysis. For analysing animal 

health as influencing factor of AMU, the Pearson’s correlation coefficient was used to 

estimate the correlation between AMU and HHWI. To analyse the impact of AMU on the 

AMR level, herds were allocated to two groups – with and without antimicrobial group 

treatment. Herds without antimicrobial group treatments in the sampled batch were 

defined as herds with “zero AMU” and herds using antimicrobials within the sampled 

batch were allocated to the group “with AMU”. Regarding the analysis of the animal health 

and animal welfare as well as the data on AMR abundance, the differences between the 
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groups defined through AMU were compared by a pooled t-test. All statistical analyses 

were carried out using SAS 9.4 (SAS Institute Inc., USA). 

4.3.5. Results  

Data regarding AMU, AMR and HHWI were available for 179 out of 180 participating 

pig herds in nine European countries. The herds were required to be equally distributed 

between countries and at least one herd per country was visited per season.  

Figure 1 shows the analysis of the association of the herd health and welfare status 

measured by the HHWI and AMU as group treatment. Herds with different animal health 

and animal welfare quality are included. Herds with a good quality are represented by the 

value of a minimum of 10 HHW index points and herds with a decreased health and 

welfare quality assessed with up to 30 HHW index points. The TI200 starts with a minimal 

number of 0 and the maximal value of daily treatments is 218.7, with a mean value of 

164.8. The Pearson’s correlation coefficient shows a value of -0.08 (p < 0.28)

 

Fig.1: Association of AMU and HHWI (n=179): Combined analysis of herds in all nine 

participating countries. TI200 per group treatment is presented on the y-axis and the 

corresponding mean of herd health/welfare index points (HHWI) on the x-axis. 
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Fig. 2: Association of AMU and HHWI (n=179) at herd level in the nine participating 

countries (A to I): TI200 per group treatment is presented on the left y-axis and the 

corresponding mean of herd health/welfare index points (HHWI) on the x-axis. 

 

The mean number of the HHW index points for all countries fluctuated around the value 

of 18 (18±1) and showed no association with the level of resistance. The descriptive values 

of herds are shown in Table 1.  
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Table 1 - The range of summarised HHW Index points for pig herds in nine participating 

countries (A - I) and the corresponding AMU values shown as TI200. 

 

Count

ry 

HHW Index points AMU (TI200) 

Min Q25 Q75 Max Min Q25 Q75 Max 

A 11 17.5 21 25 0 0 7.9 144.7 

B 11 16.5 20 25 0 25.9 111.7 399 

C 10 13 21 25 0 34.7 203.4 534.9 

D 10 16 21.5 26 158.8 324.5 646.4 1182.8 

E 11 15 17 27 14.4 45.2 152.7 509.6 

F 14 17.5 21.5 23 59.2 142 276.6 411.3 

G 10 12 22.5 28 44.5 80.1 209.5 510.5 

H 12 16.5 21 24 0 113.5 288.5 506 

I 16 18 22 30 0 97 39.4 182.9 

 

To identify the differences in AMR abundance between herds with and without AMU in 

the sampled batch, the results of the metagenomic analysis of the previously assessed herds 

were considered for analysis. Comparing the antimicrobial resistome (FPKM) in herds 

with and without AMU, differences between the herds with and without usage of 

antimicrobials are shown as a box plot diagram (Fig. 3). In total, 20 herds (11.2 %) did not 

use any antimicrobial group treatment during the production period. These herds were 

compared to the 159 herds using antimicrobials. The mean number of reads (FPKM) was 

7877.9 ± 3064.4 in herds without AMU and 12041.3 ± 4209.8 in herds with AMU. On 

comparing the antimicrobial resistome (FPKM) in herds with and without usage of 

antimicrobials, a tendency could be identified, showing that the total number of FPKM 

was lower in herds without than in herds with usage (t-test; p < 0.1) (Fig. 3).  
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Fig. 3. Distribution of AMR measured in FPKM in herds with and without AMU. The 

group of herds without AMU is labelled “0” and the group with AMU is labelled with “1”. 

The vertical lines represent the lower and upper quartile and the median. The diamond 

symbols represent the mean value and the circles outside the box plot diagram represent 

the outliers. 

 

The median number of HHWI points was 18.6 ± 4.09 for herds without AMU. For herds 

that were treated with antimicrobials the median number of HHWI points was 18.2 ± 4.04. 

The box plot diagram (Fig. 4) reveals that there was no significant difference between the 

two groups (pooled t-test, p > 0.05).  

 



 

 60

Fig. 4 Comparison of animal health and welfare (HHWI) in herds with and without AMU. 

The group of herds without AMU is labelled “0” and the group with AMU is labelled with 

“1”. The vertical lines represent lower and upper quartile and the median. The diamond 

symbol represents the mean value. 

4.3.6. Discussion  

The focus of this paper is to show the link between AMU and the quality of herd health 

and welfare (HHWI). A combined analysis of the data on AMU and HHWI for all pig 

herds in nine countries showed no association between antimicrobial usage and the herd 

health status (see Fig. 1). When analysing the same association at national level, also no 

association is noticeable (see Fig. 2), though a high variance between AMU and HHWI 

values can be seen. Comparing the health/welfare status of herds with and without AMU 

no significant difference can be reported (see Fig. 4).  

Analysing the overall AMR present at herd level to evaluate the impact on animal and 

human health, the results of AMR level compared between herds with and without AMU 

indicate that the health status of herds with antimicrobial group treatment show a higher 

AMR level (see Fig. 3), reflecting the selective pressure of AMU. 

Overall, the results indicate that the level of antimicrobial usage does not necessary reflect 

the health and welfare status of pig herds and that the herd health status might not be the 

strongest determinant of AMU. Although there might be a variety of reasons for this, one 

explanation could be that further influencing factors for the prescribing of antimicrobials 

have to be taken into consideration in addition to the animal health status.  

A strong human factor was identified within previous studies affecting the usage of 

antimicrobials, which seems to be reliant on different sociopsychological factors. These 

factors include a certain risk avoiding strategy and the need for security (Coyne, et al. 

2014) (Speksnijder 2015a), uncertainty of the cost-effectiveness of measures (Speksnijder 

2018) and personal experience, either good or bad with antimicrobial practices (Alarcon, 

et al. 2014) (Ritter, et al. 2017, Lloyd and Page 2018). Unlike in human medicine, in 

veterinary medicine an influencing aspect for the control of animal diseases by using 

antimicrobials is due to previous experience of economic losses (Lhermie, et al. 2017). 

Country differences noticeable in Fig. 2 may be emphasised by the cultural background of 

farmers. Also personal skills and experience cannot be ignored as an impact factor (Carmo, 

et al. 2018).  
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Shortcomings triggered by human behaviour could be reduced by implementing 

supporting programs, for example based on the model of antimicrobial stewardship 

(Lhermie, et al. 2017, Lloyd and Page 2018). Even though most of these changes require 

personal change in behaviour and are therefore difficult to implement (Speksnijder 2018), 

they need to be taken in to consideration when reducing the risk of antimicrobial 

resistance. Antimicrobial stewardship programmes, as already been used in the field of 

human medicine to guide young physicians in prescribing drugs, could be helpful, as 

recommended by the joint EFSA/EMA ad hoc Working Group on the reduction of the 

need to use antimicrobials in food-producing animals (EMA, et al. 2017). As veterinarians 

need to be informed about and are responsible for the current health status of herds for 

which they prescribe antimicrobials, following the rules of prudent use, they should be in 

close contact with the farmer (McDougall, et al. 2017). The close relationship of 

veterinarians and farmers could be used to initiate tailor-made programmes for each farm. 

Due to the small sample size of herds for each country the analysis is limited in its 

interpretation. To gain more insight into impacting factors at herd level, further research 

is needed. However, for further studies reliant data on herd health and welfare needs to 

become available. Nevertheless, until today most available measurement tools assess 

animal health indirectly by considering AMU. A comprehensive European surveillance 

system documenting the health status at herd level would help to determine the influence 

of non-technical parameters and to identify limitations in decision-making of herd 

managers as well as in resulting deficiencies in AMU. Therefore, the study should be 

repeated to include more herds per country to be able to analyse the effect at herd level. 

Future studies should also include the sociopsychological aspects of decision making of 

herd managers regarding preventing infectious diseases. Results could then be used to 

identify influencing factors, which could then be implemented in specific antimicrobial 

stewardship programmes for farmers and herd mangers. Results could be used to support 

policy makers and stakeholders, such as farmer and veterinary associations in 

implementing antimicrobial stewardship programmes. 

4.3.7. Conclusion 

This study revealed limitations by indirectly measuring animal health by using only AMU, 

since the decisions regarding applying antibiotics are, apart from the occurrence of disease, 

often based on very subjective factors (e.g. the farmers’ attitudes, safety needs, habits) 

However, raising animal health is undoubtedly an important precondition for decreasing 
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the quantities of antimicrobials and, thus, indirectly AMR. Therefore, reliable ways to 

reduce AMU, that are adapted to the individual needs of veterinarians and farmers are 

needed. To achieve this, the herd health status has to be measured, and monitored 

independently of AMU. This would sufficiently identify herds with a good or a bad health 

status and to decrease the use of antimicrobials by implementing farm-tailored AMU-

reduction programmes for those taking care of the animals. In the long term, it appears to 

be worthwhile to monitor herd health at European level. However, to implement an animal 

health and welfare monitoring system successfully at European level, more work is needed 

to standardise the assessable data at national level. Further studies and developments 

focussing on the implementation of animal health and welfare monitoring are therefore 

suggested. 
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4.4.1. Abstract 

Background: Bacteria that have acquired antimicrobial resistance, in particular ESBL-

producing Enterobacteriaceae, are an important healthcare concern. Therefore, 

transmission routes and risk factors are of interest, especially for the carriage of ESBL-

producing E. coli. Since there is an enhanced risk for pig slaughterhouse employees to 

carry ESBL-producing Enterobacteriaceae, associated with animal contact as potential 

risk factor, the present study investigated the occurrence of ESBL-producing 

Enterobacteriaceae in poultry slaughterhouse employees. Due to the higher level of 

resistant Enterobacteriaceae in primary poultry production than in pig production, a 

higher risk of intestinal colonization of poultry slaughterhouse employees was expected.  

Results: ESBL-producing Enterobacteriaceae were detected in 5.1% (5 of 99) of the fecal 

samples of slaughterhouse workers. The species of these isolates was confirmed as E. coli. 

PCR assays revealed the presence of the genes blaCTX-M-15 (n= 2) and blaSHV-12
 
(n= 3) in these 

isolates, partly in combination with the β-lactamase gene blaTEM-135. Participants were 

divided into two groups according to their occupational exposure and results indicated an 

increased probability of colonization with ESBL-producing Enterobacteriaceae for the 

group of ‘higher exposure’ (OR 3.7, exact 95% CI 0.6-23.5; p=0.4). For intestinal 

colonization with ESBL-producing Enterobacteriaceae, a prevalence of 10% (3/30) was 

observed in the group of ‘higher exposure’ versus 2.9% (2/69) in the group of ‘lower 

exposure’. Employees in working steps such as ‘hanging’ poultry in the process of 

slaughter and ‘evisceration’ seemed to have a higher risk for intestinal colonization with 

ESBL-producing Enterobacteriaceae compared to the group of ‘lower exposure’. 

Conclusion: This study is the first of its kind to collect data on the occupational exposure 

of slaughterhouse workers to ESBL-producing Enterobacteriaceae in Europe. The results 

suggested that colonization with ESBL-producing Enterobacteriaceae is associated with 

occupational exposure in poultry slaughterhouses. However, the presence of ESBL-

producing E. coli isolates in only 5.1% (5/99) of the tested employees in poultry 

slaughterhouses suggests a lower transmission risk than in pig slaughterhouses. 

Keywords: Antimicrobial resistance, ESBL-producing Enterobacteriaceae, blaCTX-M-1, 

blaCTX-M-15, occupational epidemiology, poultry slaughterhouse workers 
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5. Discussion 

5.1. Challenges of animal health and animal welfare monitoring 

For antimicrobial usage and antimicrobial resistance surveillance systems have been 

implemented at European level. While data on AMU can be obtained from the ESVAC 

system and for AMR from the zoonosis surveillance data (based on the directive 

2003/99/EC), there is no European monitoring system to date collecting data on animal 

health and animal welfare. The WAHIS system of the OIE shows some limitations, as it 

only indicates the health status for a certain disease within a country.  

The collection of animal health data and the use of animal-based measures, as robust 

parameters and recordable by the farmer were already requested by stakeholders of the 

EFSA (EFSA 2015). Also, the OIE is considering extending the programme for animal 

welfare aspects (OIE 2010a). Nevertheless, until today no comprehensive monitoring tool 

for animal health and animal welfare has been introduced at European level.  

The HHWI, developed within the EFFORT project, meets these requirements demanded 

by stakeholders, even though the index was developed as a project-specific index, which 

is exemplarily shown in chapter 4.1 at national level. Within the presented work, the 

opportunity was taken to collect data on herd health and welfare in nine European 

countries, using the HHWI, which is shown in chapter 4.2 for all nine European countries.  

In order to achieve the aim of obtaining data from different countries, several challenges 

appeared. The two greatest challenges were different non-harmonised sources of 

information available at national level and the insufficient time to measure the health and 

welfare status. Thus, previously developed health and welfare indices (protocols of the 

WQ®-project or the HHS) could not be used. Therefore, the HHWI (Herd Health and 

Welfare Index) was developed by adapting the parameters of the Welfare Quality®-project 

to the needs of the new setting.  

Within the EFFORT study the opportunity was given to obtain data on health/welfare and 

on AMU in a standardised manner for the nine countries (Wadepohl 2019). AMU, as well 

as the HHWI results could be assigned to the herds and thus the associations between 

AMU and animal welfare could be established at herd level, as shown in publication 4 (s. 

chapter 4.4.). To describe AMU the standardised units of the ESVAC project, in this case 

the defined daily dose (DDDvet), as also recommended in the JIACRA report was used 

(ECDC/EFSA/EMA 2017). The combined analysis of all nine countries revealed no 
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association between HHWI and AMU as described in chapter 4.3. Due to the assessment 

of farms in each country by different observers, no real inter-country comparison was 

possible. However, when looking at the fluctuations of AMU at herd level, it can be 

suspected that there must be further influencing factors for administering antimicrobials 

than only the health and welfare status. Nevertheless, to identify additional factors for the 

decision to use antimicrobials in pig herds a detailed monitoring of both AMU and herd 

health and welfare, for example using the HHWI, is needed.  

5.1.1. Implementing a European animal health and welfare monitoring  

In the recitals of the European Animal Health Law the centralization of Europe is pointed 

out in addition to the need for a much more targeted common strategy (Anonymous, 2016). 

Broadening the definition of the term of animal health by the OIE as well seems to indicate 

a new perspective, as also discussed by Nick and Vandenheede (2014). However, the 

implementation process for a Europe-wide monitoring tool for animal health requires a 

high degree of harmonisation. This can be layed down within a legislative framework or 

as guidance by a European organisation, in this case the OIE could well take the lead. This 

could lead be similar to the guidelines of the EFSA for the harmonised monitoring of 

antimicrobial resistance in food-producing animals and food, for which the EFSA 

published technical specifications (EFSA, et al. 2019).  

Good progress on harmonisation is being made within the EU, as European surveillance 

systems for AMR and AMU have been successfully implemented in the field of human 

(e.g. EARS-NET) and veterinary medicine (e.g. based on the directive 2003/99/EC or 

ESVAC). As a next step, it is necessary to include monitoring of animal health/welfare to 

complete the measures.  

The HHWI provides a new option to obtain data on animal health and animal welfare at 

herd level in Europe. The HHWI consists of only five assessment parameters per age 

group, which helps to shorten the assessment time. Due to its rough and easy design the 

assessment times can be shortened to less than an hour. Therefore, it is also usable for 

continuous monitoring at herd level carried out by farmers at national level.  

Hence, the harmonisation of animal welfare monitoring tools at European level has not 

stopped since the EFFORT project started in 2014. In the meantime the EU Reference 

Centre for Animal Welfare (EURCAW) has been established in 2018 on the basis of the 

European Animal Health Law (Anonymous, 2016), indicating, that a harmonised 

measurement of animal health and animal welfare is also perceived as an important issue 
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at European level. Though, initially only dealing with the welfare of pigs, the centre’s task 

will be to address all kinds of animal welfare questions. In this context, the responsible 

authorities at national level are putting considerable focus on harmonisation and 

standardisation of relevant welfare indicators and interpretation of animal welfare 

requirements. However, it may be hard to make these demands meet the requests made by 

the stakeholders of the EFSA for animal-based indicators to be easy-to-use and recordable 

by farmers (EFSA 2015). 

5.1.2. Training of observers of animal health and animal welfare 

Obtaining harmonised data always relies on well-trained observers to limit the inter- and 

intra-observer bias. While the inter-observer bias is secondary, when data is collected by 

the same observer in all herds, its importance increases as the number of observers rises. 

Therefore, EU audits are performed by the same group of experts in all countries to limit 

the inter-observer bias, e.g. to gather information on prudent use of antimicrobials in 

animals carried out in 11 countries between 2016 and 2018. The results then are published 

as a joint report (Directorate General for Health and Food Safety 2018). 

However, in most settings, it is not feasible to have the same group of observers perform 

all assessments, as this would be costly and difficult to coordinate. Nevertheless, an inter-

country comparison can be performed even when different teams carry out the assessment 

in each country. Achieving this goal requires detailed, standardised observer training based 

on structured materials, which will be tested in the end. For the HHWI the observers were 

supplied with structured material including pictures to identify the parameters to be 

assessed. The material for the study was discussed in a workshop and questions could be 

asked. At least one observer per country took part in the workshop and passed on his/her 

knowledge to colleagues in the local team. However, no structured test for team members 

not participating in the workshop existed. Therefore, minor inaccuracies cannot be 

completely ruled out. Since only one common rating of observers per herd was included 

in the observations, this error is considered minimal. Nevertheless, this drawback should 

be taken into account in further studies. 

In addition to the observer training, every local team was supported by the German 

EFFORT team to which they could send pictures or videos and ask for their independent 

rating, in situations when the observers' assessments did not agree. This procedure was 

adapted in accordance with the method described in Czycholl, I. et al., 2015. However, 

little use was made of this possibility within the project. Thus, in future studies a general 
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evaluation of all herds through pictures or videos by an expert committee should be made 

compulsory. With this approach, the results of the local teams can be validated, and the 

results can be used for a country comparison. Since this has not been done so far, the 

HHWI cannot be used for an inter-country comparison.  

5.1.3. Need for full validation for the HHWI  

The OIE diagnostic test validation guideline (OIE 2012) defines the validation process as 

the fitness for purpose of an assay, which has been properly developed for its intended use. 

However, this does not consider the practicability of a diagnostic test, which is taken into 

account for fitness for use. When considering the HHWI as a diagnostic test for the herd 

health and welfare status, the index has yet to be fully validated.  

As the EFFORT study represents only a small selection of herds within a country, due to 

the predefined farm characteristics, a selection bias cannot be excluded. The limited 

number of herds included in the study at national level also posed a certain limitation when 

analysing the HHWI at national level and should be repeated to include a greater number 

of herds. Therefore, the HHWI has only been tested fit for purpose within the EFFORT 

project, but not for general use. Full validation in comparison with another index, such as 

the WQ®-protocol, is still pending, thus indicating a limitation of the index.  

At present, the fitness for use of the HHWI is reduced, as it can only be used to a limited 

extent. However, when using the HHWI for assessment of all herds by a consistent group 

of observers, as for example the EU does for their audit teams, good results can be 

achieved. Nevertheless, the HHWI was developed to be used as a simple measurement 

tool to be used within the EFFORT project in the first place. The feasibility of its usage in 

the field has been proven during the project as hands-on experience. Therefore, the 

scientific validation for its usage on a broader scale, i.e. national or international 

evaluations needs to be included in future studies.  
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5.2. Further need to reduce antimicrobial usage  

Therapeutic failure due to antimicrobial resistant pathogens represent a critical health 

problem in human medicine but remains relatively uncommon in veterinary medicine. 

However, the relationship on antimicrobial usage and resistant bacteria is well established, 

as shown in the first JIACRA report (ECDC/EFSA/EMA 2015).  

For some resistances association to the corresponding antimicrobials are not conclusively 

established, as described in both JIACRA reports (ECDC/EFSA/EMA 2015, 2017). For 

specific resistance, e.g. against quinolones in human’s association could be shown with 

their usage in animals. For indicator E. coli in food-producing animals a positive 

association between antimicrobial consumption and resistance has been shown, similar to 

those in Salmonella spp. or Campylobacter spp. and considering that most species carry 

indicator E. coli, this may have an even stronger impact on resistance reservoirs and the 

spread of AMR (ECDC/EFSA/EMA 2015). Therefore, AMU in food-producing animals 

should be used with special care. The concept of prudent use is highlighted in the second 

JIACRA report (ECDC/EFSA/EMA 2017) and along with further measures, such as the 

improvement of animal husbandry and antimicrobial stewardship in veterinary medicine 

the joint EFSA/EMA ad hoc Working Group on the reduction of the need to use 

antimicrobials in food-producing animals recommends it to reduce the need for AMU 

(EMA, et al. 2017).  

The main finding in both JIACRA reports was, that antimicrobial consumption in 

food-producing animals is higher than in human medicine. Similar to the results presented 

in this work for veterinary medicine, the report indicates variations between countries in 

antimicrobial consumption in food-producing animals, same for human medicine. Though 

actions against antimicrobial resistance have been taken for over a decade country-specific 

differences are still visible and indicating, that there is still room for improvement for the 

prudent use of antimicrobials, as also advised in the JIACRA report. To resolve those 

differences in usage, the question was raised, which factors are of greatest impact?  

The analysis of HHWI and the corresponding antimicrobial consumption in herds showed 

no direct association, as described in publication 3 (s. chapter 4.3). These results reflect 

those of Joosten, P. (2018), who also found no association between diagnoses and the 

choice of antibiotic used. These findings also support the work of other studies in this area, 

suggesting a missing link between diagnoses and the choice of antibiotic (Robinson, et al. 

2017). This inconsistency may be due to factors, which have not been considered in 
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previous studies, such as the mindset of farmers or herd managers. However, it also raises 

the question whether the diagnosis made is always in line with the clinical signs observed 

or is influenced by additional factors. Further research should take sociopsychological 

models into account, as proposed by Speksnijder, et al. (2018) to identify potential 

influencing factors of animal care taking and consequently of animal health and animal 

welfare.  

However, country differences could also be due to the differences in national strategies. 

The reduction in antimicrobial usage at national level, for example in Germany of 

approximately 58 % since 2011, or at European level of 12 % since 2014 proved that AMU 

reduction is already working (ESVAC 2016, Wallmann 2019). Some countries, e.g. 

Germany introduced specific measures, such as the obligation to perform an antibiogram, 

when using cephalosporines in veterinary medicine, for example as individual treatment 

in cats and dogs, introduced by the last amendment of the veterinary pharmacy regulation 

(Verordnung über die tierärztliche Hausapotheken (TÄHAV)) (Federal Veterinary 

Chamber 2018). As cephalosporines of the 3rd and 4th generation are critically important 

antimicrobials, the increasing trend of usage of cephalosporines since 2011 was special 

worrisome. Only recently this trend stopped, as for 2018 a reduction in usage of 

cephalosporines and fluoroquinolones was observed for the first time, which seems to 

prove the effectiveness of the introduced measures in Germany (Wallmann 2019). Strict 

measures against usage of critically important antimicrobials are also recommended by 

the joint EFSA/EMA ad hoc Working Group on the reduction of the need to use 

antimicrobials in food-producing animals in their scientific opinion (EMA, et al. 2017). 

5.2.1. Influencing factors for the quality of stockmanship  

Speksnijder, et al. (2018) raised the question whether the animal health status is the only 

influencing factor for the use of antimicrobials. Blaha, T. (2012) described the quality of 

stockmanship as part of the integrated veterinary herd health care. It has also been 

described that the level of animal health depends on the level of stockmanship and 

therefore indirectly also includes antimicrobial usage as a treatment option of the person 

taking care of the animal (Blaha 2012). Good observational skills seem to outweigh 

structural differences or limitations in biosecurity (Visse 2014, Seiler 2015). Additionally 

it has been shown, that herd managers with good observationary skills at herd level show 

a higher willingness to treat animals on an individual basis instead of as a group (Visse 

2014). Therefore, personal skills and experience cannot be ignored as an impact factor, as 
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well as profound knowledge and good education (Kristensen and Jakobsen 2011, Carmo, 

et al. 2018). Even the European Animal Health Law takes this into account and requires 

special qualifications for animal carers in article 11 (Anonymous, 2016). 

Different authors also identified variance in antimicrobial consumption, whether measured 

by using animal treatment index (ATI) by Blaha et al. (2006) or the units of the WHO-

ATC (DDD, DCD) (Visse 2014, Seiler 2015, Joosten 2018), which seems to indicate 

further influencing factors for the choice and usage of antimicrobials. Similar results 

emerge when analysing the defined daily dose (DDD) and quality of herd health and 

welfare (HHWI), showing no direct association between HHWI and antimicrobial usage 

(DDD). It seems that a high AMU level does not necessarily reflect a low level of health 

and welfare and vice versa. As stockmanship has been discussed as an influencing factor 

for animal health, this could indicate an indirect association of animal health and 

antimicrobial usage with the quality of stockmanship (as a human factor). Visse, M. T 

(2014) supported these findings by stating that also herds with a low animal treatment 

index (ATI) showed a varying biosecurity and hygiene, similar to herds with a high ATI , 

which do not necessarily show signs of a decreased biosecurity.  

However, to identify potential human factors influencing animal health through 

antimicrobial treatment further research is needed. Speksnijder et al. (2018) recommended 

using sociopsychological models in agricultural research to better understand human 

behaviour. Thereby also the quality of good stockmanship would gain more and more 

recognition, as the reduction in antimicrobial usage requires a change in practice and 

attitude towards antimicrobial treatment. Different attitudes not only of farmers but also 

of veterinarians can encourage or discourage the motivation to change. Lack of awareness 

of the extensive use of antimicrobials as a public health risk and insufficient responsibility 

for the outcome, lowers the motivation for fundamental changes (Coyne, et al. 2014, 

Speksnijder 2015b, Ritter, et al. 2017). A certain risk avoiding strategy and the need for 

financial security (Coyne, et al. 2014, Speksnijder 2015b, Speksnijder 2015a) can reduce 

the willingness to implement recommendations. For some herd managers the usage of 

antimicrobials is an important part of their work. At any small sign of infection, are given 

antimicrobial group treatment is given to secure their livelihood and are not necessarily 

because of any bad animal health status (Seiler 2015). Uncertainty regarding the cost-

effectiveness of measures (Speksnijder 2018) and personal experience, either good or bad 

with antimicrobial practices (Alarcon, et al. 2014, Ritter, et al. 2017), also plays a role 
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when administering antimicrobials. Unlike in human medicine, in veterinary medicine an 

influencing aspect for the control of animal diseases by using antimicrobials is due to 

previous economic losses (Lhermie, et al. 2017). Unfortunately, the economic position of 

farmers was not considered in the presented work of the PhD thesis.  

Different motivating factors and attitudes towards a change in antimicrobial treatment and 

consequently also animal health demonstrates that finding a “one-fits-all” solution will not 

prove possible. Consequently, advisers on herd health management have to understand the 

relationships between the individual farmer’s behaviour and his perception of risk to 

motivate him to change the process of decision-making (Kristensen and Jakobsen 2011). 

Veterinarians are highly recommended as advisers. However, the interaction between 

veterinarian and herd managers is fragile and the veterinarian needs a good knowledge and 

/or level of experience of prescribing antimicrobials and good communication skills and 

training including reflection of situations (Kristensen and Jakobsen 2011, McDougall, et 

al. 2017, Carmo, et al. 2018). 

5.2.2. Antimicrobial stewardship programmes  

In the field of human medicine antimicrobial stewardship programmes (AMS) were 

developed to support physicians in their choice of antimicrobials. They focus mainly on 

reducing antimicrobial use and increasing the critical choice of antimicrobials. 

Programmes were set up to support junior doctors in their way of prescribing 

antimicrobials, ensuring that teaching focusses on adherence, while also indicating when 

adaption of the prescription is justified (Goff 2011, Parker and Mattick 2016). AMS 

programmes are increasingly recognised and practised in human healthcare. However, 

only little research has been carried out on AMS in veterinary medicine. Slowly, 

programmes are being introduced into the field of veterinary medicine, driven by findings 

in the field of human medicine (Lloyd and Page 2018). Though veterinary practice differs 

from the field of human medicine in many aspects, such as structure of care and economic 

issues, it is not clear how far aspects of AMS programmes can be transferred to the field 

of veterinary medicine (EMA, et al. 2017).  

As the “human factor” for reducing the need for AMU seems to be essential for further 

reduction, AMS programmes could be an effective step to change the perception of the 

different professions involved in antimicrobial prescription, such as farmers and 

veterinarians.  
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Change in perception of antimicrobial usage in farmers seems to be essential for public 

health, as a study in Spain showed. Spanish pig producers interviewed in 2010 considered 

AMU a cost-effective tool for animal health without having many concerns regarding 

public health (Moreno 2014).  

As veterinarians play an important role for prescribing antimicrobials in most countries, 

they need to be involved preliminary working groups for potential AMS programmes, as 

well as being prepared for their task of providing guidance for appropriate use of 

antimicrobials. (Coyne, et al. 2014, Jones, et al. 2015, Postma, et al. 2017).  

Therefore, tailor-made training programmes need to be developed tailor-made for 

veterinarians as also recommended by the joint EFSA/EMA ad hoc Working Group on the 

reduction of the need to use antimicrobials in food-producing animals, that reviewed the 

current situation of under- and postgraduate training on antimicrobial stewardship of 

veterinarians and other healthcare professionals (EMA, et al. 2017). In the review 

differences were noticed in the needs of veterinarians at different stages of their 

professional careers, as young veterinarians need more support acting independent of the 

farmers expectations. In contrast, experienced veterinarians tended to be less concerned 

about the possible contribution of AMU to AMR, as the right to prescribe and sell 

antimicrobials is of more concern and that they are less restrained when it comes to 

administering antimicrobials (Speksnijder 2015a).  

Already most educational training on antimicrobial reduction occurs during postgraduate 

studies. Nevertheless, decisions on post-graduate training are made at national 

responsibility and are not mandatory in all countries. To harmonise the training level 

within the European countries the development of an EU-wide Antimicrobial Stewardship 

programme for postgraduate veterinarians has been recommended by the joint 

EFSA/EMA ad hoc Working Group on the reduction of the need to use antimicrobials in 

food-producing animals (RONAFA).  

Nevertheless, actions to train for better use of antimicrobials have been implemented 

already. As a core element of the first European action plan against AMR, the guidelines 

on prudent use (PUAVM Guidelines) can be considered as a first step, included in 

postgraduate training, accompanying the withdrawal of antimicrobials in livestock in some 

countries. Further actions have been provided as online tools, for example by the Centers 

for Disease Control and Prevention (CDC), which published an online tool with learning 
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materials on AMU for veterinary students, veterinarian professionals and other 

professionals (available at: http://amrls.cvm.msu.edu).”.  

However, in countries in which AMS programmes would be beneficial in reducing the 

need for AMU they are not taking place. The need for AMS programmes, especially in 

countries with emerging economies is reflected by inappropriate antimicrobial drug use, 

as on the one hand funds are available to purchase antimicrobials and on the other hand 

dispensing of antimicrobials without prescriptions and self-medication are common 

practices (Davey, et al. 2005, Scott, et al. 2017). In low- and middle-income countries, 

there are still hurdles, such as scarcity of funding, insufficient political commitment and 

lack of expertise, creating major difficulties in implementing AMS programmes in human 

medicine (Tiong, et al. 2016). 

5.2.3. Occupational exposure to antimicrobial resistance  

In recent years the awareness of reservoirs for antimicrobial resistant bacteria has 

increased, as has the awareness of their impact as a potential risk through direct or indirect 

transfer to the public. Highlighted by the WHO in its Global Action Plan on Antimicrobial 

Resistance (Landers, et al. 2012, WHO 2015), the focus has been put on the One Health 

concept for future research including both human and veterinary medicine.  

The Global Action Plan of the WHO clearly underlines the necessity of robust information, 

e.g. on the incidence of infections with resistant bacteria and their effect on the health of 

populations. To quantify the consequences of the disease burden of antibiotic resistance, 

Cassini et al. (2019) calculated the number of disability-adjusted life-years (DALYs) for 

the first time. Measuring the number of human cases of all types of infections with 

antibiotic-resistant bacteria and then the number of deaths attributable to these infections, 

results in the number of DALYs.  

An increased burden was shown for ESBL-producing E. coli. As they can occur in farm 

animals, especially in poultry, they can pose a risk not only to the animals but also to 

personnel that is occupationally exposed (Bos, et al. 2016, Dohmen, et al. 2017a, Dohmen, 

et al. 2017b). The pilot study conducted to evaluate the occupational risk exposure of 

ESBL-producing E. coli for poultry slaughterhouse workers (see chapter 4.4), revealed a 

trend of an increased occupational exposure. Although the occurrence of ESBL-producing 

E. coli was lower than expected by the prevalence reported in poultry husbandry (Ewers, 

et al. 2012, Laube, et al. 2014, Hering, et al. 2016, Dame-Korevaar, et al. 2017) and from 

poultry meat products (Dorado-Garcia, et al. 2018, Kaesbohrer, et al. 2019). The reduced 
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occurrence of ESBL-producing E. coli in the presented work may be due to a protective 

factor, such as hygiene measures taken. Although previous studies, including analysis 

within the EFFORT project were not able to show a protective effect for AMR (Lubbert, 

et al. 2015, Muloi, et al. 2018), in veal calves the hygienic status of farms has been 

associated with a reduced prevalence (Graveland, et al. 2010). Assuming that, for example 

wearing protective clothing during the slaughter process, would reduce the bacterial 

burden and therefore the overall level of antimicrobial resistance slaughterhouse workers 

are exposed to, and could have a protective effect. However, since direct contact already 

has been identified as a source of transmission for resistant bacteria to personnel are 

occupationally exposed to (Price, et al. 2007, Dierkx, et al. 2010, Van Duijkeren, et al. 

2015, Dohmen, et al. 2017b), livestock should be taken into consideration as a source for 

human occupational exposure, even though these studies did not include poultry. 

Nevertheless, further research will be needed to identify whether protective factors did in 

fact cause the effect.  

5.3. Practical application of the HHWI  

It has been shown that the HHWI can be used within the context of the EFFORT project. 

As a next step the full validation thereof is needed to eliminate some shortcomings.  

As animal welfare per se is especially challenging, an index covering most areas will 

always have certain limitations, as the degree of detail is associated with the duration of 

assessment time. Therefore, a deliberate choice should be taken, when choosing the 

measurement tool that is needed to fit the purpose, whether it is a comprehensive animal 

welfare assessment as the WQ®-project or a routine animal welfare check on a daily basis 

using the HHWI. The lengthy assessment always represents a hurdle to assess the animal 

welfare status at all and thereby a limiting factor for the fitness for use by risking 

incomplete monitoring.  

The HHWI could be an alternative option for private companies, e.g. for public private 

partnership projects along the food chain, as all herds can be assessed by the same group 

of observers to limit the inter-observer bias. The HHWI could be used as a tool to 

benchmark antibiotic usage of herd managers supervised by a single veterinarian, 

monitoring not only the reduction in AMU but also the health and welfare quality of the 

animals, ensuring that sick animals are always treated properly. As in accordance with § 

1 of the German Animal Protection Act, animals cannot be inflicted pain, suffering or 
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damage without reasonable cause or measures to prevent pain, suffering or damage 

(Anonymous, 2015).  

However, there is still room for improvement in the HHWI as slaughterhouse findings 

represent an important source of information for animal health and animal welfare. As 

efforts are already made to standardise the slaughterhouse data at least at national level 

they should be integrated in the HHWI as they become available (Brandt, et al. 2013, 

Steinmann, et al. 2018). Nevertheless, standardisation of measurement units at national or 

international level need time to develop. 

In conclusion, the HHWI has been shown to be a rough but feasible measuring tool to 

identify the quality of animal health and animal welfare in herds. No direct associations 

could be identified between antimicrobial usage and animal health and animal welfare. 

However, a possible link through the level of stockmanship could be shown. 

Sociopsychological studies would help to further characterise these associations.  

However, the data collection on AMR and AMU is already advanced, time has come to 

include monitoring of the animal health and welfare status to further reduce antimicrobial 

usage and consequently bacterial resistance without jeopardizing animal wellbeing.  
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