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Over the last two decades, there has been a rapid growth in livestock production and a 

rapid change in how animal products are produced, processed, consumed and marketed 

(WINDHORST 2017). The poultry sector in particular, has undergone considerable structural 

changes due to the introduction of modern intensive production methods combining genetic 

selection, improved feeding and health management practices involving usage of 

antimicrobial agents (VAN BOECKEL et al. 2015). In Europe, housing of poultry on littered 

concrete floors is the common system for commercial poultry production (WINDHORST 

2017). Consequently, poultry spend most of their productive life in close contact with litter 

and manure. Therefore, if the animals are continually brought into contact with suboptimal 

litter quality, there will be a considerable risk of the contact dermatitis on their feet and as a 

result, the health and the growth performance will be impaired (HOCKING et al. 2008; ABD 

EL-WAHAB et al. 2013a). Also the use of antimicrobial agents for the treatment and 

prevention of disease is of particular concern, which has been accompanied as unintended 

side effects by the development and persistence of antimicrobial resistance in faeces and in 

the poultry manure (DA COSTA et al. 2009; KEMPER 2009; FURTULA et al. 2010; 

DIARRA and MALOUIN 2014). Potential transfer of resistant bacteria from poultry products 

to human population may occur through consumption or handling meat contained with the 

pathogens (VAN DEN BOGAARD and STOBBERINGH, 2000). 

  

1.1 Importance of poultry production and challenges for the future in Europe 

The new challenge to poultry producers is to develop an innovative poultry production 

chain that prefers high quality and safe consumer products through good management in 

animal health and welfare and food safety, as well as intends the decreased use of 

antimicrobial agents as a means of pathogens control. Improving the overall management and 

success of poultry production is the transition toward the more integrated strategies – 

including the adoption of models that integrate strategies for nutrition, health and 

management more closely (DE JONG et al. 2014).  

There is an increasing in recognition that everything on a poultry production is inter-

related. Particularly with the shift away from medicated feed or preventative antimicrobial 

agents use, the more advanced integrated strategies across health and nutrition along with 

more hands-on management approaches, such as rising focus on environmental and housing 
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factors, enhanced animal welfare approaches and a stronger more detailed adherence to 

tailored feed and nutrition approaches are needed (MOTTET and TEMPIO 2017). Perhaps the 

most important thing in poultry production is a much better understanding of management 

strategies approaches, which can integrate with animal feed and nutrition to improve animal 

performance and foot pad health (DE JONG et al. 2014) and in addition to reduce the use of 

antimicrobial agents and decrease the development and transfer of antimicrobial resistance 

(AMR). 

Furthermore, the search for good welfare conditions is a global tendency in poultry 

production (VIZZIER THAXTON et al. 2016). Contact dermatitis such as foot pad dermatitis 

(FPD) is commonly monitored during the whole fattening and meat processing procedure as a 

means of measuring “welfare status”. Foot pad health or FPD is a matter of interaction 

between the surface of the foot and the “conditions of the faeces”. It relates to the nutritional 

strategies such as minerals, protein and fat quality, digestibility of the feed raw materials, feed 

physical form or anticoccidial programme. These will help the animals to maintain good 

health, excrete in a “good” condition and less amount of faeces (YOUSSEF et al. 2009; 

KAMPHUES et al. 2011; ABD EL-WAHAB et al. 2013a; HOCKING et al. 2018). A healthy 

gastrointestinal system means achieving optimal bird performance. Many key areas of poultry 

performance, such as feed conversion, body weight and average daily gain, are affected by gut 

health. Poultry are subjected to environmental factors and these can actively influence their 

health (YEGANI and KORVER 2008). 

Maintaining good excreta condition is vital for conserving good litter quality. In addition, 

to avoid wet litter, it is necessary to maintain a good environment and management. If poultry 

manure is in good properties and dry, it will be an optimal stable condition for the bird 

throughout its life. From the above mentioned, concepts such as “keep animal complete 

separation from the litter” could be improvements to more efficient technical performance and 

foot pad health and may reduce the occurrence of AMR. 

 

1.2 Nutrition and housing system impact on poultry performance and foot pad health 

Nevertheless, the further intensification in high performance in the modern poultry 

production, the control of excreta/litter quality may help to avoid environmental and animal 

welfare problems and may increase economic profits in the commercial poultry industry 
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(FRANCESCH and BRUFAU 2004). Poultry performance and foot pad health are affected by 

many factors such as a proper nutrition and housing system. The nutrition of birds has an 

influence on water intake, excreta moisture and litter quality and in this way affecting the 

performance and occurrence of FPD (SWIATKIEWICZ et al. 2017; YOUSSEF et al. 2017). 

Several recent studies have shown that optimisation of the diet composition and the use of 

chosen feed additives can have a positive influence in these regards (FRANCESCH and 

BRUFAU 2004; YOUSSEF et al. 2009; KAMPHUES et al. 2011).  

Firstly, the development of animal nutrition over the past few decades has resulted in 

improved of body weight gain, feed conversion rate and increased growth rate. Nutrients must 

be supplied in the correct amounts and balanced to support rapid and efficient body weight 

gains.  

As a result of increased growth rates and high nutrient requirements of modern poultry, 

diets need to have a high energy and nutrient density. The primary ingredients in poultry feed 

are grains and grain by-products and protein sources like soybean meal (SBM), which provide 

the energy and protein necessary for proper animal nutrition and growth. Corn, wheat and 

SBM are the most widely used grains in global poultry production (YAGHOBFAR and 

KALANTAR 2017).  

Nowadays, it is common to use non-starch polysaccharide (NSP)-degrading enzymes in 

poultry diets because of described beneficial effects on nutrient use efficiency and 

subsequently improved performance parameters (CHESSON 2001; SLOMINSKI 2011).  

In addition, increasing amounts of various vegetable oils (especially soybean-, palm- and 

rapeseed oil) lead to increase energy density and to maintain pellet stability and feed 

palatability (FUHRMANN and KAMPHUES 2016). 

In addition, protein quality is determined by its balance of essential amino acids. The 

different dietary protein sources, for instance, SBM, rapeseed meal (RSM) could be impact on 

performance, litter quality and foot pad dermatitis in broilers (ABD EL-WAHAB et al. 2018).  

The results of several experiments indicate that the optimal level of biotin and 

electrolytes, i.e. sodium, potassium and chloride, are essential for metabolic systems. ABD 

EL-WAHAB et al. (2013b) observed that the addition of biotin to the diet of poults resulted in 

a higher BW compared with the control diet. These could be due to biotin being required in 

carbohydrate metabolism, fatty acids, protein synthesis, and nucleic acid metabolism 
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formation. Deficiencies can affect feed intake and growth, while excesses will encourage 

water intake and consequently wet litter as well as organic sources of microelements (zinc) 

may reduce the litter moisture and FPD incidence also in broiler chickens and turkeys (ABD 

EL-WAHAB et al. 2013b).  

The next interesting factor, the poultry rearing systems have been the focus of scientific 

research for many years as a result of consumers demand for high-quality products and legal 

poultry welfare requirements (BILAL et al. 2014). The researchers continue to search for 

methods of producing meat more economically. Various housing systems of poultry housing 

(litter flooring system or slat flooring system) have been investigated in breeders, laying hens 

and fattening broilers and turkeys (KINDER and STEPHENSON 1962; PARKHURST 1974; 

SIMPSON and NAKAUE 1987; ANDREWS et al. 1988; ALMEIDA et al. 2017; LI et al. 

2017; ÇAVUŞOĞLU et al. 2018). 

In the recent years, a lot of research is being conducted on the alternate rearing systems 

instead of litter flooring system and a variety of floor materials have been tested in poultry 

production (ZIMMERMAN et al. 2006; ALMEIDA et al. 2017). However, due to the limited 

space and conditions inappropriate for the natural behaviour of poultry, the cage system has 

been criticised in terms of animal welfare. Therefore, litter floor housing is likely to be a more 

appropriate flooring system for poultry production (ÇAVUŞOĞLU et al. 2018). 

Currently, many researchers conducted on productivity of poultry in the technical 

performance. SANTOS et al. (2012) stated that rearing system had significant effect on body 

weight (BW), feed intake (FI), and feed conversion ratios (FCR) of the poultry. Whereas 

SIMPSON and NAKAUE (1987) reported that mean BW, FCR , percentages of mortality and 

percentages of deformed legs were not significantly different among floor types, i.e. wire, 

wood slats, plastic inserts over wire and plastic-coated expanded metal. Some studies cleared 

that slatted flooring reared poultry have significantly higher growth rates and heavier final 

BW as compared to litter flooring reared groups (ALMEIDA et al. 2017; ÇAVUŞOĞLU et al. 

2018), while other authors found no significant difference in performance rates of broiler on 

partial slat floors of either wood, plastic, or plastic-covered wire. In contrast, performance rate 

of broilers might decrease with the use of full slat flooring (ANDREWS et al. 1988; LI et al. 

2017). 
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1.3 Animal husbandry in poultry meat production in Europe 

The move from free-ranging flocks to the current commercial form of intensive 

production system dramatically increased and led to a significant increase in productivity to 

produce poultry meat to supply for the consumption as well as expanding export markets 

(NARROD et al. 2008). 

Housing of poultry on littered concrete floors as known as deep litter system is the 

common system for commercial poultry production in the European Union (EU) because it 

increases birds’ productivity and efficiency (EUROPEAN COMMISION 2007). In the 

modern intensive poultry husbandry, the animals are kept indoors the entire year. The birds 

are generally held in large groups in environmentally controlled housing (conventional) with 

(automated) provision of feed and water (VAN HORNE and ACHTERBOSCH 2008). They 

are usually kept free loose housed on the floor covered with suitable bedding material, 

softwood shavings or chopped straw are mostly used in broilers and turkeys (YOUSSEF et al. 

2010). They are characterised by good insulation properties, high water binding capacity, 

organic degradability and low dust content. 

According to Directive 2007/43/EC, the allowed maximum stocking rate throughout the 

EU shall be 33 kg per square metre housing area. However, this Directive enables the 

establishments to increase the maximum stocking rate up to 39 kg per square metre and up to 

42 kg per square metre, if the owner or keeper complies with the additional requirements set 

out in Annex II and Annex V respectively (EUROPEAN COMMISION 2018). So far, 

Germany holdings adhered to a voluntary maximum stocking rate of 35 kg per square metre 

for broilers at the end of the fattening period (CAMPE et al. 2013; GIERSBERG et al. 2016). 

Moreover the animals should be able to show the performance of typical behavioural 

patterns (pawing, pecking, huddling, dust bathing), free movement on the surface, must have 

a high hygienic standard and not endanger animals health, which is also welcome under 

aspects of animal welfare (FEDERAL ENVIRONMENT AGENCY 2010). 

 

1.4  Foot pad dermatitis as an indicator for animal performance and welfare 

Animal welfare in commercial poultry production is an important topic in the EU and in 

other parts of the world (VAN HORNE and ACHTERBOSCH 2008). There is an increasing 
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focus on farm animal welfare. This is clearly illustrated by the European Council Directive, 

which lays down minimum standards for the protection of chickens kept for meat production. 

The Directive restricts maximum stocking density, but also prescribes requirements on 

housing conditions (e.g. light intensity and duration, air quality) (EUROPEAN COMMISION 

2007). 

FPD is a widespread challenge in broiler and turkey production and is a potential 

economic and welfare issue in intensive production systems. The prevalence and severity of 

FPD is an issue of importance to the poultry industry, with up to 98% of turkeys being 

affected (EKSTRAND et al. 1997; HAFEZ et al. 2004). Serious lesions of the foot pads can 

be very painful and cause stress, and might result in appearance of other infections causing 

deterioration in general health conditions (MAYNE 2005; DA COSTA et al. 2014). The 

lesions can be a gateway for bacteria or other pathogens, which can cause partial or total 

condemnation of the carcass (SCHULZE KERSTING 1996; SINCLAIR et al. 2015). The 

lesions cause pain, resulting in reluctance to move and thus decreased feed consumption 

(SINCLAIR et al. 2015). Also reduced performance, including poorer body weight gains and 

lower final body weights are the result (MARTLAND 1985; EKSTRAND and ALGERS 

1996; EKSTRAND et al. 1997). 

The prevalence of FPD in turkeys is extremely high and can rise to 91-100% at the end of 

the fattening period in turkeys (BERG 1998; HAFEZ et al. 2004; KRAUTWALD-

JUNGHANNS et al. 2013). HOCKING et al. (2008) emphasised that about 97.2% of turkeys 

at slaughtering showed FPD lesions. If the problem is widespread in a flock, this can lead to 

substantially reduced profit for the producer. As flocks with a high incidence of FPD often 

also show a high prevalence of other types of contact dermatitis, such as breast blisters and 

hock burns (GREENE et al. 1985; KJAER et al. 2006). In addition to lower body weights 

probably due to a lower feed and water intake, downgrading may adversely affect the 

profitability of these flocks (MAYNE et al. 2006; DE JONG et al. 2014). Moreover, lesions 

on the feet may be a gateway for bacteria which might affect food safety (MAYNE et al. 

2007a). 

The severity of the lesions can be estimated by a scoring system, which is important in 

determining the prevalence of FPD. Several scoring systems for FPD are in use, one of these 

is the system based on the work by MARTLAND (1984). More recent scoring was stated by 
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MAYNE et al. (2007b), it consists of 8 categories ranged from 0 to 7, which was more 

accurate and involves all stages of FPD. These scoring systems assess the degree of external 

lesion development according to the size of the lesions, and the extent to which the foot pad is 

necrotic include the early stages of FPD such as changes in colour or texture of the skin but it 

is not easy to be applied at slaughtering. Thus, this scoring system was modified to 5 

categories (range from score 0 to 4; Table 1.) to facilitate the scoring of foot pads at slaughter 

plants (HOCKING et al. 2008), where the time of inspection of foot pads is limited due to the 

high speed of the slaughtering process. Automated assessment of FPD at the slaughter-line by 

a camera photographed the feet as they passed underneath the system. Using these 

photographs, the image processing software first identified the toes, and then determined the 

location of the footpad based on the location of the toes (VANDERHASSELT et al. 2013). 

Table1: External scoring system used to describe foot pad alterations (HOCKING et al. 2008) 

 

Score Lesion 

0 
No external signs of FPD. The skin of the foot pad feels soft to the touch and no 

swelling or necrosis is evident. 

1 

The pad feels harder and denser than a non-affected foot. The central part of the 

pad is raised, reticulate scales are separated and small black necrotic areas may be 

present. 

2 

Marked swelling of the foot pad. Reticulate scales are black, forming scales shaped 

necrotic areas. The scales around the outside of the black areas may have turned 

white. The area of necrosis is less than one quarter of the total area of the foot pad. 

3 

Swelling is evident and the total foot pad size is enlarged. Reticulate scales are 

pronounced, increased in number and separated from each other. The amount of 

necrosis extends to one half of the foot pad. 

4 As score 3, but with more than half the foot pad covered by necrotic cells. 
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1.4.1 Litter quality related to foot pad dermatitis  

From literature, it is clear that the cause of FPD is multifactorial such as litter type and 

quality, drinker type, climate, genetic variation and nutrition. The prevalence of FPD in 

poultry is closely related to litter conditions (MAYNE 2005; KAMPHUES et al. 2011; 

VELDKAMP 2011). Consequently, poor litter quality is considered a welfare problem in 

modern poultry production and hence research should focus on the developing technique for 

improvement litter quality. 

For many years, researchers have been investigating the concrete impact of litter quality 

on the foot pad health and performance of different poultry species, including broilers (BERG 

1998; HASHIMOTO et al. 2011, 2013) and turkeys (EKSTRAND and ALGERS 1996; ABD 

EL-WAHAB et al. 2011; KAMPHUES et al. 2011).  

 

 

Wet 
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Figure 1. Various factors can induce the wet litter. 
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Litter quality is affected by many variables such as humidity, season, drinker design, 

amount and consistency of excreta (MELUZZI et al. 2008), the latter being often related to 

dietary factors. Various nutrients can additionally affect the foot pad health such as 

unbalanced levels of protein, minerals or vitamins (KAMPHUES et al. 2011; ABD EL-

WAHAB et al. 2013a). Other factors are linked to management and housing. Therefore, 

focusing on dietary strategies as well as management conditions that affect performance in the 

field are of importance (EKSTRAND et al. 1997; BERG 1998; MAYNE 2005; MELUZZI et 

al. 2008; KRAUTWALD-JUNGHANNS et al. 2013; DUNLOP et al. 2016). Thus, all factors 

that affect the litter quality (moisture content) directly or indirectly are of special interest.  

The factors contributing in production of wet excreta or litter and consequently predisposing 

for FPD are shown in Figure 1.  

Since poultry are more or less in continuous contact with the litter and their excreta 

during their life, the litter condition (quality) is of major concern in the pathogenesis of FPD. 

Several studies suggested that there is a strong association between poor litter conditions and 

FPD (EKSTRAND and ALGERS 1996; ABD EL-WAHAB et al. 2011; KAMPHUES et al. 

2011). The prevalence of FPD in broilers and turkeys is closely related to high concentrations 

of litter moisture. Litter moisture is the most likely factor affecting the development of FPD 

(MAYNE 2005). Broilers and turkeys reared on wet litter had an increased incidence and 

severity of FPD lesions, but the problem was alleviated by replacing the wet litter with dry 

and the lesions began to heal (MARTLAND 1984, 1985). MAYNE (2005) suggested that 

continuous standing on wet litter might soften the foot pad, predisposing to the incidence of 

FPD. ABD EL-WAHAB et al. (2012a) observed that housing of birds on wet litter also 

increases the chance of a mixture of faeces and litter adhesion to the foot pad and dries on, 

becoming extremely solid, which has been claimed to induce FPD.  

Litter moisture alone without the presence of excreta was sufficient to cause or induce 

FPD (MAYNE et al. 2007b; YOUSSEF et al. 2009; ABD EL-WAHAB et al. 2012a). 

Therefore, there is considerable risk that birds will develop contact dermatitis such as foot pad 

dermatitis, breast blisters and hock burns, if litter conditions become suboptimal (YOUSSEF 

et al. 2010; DE JONG et al. 2012).  
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1.4.2 Prevention of foot pad dermatitis by control of litter moisture 

The incidence and severity of FPD can be reduced by minimising litter moisture 

(MAYNE et al. 2007b). Appropriate litter management through regular turning, removal of 

wet litter and addition of fresh dry bedding can control the litter moisture. Furthermore, 

proper control of drinker design, ventilation and humidity is also indicated (EKSTRAND et 

al. 1998; MELUZZI et al. 2008; SCHUMACHER et al. 2012). The litter material should be 

highly water absorbent, non-dusty and clean (YOUSSEF et al. 2010). Optimising 

environment, nutrition and enteric health throughout the life cycle of animals can contribute 

in diminishing the development of FPD. High litter quality (loose structure of the top layer) 

could be achieved with a proper litter management, which means frequently adding new 

material (“top dressing’’). Therefore, measures that improve litter quality may reduce the 

prevalence of FPD and hock burn lesions. Litter quality may be improved using ventilation 

and heating so as to maintain house temperatures and relative humidity (HASLAM et al. 

2007). 

The role of management in reducing litter moisture and decreasing FPD as well as using 

floor heating for improving litter quality and consequently reduce the incidence of FPD 

(BERG and ALGERS 2004; ABD EL-WAHAB et al. 2011). It has been noted that the 

prevalence of FPD in floor heating groups was lower significantly than groups housed 

without floor heating (BERG and ALGERS 2004). The experiments of ABD EL-WAHAB et 

al. (2011) with turkeys also show that the use of floor heating even with wet litter (35% 

moisture), resulted in reduced severity of FPD as the surface dries faster and, possibly, 

stimulates blood circulation (as in humans) (ABD EL-WAHAB et al. 2012b) compared to 

birds housed in pens without using floor heating. However, from economical point of view, 

the costs of applying floor heating in the poultry farms should be considered, however 

recently many farms are already supplied by some cost-efficient biogas system operators. 

Moreover, studies with rearing broilers and turkeys on flooring other than litter have 

increased for economical and managerial reasons in the commercial poultry industry. Poultry 

farming with slatted flooring in parts of the flock is already used in the breeding of laying 

hens (HEERKENS et al. 2015) and has been recently used in meat-producing chickens in 

some parts of south Asia and Russia (BILAL et al. 2014). This is always done to reduce the 

contact between birds’ feet and their excreta. Until now, few studies have focused on the 
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effect of flooring design with regard to production performance and foot pad health in the 

fattening broilers and turkeys (ALMEIDA et al. 2017; LI et al. 2017; ÇAVUŞOĞLU et al. 

2018). However, no definite conclusion could be drawn regarding the actual effects of the 

intensive contact of the animals with their own excrement. 

 

1.5 Antimicrobial agents use in veterinary medicine 

Antimicrobial agents have been used in livestock production for almost half a century, 

not only for therapeutic purposes but also to prevent diseases and promote animal growth 

(ECDC et al. 2015; EFSA 2015). Although antimicrobial treatment in the latter two situations 

has been prohibited in the EU for several years, the use of antimicrobials for treating bacterial 

infections in poultry production is still prevalent (GERMAP 2016). According to the 

treatments, they may be applied individually as in pet and companion animals, dairy cattle, 

horses and sows, given by oral or parenteral ways. Nevertheless, in most cases, when large 

groups of animals have to be treated, as in poultry or swine production, they are applied via 

water or feed (KIETZMANN and BAEUMER 2009). With such mass production, when a 

limited number of animals have been identified as infected, rapid treatment of all animals of 

the respective group/herd/flock is necessary to prevent further extension of the infection. 

The overall sales of veterinary antimicrobial agents during 2015 in the EU amounted to 

approximately 8,361 tonnes (ESVAC 2017). The average antimicrobial consumption by 

animals (152 mg/kg) was higher than by humans (124 mg/kg) (ECDC et al. 2017). They are 

mainly used for pigs (60%), poultry and rabbits (20%), ruminants (18%), fish (1%), and pets 

(1%) (ESVAC 2017). Nevertheless, compared with cattle and pigs in relation to their 

respective fattening periods, antimicrobial agents have been used more often and for a longer 

duration in poultry fattening in the past (KREIENBROCK 2015). An important aspect, which 

is specific to veterinary medicine, is the problem of residues in carcasses at slaughter.  

 

1.6 Antimicrobial resistance 

Antimicrobial resistance (AMR) is an increasing problem in public health and veterinary 

medicine worldwide (SCHROETER and KAESBOHRER 2010; KAESBOHRER et al. 2012; 
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ECDC et al. 2017). The potential for transmission of antimicrobial-resistant bacteria from 

animals to humans has been a public health concern for several decades (WHO 2014).  

Many researches clearly establish the growing incidence of AMR and the role of 

antimicrobial misuse in rearing food animals (CDDEP 2016) and its further linkages to the 

spread of AMR in the environment. The World Health Organization (WHO) recognizes the 

non-therapeutic use of antibiotics in feed and water in food-producing animals to contribute to 

the development of AMR in humans (WHO 2018). 

Low doses of antibiotics used routinely in food-producing animals (such as meat, egg or 

milk-producing animals) favour emergence of resistant bacteria in animals. Such non-

therapeutic use for reasons such as growth promotion and mass disease prevention is rampant 

in intensive farming of food-producing animals such as poultry (BHUSHAN et al. 2017). 

Resistant bacteria proliferate and can make resistant other bacteria that are present in 

animals. Resistant bacteria can also be transferred to humans through several routes such as 

direct contact of handlers, live animals and carcasses at poultry farms and slaughterhouses; 

human consumption of meat, eggs and milk with resistant bacteria; and environmental 

contamination of soil, water and air through animal excreta and farm waste (KEMPER 2009; 

BHUSHAN et al. 2017). Besides resistant bacteria, antibiotic residues in environment and 

those entering into humans through consumption of food may also create selective pressure in 

bacteria (BHUSHAN et al. 2017). 

 

1.6.1 AMR in commensal Escherichia coli in poultry 

Increasing demand and consumption of poultry meat has necessitated intensive poultry 

production, led to a trend to produce broilers and turkeys of greater performance; a faster 

growth rate, better feed efficiency and lower mortality levels (PRABAKARAN 2003). 

Intensive poultry production requires huge amounts of vaccines and antimicrobials (CDDEP 

2016). 

Most of the amounts of antimicrobials used (30-80%) which are given to food-producing 

animals are excreted into the environment via urine and faeces because of partial 

metabolisation of antimicrobial and residue in manure (KUMAR et al. 2005; JANUSCH et al. 

2014; RIAZ et al. 2018). Animal husbandry seems to play a key role as a reservoir and at the 

same time as a source of inputs through direct exposure or through the food chain (EFSA, 
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2013). The use of antimicrobials in livestock is closely linked to the development of bacterial 

resistance. This does not only concern pathogenic germs such as Salmonella or 

Campylobacter spp., but also the commensals such as Escherichia coli (E. coli) or 

enterococci, which are natural intestinal inhabitants of humans and animals. These are so-

called zoonotic pathogens that can pass from the animal to the human being, although the 

opposite route is also possible (SCHIERACK et al. 2009; KAESBOHRER et al. 2012).  

AMR in Gram-negative bacteria is on the rise in pathogens as well as in commensal 

bacterial flora, particularly in E. coli, which constitutes the majority of invasive Gram-

negative isolates in European countries for humans (TACCONELLI et al. 2017). E. coli are 

commensal enteric bacteria, belonging to the predominant species in the facultative anaerobic 

faecal flora in humans and many animals (VARGA et al. 2008). E. coli naturally inhabits the 

gastrointestinal tract of mammals and birds (PROJAHN et al. 2018). It is considered as an 

indicator bacteria for resistance detection and is able to survive in and adapt to various extra 

intestinal habitats and to spread resistances between humans, animals and the environment 

(VARGA et al. 2008). Also dust from farm animal houses can be reservoirs for antimicrobial-

resistant E. coli (SCHULZ et al. 2016). 

The results of the annual resistance monitoring for commensal E. coli from 2009 to 2012 

confirm the frequent occurrence of antimicrobial-resistant bacteria in livestock, although the 

prevalence between animal species is very different (KAESBOHRER et al. 2012). 

Particularly in the case of broilers, fattening turkeys but also fattening calves and fattening 

pigs, the resistance rates of commensal E. coli are very high with more than 75% of the gut 

and faecal samples examined (KAESBOHRER et al. 2012). Resistances of commensal E. coli 

are of particular interest for consumer health protection because they constitute a reservoir of 

resistance genes. These can be transferred to other bacteria, including pathogenic bacteria, by 

horizontal gene transfer (VON WINTERSDORFF et al. 2016).  

The resistance level of avian isolates to E. coli in Germany, for examples, exceeded the 

level determined by the Federal Office of Consumer Protection and Food Safety for other 

veterinary pathogens in other animal species (GERMAP 2016). It has been reported that 

commensal E. coli isolates isolated from turkey meat in Germany showed higher rates of 

resistance to fluoroquinolone than E. coli from broilers (WERCKENTHIN 2016). Isolates 

from chickens and turkeys showed resistance to at least one but frequently even to three or 
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more antimicrobial classes (SIMONEIT et al. 2015). Highest multidrug resistance rates were 

observed in turkey meat with 38.4% of the isolates showing resistance to more than four 

classes (KAESBOHRER et al. 2012). Commensal and pathogenic E. coli isolated from 

turkeys are often resistant to quinolones, including enrofloxacin, and to β-lactams 

(SCHROETER and KAESBOHRER 2010; ESVAC 2015). 

 

1.6.2 Fluoroquinolones resistance in poultry meat production 

Fluoroquinolones (FQ) are potent broad-spectrum antimicrobials effective against both 

gram-positive and gram-negative bacteria and used for preventive and therapeutic purposes in 

farm animals, especially pigs and poultry. The most commonly used fluoroquinolone in 

poultry production is enrofloxacin (ENR), its primary metabolite, and used for the treatment 

of bacterial infections of the respiratory and gastrointestinal tract (TROUCHON and 

LEFEBVRE 2016).  

FQ have been classified as being critically important for human health and animal farms 

by the World Health Organization (WHO 2014). This class of antimicrobials is important in 

human and veterinary medicine, being used to treat of various bacterial infections.  

FQ resistance represents a major problem with regard to the implicated dissatisfaction with 

treatment or even treatment failure of infectious disease (ETIENNE et al. 2017).  

A considerable amount of FQs and their metabolites may reach the soil as constituents of 

urine, faeces, or manure (FURTULA et al. 2010). The residues of FQs in foods of animal 

origin may pose hazards to consumers through emergence of drug-resistant bacteria. 

Resistance to these compounds has become widespread in Europe, and the occurrence of 

resistance increased significantly from 2012 to 2015 (ECDC et al. 2017). The application of 

FQ agents in poultry husbandry has led to increasing problems with AMR (FURTULA et al. 

2010; DIARRA and MALOUIN 2014). In addition, livestock housing seems to play a key 

role as a reservoir of antimicrobial-resistant bacteria and at the same time as an entry source 

by direct exposure or through the food chain (AARESTRUP 2015).  

The application of antimicrobials including fluoroquinolones to farming animals is 

widespread and may lead to the development of AMR and other environmental effects 

(JANUSCH et al. 2014). The consumption of FQ was positively correlated with the rates of 

antimicrobial-resistant E. coli in livestock husbandry (CHANTZIARAS et al. 2013; ECDC et 
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al. 2017; DANDACHI et al. 2018). Commensal and pathogenic E. coli isolated from turkeys 

are often resistant to quinolones, including enrofloxacin, and to β-lactams (SCHROETER and 

KAESBOHRER 2010; ESVAC 2017). It has been reported that commensal E. coli isolates 

gained from turkey meat in Germany showed higher rates of resistance to FQ than E. coli 

from broilers (WERCKENTHIN 2016).  

 

1.6.3 Poultry manure as a reservoir of antimicrobial resistance 

The application of antimicrobials including fluoroquinolones to farming animals is 

widespread and may lead to the development of antimicrobial resistance and other 

environmental effects (JANUSCH et al. 2014). The presence and fate of antimicrobials in the 

environment is of growing interest. To date, studies dealing with this important field of 

research have still several knowledge gaps. However, veterinary antimicrobials such as 

sulphonamides, tetracycline and fluoroquinolones have been detected in soil, surface water, 

sewage and plants (KUMAR et al. 2005; SUKUL and SPITELLER 2007; KEMPER 2008; 

COOKEY and OTOKUNEFOR 2016). The most important pathway of veterinary 

antimicrobials entering the environment is by the application of manure to agricultural 

landsides (KEMPER 2008).   

In commercial poultry meat production in EU, broilers and turkeys are reared on littered 

concrete floor. During the fattening period the primary litter material becomes mixed with 

poultry excreta, feathers, feed and spilt drinking water (FONT-PALMA 2012), the resulting 

mixture, called poultry manure. Therefore, poultry spend most of their productive life in close 

contact with their litter or rather manure. More than 80% of the dry matter in manure material 

are consist of excreta and feed residues (KAMPHUES et al. 2011). Poultry manure is the 

waste from deep litter systems and does not have much nutritive value, since it contains 

mostly used litter material and poultry droppings may contain various types of microbial 

organisms and moulds (APAJALAHTI et al. 2004). Nonetheless, it also contains 

antimicrobial residues and resistant bacteria (FURTULA et al. 2010). 

Up to 90% of the orally administered antimicrobials may pass through the animal 

unchanged and antimicrobials can be excreted with the excreta (KUMAR et al. 2005). In the 

case of fluoroquinolones (FQ), up to 80% of the active substance is eliminated unchanged or 

in the form of metabolic products via the urine (LOMAESTRO and BAILIE 1995). The 

https://www.sciencedirect.com/topics/veterinary-science-and-veterinary-medicine/enrofloxacin
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excreted antimicrobials get along with the faeces into manure (WIDYASARI-MEHTA et al. 

2016), at the same time AMR bacteria occur in the manure. LJUBOJEVIC et al. (2016) 

detected various resistant bacteria in poultry manure. About 85% of the investigated E. coli 

isolates from the manure were resistant, 15% of them even against more than one 

antimicrobial classes (FURTULA et al. 2010).  

Furthermore, litter may be a potential source of infectious agents (LJUBOJEVIC et al. 

2016). On almost every farm (62.3%), E. coli can be isolated from manure (BHUSHAN et al. 

2017). The poultry environment has long been acclaimed as a potential source of 

antimicrobial resistant bacteria (KUMAR et al. 2005; FURTULA et al. 2010), acting as a 

possible reservoir for the dissemination of these organisms to humans via the food chain 

(poultry meat), person to person contact (food handlers) and environment (poultry waste 

disposal, organic fertilisers). A significant proportion of these antimicrobials are excreted in 

their original form in animal urine and faeces. These antimicrobials can remain potent for a 

long period in manure during storage (KUMAR et al. 2005; WU et al. 2005; SCHULZ et al. 

2016). 

A growing concentration of production results in the production of poultry waste on a 

large scale. High-density farming techniques have increased this output in recent years, and 

with increased output came increased waste accumulation. The assumed quantity of 

antimicrobials excreted by animal husbandry adds up to thousands of tonnes per year, major 

concerns about their degradation in the environment have risen during the last decades 

(KUMAR et al. 2005; FURTULA et al. 2010). One main problem with regard to the 

excessive use of antimicrobials in livestock production is the potential promotion of resistance 

and persistence in litter or environment (KEMPER 2009). 

In addition, litter management is crucial for a better environment in the poultry house, 

since it can increase ammonia concentrations affecting birds’ performance (DE JONG et al. 

2014), immunological responses, and susceptibility to diseases (BEKER et al. 2004; WEI et 

al. 2015; NASEEM and KING 2018). 
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Modern intensive poultry production has also led to issues in Europe, such as high 

stocking density and overusing antibiotic agents. Among the problems considerable to debate 

in veterinary medicine regarding animal health is dealing with the prevalence of FPD as one 

of the main criteria of animal welfare (HOCKING et al. 2008). In addition, the potential threat 

to human health resulting from inappropriate and/or over use of antibiotic in food animals is 

significant, as pathogenic-resistant organisms propagated in these livestock are poised to enter 

the food supply and could be widely disseminated in food products (WHO 2014). 

Two aspects are of particular interest in these experimental studies, namely reducing the 

intensity of contact between animals and their manure. The experimental approaches should 

examine the following questions:  

1. What are the consequences regarding animal health and welfare in poultry? 

2. Has floor any effect or is the effect rather low, if birds are standing next to each other 

    “crowding” in intensive production regarding the development of antimicrobial 

     resistance in commensal enteric bacteria in poultry? 

Therefore, we tried to combine these two questions in our experimental studies, with 

regard to the effects of the intensity of contact between birds and their manure. Flooring 

design have been approached for solving problems concerning on the animal health and the 

development of resistance AMR, as well as experiments about the effect of bird-to-bird 

contact in general or rather the development of resistance in the bird itself and transfer of 

resistance from bird to bird are carried out in this study.  

Four different types of flooring designs were used to establish different degrees of contact 

intensity of the animals to the manure. The first, entire floor pen covered with litter; the 

second, floor pen covered with litter with floor heating to improve the litter quality; the third, 

partially slatted flooring (50% litter and 50% plastic slatted flooring) and the fourth, fully 

plastic slatted flooring with a sand bath for enriched animal behaviour. As a result, there will 

be less exposure and at the same time a positive impact on animal health. Therefore, the 

development of resistance might be reduced. 

The aims of the present study are:  

-  To evaluate the effects of using different flooring designs on technical performance and 

           foot pad health 
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- To evaluate and ideally reduce the development of antimicrobial resistance in E. coli 

          after enrofloxacin treatment when subjected to different types of flooring design  

The experiments were performed in accordance with German regulations and approved 

by the Ethics Committee of Lower Saxony for Care and Use of Laboratory Animals 

(Niedersächsisches Landesamt für Verbraucherschutz und Lebensmittelsicherheit (LAVES); 

reference: 33.12-42502-04-15/2044). 
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Simple Summary: The contact of the birds’ feet with litter and their excreta during the 

fattening period might lead to reduced body weight, carcass weight, feed intake and impaired 

foot pad health in poultry. This study was performed to evaluate the influence of different 

flooring designs with reduced (50% or 100% slatted floors) contact to the excreta on the 

above mentioned parameters in the fattening of broilers and turkeys. The provision of litter on 

the floor had no effect relevant effect on foot pad health in broilers. Using fully slatted 

flooring in fattening turkeys led to a higher body weight while reducing incidence of injuries 

of foot pads. It is therefore necessary to consider how a similar excellent litter quality can be 

achieved in basically littered husbandry systems common in Europe. 

 

Abstract: Litter quality has a significant influence on performance and foot pad health in 

poultry. The objective of this study was to evaluate the effects of different types of flooring 

designs on the performance and foot pad health in fattening broilers and turkeys. Three trials 

were conducted for each species using a total of 720 Ross 308 broilers and 720 Big 6 turkeys. 

After day seven, animals were randomly assigned to four groups with three subgroups each: 

G1 – floor pens with litter, G2 – floor pens with litter and floor heating, G3 – partially slatted 

flooring including a littered area, G4 – fully slatted flooring with a sand bath (900 cm
2
). 

Animals of both species had a significantly higher final body weight at dissection (d 36) after 

being reared on fully slatted floors compared to common littered floors. In turkeys, the feed 

conversion ratio was worse in G4 (1.53±0.04) than in G1 (1.47±0.02) and G2 (1.48±0.03). 

Water to feed ratio was significantly higher in G2 than other groups. Turkeys’ foot pad health 

was significantly better in G4 than in other groups beginning at day 21. In turkeys, platforms 

with slatted floors that allow for temporary separation of the feet from the litter could lead to 

improvements in foot pad health which could better enable the realization of species-specific 

behaviours and activities in littered areas. 

Keywords: broiler; turkey; flooring design; slatted flooring; floor heating; performance; foot 

pad dermatitis   
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1. Introduction 

Housing and management are significant factors regarding animal health and welfare in 

poultry. Housing of poultry on littered concrete floors is the common system for commercial 

poultry production in Europe. In particular, the litter is also there to satisfy the birds need for 

pecking, scratching and dust bathing which should be considered essential for the welfare of 

the animals [1,2]. At the end of the fattening period, approximately 80% of the dry matter 

(DM) of the total litter material are due to excreta and feed residues [3]. Consequently, 

poultry is continuously in contact with litter consisting mainly of their excreta. If drying 

properties are bad, litter conditions become suboptimal. Therefore, it can be expected that 

birds will develop contact dermatitis with ulcerations of the skin affecting the plantar surface 

of the feet (foot pad dermatitis; FPD), the hock (hock burn) and the breast (breast irritations) 

[4-6]. In addition, the incidence and severity of contact dermatitis may be used as a welfare 

assessment measure in commercial poultry production systems. There is evidence that the 

severe FPD causes pain and thus is a matter of animal welfare [1,7,8].  

For more than 30 years, researchers have been investigating the impact of litter quality 

on the foot pad health and performance of different poultry species, including broilers [9-11] 

and turkeys [3,12-14]. Several studies suggested that there is a strong association between 

poor litter conditions and foot pad dermatitis [15-18]. The prevalence of FPD in broilers and 

turkeys is closely related to high concentrations of litter moisture [19]. High litter moisture 

alone without the presence of excreta was sufficient to cause FPD in both species [17,20]. 

FPD is a widespread challenge in broiler and turkey production and is a potential economic 

and welfare issue in intensive production systems. The prevalence and severity of FPD is an 

issue of importance to the poultry industry, with up to 98% of turkeys being affected [21,22]. 

Serious lesions of the foot pads can be very painful and cause stress [23], and might result in 

appearance of other infections causing deterioration in general health conditions. Reduced 

performance, including poorer FCR and body weight gains and lower final body weights are 

the result [15].  

Litter quality is affected by many variables such as humidity, season, drinker design, 

amount and consistency of excreta [24] and high stocking density [25], the excreta quality 

being often related to dietary factors [3,26]. Various nutrients can additionally affect the foot 
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pad health such as unbalanced levels of protein, minerals or vitamins [27-30]. Other factors 

are linked to management and housing [4,13,17]. Therefore, focusing on dietary strategies as 

well as management conditions that affect performance in the field are of importance. The 

role of management in reducing litter moisture and decreasing FPD as well as using floor 

heating for improving litter quality resulted in significantly lower FPD scores compared to 

foregoing floor heating [13,31]. Moreover, studies with rearing broilers and turkeys on 

flooring other than litter have increased for economical and managerial reasons in the 

commercial poultry industry. Poultry farming with slatted flooring in parts of the flock is 

already used in the breeding of laying hens [32] and has recently been used in meat-producing 

chickens in some parts of south Asia and Russia [33]. This is always done to reduce the 

contact between birds’ feet and their excreta. The designs of flooring without litter would 

imply a behavioural restriction for the birds and could have a negative effect of animal 

welfare. But so far, studies have mainly focused on the effect of flooring design with regard to 

production performance and foot pad health in the fattening broilers and turkeys [34-36]. 

The objective of this study was to evaluate the effects of using different flooring designs 

on performance and foot pad health. Therefore, littered flooring with or without floor heating 

was compared to systems with reduced (50% or 100% slatted floors) contact to the excreta. 

2. Materials and Methods  

The experiments were performed in accordance with German regulations and approved 

by the Ethics Committee of Lower Saxony for Care and Use of Laboratory Animals LAVES 

(Niedersächsisches Landesamt für Verbraucherschutz und Lebensmittelsicherheit; reference: 

33.12-42502-04-15/2044). 

2.1. Housing and Experimental Design 

Six consecutive trials with 240 birds each were conducted: three experiments starting 

with one-day-old broiler chickens (as hatched; Ross 308; N=720) and three experiments with 

female turkeys (BUT-Big 6; N=720). Broilers and turkeys had been obtained from 

commercial hatcheries (BWE-Brüterei Weser-Ems GmbH & Co. KG, Visbeck, Germany and 

Heidemark GmbH, Ahlhorn, Germany, respectively). The birds were housed in floor pens 

prepared with wood shavings (GOLDSPAN®, Goldspan GmbH & Co. KG, Goldenstedt, 
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Germany) for the first seven days. Litter material was kept dry and clean before the 

experiment started by removing the upper layers of the litter daily and replacing them with 

fresh dry litter. All birds were fed ad libitum with commercially prepared pelleted diets (Best 

3 Geflügelernährung GmbH, Twistringen, Germany, Table 1). After a one-week adaptation 

period, each experiment was started. The birds were divided into four groups, each having 

three identical subgroups (n=20 birds). At the end of day (d) 21 in each subgroup of 20 

animals, eight birds were dissected. As anaesthesia or rather stunning method according to 

Annex I of Council Regulation (EC) No 1099/2009, Chapter I, Methods, Table 1 — 

Mechanical methods, No 6, a percussive blow to the head was made.. After the bleeding the 

animals the body cavity was opened, the sternum lifted up and the gastrointestinal tract and 

the other organs of the corpuscle (liver, gall-bladder, spleen, and heart) were also removed 

and the head and legs in the tarsal joint were truncated. The feathers were not removed. All 

remaining turkeys (n=12/box) were dissected at d 36 by the same method. 

Table 1. Analysed nutrient contents of the diets during the whole experimental period               

[g/kg as fed]. 

Chemical 

composition (g/kg) 

 

Broiler diet 

 

Turkey diet 

Starter Grower Finisher Starter P0 Starter P2 

Dry matter (DM) 883 878 874 888 890 

AMEN* (MJ/kg) 12.2 12.4 12.6 10.9 11.7 

Crude protein (CP) 217 203 205 278 285 

Na 1.30 1.26 1.32 1.61 1.44 

K 7.51 7.08 6.73 12.3 12.2 

* AMEN (pe kg) = 0.1551 × %CP + 0.3431 × %EE + 0.1669 × %starch + 0.1301 × %sugar (as sucrose). 

AMEN = nitrogen-corrected apparent metabolizable energy; EE = Eether extract. 

 

Twelve experimental pens (1.20 m x 0.80 m) were placed in a randomised sequence of 

four subgroups (G1-G4) in three blocks in the same stable. A vacuum air ventilation system 

was installed in the ceiling in two rows above the pens. The pens were bedded with 

approximately 1 cm (1 kg per square metre) of wood shavings without removing litter during 

the experiments as it was done in the adaptation phase. Stocking densities reached about 35 

kg per square metre for broilers and 25 kg per square metre for turkeys at the end of the trial. 

The slatted floor consisted of holes (15 x 10 mm) and bridges (plastic covered steel; width 3.5 
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mm; Big Dutchman International GmbH, Vechta, Germany). The excreta were stored during 

the entire fattening period under the slatted flooring at a depth of approximately 30 cm. 

Housing systems were identical for both species. On the left-hand side of each pen, there was 

a scratching area (SA) and on the right-hand side, there was a feeding area (FA) equipped 

with one hanging type feeder (Crown Chicken Ltd., Norwich, United Kingdom). Two 

different drinking water systems were used with nipple drinkers for broilers (Big Dutchman 

International GmbH, Vechta, Germany) and bell drinkers for turkeys (Ferdinand Stükerjürgen 

GmbH & Co. KG, Rietberg-Varensell, Germany). The birds had ad libitum access to fresh, 

clean water and a commercial pelleted growing diet. The environmental temperature was 

gradually reduced from about 33 °C for the 1-day-old birds to about 20 °C by d 36. Lights 

were continuously on at d 1, 2 and 3 and the photoperiod from d 4 onwards was 16 h of light 

and 8 h of darkness. 

In the groups, different flooring designs were used to establish different degrees of 

contact intensity of the animals to the excreta (Figure 1). The first group was kept on dry 

wood shavings (G1 – entire floor pen covered with litter); the second group was kept on dry 

wood shavings but also with floor heating (G2 - floor pen with litter with floor heating). An 

electrical floor heating system supplied with an adjuster to control the temperature was used 

(Sauerland GmbH, Paderborn-Elsen, Germany). The birds in G1 and G2 had full contact with 

the mix of excreta and wood shavings during the entire study period. The third group (G3) 

was housed in a floor pen that was divided into two equal parts consisting of 50% wood 

shavings on the scratching area (left-hand side) and 50% plastic slatted flooring on the 

feeding area (right-hand side). The fourth group (G4) was housed completely on plastic 

slatted flooring with a sand bath (900 cm
2
). Animals in G4 had the lowest contact intensity 

with litter except possibly within the sand bath. 
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Figure 1. Characteristics of flooring designs: G1 = entire floor pen covered with litter (wood shavings); G2 = 

floor pen covered with litter and having floor heating (in red); G3 = partially (50:50) slatted flooring (in blue) 

including an area with litter; G4 = fully slatted flooring with a sand bath (900 cm2). SA = scratching area, 

FA = feeding area, SB = sand bath. 

2.2. Measurements 

2.2.1. Technical Performance 

The individual body weight (BW) was measured weekly at the same day. At dissection 

(d 36) final body weight as well as carcass weights (eviscerated, without head and feet) were 

monitored. Feed (FI) and water intakes (WI) as well as losses were determined at subgroup 

level. Feed conversion ratio (FCR) and water to feed ratio (W:F-ratio) were estimated on the 

basis of feed and water consumed (data from groups) throughout the experimental period. 

2.2.2. Foot Pad Dermatitis Scoring Criteria 

The external examination of foot pads was performed for all birds at the beginning of 

the experiment (d 7), then weekly until day 35. If the feet were dirty, they were carefully 

washed with wet cloth to remove slightly adhering litter and excreta from the feet. Foot pads 

were dried with tissue paper before scoring. The central plantar was scored. Signs of foot pad 

lesions were recorded on a 5-point scale; five categories ranging from 0 (unaffected - no 

external signs of FPD) to 4 (more than half the foot pad covered with necrotic cells) in 

accordance with Hocking et al. [37] (Figure 2). Other measures concerning behaviour, use of 

space, use of the sandbox and other welfare indicators might have been very useful, but were 

not part of the study. They should be considered in further studies. 
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Figure 2. Photograph of foot pad lesions with different scores. (a) Category 0: no alterations detected.  

(b) Category 4: more than half of the foot pad covered with necrotic cells. (Photo: ©Chuppava/ TiHo) 

2.2.3. Litter Measurements 

Litter samples for measuring the dry matter (DM) content were collected weekly from 

two defined locations: the feeding and the scratching area in each pen. At each area, a sample 

(50 g) from three sites (two peripheral samples and one central one) over the whole bedding 

height was punched out using a cup with a diameter of 5 cm from the full depth of the litter. 

Samples were dried at 103 °C for the time needed to reach a constant weight. 

2.3. Statistical Analysis 

The data analyses were performed using the SAS statistical software package version 

7.1 (SAS Inst., Cary, NC, USA). Mean values as well as the standard deviation of the mean 

(SD) were calculated for all parameters as well as individual BW and carcass weights. The 

mean FPD-scores were evaluated by using the mean of both feet. The feed and water intakes, 

FCR, W:F-ratio and percent DM content in litter were estimated at pen level as well as the 

final BW and FPD for correlation analysis. For the description of the prevalence of FPD 

(Table 5), two-dimensional frequency distributions of categorical features were checked for 

dependency by means of the Pearson`s Chi square homogeneity test.  

The group comparisons were performed by one-way analysis of variance (ANOVA) for 

independent samples. The Ryan-Einot-Gabriel-Welsch multiple range test (REGWQ) was 

used for multiple pairwise means comparisons between the four groups of flooring design.  

A Pearson’s correlation coefficient was calculated to evaluate the relationship between the 
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final BW and final FPD-scores on pen level between groups. All statements of statistical 

significance were based on p < 0.05. 

3. Results 

3.1. Growth performance 

The results related to growth performance of broilers and turkeys are shown in Table 2. 

In broilers, after 35 days of fattening, BW exceeded the performance goals of the breeding 

company (Table 2; [38,39]). BW showed no significant differences between groups in both 

species before starting the trials. Also during the trial there were no significant differences in 

BW (BW at d 35; p < 0.08) in broilers between the groups. At dissection the average final 

BW for broilers in groups with a partly or fully slatted floor was significantly higher (in g; 

G1:2555b, G2:2570b, G3:2655a, G4:2698a; Table 2).  

Table 2. Development of body weight in fattening broilers and turkeys reared on different 

floor designs (mean ± SD). 

Species Group 

Day / body weight [g] 

 Carcass [g] 

7 14 21 28 35 Final (36) 

Broiler 

[n=720; 

n=429*] 

       1 198±22.5 528±61.4 1066±127 1757±188 2479±269 2555b±283 2091±229 

       2** 198±21.0 528±56.6 1060±130 1760±167 2486±247 2570b±258 2097±210 

       3 198±20.7 535±51.4 1075±108 1779±163 2532±243 2655a±255 2114±221 

       4** 198±19.3 540±51.5 1086±116 1790±148 2554±247 2698a±266 2162±206 

         

Turkey 

[n=720; 

n=431*] 

       1 173±13.7 388bc±37.5 705b±72.0 1213bc±94.0 1907b±174 1990b±185 1545b±165 

       2 172±14.9 383c±37.2 708b±71.9 1198c±111 1884b±197 1964b±215 1532b±189 

       3 175±14.2 395ab±35.6 720b±73.2 1233b±104 1924b±174 2003b±169 1567b±158 

       4*** 174±14.3 400a±39.4 745a±85.3 1307a±116 1996a±169 2087a±171 1612a±176 

a, b means in the same column at species level, values with different superscript letters mean significant 

differences between groups (p < 0.05). *number of animals after first dissection, ** two animals died, *** one 

animal died. G1 = entire floor pen covered with litter; G2 = floor pen covered with litter and having floor 

heating; G3 = partially (50:50) slatted flooring including an area with litter; G4 = fully slatted flooring with a 

sand bath (900 cm2). 

For turkeys kept on fully slatted flooring, there was a significantly higher average BW 

from day 21 onwards up to dissection (Table 2). As a consequence, turkeys reared on fully 

slatted flooring had a higher final live weight (G4: 2087±171 g) than birds in G1 (1990±185 
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g). The weight of the eviscerated carcass in this group was also significantly higher (in g; 

G1:1545b, G2:1532b, G3:1567b, G4:1612a) than that of the other groups. Furthermore, feed 

intake was simultaneously higher in G4 for turkeys than in other groups (Table 3). 

Table 3. Feed intake (FI), feed conversion ratio (FCR) and water to feed ratio (W:F ratio) 

during the experimental period (d 8 – d 36) in broilers and turkeys reared on different 

floor designs (mean ± SD). 

Species 
Group 

(n=9) 
       FI [g]       FCR  W:F ratio 

Broiler 

   1   3604±97.8   1.53±0.06 1.85
b
±0.03 

   2   3624±118   1.53±0.08 2.02
a
±0.02 

   3   3663±61.5   1.49±0.03 1.86
b
±0.02 

   4   3698±145   1.48±0.09 1.84
b
±0.04 

     

Turkey 

 

   1   2668
b
±170   1.47

b
±0.02 2.62

b
±0.10 

   2   2656
b
±205   1.48

b
±0.03 2.79

a
±0.11 

   3   2737
ab

±132   1.50
ab

±0.03 2.53
b
±0.10 

   4   2883
a
±167   1.53

a
±0.04 2.65

b
±0.14 

a, b means in the same column at species level, values with different superscript letters mean significant 

differences between groups (p < 0.05). G1 = entire floor pen covered with litter; G2 = floor pen covered with 

litter and having floor heating; G3 = partially (50:50) slatted flooring including an area with litter; G4 = fully 

slatted flooring with a sand bath (900 cm2). 

No differences were observed concerning FI and FCR in broilers kept on different 

flooring designs (Table 3). Turkeys kept on partial and fully slatted flooring were 

characterised by higher FI and FCR than the birds housed on a litter system. In both species, 

the water to feed ratio was significantly higher when using litter floor pens with floor heating. 

The average floor surface temperature was highest in group G2 in all pens (in °C; G1=27.0, 

G2=30.5, G3=26.5, G4=26.0). 

3.2. Foot Pad Dermatitis 

In broiler trials there were no clinical issues concerning foot pad health. Nonetheless, 

broiler chickens kept on wood shavings without or with floor heating (G1 and G2) were 

characterised by significantly lower FPD-scores in the 5-point scale in comparison to birds in 
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G4 on d 14 (Table 4). On analysing the frequency of foot pad lesions (Table 5), it was found 

that at the end of the broiler trials, 100% of the animals had FPD-scores ≤ 1 and no significant 

differences between groups. 

Table 4. Development of external foot pad scores (FPD) in broilers and turkeys kept on four 

different flooring designs throughout the experimental period (mean ± SD). 

Species 
Group 

(n = 9) 

Day / FPD-scores  

7 14 21 28 35 

Broiler  

1  0.06a±0.08 0.02b±0.04 0.09a±0.07 0.22a±0.17 0.40a±0.24 

2  0.04
a
±0.04 0.02

b
±0.02 0.09

a
±0.08 0.30

a
±0.18 0.45

a
±0.26 

3  0.04a±0.04 0.07ab±0.07 0.08a±0.08 0.41a±0.26 0.64a±0.20 

4  0.03a±0.02 0.10a±0.10 0.13a±0.11 0.42a±0.26 0.59a±0.27 

       

Turkey  

1 1.00a±0.07 1.05a±0.39 1.88a±0.18 2.23a±0.24 2.30a±0.33 

2  0.98a±0.15 1.03a±0.35 1.58b±0.30 2.18a±0.18 2.15a±0.27 

3  0.99a±0.11 1.29a±0.39 2.00a±0.12 2.32a±0.14 2.33a±0.16 

4 0.95a±0.10 1.28a±0.24 1.39b±0.23 1.68b±0.17 1.87b±0.13 

a, b means in the same column at species level, values with different superscript letters mean significant 

differences between groups (p < 0.05). G1 = entire floor pen covered with litter; G2 = floor pen covered with 

litter and having floor heating; G3 = partially (50:50) slatted flooring including an area with litter; G4 = fully 

slatted flooring with a sand bath (900 cm2).  

Turkeys generally had poorer foot pad health than broilers. This means scores were 

higher. Turkeys kept on fully slatted floors had significantly lower foot pad scores than those 

reared on littered or partly slatted floors. FPD-scores were significantly lower when using a 

slatted floor in the period from d 28 up until the end of the trial compared to the other flooring 

designs (Table 4). In the case of turkeys, regardless of the flooring system, nearly 100% of the 

observed turkeys showed a clinically apparent FPD at the end of the trial. The majority of 

birds showed intermediate foot pad lesions (score 2). The prevalence of severe FPD lesions 

was significant lowest in group G4 (4%). 
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Table 5. Prevalence of foot pad dermatitis (%) in broiler chickens and turkeys kept on 

different types of flooring design at the end of the experimental. 

Scores 

Type of flooring 

Broiler  Turkey 

G1 

(n=108) 

G2 

(n=106) 

G3 

(n=108) 

G4  

(n=107) 

G1 

(n=108) 

G2 

(n=108) 

G3 

(n=108) 

G4  

(n=107) 

0 - 62
a
 64

a
 42

a
 44

a
 0 0 0 1 

1 - 38
a
 36

a
 58

a
 56

a
  1

b
 4

b
 0

b
 15

a
 

2 - 0 0 0 0  70
a
 78

a
 68

a
 80

a
 

3 - 0 0 0 0    29
ab

   18
 ab

 32
 a
 4

b
 

4 - 0 0 0 0 0 0 0 0 

a, b frequency in the same row at species level; values with different superscript letters mean significant 

differences between groups (p < 0.05). G1 = entire floor pen covered with litter; G2 = floor pen covered with 

litter and having floor heating; G3 = partially (50:50) slatted flooring including an area with litter; G4 = fully 

slatted flooring with a sand bath (900 cm2). 

1 .5 2 .0 2 .5 3 .0

1 8 0 0

2 0 0 0

2 2 0 0

f in a l  F P D  s c o r e

f
in

a
l 

B
W

 [
g

]

1 .5 2 .0 2 .5 3 .0

1 8 0 0

2 0 0 0

2 2 0 0

f in a l  F P D  s c o r e

f
in

a
l 

B
W

 [
g

]

1 .5 2 .0 2 .5 3 .0

1 8 0 0

2 0 0 0

2 2 0 0

f in a l  F P D  s c o r e

f
in

a
l 

B
W

 [
g

]

1 .5 2 .0 2 .5 3 .0

1 8 0 0

2 0 0 0

2 2 0 0

f in a l  F P D  s c o r e

f
in

a
l 

B
W

 [
g

]

 

Figure 3. Pearson’s rank correlation coefficients with significance levels between the final body weight and final 

FPD-scores in the turkey experiments are displayed (p < 0.05). G1 = entire floor pen covered with litter; G2 = 

floor pen covered with litter and having floor heating; G3 = partially (50:50) slatted flooring including an area 

with litter; G4 = fully slatted flooring with a sand bath (900 cm2). 
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Figure 3 shows the Pearson’s rank correlation coefficient between the final BW and 

final FPD-scores in turkey experiments. In G1 and G2, the correlations between both 

parameters were significantly high negative (r = -0.759 and r = -0.749, p < 0.05, respectively). 

With slatted systems, a correlation between body mass and foot pad health did not exist. 

3.3. Litter Quality 

In Figure 4, only the values from litter in the scratching area were listed. Group G2 was 

characterised by the highest content of dry matter (lowest moisture content), whereas the 

lowest values were seen in groups with partial slatted flooring. The litter quality of the final 

litter was significantly worse in turkeys than in broilers; average final DM in broiler trials: 

G1=71.2, G2=75.1, G3-litter area=57.2% and in turkey trials: G1=47.7, G2=49.3, G3-litter 

area=39.5%.  
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Figure 4. Dry matter content (DM in %) of litter mixture of excreta in pens with different flooring designs 

during the experimental period. 

4. Discussion 

For poultry to be able to perform to their expected growth performances they should be 

reared with good management and environmental conditions including optimal litter quality 

and housing system. But performance is only one criterion. At least as important, birds also 

need to be able to show their normal behavior including ground pecking, scratching and dust 

bathing. The outcome of the current study showed that broilers and turkeys given identical 

dietary regimens in slatted flooring system had a significantly higher final BW compared with 
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those housed in litter systems. Specifically, the final BW was 143 g and 97 g higher for 

broilers and turkeys, respectively, reared on fully slatted flooring than those reared in litter 

floor pens. Similar results were obtained from Almeida et al. [35] and Çavuşoğlu et al. [36]. 

Broilers reared on plastic slatted flooring had relatively higher weight gains (+8.10% for the 

final BW in the latter named study) and a higher FCR than observed for chickens reared on 

wood shavings. Slatted flooring might offer almost no possibilities for the birds to peck and 

manipulate particles when no litter particles are available on the ground, therefore feed 

pecking occurs rather than pecking at the slatted floor [40] resulting in higher feed intake. 

Pereira et al. [41] observed in the slatted flooring system that there was air movement in the 

plenum between the manure and the perforated floor; increased air movement can reduce heat 

stress in broilers. Heat stress negatively affects the welfare and productivity of broilers [42]. 

In this study, in broilers there were no clinical problems with foot pad health in all floorings 

systems. This is different from previous study in broilers raised in litter floor pens [43]. In the 

named study living directly in contact with faeces for a long period led to a higher incidence 

of foot pad inflammation. This might reduce the weight gain during later phases. In contrast, 

Li et al. [34] showed that performance was not affected by the plastic perforated flooring 

compared to the litter system in broiler production. 

On the basis of data given in the literature, litter moisture is important for the 

prevalence and severity of foot pad alterations [3]. Mayne et al. [17] suggested that wet litter 

alone may be the cause of FPD in turkeys. Therefore, reducing the litter moisture by using 

floor heating or minimizing contact with wet litter and excreta by using slatted flooring is 

expected to lead to significant improvements in FPD. In this study, the results for both species 

from experiments conducted with different floor temperatures were insufficiently conclusive 

to be able to show whether litter floor pens with floor heating were superior to an entire floor 

pen without floor heating. Contrary to the present results, Abd El-Wahab et al. [13] stated that 

birds housed on floor heating showed significantly lower external FPD scores compared to 

poultry in groups without floor heating. The effect of using floor heating on FPD scores could 

be due to fresh litter becoming dry or to floor heating leading to warm foot pads causing 

vasodilation of the blood vessels, increasing the blood flow [7]. In the current study, however, 

the temperature of the bedding was higher compared to other pens without floor heating, but 

the litter itself was not significantly drier. This may be related to another observation as 
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broilers and turkeys reared on floor heating had a significantly higher W:F ratio in this study. 

Water intake (WI) generally increases at high environmental temperatures [44]. Furthermore, 

it was observed that the increase in WI was also reflected in a progressive increase in litter 

moisture [30]. Despite forced WI in the floor heating group in this study, the litter moisture 

contents in the floor heating group and that without floor heating resulted in scarcely different 

values. The floor heating used in the present study was not sufficiently efficient to generate 

drier litter. 

After 35 days of fattening, 100% of the broilers had a FPD score ≤ 1 despite the high 

stocking density of about 35 kg/m
2
, indicating that the floor material without litter did not 

harm broilers’ foot pads. The results of this study show neither negative nor positive effects 

for one of the different floor designs on FPD and performance in broilers. Çavuşoğlu et al. 

[36] showed a lower frequency of FPD in birds raised on slatted flooring. On the other hand, 

Almeida et al. [35] demonstrated a slight tendency towards higher FPD scores for birds 

housed on slatted flooring.  

To the best of our knowledge, the effect of flooring design-related differences on foot 

pad health in the fattening of turkeys has not been previously reported. The results from this 

study suggested that, as expected, minimising contact between turkeys’ feet and their excreta 

by using fully slatted flooring showed better foot pad health than the other flooring designs. 

Martland et al. [7] and Ekstrand and Algers [21] proved that poor litter management increased 

the prevalence and severity of FPD in turkeys as well as leading to lower weight gains. 

Similar to the results of this study for littered systems, performance was negatively correlated 

with the FPD scores in turkeys. It is possible that turkeys with high FPD scores had a 

decreased body weight. This has been suggested to be a result of pain induced lowered feed 

intake [23], this in turn leading to reluctance to move and thus decreased feed consumption 

and impaired product quality [45]. On the other hand, in the present study, when turkeys 

housed on slatted flooring, there was no correlation between FPD and body weight. Body 

weight of birds with higher scores was only numerically higher. Da Costa et al. [46] indicated, 

that higher FPD scores might be more related to mechanical pressure. Increasing mechanical 

pressure from higher body weight could lead to decreased mobility and lower feed intake also 

affecting animal welfare. However, more research should be conducted to study the effects of 
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slatted flooring on poultry welfare: behavior, use of space, use of the sand bath and other 

welfare indicators might be very useful.  

5. Conclusion 

Litter quality has a significant influence on performance and foot pad health in fattening 

broilers and turkeys. The results in this study do not justify the use of slatted flooring systems. 

However, minimising the contact between birds and poultry manure seems to favour the 

performance and foot pad health in turkeys. Overall, the broiler husbandry conditions were 

good that no relevant differences could be identified. Water and feed consumption per kg 

meat in turkey production was higher than in broiler production. It can be suggested that fully 

slatted areas could be an interesting added enrichment tool in turkey production. However, the 

results clearly show that identical stocking density combined with partially slatted flooring at 

a ratio of 50:50 to the littered area offers no advantages for turkeys. Due to a certain 

preferential behaviour of the animals to the littered area, the litter there is disproportionately 

bad, which compensates for the possible advantages of the perforated areas. Therefore, slatted 

areas should be made more attractive to turkeys by adding elevated platforms as an additional 

offer or placing feeding and drinking ressources in this area. Increasing the amount of time 

turkeys spend in these new areas could result in separating parts of the excreta from the 

animals leading to drier litter areas. This could give the littered areas an added value for the 

realization of natural behaviours in birds. This together could benefit their health and 

performance, too. 
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Abstract 

 

The objective of this study was to evaluate the effects of different types of flooring designs on 

antimicrobial resistance in commensal Escherichia coli from turkeys treated with 

enrofloxacin. Two trials were performed with same feed, housing conditions and fattening 

duration, but with different flooring designs. Furthermore, the first trial was performed in an 

unchanged environment and the second trial in a changed environment. The flooring designs 

of the pens were assigned to four groups; G1 – entire floor pen covered with litter, G2 – floor 

pen with heating, G3 – partially slatted flooring including an area that was littered, G4 – fully 

slatted flooring with a sand bath. Enrofloxacin was given at days 10–14 via drinking water. 

The changed environment in the second trial was achieved by moving the animals to new 

pens with the respective same conditions as previously after antimicrobial administration at 

day 15. A total of 576 E. coli were isolated from cloacal swab and poultry manure samples. 

Sample collection was done before the treatment, after the treatment and at the end of the 

trials at day 35. The resistance of isolates to enrofloxacin and ampicillin was determined 

using broth microdilution A single treatment with enrofloxacin reduced the proportion of 

samples with susceptible E. coli isolates significantly in all flooring designs. Overall, 

frequencies of enrofloxacin resistance were significantly different between the unchanged and 

changed environment. At the same time, the proportion of ampicillin-resistant isolates 

increased in the first trial, although no ampicillin was applied in this study. 

 

Keywords: Antimicrobial resistance, Commensal E. coli, Enrofloxacin, Turkey,  

Flooring design 
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1. Introduction  

Antimicrobial agents have been used on farms for almost half a century, not only for 

therapeutic purposes but also to prevent diseases and promote animal growth (EFSA, 2015). 

Although antimicrobial treatment in the latter two situations has been prohibited in the EU for 

several years, use of antimicrobials for treating bacterial infections in poultry production is 

still prevalent (GERMAP, 2016). Nevertheless, compared with cattle and pig fattening in 

relation to their respective fattening periods, antimicrobials are used more often and for a 

longer duration in poultry fattening (Kreienbrock, 2013).  

In recent years, there were reports from many countries of bacterial resistance to 

fluoroquinolone (FQ) in animals and humans (WHO, 2014; ESVAC, 2015). This class of 

antimicrobials is important in human and veterinary medicine, being used to treat of various 

bacterial infections. FQ resistance represents a major problem with regard to the implicated 

dissatisfaction with treatment or even treatment failure of infectious disease (Etienne et al., 

2017). In addition, livestock housing seems to play a key role as a reservoir of antimicrobial-

resistant bacteria and at the same time as an entry source by direct exposure or through the 

food chain (Aarestrup, 2015). 

E. coli are commensal enteric bacteria, belonging to the predominant species in the 

facultative anaerobic faecal flora in humans and many animals. Therefore, it is used as an 

indicator bacterium which acquires antimicrobial resistance (AMR) more easily to isolates 

than other common bacteria (Varga et al., 2008). Resistances of commensal E. coli are of 

particular interest for consumer health protection because they constitute a reservoir of 

resistance genes. These can be transferred to other bacteria, including pathogenic bacteria, by 

horizontal gene transfer (von Wintersdorff et al., 2016).  

It has been reported that commensal E. coli isolates isolated from turkey meat in 

Germany showed higher rates of resistance to fluoroquinolone than E. coli from broilers 

(Werckenthin, 2016). Isolates from chickens and turkeys showed resistance to at least one but 

frequently even to three or more antimicrobial classes (Simoneit et al., 2015). Highest 

multidrug resistance rates were observed in turkey meat with 38.4% of the isolates showing 

resistance to more than four classes (Kaesbohrer et al., 2012). Commensal and pathogenic  
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E. coli isolated from turkeys are often resistant to quinolones, including enrofloxacin, and to 

β-lactams (Schroeter and Kaesbohrer, 2010; ESVAC, 2015).   

At the end of the fattening period of chickens reared on littered concrete floor, most 

commonly used in Europe, more than 95% of the dry matter in litter consists of excreta 

(Kamphues et al., 2011). Turkeys spend most of their productive life in close contact with 

litter and manure. The poultry manure represents a mixture of poultry excreta, used litter, 

feathers, feed and spilled drinking water, which accumulate during farming (Font-Palma, 

2012). Nonetheless, it also contains antimicrobial residues and resistant bacteria (Furtula et 

al., 2010). Up to 90% of the orally administered antimicrobials may pass through the animal 

unchanged and antimicrobials can be excreted with the excreta (Kumar et al., 2005). 

Furthermore, litter may be a potential source of infectious agents (Ljubojevic et al., 2016).  

         Currently, there are limited data available on the effects of continuous animal contact 

with their excreta on the presence of antimicrobial resistance to E. coli in rearing turkeys. The 

aim of the present study was to evaluate and ideally reduce in the development of AMR in  

E. coli after enrofloxacin treatment when subjected to different types of flooring design, this 

being distinguished in the contact intensity to the excreta and the effects of a changed 

environment after using antimicrobials. 

2. Materials and methods 

The experiments were performed in accordance with German regulations and approved 

by the Ethics Committee of Lower Saxony for Care and Use of Laboratory Animals LAVES 

(Niedersächsisches Landesamt für Verbraucherschutz und Lebensmittelsicherheit; reference: 

33.12-42502-04-15/2044). 

2.1 Experimental design and sample collection 

A total of 480 female one-day-old turkeys (BUT-Big6), were investigated in two 

experiments, 240 animals in each. Turkeys originated from two different hatcheries, as due to 

an outbreak of avian influenza in Germany the hatchery was closed, from which the animals 

for the first trial came. Before the experiment, the birds were housed in four floor pens 

covered with wood shavings, which were kept dry and clean. All turkeys were fed ad libitum 



  

Chapter 4 

 

  

47 

 

with a commercial pelleted starter diet. After a one-week adaptation period, each experiment 

was started. The birds were divided into four groups, each having three identical subgroups 

(n=20 birds), until the end of the rearing period at day 36.  

Twelve experimental pens (1.20 m x 0.80 m) were placed in randomised sequence and 

divided into 4 subgroups (G1-G4) in the same stable, six each on the right and on the left-

hand side of the central corridor (~ 1.70 m width). Direct contact of birds from each sub-

group with those from other sub-groups was not possible. A vacuum air ventilation system 

was installed in the ceiling in two rows above the pens. The pens were bedded with 

approximately 1 cm (1 kg/m
2
) of wood shavings. Stocking densities reached about 25 kg/m

2
 

at the end of the trial. The slatted floor pen consisted of holes (15 x 10 mm) and bridges 

(plastic covered steel; width 3.5 mm). The excreta were stored during the entire fattening 

period under the slatted floor at a depth of approximately 30 cm. Each pen was equipped with 

one hanging type feeder and one bell drinker. The birds had unlimited access to fresh, clean 

water and a commercial pelleted growing diet.  

Before beginning with the trials, stables and all materials had been disinfected and tests 

had been carried out to confirm that they were free of Enterobacteriaceae contamination. In 

the groups, different flooring designs were used to establish different degrees of contact 

intensity of the animals to the manure. The first group was kept on dry wood shavings (G1 – 

entire floor pen covered with litter); the second group was kept on dry wood shavings but also 

with floor heating (G2 - floor pen with litter with floor heating). Animals in G1 and G2 had 

full contact with manure over the whole study period. An electrical floor heating system 

supplied with an adjuster to control the temperature was used only in G2. The third group 

(G3) was housed in a floor pen that was divided into two equal parts consisting of 50% wood 

shavings on the right-hand side and 50% plastic slatted flooring on the left-hand side. The 

fourth group (G4) was housed completely on plastic slatted flooring with a sand bath (900 

cm
2
), the bath being disinfected and the sand replaced on a daily basis. Animals in G4 had no 

contact with litter except possibly with the sand bath.  

In both trials, the animals were treated with Baytril
®
 10% (10 mg enrofloxacin/kg body 

weight per day, in accordance with the recommended dosage) administered in the drinking 
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water. This treatment was started when the birds    were ten days of age and was continued for 

five consecutive days.  

In trial 1 (T1), birds remained in the same stable until the end of the trial, whereas in  

trial 2 (T2) after enrofloxacin treatment (at day 15), all turkeys were moved to the other pens 

all newly equipped with four identical flooring designs and housed in the same room. At day 

22 in each subgroup of 20 animals eight birds were dissected because stocking density had to 

be comparable to ten other similar trials. Concerning several objectives and parameters such 

weekly scoring of foot pad dermatitis, which were simultaneously tested in this experiment, 

dissection of part of the group is mandatory. At day 36, all remaining turkeys (n=12/box) 

were dissected. 

Two kinds of samples were collected. Cloacal swabs were collected from two-day-old 

chicks, at day 21 and at the end of day 35. As well, poultry manure samples were also taken at 

day 9, day 15 and day 35. All samples were allocated to the three stages of sampling: (i) 

Before treatment stage (BT): Cloacal swabs were collected at day 2 and manure samples at 

day 9. (ii) After treatment stage (AT): Manure samples were collected at day 15 and cloacal 

swabs at day 21. (iii) End of trial stage (ET): Manure samples and cloacal swabs were 

collected at day 35. The cloacal swabs were taken from 24 animals per group or rather, in 

total 96 randomly selected animals. In total 24 samples of manure or six samples from each 

type of flooring design were taken from two defined locations in every pen at all trial stages. 

Manure samples were taken with a plastic cup (diameter: 6 cm) from the bottom of the pen. 

All collected samples were immediately transferred to the laboratory. 

2.2 Bacteriological analyses and E. coli isolation 

For bacteriological analyses, manure samples of 25 g each were put into a sterile  

Whirl-Pak
®
 Bag (Nasco, USA), and 50 mL of peptone water (Oxoid, Germany) was added. 

These were mixed for three minutes with a Bag Mixer
®
 400 VW (Interscience, France). A 

sterile loop (10 µL) was put into the mixed-sample, streaked on Gassner agar (Oxoid, 

Germany) and incubated at 37 °C for 18 – 24 hours. Similarly, each cloacal swab was spread 

onto Gassner agar plates and incubated overnight at 37 °C. 
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One single blue colour colony from each plate was selected and spread onto Columbia 

blood agar and Tryptone Bile X-glucuronide (TBX) agar (Oxoid, Germany) and incubated 

overnight at 37 °C. Blue-green colonies on TBX agar detected glucuronidase activity, which 

is highly specific for E. coli. The diagnosis of E. coli was confirmed by the positive indole 

test with Kovac’s indole reagent (Merck, Germany). 

2.3 Antimicrobial susceptibility testing 

         Resistance of E. coli isolates was tested using broth microdilution following the 

guidelines of the Clinical and Laboratory Standards Institute and manufacturer 

recommendations. Minimal inhibitory concentrations (MICs) of enrofloxacin (ENR) and 

ampicillin (AMP) were determined using Micronaut plates (Merlin
®
, Germany) with Mueller-

Hinton Broth (Merlin
®
, Germany). The plate had dried antimicrobial agents in its wells 

containing serial two-fold dilutions of enrofloxacin and ampicillin. MIC values were 

determined by visually reading and interpreting the results. As reference strain E. coli ATCC 

25922 was tested concurrently on each testing day. 

2.4 High performance liquid chromatography 

Water samples with enrofloxacin from day ten to fourteen were collected. The amount of 

enrofloxacin in the water was determined using high performance liquid chromatography 

(HPLC). A validated method described by Scherz (2013) was used. An autosampler (System 

Gold 508, Beckmann, Germany) was used to inject 100 µL of the sample into the system. A 

flow of 1 mL per minute was maintained by the System Gold 126 solvent module (Beckmann, 

Germany). A CC250/4 NUCLEODUR 100-5C 18ec (25 cm, Macherey-Nagel, Germany) 

column was used, this being connected to a precolumn (LiChroCART
®
 4-4, LiChrospher

®
 

100 RP-18e, 5 μm, Merck, Germany). Detection was performed with a Fluorescence detector 

(RF-551 Shimadzu, Nakagyo-ku, Japan) with 280 nm for excitation and 450 nm for emission. 

The mobile phase consisted of 85% citrate buffer pH 3.0 (citric acid monohydrate: 1.80 g/L 

tri-sodium-citrate-dihydrate: 0.43 g/L). The external standard method was used to calculate 

the amount of enrofloxacin in the water samples. 
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2.5 Statistical Analyses 

The data of AMR analyses were performed using the SAS statistical software package 

version 7.1 (SAS Inst., Cary, NC, USA). Significant differences in the means of the resistance 

results (the results were classified as 1 = sensitive, 2 = intermediate or 3 = resistant) between 

the sampling stages were tested using the repeated measures analysis of variance (Fisher’s 

Least-Significant Difference; LSD). This test was also used to determine the differences 

between the four groups of flooring designs. The significant differences in the frequency of 

resistance between the two trials were assessed using either Pearson’s chi-square test or 

Fisher’s exact test when expected frequency values were below five.  

 

3. Results 

A total of 576 E. coli were isolated and analysed from the two experiments: 432 from 

cloacal swabs and 144 from manure samples at the BT, AT and ET stages.  

3.1 Differences in antimicrobial resistance in E. coli depending on the sampling stages 

None of the E. coli isolated from cloacal swabs and manure samples in both trials at the 

BT stage was resistant to enrofloxacin. In trial 1 (T1), the mean resistance results from cloacal 

swabs taken from all groups (G1 – G4) differed significantly between all three sampling 

stages (Fig. 1a). After reaching the highest amount of samples with resistant E. coli in the AT 

stage, the proportion of resistant isolates lowered significantly in the ET stage. However, 

isolates from manure samples (Fig. 1b) showed significant differences between the BT and 

AT stages but not between the AT and ET stages in G1- G3. In G4, significant differences 

between all the sampling days could be detected as shown in Figure 1b. 

As in trial 1 the results of mean enrofloxacin resistance in trial 2 differed significantly 

between the sampling days regarding the E. coli strains isolated from cloacal swabs (Fig. 1a). 

Significance could not be found in G2 between the AT and ET stages. In the isolates from the 

manure samples of G4 (Fig. 1b), a significant difference between the sampling days occurred: 

a significant change from 100% susceptible isolates to 100% intermediate isolates after 

administering Baytril
®
 was followed by a significant lower percentage of isolation of 
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intermediate resistant E. coli. In the other groups, no significant differences between time 

points could be observed between AT and ET. 

Figures 1c and 1d presented the results of ampicillin resistant E. coli in trials 1 and 2. All 

E. coli isolates from cloacal swab and manure samples were susceptible to ampicillin at the 

BT stage. The number of cloacal swabs with isolation of resistant E. coli increased 

significantly from the BT to ET stages. This also increased significantly at the AT stage and 

decreased in all groups of flooring design except in G4. The E. coli from manure samples 

showed no significant differences in the resistance between the AT and ET stages as shown in 

Figure 1d. 

In trial 2 (T2), E. coli isolated from cloacal swabs (Fig. 1c) during the BT stage showed 

resistance to ampicillin in 100% of the isolates. Until the ET stage this percentage of resistant 

isolates decreased significantly. No significant differences concerning resistance in isolates 

from manure samples could be observed between the AT and ET stages.  

3.2 Differences in antimicrobial resistance in E. coli between trial 1 and trial 2 

The percentage of frequency of MICs distribution in commensal E. coli isolates from 

cloacal swab samples detailed for enrofloxacin and ampicillin from cloacal swab and manure 

samples at the AT and ET stages in each trial are shown on Figure 2a-d. 

Comparing both trials (Fig. 3a), significant differences in the total results of frequency of 

enrofloxacin resistance could be seen between trial 1 and 2. Nevertheless, there were no 

significant differences between the trials with regard to the MIC profile during the BT stage. 

A large number of resistant E. coli were found in trial 1, while in trial 2 during the AT and ET 

stages almost all E. coli isolates showed significant low resistance to enrofloxacin. However, 

at the ET stage, the percentage of resistant E. coli isolates decreased significantly (Fig. 3a).  

Looking at the enrofloxacin results (Fig. 3a) the percentages of resistant isolates in trial 1 

revealed similar percentages to the intermediate results in trial 2. Thus, statistics were 

performed (Fig. 4) comparing the percentages of the intermediate and resistant results taken 

as a whole in comparison to the susceptible isolates. In this case, no significant differences 

could be seen between the cloacal swabs results of trial 1 and trial 2 (Fig. 4a). 
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Enrofloxacin concentration in the water collected at day ten to fourteen in trial 1 was 

52.02 µg/mL; in trial 2 water contained 50.42 µg enrofloxacin/mL. 

Ampicillin resistance between trials 1 and 2 showed significant differences during all 

stages. All E. coli isolated from cloacal swabs during the BT stage in trial 2 showed resistance 

to ampicillin (Fig. 3b). 

3.3 Differences in antimicrobial resistance in E. coli depending on flooring design  

The analysis of enrofloxacin-resistant E. coli isolates from all samples did not show any 

significant differences between the groups during the BT stage. During the AT stage in trial 1, 

E. coli isolated from cloacal swabs and manure in G1 showed lower significant differences of 

resistance rates to enrofloxacin (2.75 and 1.83, respectively; means of enrofloxacin-resistant 

E. coli detailed for each group on Supplementary Table S1a) than the isolates collected from 

animals housed in the G2 and G3. During the ET stage, a statistically significant decrease in 

the resistance rates of enrofloxacin from the cloacal swabs in G4 was observed  

(Fig. 1a and 1b). Enrofloxacin-resistant E. coli isolates in trial 2 acquired from cloacal swabs 

(Fig. 1a) showed significant differences between G2 and G3 at the AT stage but none at the 

ET stage. 

In manure samples (Fig. 1d), significant differences were found between ampicillin 

resistance in E. coli in G1 and G3. Regarding ampicillin resistance in trial 1 (Fig. 1c and 1d), 

there were no significant differences between the groups during the BT and ET stages. During 

the AT stage, cloacal swab isolates from G4 (Fig. 1c) showed significantly lower resistance 

than the other groups. E. coli isolates from samples of G1 demonstrated lower resistance 

means than in the other groups. 

In trial 2 at AT stage, ampicillin resistance in E. coli isolated from cloacal swabs was 

significant lower in G1 than in G2, and G4 (1.83, 2.42 and 2.50, respectively; Fig. 1c and  

means of ampicillin-resistant E. coli detailed for each group on Supplementary Table S1b). 

No significances between the groups during the ET stage could be observed. E. coli isolates 

from cloacal swabs from G1 demonstrated significantly lower resistance rates than observed 

in the other groups during the AT stage (Fig. 1c), while E. coli isolates from the manure 
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samples showed significantly higher resistance rates in G4 during the ET stage than in G1 

(Fig. 1d). 

4. Discussion 

Antimicrobial usage has an important effect on the emergence of AMR, not only regarding 

single drug resistance but also multiple AMR in poultry. The main treatment route used in 

chickens is oral administration and antimicrobials or their metabolites are excreted with 

excreta (Kietzmann and Baeumer, 2009) to the manure (Furtula et al., 2010).  

4.1 Development of enrofloxacin resistance in E. coli isolates after treatment  

E. coli isolates obtained at the different time points of sampling in both trials differed in 

their enrofloxacin resistance. The numbers of resistant or intermediate isolates were 

significantly higher at AT than at BT and decreased during the ET stage. Several previous 

studies dealt with the increasing frequency of resistance of E. coli isolates from poultry after 

oral administration of enrofloxacin (Miranda et al., 2008; Jurado et al., 2015). The results of 

trial 1 differed only slightly from those of Abdi-Hachesoo et al. (2017) who detected 91.5% 

resistant E. coli isolates (n = 130; obtained from broilers cloacal swabs at day 30 and at the 

end of the rearing period on different farms), which were treated with the same concentration 

of enrofloxacin as used in the present study. Miranda et al. (2008) administered enrofloxacin 

to 18 broilers with the same concentration for five consecutive days as shown in the present 

study. The final day of that study was twelve days after the end of treatment (Miranda et al., 

2008). This was comparable to the AT stage in the present study, which was seven days after 

the end of treatment. At this point of time, Miranda et al. (2008) detected 88.9% (16/18 

isolates) resistant E. coli isolates. In the presented study, in trial 1 at AT stage, 95.8% (92/96 

isolates from cloacal swabs) were classified as resistant. In contrast to the trials in the present 

study, Miranda et al. (2008) started with six resistant isolates (33.3%) at the beginning.  

In trial 2 of the present study at AT, 87.5% of the E. coli isolates from cloacal swabs 

were classified as intermediate. The slight difference of 1.6 µg enrofloxacin/mL in the water 

samples of trial 1 and trial 2 can hardly explain the difference in the MIC values of resistant 

E. coli in trial 1 and the intermediate E. coli isolates in trial 2. As no further genetic analyses 

were conducted, the reason for this difference remains unknown. Jurado et al. (2015) detected 
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82.9% (116/150) resistant E. coli isolates in faecal samples at the end of the treatment of 

chickens and 87.2% (129/150) resistant E. coli isolates four weeks after the end of the 

treatment, although lower levels of enrofloxacin were used. In three treated groups (10 mg/L 

for 6 days, 5 mg/L for 12 days and 20 mg/L for 3 days), the animals received less than 

50 mg/L as used in the Jurado study, but two groups were treated for longer periods in the 

study of Jurado et al. (2015).  

Higher percentages of resistant E. coli isolates in manure compared to resistant E. coli 

isolated from cloacal swabs were found in both trials at ET. Manure was not removed during 

trial 1. Therefore, E. coli isolated during this study might not be excreted on the day of 

sampling. Even with the changed environment introduced at day 15 in trial 2, manure 

collected at day 35 might contain E. coli isolates excreted from day 15 to day 35. This might 

explain to a certain degree the higher percentage of resistant E. coli isolated from manure 

compared to those from cloacal swabs. 

In the present study, only one E. coli isolate was selected randomly from a Gassner agar 

plate, which did not contain antimicrobial supplements. Thus, it cannot be excluded that 

resistant E. coli isolates were also present in the sample at BT. Such resistant isolates have a 

selective advantage over susceptible isolates during the antimicrobial treatment phase and will 

more likely be isolated at AT and – depending on their fitness – also at ET. Hence, the higher 

percentage of resistant isolates at AT might be due to either (i) the expansion of already 

resistant isolates at the expense of susceptible isolates and/or (ii) the de-novo development of 

resistance among previously E. coli susceptible isolates during the antimicrobial treatment.  

4.2 Development of ampicillin resistance in E. coli isolates  

In trial 1 at BT, all isolated E. coli isolates were susceptible to ampicillin. As no 

ampicillin was applied to the animals and the pens and the stable were tested to be free of 

Enterobacteriaceae, high percentages of resistant isolates at AT isolated from cloacal swabs 

(58%; Fig. 1c) and isolated from manure (62%; Fig. 1d) were detected. Co-resistance of 

enrofloxacin and ampicillin is less often described in literature as co-resistance of 

enrofloxacin with other antimicrobials (Cantón and Ruiz-Garbajosa, 2011). Jurado et al. 

(2015) described increasing numbers of ampicillin-resistant E. coli isolated from excreta of 
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chickens only treated with enrofloxacin, comparable to the resistance patterns seen in the 

present study, which decreased likewise towards the ET stage. 

In trial 2 at BT stage, all E. coli (100%) isolated at day 2 and almost all E. coli (96%) 

isolated at day 9 were resistant to ampicillin. Antimicrobial resistance could be due to vertical 

transmission of resistant isolates from parent flocks (Petersen et al., 2006), contamination in 

the hatchery environment or during transport (Dierikx et al., 2013). Knezevic and Petrovic 

(2008) and Jiménez-Belenguer et al. (2016) examined such transmissions in E. coli on poultry 

farms where no antimicrobials had been administered.  

The percentage of resistant isolates did not decrease at AT in E. coli from manure, but in 

E. coli isolated from cloacal swabs (Fig. 3b). At ET, still 67% of the E. coli isolated from 

manure was resistant against ampicillin although the environment had been changed at day 

15. Within the 35 days of life of these animals, ampicillin-resistant E. coli found at BT could 

be reduced, but not eliminated from the animals. Treating animals with ampicillin would 

possibly fail at this stage.  

4.3 Development of antimicrobial resistance after environment change 

During the growth period, Baytril
®
 treatment was administered over five days. 

Significant differences between trial 1 and trial 2 of enrofloxacin-resistant E. coli were found 

in isolates from cloacal swab and manure samples during the AT and ET stages in this study. 

Furtula et al. (2010) found high resistances in poultry litter to be associated with long-term 

use of antimicrobials. Similarly, Wright (2010) stated that the environment, including dirty 

litter, can also be a potential reservoir of resistant bacteria and resistance genes. In a previous 

study, Apajalahti et al. (2004) reported that the diet and the environment, including dirty litter, 

affect the microbial composition of the poultry intestinal microbiota both directly by 

providing a continuous source of bacteria and indirectly by influencing the physical condition 

and defence mechanisms of the birds. Thus, changing the environment in trial 2 was assumed 

to lead to a lesser percentage of resistant E. coli isolates in manure. The uptake of resistant 

bacteria from the manure by pecking should be reduced and result in a lower percentage of 

resistant E. coli in the animals.  
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In trial 2, the percentage of enrofloxacin intermediate E. coli in manure was reduced from 

100% at AT to 62% at ET (Fig. 3a). This 38% reduction in intermediate E. coli was 

significantly (data not shown) higher than in trial 1, in which the percentage of resistant  

E. coli in manure was only reduced from 79% at AT to 74% at ET. This promising effect 

suggests an advantage of the changed environment. However, this advantage could not be 

shown for E. coli isolated from cloacal swabs. In cloacal samples, the reduction in resistance 

was slightly higher in trial 1(Fig. 3a). In addition, ampicillin resistance in E. coli was reduced 

from AT to ET to a lesser extent in trial 2 than in trial 1. Especially in manure (Fig. 3b), more 

resistant E. coli were isolated in trial 2, although the environment was changed. Thus, a final 

assessment cannot be given and further experiments are necessary. Changing the 

environment, i.e. removal of the manure in a stable more than once within 35 days or a 

fattening period, might be more successful. However, due to practical and economic reasons 

acceptance on farms can be expected to be low. 

4.4 Effects of housing system with regard to the development of resistant E. coli 

To the best of our knowledge, the types of flooring design-related differences in 

antimicrobial susceptibility of commensal E. coli isolates from turkeys have not been 

previously reported. When analysing the results from litter and slatted flooring system, no 

clear evidence of any differences in the development of resistance could be determined. In 

spite of the animals having no contact to litter in G4, still the development of AMR occurred 

in the animals. Even the sand bath was cleaned and disinfected daily. The present 

investigation’s findings suggest that the effects of flooring structure designs have less than 

assumed or even no direct impact on the development of AMR.  

Furthermore, studies analysing the genetic basis of resistance in the isolates in trials 1 and 

2 would be interesting to compare and confirm the hypothesis of coupled resistance as seen in 

E. coli isolates in other publications (Sherwood, 2004). 

5. Conclusions 

The main focus of the study was to evaluate the effects of flooring designs on the 

development of AMR in fattening turkeys. Having analysed the results from the litter and 

slatted flooring systems, there was no clear evidence of any different developments in 
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resistance. The second trial was performed in order to determine whether a change in the 

environment was able to slow down the development and spread of resistance. However, this 

could not be confirmed in this experiment. A further eight studies with turkeys and broilers 

still have to be evaluated in this ongoing project before a conclusion can be reached regarding 

the effects of flooring design. 
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Figure 1. Means of susceptible (=1); intermediate (=2) and resistant (=3) E. coli isolates concerning 

enrofloxacin resistance in cloacal swabs (a) and poultry manure (b) as well as concerning ampicillin resistance in 

cloacal swabs (c) and poultry manure (d) before treatment (BT), after treatment (AT) and at end of trial (ET; 

cloacal swabs: N=432; per trial BT: n=24, AT: n=96, ET: n=96; poultry manure: N=144; per trial BT: n=24, AT: 

n=24, ET: n=24). T1 = unchanged environment trial; T2 = changed environment trial. G1 = entire floor pen 

covered with litter; G2 = floor pen covered with litter and having floor heating; G3 = partially (50:50) slatted 

flooring including an area that was littered; G4 = fully slatted flooring with a sand bath (900 cm2). a, b, c means 

differ significantly (p < 0.05) between the stage of sampling; A, B means differ significantly (p < 0.05) between 

the groups at one sampling.  
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Figure 2. Percentage of frequency of MIC distribution in commensal E. coli isolates concerning enrofloxacin 

resistance in cloacal swabs (a) and poultry manure (b) as well as concerning ampicillin resistance in cloacal 

swabs (c) and poultry manure (d) from unchanged environment (T1) and changed environment (T2) in turkeys 

treated with enrofloxacin via drinking water after treatment (AT) and at end of trial (ET; cloacal swabs: N=384; 

per trial AT: n=96, ET: n=96; poultry manure: N=96; per trial AT: n=24, ET: n=24). 
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Figure 3. Percentage of frequency of enrofloxacin (a) and ampicillin (b) resistance in commensal E. coli isolates 

from cloacal swab and poultry manure samples from unchanged environment (T1) and changed environment 

(T2) in turkeys treated with enrofloxacin via drinking water that were susceptible, intermediate or resistant.  

The time of sample collection: BT = before treatment, AT = after treatment and ET = end of trial. Cloacal swab 

samples (N=432; per trial BT: n=24, AT: n=96, ET: n=96) and poultry manure samples (N=144; per trial BT: 

n=24, AT: n=24, ET: n=24). Percentage between T1 and T2 differ significantly  

(* p < 0.05, ** p < 0.01, *** p < 0.001). 
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Figure 4. Percentage of frequency of enrofloxacin (a) and ampicillin (b) resistance in commensal E. coli isolates 

from cloacal swab and poultry manure samples from unchanged environment (T1) and changed environment 

(T2) in turkeys treated with enrofloxacin via drinking water that were susceptible or resistant (intermediate 

values as same as resistant values). The time of sample collection: BT = before treatment, AT = after treatment 

and ET = end of trial. (N=432 for cloacal swab samples; per trial BT: n=24, AT: n=96, ET: n=96) and (N=144 

poultry manure samples; per trial BT: n=24, AT: n=24, ET: n=24). Percentage between T1 and T2 differ 

significantly (* p < 0.05, ** p < 0.01, *** p < 0.001). 
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SUPPLEMENTARY TABLES 

Supplementary Table S1a. 

Means of enrofloxacin- resistant E. coli isolates from cloacal swab and litter/excreta samples 

from turkeys treated with enrofloxacin via drinking water. 

Time of sample 

collection* 

 Enrofloxacin 

 cloacal swabs  litter/excreta 

 BT AT ET  BT AT ET 

T1 

G1  1.00
c 2.75

B,a   2.08
AB,b  1.00

b 1.83
B,ab 2.33

a 

G2  1.00
c 3.00

A,a  2.42
A,b  1.00

b 2.67
A,a 2.67

a 

G3  1.00
c 3.00

A,a   2.13
AB,b  1.00

b 3.00
A,a 3.00

a 

G4  1.00
c  2.92

AB,a 1.58
B,b  1.00

c 3.00
A,a 2.00

b 

T2 

G1  1.00
c 1.83

AB,a 1.50
b  1.00

b 2.00
a 1.33

B,b 

G2  1.00
b 1.79

B,a 1.58
a  1.00

b 2.00
a 1.67

AB,a 

G3  1.00
c 2.00

A,a 1.67
b  1.00

b 2.00
a 2.00

A,a 

G4  1.00
c 1.96

AB,a 1.50
b  1.00

c 2.00
a 1.50

AB,b 
 

a, b, c means in the same row differ significantly (p < 0.05); the differences between the sampling days;  

A, B means in the same column differ significantly (p < 0.05); the differences between the groups.  

*BT = before treatment; AT = after treatment; ET = end of trial. 

T1 = unchanged environment trial, T2 = changed environment trial. 

G1 = entire floor pen covered with litter; G2 = floor pen covered with litter and having floor heating; G3 = 

partially (50:50) slatted flooring including an area that was littered; G4 = fully slatted flooring with a sand bath 

(900 cm2).  
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Supplementary Table S1b. 

Means of ampicillin-resistant E. coli isolates from cloacal swab and litter/excreta samples 

from turkeys treated with enrofloxacin via drinking water. 

 

Time of sample 

collection* 

 Ampicillin 

 cloacal swabs  litter/excreta 

 BT AT ET  BT AT ET 

T1 

G1  1.00
c 2.50

A,a 1.25
b  1.00 1.67

B 1.67 

G2  1.00
c 2.75

A,a 1.58
b  1.00

b 2.33
AB,a 1.33

b 

G3  1.00
c 2.83

A,a 1.58
b  1.00

b 3.00
A,a 1.00

b 

G4  1.00 2.00
B 1.50  1.00 2.00

AB 1.67 

T2 

G1  3.00
a 1.83

B,b 1.17
c  3.00

a 3.00
a 1.67

B,b 

G2  3.00
a 2.42

A,b 1.42
c  3.00 2.67 2.33

AB 

G3  3.00
a 1.96

AB,b 1.13
c  2.67 3.00 2.33

AB 

G4  3.00
a 2.50

A,b 1.25
c  3.00 3.00 3.00

A 

 
a, b, c means in the same row differ significantly (p < 0.05); the differences between the sampling days;  

A, B means in the same column differ significantly (p < 0.05); the differences between the groups.  

*BT = before treatment; AT = after treatment; ET = end of trial. 

T1 = unchanged environment trial, T2 = changed environment trial. 

G1 = entire floor pen covered with litter; G2 = floor pen covered with litter and having floor heating; G3 = 

partially (50:50) slatted flooring including an area that was littered; G4 = fully slatted flooring with a sand bath 

(900 cm2). 
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Abstract: Gaining knowledge about the spread of resistance against antibacterial agents is a 

primary challenge in livestock farming. The purpose of this study was to test the effect of 

double antibiotic treatment (at days 10–14 and days 26–30) with enrofloxacin or solely 

environmental exposition (identical times, directly into the litter) on resistance against 

antibacterial agents in commensal Escherichia coli in comparison with the control (without 

treatment), depending on different flooring. A total of 720 Big 6 turkeys participated in three 

trials. Four different flooring designs were examined: An entire floor pen covered with litter, 

a floor pen with heating, a partially slatted flooring including 50% littered area and a fully 

slatted flooring with a sand bath. A total of 864 Escherichia coli isolates were obtained from 

cloacal swabs and poultry manure samples at days 2, 9, 15, 21 and 35. The broth 

microdilution method (MIC) was used to determine the resistance of isolates to enrofloxacin 

and ampicillin. A double antibiotic treatment with enrofloxacin reduced the proportion of 

susceptible Escherichia coli isolates significantly in all flooring designs. Simulation of water 

losses had no significant effect, nor did the flooring design. Ampicillin-resistant isolates were 

observed, despite not using ampicillin. 

 

Keywords: Flooring design; Turkey; Antibacterial resistance; Enrofloxacin;  

Commensal E. coli 
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1. Introduction 

Resistance to antibacterial agents is an increasing problem in public health and veterinary 

medicine worldwide [1-3]. The major public health concern which has been expressed for 

several decades is still the potential for transmission of antibiotic-resistant bacteria from 

animals to humans [4]. Most of the amounts of antibiotics used (30–80%) in livestock 

farming are excreted by the animals directly into the environment via urine and faeces 

because of partial metabolisation of antibacterial agents and residue in manure [5-7]. 

Resistance to antibacterial agents in Gram-negative bacteria is on the rise in pathogens as well 

as in commensal bacterial flora, particularly in Escherichia coli (E. coli). E. coli constitutes 

the majority of invasive Gram-negative isolates for humans in European countries [8]. The 

natural habitat of E. coli is the gastrointestinal tract of mammals and birds [9]. It is considered 

as an indicator bacteria for resistance detection. E. coli also has the ability to survive in and 

adapt to various extra intestinal habitats and to spread resistances between humans, animals 

and the environment [10]. 

Antibacterial agents in livestock production have been either used to prevent diseases and 

promote animal growth or for therapeutic purposes [11,12]. The total sales of veterinary 

antibacterial agents during 2015 in the European Union (EU) amounted to approximately 

8,361 tonnes [13]. The average antibacterial consumption by humans (124 mg/kg) was lower 

than in animals (152 mg/kg) [3]. The resistance level of avian isolates to E. coli in Germany, 

for example, exceeded the level determined by the Federal Office of Consumer Protection and 

Food Safety for other veterinary pathogens in other animal species [14]. In the past, in 

relation to their respective fattening periods, in poultry, antibacterial agents have been used 

more often and for a longer duration compared with cattle and pigs [15]. 

Fluoroquinolones (FQ) have been classified as being critically important for human 

health and animal farms by the World Health Organization [4]. An unfavourable situation has 

arisen in Europe: Resistance to these antibiotics is widespread and the incidence of resistance 

increased significantly between 2012 to 2015 [3]. The application of FQ agents in poultry 

husbandry has led to increasing problems with resistance to antibacterial agents [16,17]. The 

level of fluoroquinolone consumption showed a significant correlation with antibiotic 

resistance in E. coli in livestock husbandry [3,18,19]. In turkeys, commensal and pathogenic 

E. coli are often resistant to quinolones, including enrofloxacin, and to β-lactams [2,13]. 

https://www.sciencedirect.com/topics/veterinary-science-and-veterinary-medicine/enrofloxacin
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Commensal E. coli isolates gained from turkey meat in Germany showed higher rates of 

resistance to FQ than E. coli from broilers [20].  

In commercial poultry meat production in Europe, turkeys are reared on littered concrete 

floor. During the fattening period, the primary litter material becomes mixed with poultry 

excreta, feathers, feed and spilt drinking water [21], the resulting mixture being referred to as 

poultry manure. Therefore, close contact with their litter or rather manure is common for 

turkeys during their productive life. More than 95% of the dry matter in manure consists of 

excreta [22]. This material can contain residues of antibacterial agents as well as resistant 

bacteria [17]. On almost every farm (62.3%), E. coli can be isolated from manure [23]. The 

poultry environment has long been acclaimed as a potential source of antibiotic-resistant 

bacteria [5,17], acting as a possible reservoir for the dissemination of these organisms to 

humans via the food chain (poultry meat), person-to-person contact (food handlers) and 

environment (poultry waste disposal, organic fertilisers). A significant proportion of these 

antibiotics is excreted unchanged in animal urine and faeces. These antibiotics can remain 

potent for a longer time in manure during storage [5,24]. 

Information concerning the effects of separating animals from their excreta on the 

development of  resistance to antibacterial agents in commensal E. coli in rearing turkeys has 

only been described in the study by Chuppava et al. [25]. The aim of the present study was to 

evaluate the effect of double antibiotic treatment (at days 10 – 14 and at days 26 – 30) with 

enrofloxacin or solely environmental exposition (at days 10 – 14 and days 26 – 30 directly 

into the litter) on resistance against antibacterial agents in commensal Escherichia coli in 

comparison with the control (without treatment), depending on different flooring. The 

different types of flooring design were distinguished by means of the contact intensity of birds 

to their excreta. 

 

2. Materials and Methods  

The animal experiments were conducted in accordance with the corresponding German 

regulations and approved by the Ethics Committee of Lower Saxony for Care and Use of 

Laboratory Animals (LAVES) (Niedersächsisches Landesamt für Verbraucherschutz und 

Lebensmittelsicherheit; reference: 33.12-42502-04-15/2044). 
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2.1 Design of experiments 

A total of 720 female one-day-old turkeys (B.U.T. Big 6) were obtained from a 

commercial hatchery (Heidemark GmbH, Ahlhorn, Germany). A total of three independent 

experiments (T1 - T3) were carried out. For each of these experiments, 240 birds were used.  

Before starting the experiments in the second week after hatch, the birds were housed in 

dry and clean floor pens in a quarantine stable. Flooring was covered with wood shavings 

(GOLDSPAN
®
, Goldspan GmbH and Co. KG, Goldenstedt, Germany). A commercially 

prepared pelleted diet was offered ad libitum (Best 3 Geflügelernährung GmbH, Twistringen, 

Germany).  

Each experiment was started after the above described one-week adaptation period. For 

these experiments, specially manufactured boxes were used, twelve experimental pens 

(1.20 × 0.80 m) in total. Different flooring designs were used to establish different degrees of 

contact intensity of the animals to the manure (Figure 1).  

 

Figure 1. Flooring designs used in the study: G1 = entire floor pen with litter; G2 = identical to G1 and 

additionally having floor heating (in red); G3 = plastic covered steel slats in 50% of the pen (in blue) as well as 

an area with litter; G4 = fully-slatted flooring with plastic covered steel slats and a sand bath (900 cm2). 

SB = sand bath, R = rope. 

 

The first group served as a control. Animals were kept on dry wood shavings (G1 – entire 

floor pen covered with litter). The second group was identically kept. The exception was an 

electrical floor heating system (Sauerland GmbH, Paderborn-Elsen, Germany) with an 

adjuster to control the temperature (G2 – floor pen with litter with floor heating). Animals in 

these two groups continuously had full contact with manure. The pens in the third group (G3) 
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were divided into two equal parts consisting of 50% solid flooring with wood shavings on the 

right-hand side and 50% plastic slatted flooring on the left-hand side. In the last group (G4), 

plastic slatted flooring with a sand bath (900 cm
2
) was used, the bath being disinfected and 

the sand replaced on a daily basis. Animals in G4 had no contact with litter except possibly in 

the sand bath. Plastic covered steel slats consisted of holes (15 × 10 mm) and bridges (plastic 

covered steel; 3.5 mm wide; Big Dutchman International GmbH, Vechta, Germany). The 

excreta were stored under the slatted floor at a depth of approximately 30 cm without any 

material being removed during the trial, besides small amounts of material needed for the 

samples as described below. 

The boxes were placed in a randomised sequence in blocks of four subgroups (G1 – G4) 

in the same stable, as previously described [25]. Two boxes of each block were placed on the 

right-hand side and two on the left-hand side of a central corridor (∼1.70 m width). Airing 

was provided by vacuum air ventilation. This system was installed in the ceiling in two rows 

above the pens. Wood shavings were used as bedding material (1 kg/m
2
). Stocking densities 

reached a maximum of 25 kg/m
2
. Hanging type feeders were used (Klaus Gritsteinwerk 

GmbH & Co. KG, Bünde, Germany) as well as bell drinkers (Ferdinand Stükerjürgen GmbH 

& Co. KG, Rietberg-Varensell, Germany). 

Before commencing with the trials one week after hatch, stables and all materials had 

been disinfected. Also, tests had been performed to exclude the occurrence of 

Enterobacteriaceae. All birds were allocated to four groups, each with three identical 

subgroups (n = 20 birds). Rearing was done until day 36. The birds had unlimited access to 

fresh water and feed (commercial pelleted growing diet). The environmental temperature was 

gradually reduced from about 33 °C for the one-day-old birds to about 20 °C by day 36. 

Lights were continuously on between days 1 and 3 and the photoperiod from day 4 onwards 

amounted to 16 h of light and 8 h of darkness. 

In T1 there was no antibiotic treatment. This experiment served as a non-treated control 

trial. In contrast, animals in T2 were medicated with Baytril
®
 10% in drinking water  

(10 mg enrofloxacin/kg body weight per day – corresponding to an addition of 0.5 mL 

Baytril
®
 10% /L of drinking water, in accordance with the recommended dosage; Bayer Vital 

GmbH, Leverkusen, Germany). In the last trial (T3), the birds were not treated with any 

antibiotic in drinking water. Spillage of drinking water containing enrofloxacin was 
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simulated. The amount of water losses was calculated according to experience from former 

trials, comparing water intake in turkeys using drinking bowls and nipple drinkers (data not 

shown). Water containing enrofloxacin (dosage: 0.5 mL/L of Baytril
®
 10%, amount 

240 mL per day) was sprayed into the litter or on the slatted flooring only in the feeding area. 

Both, in T2 and T3, five-day treatments were performed at days 10 - 14 and days 26 - 30. 

At the end of day 21, eight out of 20 birds in each subgroup were dissected. Final 

dissection for all remaining turkeys (n = 12/box) was done at day 36. The stunning method 

(percussive blow to the head) was conducted in accordance with Annex I of the Council 

Regulation (EC) No. 1099/2009, Chapter I, Methods, Table 1—Mechanical Methods [26].  

2.2 Collection of cloacal swabs and manure samples 

Samples (864 in total) were taken before treatment, directly after antibiotic treatment and 

at the end of the trial. Cloacal swabs were collected at day 2 and manure samples at day 9 

before treatment (BT: before treatment stage). After the enrofloxacin treatment (AT), at day 

15, manure samples were taken and six days later, cloacal swabs were taken (day 21). Final 

sampling (ET) was done for both (manure and cloacal swabs) at day 35. Cloacal swabs were 

always collected from 24 animals per group, i.e., in total, 96 randomly selected animals. Six 

samples from each type of flooring design (two samples per pen), in total 24 samples of 

manure, were taken from two defined locations (feeding area and resting area) in every pen 

for all trial stages (BT, AT, ET). Manure samples were taken with a plastic cup (6 cm in 

diameter) which removed the whole litter material at these locations right down to the floor. 

All samples were immediately transferred to the laboratory for following analyses. 

2.3 Bacteriological analyses and E. coli isolation 

The bacteriological investigations were carried out as previously described [25]. In brief: 

Cloacal swab samples were directly streaked on Gassner agar plates, following an incubation 

overnight at 37 °C. For manure samples 50 mL of peptone water (Oxoid, Wesel, Germany) as 

well as the manure sample itself (25 grammes each) were put into a sterile Whirl-Pak
®

 Bag 

(Nasco, Fort Atkinson, Wisconsin, USA). Bags were mixed for three minutes with a Bag 

Mixer
®
 400 VW (Interscience, Saint Nom, France). Using a sterile loop, 10 μL of each 

mixed-sample was streaked on Gassner agar (Oxoid, Wesel, Germany) and incubated at 37 °C 

for 18 – 24 h.  
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One single blue colour colony from each plate was selected and spread onto Columbia 

blood agar (Oxoid, Wesel, Germany) and Tryptone Bile X-glucuronide (TBX) agar (Oxoid, 

Wesel, Germany). Incubation was done overnight at 37 °C. Bluegreen colonies on TBX agar 

detected glucuronidase activity. The positive indole test with Kovac’s indole reagent (Merck, 

Darmstadt, Germany) was used to confirm the diagnosis. 

2.4 Antimicrobial susceptibility testing 

The guidelines of the Clinical and Laboratory Standards Institute (CLSI) and the 

manufacturer`s recommendations were the basis for testing the resistance of E. coli isolates 

using the broth microdilution technique. Micronaut plates (Merlin, Bornheim-Hersel, 

Germany) with Mueller- Hinton Broth (Merlin, Bornheim-Hersel, Germany) were used to 

determine minimal inhibitory concentrations (MICs) of enrofloxacin (ENR) and ampicillin 

(AMP). Dried antibacterial agents in serial dilutions of enrofloxacin and ampicillin were 

placed in wells of these plates, as previously described by Chuppava et al. [25]. MIC values 

were determined by visually reading and interpreting the results. As reference strain, E. coli 

ATCC 25922 was tested concurrently on each testing day. 

2.5 Screening of antimicrobial in water using high performance liquid chromatography 

An aliquot of collected water samples with enrofloxacin from days ten to 14 and days 26 

to 30 was used for analyses. The concentration of enrofloxacin in the water was determined 

using high performance liquid chromatography (HPLC) via the method described by Scherz 

[27]. Exactly 100 μL of the sample was injected into the system with an autosampler (System 

Gold 508, Beckmann, Munich, Germany). A flow of 1 mL per minute was maintained by the 

System Gold 126 solvent module (Beckmann, Munich, Germany). A CC250/4 

NUCLEODUR 100-5C 18ec (25 cm, Macherey-Nagel, Germany) column was used, this 

being connected to a precolumn (LiChroCART
®
 4-4, Li- Chrospher

®
 100 RP-18e, 5 μm, 

Merck, Darmstadt, Germany). A fluorescence detector (RF-551 Shimadzu, Nakagyo-ku, 

Japan) with 280 nm for excitation and 450 nm for emission was used for detection. The 

mobile phase consisted of 85% citrate buffer pH 3.0 (citric acid monohydrate: 1.80 g/L tri-

sodium-citrate-dihydrate: 0.43 g/L). The concentration of enrofloxacin in the water samples 

was calculated with the external standard method. 
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2.6 Statistical analyses 

The data of resistance to antibacterial agents were performed using the SAS statistical 

software package version 7.1 (SAS Inst., Cary, NC, USA). MICs were summarised and 

reported as susceptible (S), intermediate (I) and resistant (R; the results were classified as 

1 = S, 2 = I or 3 = R), where CLSI veterinary breakpoints were available [28]. The analyses 

were made with these values for the categories. There are no intermediate values between 

classes one, two and three. Therefore, a generally high standard deviation has to be tolerated. 

In the case of completely sensitive isolates at the beginning of the tests, the values are 

constant at one, i.e., the standard deviation is zero and can therefore not be seen graphically. 

Significant differences in the means of the resistance results between the four groups of 

flooring designs were tested using the repeated measures ANOVA (Fisher’s Least Significant 

Difference (LSD)). This test was also used to determine the differences between the sampling 

stages and the frequency of resistance between the three trials. 

 

3. Results 

In total, 864 E  coli were isolated and analysed. These isolates were obtained from 648 

cloacal swabs and 216 manure samples at the BT, AT and ET stages. In the water collected at 

days ten to 14 and days 26 to 30 in trial 2, the enrofloxacin concentration were 50.17 and 

50.62 µg/mL, respectively; in trial 3, water contained 49.87 and 50.42 µg enrofloxacin/mL, 

respectively. 

3.1 Differences in resistance to antibacterial agents in E. coli between sampling points as 

well as between trials 

Enrofloxacin-resistant E. coli isolated from cloacal swabs and manure samples were 

found at the beginning of trial 1 (T1) and showed significantly higher mean resistance rates 

than in the other trials (Table 1). In contrast, in trials 2 (T2) and 3 (T3), none of the E. coli 

isolates during the BT stage were resistant to enrofloxacin. There were no significant 

differences between trial 2 and trial 3 during this stage.  

Significant differences could be found between the trials during the AT and ET stages 

(Table 1). Isolates from the cloacal swabs and manure samples from trial 2 showed the 

significantly highest resistance to enrofloxacin of the isolates after administering Baytril
®

, 
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followed by mean values of trial 1 and trial 3 (cloacal swabs: 2.90, 1.98 and 1.00, 

respectively; manure samples: 2.63, 2.00 and 1.08, respectively; Table 1). Also, at the ET 

stage, the results of mean enrofloxacin resistance in trial 2 showed the same relationship to 

the other experiments (Table 1). 

When comparing the sampling stages (Table 1), the means in enrofloxacin resistance 

were significantly different between trial 1 and trial 2 regarding the E. coli isolated from the 

cloacal swabs (Table 1). For the medicated group (T2), the number of samples with isolation 

of resistant E. coli in materials (cloacal swab, manure sample) significantly increased from 

the BT to AT stages upon exposure to enrofloxacin. Nevertheless, the E. coli from all samples 

showed no significant differences in the resistance between the AT and ET stages (Table 1). 

Table 1. Means of enrofloxacin-resistant E. coli isolates from cloacal swab and manure 

samples from turkeys. 

Time of sample 

collection** 

 Enrofloxacin* 

 cloacal swab (N = 648)***  manure (N = 216)*** 

 BT AT ET  BT AT ET 

T1  1.42A,b 1.98B,a 2.20B,a  1.75A,a 2.00B,a 1.67B,a 

T2  1.00B,b 2.90A,a 2.99A,a  1.00B,b 2.63A,a 2.92A,a 

T3  1.00B,a 1.00C,a 1.04C,a  1.00B,a 1.08C,a 1.00C,a 

A, B, C 
means in the same column differ significantly between the experiments (p < 0.05); 

a, b
 means differ 

significantly between the stage of sampling within one experiment (p < 0.05). 

*MICs were summarised and reported as susceptible (S), intermediate (I) and resistant (R). Afterwards the 

results were classified as 1 = S, 2 = I or 3 = R and means thereof were calculated. 

**BT = before treatment; AT = after treatment; ET = end of trial. T1 = untreated antibiotic trial, T2 = treated 

antibiotic trial, T3 = trial with simulated water spillage containing antibiotic. 

***Cloacal swabs: N=648; per trial BT: n=24, AT: n=96, ET: n=96; poultry manure: N=216; per trial BT: n=24, 

AT: n=24, ET: n=24). 

G1 = entire floor pen covered with litter; G2 = floor pen covered with litter and having floor heating; G3 = 

partially (50:50) slatted flooring including an area that was littered; G4 = fully slatted flooring with a sand 

bath (900 cm2). 
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The results of means in resistance of ampicillin resistant E. coli isolates in trials 1, 2 and 

3 are presented in Table 2. E. coli isolates from cloacal swabs were 100% susceptible to 

ampicillin during the BT stage except in trial 1. In this trials isolates showed a significantly 

higher resistance to ampicillin (G1 = 1.33, G2 = 1.00, G3 = 1.00, respectively; Table 2). 

During the AT stage, a significant difference between the three trials occurred in isolates 

from the cloacal samples. At this point in time, isolates in T3 showed the significantly highest 

means in enrofloxacin resistance in cloacal swabs, whereas in manure samples T2-samples 

had the highest means. During the ET stage in trial 2, the means of ampicillin-resistant E. coli 

isolates from cloacal swabs were significantly higher than in the other trials (Table 2).  

In manure samples, no more ampicillin resistance was found in T1 during the ET stage.  

Table 2. Means of ampicillin-resistant E. coli isolates from cloacal swab and 

litter/excreta samples from turkeys. 

Time of 

sample 

collection** 

 Ampicillin* 

 cloacal swab (N = 648)***  manure (N = 216)*** 

 BT AT ET  BT AT ET 

T1  1.33
A,a

 1.80
B,a

 1.52
B,a

  1.42
A,a

 1.33
B,a

 1.00
B,a

 

T2  1.00
B,b

 1.31
C,a

 2.00
A,a

  1.00
B,b

 2.13
A,a

 1.67
A,a

 

T3  1.00
B,b

 2.08
A,a

 1.73
B,a

  1.25
AB,a

 1.17
B,a

 1.83
A,a

 

A, B, C means in the same column differ significantly between the experiments (p < 0.05); a, b means differ 

significantly between the stage of sampling within one experiment (p < 0.05). 

*MICs were summarised and reported as susceptible (S), intermediate (I) and resistant (R). Afterwards the 

results were classified as 1 = S, 2 = I or 3 = R and means thereof were calculated. 

**BT = before treatment; AT = after treatment; ET = end of trial. T1 = untreated antibiotic trial, T2 = treated 

antibiotic trial, T3 = trial with simulated water spillage containing antibiotic. 

***Cloacal swabs: N=648; per trial BT: n=24, AT: n=96, ET: n=96; poultry manure: N=216; per trial BT: n=24, 

AT: n=24, ET: n=24). 

G1 = entire floor pen covered with litter; G2 = floor pen covered with litter and having floor heating; G3 = 

partially (50:50) slatted flooring including an area that was littered; G4 = fully slatted flooring with a sand 

bath (900 cm2). 
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The results of mean ampicillin resistance in T2 (animals treated twice with enrofloxacin) 

differed significantly between the sampling days regarding the E. coli strains isolated from the 

cloacal swabs and manure samples. There was a significant increase in means from the BT to 

the AT stage (Table 2). In trial 3, there was also a significant increase in means of resistance. 

The percentage of susceptible isolates changed from 100% susceptible isolates to 46% after 

simulation of water losses with water containing antimicrobials. The significance between the 

AT and ET stages could not be found in all trials (Table 2). 

3.2 Testing the effect of different flooring designs on the resistance to antibacterial agents in 

E. coli  

The mean values of resistance of E. coli isolates to enrofloxacin and ampicillin depending 

on sampling stage and flooring design are presented in Figures 2a-d and 3a-d. 

3.2.1 Development of enrofloxacin resistance depending on group 

Enrofloxacin resistance in E. coli isolates from all samples did not show any differences 

between the groups during the BT stage. During the AT stage in trial 2 (Figure 2a), E. coli 

isolated from cloacal swabs in G3 showed significantly lower means in resistance rates to 

enrofloxacin than the isolates collected from animals in other groups showing highest possible 

means (G3: 2.58; mean values of enrofloxacin resistance in E. coli for each group in detail in 

Supplementary Table S1a). During the ET stage in trial 1, G2 showed significantly higher 

means in resistance values of enrofloxacin in manure samples (Figure 2b). The E. coli isolates 

in T3 acquired from cloacal swabs and manure samples (Figures 2a and b) were susceptible to 

enrofloxacin and showed no significant differences between groups; 98% and 96%, 

respectively. 
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Figure 2. Means of susceptible (=1); intermediate (=2) and resistant (=3) E. coli isolates concerning 

enrofloxacin resistance in (a) cloacal swabs and (b) poultry manure samples as well as ampicillin resistance 

in (c) cloacal swabs and (d) poultry manure samples before treatment (BT), after treatment (AT) and at the 

end of trial (ET; cloacal swabs: N=648; per trial BT: n=24, AT: n=96, ET: n=96; poultry manure: N=216; 

per trial BT: n=24, AT: n=24, ET: n=24). T1 = no treatment with antimicrobials; T2 = treatment of 

enrofloxacin via drinking water; T3 = water (containing enrofloxacin) loss simulation trial. G1 = entire 

floor pen covered with litter; G2 = floor pen covered with litter and having floor heating; G3 = partially 

(50:50) slatted flooring including an area that was littered; G4 = fully slatted flooring with a sand bath (900 

cm2). A, B means differ significantly between the groups at one sampling (p < 0.05). 
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3.2.2 Development of ampicillin resistance depending on group 

Regarding ampicillin resistance in all trials (Figures 2c and 2d), there were no significant 

differences between the groups concerning resistance in isolates from cloacal swabs and 

manure samples during the BT stages. In contrast, E. coli isolates from cloacal swabs during 

the AT stage in trial 2 (Figure 2c) from G1 demonstrated higher resistance means than in the 

other groups (G1: 1.92; mean values of ampicillin resistance in E. coli for each group in detail 

in Supplementary Table S1b). In trial 2, the results of means of ampicillin resistance from the 

manure samples during the AT stage also showed higher values for G1 than observed in either 

G2, G3 or G4 (2.33, 1.00, 1.00 and 1.00, respectively; Figure 2d; mean values of ampicillin 

resistance in E. coli for each group in detail in Supplementary Table S2b). There was no 

difference in means of ampicillin-resistant E. coli isolated from cloacal swabs and manure 

samples during the ET stage in all trials (Figures 2c and 2d). 

3.3 Enrofloxacin MICs distributions of the commensal E. coli isolates  

The percentage of frequency of MICs distribution of the 576 commensal E. coli isolates 

from cloacal swabs and manure samples to enrofloxacin during the AT and ET stages are 

shown in Figures 3a-d. For E. coli from chickens and turkeys, the Clinical Laboratory 

Standard Institute (CLSI; [28]) determined a veterinary specific breakpoint of ≥ 2 µg/mL for 

enrofloxacin. 

When comparing the three trials (Figures 3a-d), a large number of resistant E. coli 

isolates during the AT and ET stages were found in trial 2, 93% and 99% in cloacal swabs, 

respectively (Figures 3a and 3b) and in manure samples, 79% and 92% during the AT and ET 

stages, respectively (Figures 3c and 3d). On the other hand, all E. coli isolates from trial 3 

during the AT stage were susceptible to enrofloxacin (≤ 0.25 µg/mL). 

Regarding the MICs distribution for enrofloxacin, susceptible isolates from cloacal swabs 

in trial 1 decreased gradually from 52% during the AT stage to 42% at the end of the study 

(Figures 3a and 3b). In contrast, the percentage of resistant E. coli isolated in trial 2 slightly 

increased from 93% to 99% during the AT and ET stages (Figures 3a and 3b). On the other 

hand, nearly all of the E. coli isolates from the cloacal swabs and manure samples in trial 3 

had enrofloxacin MIC-values below the clinical breakpoint (MIC ≤ 2 µg/mL). 
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Figure 3. Percentage of frequency of enrofloxacin minimum inhibitory concentration (MIC) distribution in 

commensal E. coli isolates from (a) cloacal swabs after treatment (AT) and (b) end of trial (ET) as well as in (c) 

poultry manure samples during AT and (d) ET of untreated antibiotic (T1), treated twice with enrofloxacin via 

drinking water (T2) and simulated water spillage with water containing enrofloxacin (T3) in turkeys (cloacal 

swabs: N=576; per trial AT: n=96, ET: n=96; poultry manure samples: N=144; per trial AT: n=24, ET: n=24). 

Rectangle on the x-axis: Clinical Laboratory Standard Institute (CLSI) has determined a veterinary specific 

breakpoint of ≥ 2 µg/mL enrofloxacin for E. coli from chickens and turkeys. 

(µg/mL) 

(µg/mL) 
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4. Discussion 

The antibacterial agents used in the poultry for treatment or prophylaxis are implicated 

for the development of bacterial resistance [29]. Treatment in large groups of chickens is 

often done by oral administration [30]. Some studies reported that antibacterial agents or their 

metabolites are excreted in manure and residue can therefore be found in the environment 

[16,31,32]. 

4.1 Consequences of the oral administration of antibacterial agents 

In the present study, one week after the first administration period (d21; AT stage), the 

amount of resistance was higher compared to the E. coli isolates before treatment. A higher 

rate of enrofloxacin-resistant E. coli after oral administration of antibacterial agents was 

observed in several studies [25,33,34]. Chuppava et al. [25] stated that a single treatment for 

five days with enrofloxacin led to markedly reduced ratios of susceptible E. coli isolates in 

cloacal swabs and manure samples. The highest proportion of cloacal swabs with resistant  

E. coli was found directly after treatment. Afterwards, a decrease in resistance to enrofloxacin 

was seen. Therefore, our results are in agreement with those of Chuppava et al. [25] who 

described a very rapid occurrence of FQ resistance among the commensal E. coli after 

enrofloxacin treatment in poultry. Nevertheless, no difference in resistance in E. coli isolates 

was found between the AT and ET stages after two consecutive treatments with enrofloxacin 

in this study because MIC values were already very high after one-time treatment. 

As expected, after treatment with enrofloxacin, increased MIC values above 2 µg/mL 

occurred in E. coli isolates (T2) with high detection rates up to the end of the trial. Scherz et 

al. [27] showed that a long-term exposure (21 days) of the commensal flora of poultry to 

enrofloxacin leads to an amplification and selection of resistant-E. coli isolates. These isolates 

persist in the commensal microbiota. The transmission of E. coli isolates of animal origin 

between the animals in the same pen as well as into the environment may contribute directly 

to the spread of resistant bacteria in general and may also be a problem for public health [35].  

Medication is the main reason for occurrence of resistance to antibacterial agents in 

E. coli [31]. Oral group treatments led to an environmental contamination with antibacterial 

agents. The application procedure itself or excreted faeces from treated animals can be the 

source [36]. Due to the fact that the metabolic rate of antibiotics is low, 90% of the 
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administered dose is excreted via faeces [5]. Avian intestines can act as potential reservoirs of 

E. coli [37]. Thus, there is a higher risk for resistance to antibacterial agents spreading from 

birds to other birds or from birds to the environment. In other European countries, the higher 

occurrence of FQ resistance in broilers compared to turkeys has been suggested to depend on 

an overall use-dependent higher exposure to FQ [3]. It should be noted, however, that the 

fattening period in turkeys takes much longer under field conditions. Therefore, the resistance 

situation in the present investigations at the end of the experiment is not comparable with the 

resistance situation occurring within the normal fattening duration.  

In agreement with our data, Jurado et al. [34] and Chuppava et al. [25] found a significant 

increase in the frequency of resistance to ampicillin in E. coli isolates from poultry after orally 

administering enrofloxacin. These findings may be due to the co-selection of β-lactam 

resistance genes. As the transmissible genetic elements were not analysed in our study, further 

studies are recommended in order to confirm the role of such elements in the spread of 

resistance genes in poultry for E. coli.  

4.2 Effects of the development of resistance to antibacterial agents in E. coli by water loss 

simulation (indirect administration) 

To the best of our knowledge, using water loss simulations by spraying the water 

containing enrofloxacin exclusively into the litter or onto the slatted flooring in the drinking 

area in order to study the development of resistance to antibacterial agents has not been 

previously reported. In this study, it was hypothesised that excreted or metabolised 

enrofloxacin might alone influence the occurrence of resistance to antibacterial agents. 

However, in the present study, we could not verify the occurrence of enrofloxacin resistance 

due to spraying water with enrofloxacin directly into the animals` environment. 

Earlier reports suggested that the carry-over effect of antibacterial agents like FQ as well 

as their active metabolites in the stable could foster the development of antibacterial 

resistance via oral ingestion by animals [27]. However, in the present investigation, we 

sprayed enrofloxacin containing water directly into the environment. In contrast, in the 

aforementioned study, subtherapeutic dosages (3% and 10% of the recommended dosage of 

10 mg/kg body weight) were directly applied to drinking water for 21 days, which could 
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explain the difference. The active dose may therefore have been significantly lower in our 

own experiments.  

Chuppava et al. [25] stated from their experimental model that removing the animals 

from contaminated pens after antibiotic treatment might be the reason for the lower 

percentage of resistant E. coli isolates in the observed animals. Changing the environment 

was assumed to lead to a lower percentage of resistant E. coli isolates in manure. A lower 

exposure to resistant bacteria in manure as well as antibacterial agent residues was discussed 

as the cause for this observation. Additionally, in poultry, dirty or contaminated litter and 

other animal management parameters affect the microbial composition of the chicken 

gastrointestinal tract. This influence can be either directly by providing a continuous source of 

bacteria and indirectly, by influencing the physical condition and defence of the birds [37]. 

4.3 Effect of different types of flooring design on the development of resistant E. coli 

Up to now, little is known about reducing the development of resistance to antibacterial 

agents by using different flooring designs simulating varying contact intensity between 

animals and manure. The development of enrofloxacin and ampicillin resistance in E. coli 

was almost independent of flooring design in the present study. Differences in antibacterial 

susceptibility of commensal E. coli isolates from turkeys depending on flooring design have 

been previously reported [25]. Chuppava et al. [25] mentioned that flooring design had hardly 

any effect on the development of resistance against antibacterial agents. Nevertheless, in fully 

slatted flooring systems, with animals having no contact to their litter, resistance to 

antibacterial agents still develops in the animals. 

In T1, overall, the group with floor heating (G2; average floor temperature in all trials: 

G1=27.0/G2=30.5/G3=26.5/G4=26.0 °C) showed a significantly higher number of resistant  

E. coli isolates than the other groups. Previous studies showed that the resistance to 

antibacterial agents in animals can change when they are kept in a heat stress environment 

[25,38]. A high amount of enrofloxacin resistant isolates from cloacal swabs in fattening 

turkeys was already reported by Chuppava et al. [25] in a group with floor heating. Also, in 

swine, Moro et al. [38] found a significant increase in resistant E. coli isolates in the intestinal 

flora after the animals had been exposed to heat stress (environmental temperature: 34 °C).  
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A significantly higher prevalence of ampicillin resistance in E. coli isolates from excreta 

material from cloacal swabs and manure samples was found in the entire floor pen with litter 

(G1) even when no ampicillin had been administered to the animals and the pens and the 

stable had been tested and found to be free of Enterobacteriaceae at the start of the trial. 

Further genetic analyses were not conducted. Therefore, the reason for this difference remains 

unknown. 

4.4 Natural resistance to antibacterial agents found in day-old chickens 

Turkey poults in this study had not been previously exposed to antibacterial agents. 

However, E. coli was isolated from day-old chicks’ meconium in trial 1. Isolates showed 

resistance to enrofloxacin (48%) and ampicillin (42%). Similar results were reported in 

previous studies that found one-day-old chicks to be E. coli resistant to enrofloxacin [39] and 

100% resistant to ampicillin [25]. It has to be mentioned that also other research groups 

observed high rates of resistance to antibacterial agents already before treatment as well as in 

the absence of treatment [40]. A vertical transmission of resistant isolates along the 

production pyramid can occur [3,41]. Also, contamination in the hatchery environment is 

possible [42]. Persoons et al. [43] stated that besides management, also hatchery-related 

factors can influence the occurrence of resistance to antibacterial agents. In newly hatched 

chicks, the common bacteria in the environment, whether antibacterial susceptible or resistant, 

colonise the intestines and become part of the intestinal normal microflora. Thus, 

contamination of chickens via vertical transmission could be a possible explanation for the 

resistance rates found in our study. 

The natural enrofloxacin resistance observed in this present study increased strongly. 

This increase was higher than after one time treatment, as previously reported [25] despite the 

absence of antibacterial agent usage (T1). Chuppava et al. [25] suggested, according to their 

findings, that resistance could be reduced or increased, but not eliminated from the animals 

even with strict disinfection procedures during the experiment. From literature, it is known 

that a large number of animals carry resistant E. coli. These animals can shed huge numbers 

of resistant organisms. This could result in a rapid contamination of the other individuals in 

the same pen and in the stable environment [41]. Resistant bacteria can be ingested by birds 

from the environment. After entering their gut, these may cause the development of resistant 
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E. coli. However, there are several possible mechanisms responsible for the development of 

quinolone resistance [44]. 

Therefore, further research is strongly recommended to analyse the genetic basis of 

resistance in the isolates in order to understand the resistance mechanism`s origin, 

development and transfer. 

5. Conclusions 

In this study, resistance to enrofloxacin was detected at a very high frequency after 

treatments with enrofloxacin via drinking water. Therefore, the oral administration of 

enrofloxacin seems to be associated with a significant increase in the frequency of resistance 

to enrofloxacin in commensal E. coli isolates from turkeys. In addition, prevalence of isolates 

resistant to ampicillin rose significantly. Resistance to enrofloxacin was not detected when the 

antibacterial agent substance was indirectly sprayed with water into the environment of 

fattening turkeys. Flooring structure designs did not directly affect the development of 

resistance to antibacterial agents, or in groups where the animals had no contact to litter. The 

existence of resistant E. coli isolates in one-day-old birds strongly suggests vertical 

transmission from parent flocks as one possible explanation.  

Furthermore, our results can provide useful information, prompting further studies on 

quinolone resistance mechanisms in commensal E. coli depending on different housing 

systems. However, we cannot consider all interactions when only one isolate is taken from a 

sample and then, by way of example, we try to deduce the complexity of the development of 

resistance. Therefore, research is needed to further investigate possible explanations regarding 

the mechanism behind the dissemination of enrofloxacin-resistant E. coli in fattening turkeys.  
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Supplementary Materials:  

Table S1a: Means of enrofloxacin- resistant E. coli isolates from cloacal swab and manure 

samples from turkeys. 

Time of sample 
collection* 

 
Enrofloxacin** 

 
cloacal swabs (n=24) 

 
manure (n=6) 

 
BT AT ET 

 
BT AT ET 

T1 

G1 
 

1.42A,b 1.83A,a 2.00A,a 
 

1.33A,a 1.33B,a 1.33B,a 

G2 
 

1.42A,b 2.00A,a 2.04A,a 
 

2.00A,a 2.00A,a 2.67A,a 

G3 
 

1.42A,b 1.92A,a 2.46A,a 
 

1.67A,a 2.33A,a 1.33B,a 

G4 
 

1.42A,b 2.17A,a 2.29A,a 
 

2.00A,a 2.33A,a 1.33B,a 

T2 

G1 
 

1.00A,b 3.00A,a 2.96A,a 
 

1.00A,b 2.17A,a 2.83A,a 

G2 
 

1.00A,b 3.00A,a 3.00A,a 
 

1.00A,b 2.67A,a 2.83A,a 

G3 
 

1.00A,c 2.58B,b 3.00A,a 
 

1.00A,b 2.67A,a 3.00A,a 

G4 
 

1.00A,b 3.00A,a 3.00A,a 
 

1.00A,b 3.00A,a 3.00A,a 

T3 

G1 
 

1.00A,a 1.00A,a 1.00B,a 
 

1.00A,a 1.00A,a 1.00A,a 

G2 
 

1.00A,a 1.00A,a 1.00A,a 
 

1.00A,a 1.00A,a 1.00A,a 

G3 
 

1.00A,a 1.00A,a 1.00B,a 
 

1.00A,a 1.00A,a 1.00A,a 

G4 
 

1.00A,a 1.00A,a 1.00B,a 
 

1.00A,a 1.17A,a 1.00A,a 

a, b, c means in the same row differ significantly between sampling days on group level (p < 0.05); 

A, B means in the same column differ significantly between groups on level of sampling day (p < 0.05);  

*BT = before treatment; AT = after treatment; ET = end of trial; 

**MICs were summarised and reported as susceptible (S), intermediate (I) and resistant (R). Afterwards the results were 
classified as 1 = S, 2 = I or 3 = R and thereof means were calculated. 

T1 = untreated antibiotic trial, T2 = treated antibiotic trial, T3 = trial with simulated water spillage containing antibiotic.  

G1 = entire floor pen covered with litter; G2 = floor pen covered with litter and having floor heating; G3 = partially (50:50) 
slatted flooring including an area that was littered; G4 = fully slatted flooring with a sand bath (900 cm2). 
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Table S1b: Means of ampicillin-resistant E. coli isolates from cloacal swab and manure 

samples from turkeys. 

Time of sample 
collection* 

 
Ampicillin** 

 
cloacal swab (n=24) 

 
manure (n=6) 

 
BT AT ET 

 
BT AT ET 

T1 

G1 
 

1.33A,b 2.08A,a 1.50A,b 
 

1.33A,b 2.33A,a 1.00A,b 

G2 
 

1.33A,a 1.75AB,a 1.75A,a 
 

1.33A,a 1.00B,a 1.00A,a 

G3 
 

1.33A,a 1.50B,a 1.33A,a 
 

1.33A,a 1.00B,a 1.00A,a 

G4 
 

1.33A,a 1.88AB,a 1.50A,a 
 

1.67A,a 1.00B,a 1.00A,a 

T2 

G1 
 

1.00A,b 1.92A,a 2.08AB,a 
 

1.00A,a 1.67A,a 1.67A,a 

G2 
 

1.00A,b 1.17B,b 2.25A,a 
 

1.00 A,b 2.33A,a 1.67A,ab 

G3 
 

1.00A,b 1.08B,b 2.08AB,a 
 

1.00 A,b 2.50A,a 2.00A,a 

G4 
 

1.00A,b 1.08B,b 1.58B,a 
 

1.00 A,b 2.00A,a 1.33A,ab 

T3 

G1 
 

1.00A,c 2.5A,a 1.50A,b 
 

1.00A,a 1.33A,a 1.67A,a 

G2 
 

1.00A,b 1.92B,a 1.75A,a 
 

1.00 A,b 1.00A,b 2.33A,a 

G3 
 

1.00A,b 1.92B,a 1.75A,a 
 

1.33 A,a 1.00A,a 1.67A,a 

G4 
 

1.00A,b 2.00AB,a 1.92A,a 
 

1.67 A,a 1.33A,a 1.67A,a 

a, b, c means in the same row differ significantly between sampling days on group level (p < 0.05); 

A, B means in the same column differ significantly between groups on level of sampling day (p < 0.05);  

*BT = before treatment; AT = after treatment; ET = end of trial; 

**MICs were summarised and reported as susceptible (S), intermediate (I) and resistant (R). Afterwards the results were 
classified as 1 = S, 2 = I or 3 = R and thereof means were calculated. 

T1 = untreated antibiotic trial, T2 = treated antibiotic trial, T3 = trial with simulated water spillage containing antibiotic.  

G1 = entire floor pen covered with litter; G2 = floor pen covered with litter and having floor heating; G3 = partially (50:50) 
slatted flooring including an area that was littered; G4 = fully slatted flooring with a sand bath (900 cm2).
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A greater focus is being put on animal health and welfare as well as antimicrobial 

resistance (AMR) from animal to human via food chain in modern animal husbandry, both for 

ethical reasons and for consumer desire. Housing and management are significant factors 

affecting birds health and welfare. Up to now, a litter flooring system is the most common for 

commercial poultry meat production. Continuing interest in rearing poultry on different 

flooring systems apart from litter may be attributed to one major factor: chickens’ contact 

with faecal material and its hazardous effect (REECE et al., 1971; PETEK et al., 2015). From 

the above mentioned, concepts such as “keep animal in complete separation from the litter” 

could be make improvements to more efficient technical performance and foot pad health and 

may reduce the occurrence of AMR. 

The aims of this study were to evaluate the effects of different types of flooring designs 

on the topic animal health (technical performance and foot pad health) along with the topic 

development of AMR in commensal Escherichia coli from broilers and turkeys treated with 

enrofloxacin. Furthermore, the different antimicrobial treatments were tested on their effect 

on the development of AMR. In these experiments, the general housing conditions were 

identical except the flooring design. 

 

6.1 Effect of housing system on animal health and welfare  

In the following sections, overall eight consecutive trials: three trials with broiler 

chickens and five trials with turkeys are discussed.  

The experiments were conducted under standardised experimental conditions and not in 

the field. Twelve experimental pens were placed in randomised sequence and divided into 

four subgroups (G1-G4) in the same stable in animal house at Institute for Animal Nutrition, 

University of Veterinary Medicine Hannover. At the end of the trial, the stocking densities 

reached about 35 kg per square metre for broilers and 25 kg per square metre for turkeys. The 

density for broilers was comparable to conventional broiler fattening but the density for 

turkeys was not comparable to conventional turkey fattening. Furthermore the number of 

animals (n = 20) per group of animals (box) is a very low number in comparison to the several 

tens of thousands of animals usually kept in a stable. 
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On the basis of data given in the literature, litter moisture is important for the prevalence 

and severity of foot pad alterations (KAMPHUES et al. 2011). MAYNE et al. (2007b) 

suggested that wet litter alone may be the cause of FPD in turkeys. Therefore, reducing the 

litter moisture by using floor heating or minimizing contact with wet litter and excreta by 

using slatted flooring is expected to lead to significant improvements in FPD (ABD EL-

WAHAB et al. 2011). Furthermore, wet litter not only induces foot pad dermatitis but also 

reduces overall welfare, technical performance and carcass yield in poultry (MELUZZI et al. 

2008; BILAL et al. 2014).  

 

6.1.1 Animal performances 

Thereby poultry to be able to perform to their expected growth performances they should 

be reared with proper nutrition and good management conditions including optimal litter 

quality and housing system, but performance is only one criterion. At least as important, birds 

also need to be able to show their normal behaviour including ground pecking, scratching and 

dust bathing. In order to assess the husbandry systems with regard to the fattening 

performance of the animals; body weight development, feed/water consumption were 

recorded and the corresponding feed conversion ratio was calculated for each housing system.  

6.1.1.1 Body weight development and eviscerated carcass 

All experiments were performed on broilers (Ross 308) and turkeys (B.U.T. 6) at the age 

of one week and continued up to the end of fifth week of the life. The birds are given identical 

dietary regimens during the experimental period. In both species, body weight exceeded the 

performance goals of the breeding company (AVIAGEN 2014). At dissection, in slatted flooring 

system had a significantly higher BW compared with those housed in litter systems (Table 1). 

For turkeys reared on fully slatted flooring, there was a significantly higher average BW from 

day 21 onwards up to dissection (Table 1). The weight of the eviscerated carcass in this group 

was also significantly higher (in g; G1:1541
b
, G2:1516

b
, G3:1554

b
, G4:1592

a
) than that of the 

other groups.  
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Table 1. Average body weight and carcass (± SD; in g), water to feed ratio (W:F-ratio), feed 

intake (FI; in g) and feed conversion ratio (FCR) in fattening broilers and turkeys reared on 

different floor designs.  

Species Group 

Day / body weight [g] 

 
W:F ratio FI [g] FCR 

d7 Final (d36) Carcass d8-35 d8-35 d8-35 

Broiler 

[n=720; 

n=429*] 

1 198±22.5 2555b±283 2091±229 1.85b±0.03 3604±97.8 1.53±0.06 

   2** 198±21.0 2570b±258 2097±210 2.02a±0.02 3624±118 1.53±0.08 

3 197±20.7 2655a±255 2114±221 1.86b±0.02 3663±61.5 1.49±0.03 

    4*** 198±19.3 2698a±266 2162±206 1.84b±0.04 3698±145 1.48±0.09 

        

Turkey  

[n=1200; 

n=718*] 

1 168 ± 17.1 1977bc ± 169 1541b±148 2.61b±0.08 2630b±139 1.45b±0.03 

2 167 ± 18.2 1945c ± 193 1516b±166 2.85a±0.11 2620b±166 1.47b±0.03 

3 169 ± 18.0 1991b ± 162 1554b±145 2.51b±0.08 2675ab±130 1.47b±0.05 

    4*** 168 ± 18.0 2062a ± 165 1592a±178 2.59b±0.13 2882a±109 1.51a±0.03 

a, b means in the same column at species level, values with different superscript letters mean significant 

differences between groups (p < 0.05). *number of animals after first dissection, ** two animals died, *** one 

animal died. W:F ratio, FI and FCR values on group level (n = 9). G1 = entire floor pen covered with litter; 

G2 = floor pen covered with litter and having floor heating; G3 = partially (50:50) slatted flooring including an 

area with litter; G4 = fully slatted flooring with a sand bath (900 cm2). 

 

Specifically, the final BW for broilers and turkeys reared on slatted flooring system was 

higher than in littered system. Similar results were obtained from ALMEIDA et al. (2017) and 

ÇAVUŞOĞLU et al. (2018). Broilers reared on plastic slatted flooring had relatively higher 

weight gains (+8.10% for the final BW in the latter named study) than observed for chickens 

reared on wood shavings. A possible explanation for the significantly higher mean BW in this 

slatted flooring system study is possibly the feeding behaviour of the animals. Regardless of 

the type of bedding material, the average BW of the birds was highest in housing without any 

bedding material. Slatted flooring might offer almost no possibilities for the birds to peck and 

manipulate particles when no litter particles are available on the ground, therefore feed 

pecking occurs rather than pecking at the slatted floor (BLOKHUIS 1989) and resulting in 

higher feed intake (FI) and also eviscerated carcass. Contrary to these findings, LI et al. 

(2017) showed that performance was not affected by the plastic perforated flooring compared 

to the litter system in broiler production. 
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In broiler experiments, due to the practical intention of the study, no gender specific 

selection of the animals took place, as same as in the usual procedure of fattening. This 

species is characterised by a sexual-dimorphism. According to the breeding company 

(AVIAGEN 2014) the male animals reach a body mass about 15% higher than the female 

animals up to the fifth week of life. The males are larger than females, which also can 

influence positively and respective negatively the fattening performance of the trials if in the 

randomly choosing process of distribution of animals in four groups the male – female ratio to 

some extent is not balanced. While in turkey experiments, the gender specific selection of the 

animals took place. This study was carried out on female turkeys only. 

6.1.1.2 Water and feed consumption and feed conversion ratio  

In the current study, water to feed ratio (W:F-ratio) was significantly higher when using 

littered floor pens with floor heating (G2) in both species (Table 1). The average floor 

temperature in all trials was G1=27.0/G2=30.5/G3=26.5/G4=26.0 °C. The difference in the 

housing of the litter with floor heating group (G2) to the control group (G1) was the 

additional installation of an electrical floor heating system, with the aim of a higher surface 

temperature of the bedding (30 °C) to make the litter become drier.  

However, the temperature of the bedding was higher compared to other pens without 

floor heating, but the litter itself was not significantly drier. This may be related to another 

observation as broilers and turkeys reared on floor heating had a significantly higher W:F 

ratio in this study. It can be assumed that the differences in the water consumption are the 

result of the higher surface temperature and the associated heat stress.  

Water intake (WI) generally increases at high environmental temperatures (MAY and 

LOTT 1992; BRUNO et al. 2011; LARA and ROSTAGNO 2013; ALMEIDA et al. 2018). 

LOTT (1991) reported that animals submitted to acute heat stress have higher water 

consumption. WI increases in order to maintain thermoregulatory balance (BRUNO et al. 

2011), as heat stress induces high water loss through the respiratory tract as a means to 

achieve efficient thermoregulation through evaporative cooling. In critical heat stress 

situations, water loss may cause marked changes in the thermoregulatory balance of poultry 

(MAY and LOTT 1992; LARA and ROSTAGNO 2013; ALMEIDA et al. 2018) and may 

result in death. Therefore, in addition to its nutritional role, water plays an another important 
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role for thermoregulation in modern broiler chickens as compared to other animal species 

(BRUNO et al. 2011), especially under hot conditions. Broiler water intake is directly related 

to many factors, including diet composition and water quality (LOTT 1991; BRUNO et al. 

2011). MAY and LOTT (1992) reported that broilers submitted to cyclic temperatures 

developed different patterns of WI, and different acclimation temperatures may be responsible 

for the development of different water intake and excretion capacities to maintain hydro-

electrolytic balance (ABD EL‐WAHAB et al. 2013; LARA and ROSTAGNO 2013). 

Furthermore, it was observed that the increases in WI was also reflected in a progressive 

increase in litter moisture (ABD EL‐WAHAB et al. 2013). Despite forced WI in the floor 

heating group in this study, the litter moisture contents in the floor heating group and that 

without floor heating resulted in scarcely different values. The floor heating used in the 

present study was not sufficiently efficient to generate drier litter. 

In these studies, two different drinking water systems were used; nipple drinkers with 

drip cup for broilers and bell drinkers for turkeys. In broiler, the single-arm drip cup keeps the 

litter dry while giving birds the water they need. In addition, the nipple drinkers were checked 

daily to prevent uncontrolled dripping. On one hand no effects of different drinker types (bell 

drinkers vs. nipple drinkers) used during the grow out have been reported on broiler growth 

pattern (BRUNO et al. 2011). On the other hand, bell drinkers in turkey trials, which are 

allow birds to drink more naturally, are much more liable to spillage which can have an 

impact on litter quality (HOULDCROFT et al. 2007). As wet litter is thought to be a major 

contributor to health problems such as FPD and hock burn (MARTRENCHAR et al. 2002; 

DE JONG et al. 2014). 

Poultry water intake is directly related to many factors, including diet composition (ABD 

EL-WAHAB et al. 2018) and water quality (KAMPHUES et al. 2011). Nevertheless, one of 

the most important factors influencing water intake pattern is also the environmental 

temperature (BRUNO et al. 2011). 

In all experiments, a scratching area (SA) was on the left-hand side of each pen and on 

the right-hand side there was a feeding area (FA) equipped with one hanging-type feeder. A 

certain loss of feed was unavoidable, which could negatively affect feed costs.  

During the experimental period (d8-d35), no differences were observed concerning feed 

intake (FI) in broilers kept on different flooring designs (Table 1). In the other hand, FI was 
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simultaneously higher in slatted flooring for turkeys than in other groups (in g; G1:2630
b
,   

G2:2620
b
, G3:2675

b
, G4:2882

a
). PEREIRA et al. (2007) observed in the slatted flooring 

system that there was air movement in the plenum between the manure and the perforated 

floor; increased air movement can reduce heat stress in broilers. Heat stress negatively affects 

the welfare and productivity of broilers (LARA and ROSTAGNO 2013). The result in this 

study corresponded with previously reported by (DONKOH 1989, MA COOPER and 

WASHBURN 1998) that high ambient temperatures during fattening poultry correlate 

negatively with feed consumption and positively with water intake. 

In slatted flooring systems below the feed and water supply, an estimate of actual feed 

losses was possible. The estimated feed losses were subtracted from feed consumption. 

Whereas in housing systems with litter (G1 and G2), it was not possible to record feed losses. 

However, it is to be assumed that at least part of the feed was also taken up again from the 

litter by the animals. 

The flooring designs or the animal contact intensity with their manure remained 

unaffected to the FCR in the broiler chicken trials in this study (Table 1), while ALMEIDA et 

al. (2017) and ÇAVUŞOĞLU et al. (2018) reported that broilers reared on plastic slatted 

flooring had a higher FCR than observed for chickens reared on litter system. The FCR value 

in the turkey trials in this study was significantly higher in groups housed on fully slatted 

flooring (G1:1.45
b
, G2:1.47

b
, G3:1.47

b
, G4:1.51

a
; Table 1).  

 

6.1.2 Foot pad health 

6.1.2.1 Development of foot pad dermatitis 

Foot pad dermatitis (FPD) in both broilers and turkeys was shown to be linked to a 

number of management and housing factors and can thus be used as an indicator for animal 

welfare (BERG 1998). A low prevalence and severity of FPD are of great concern for many 

producers regarding both the bird’s performance and product quality. The cause of FPD 

seems to be very complex. Many factors have been implicated in the prevalence of FPD such 

as: nutrient supply, type of litter, litter management and stocking density (MAYNE 2005). 

Nevertheless, pure water (without excreta) alone in the litter is sufficient to produce severe 
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lesions (MAYNE et al. 2007b; YOUSSEF et al. 2010; ABD EL-WAHAB et al. 2012a; 

DUNLOP et al. 2016). 

Table 2. Development of external foot pad scores (FPD) in broilers and turkeys kept on four 

different flooring designs throughout the experimental period (mean ± SD). 

Species Group 
Day / FPD-scores  

7 14 21 28 35 

Broiler 
[n=720; 
n=429*] 

1 0.03a±0.15 0.02b±0.10 0.09a±0.21 0.22b±0.36 0.40b±0.42 

    2** 0.04a±0.16 0.02b±0.10 0.09a±0.21 0.30ab±0.39 0.45b±0.44 

3 0.04a±0.15 0.07a±0.21 0.08a±0.20 0.41a±0.41 0.61a±0.42 

      4*** 0.02a±0.10 0.09a±0.25 0.13a±0.26 0.42a±0.43 0.59a±0.43 

       

Turkey 
[n=1200; 
n=718*] 

1 0.85a±0.33 0.81b±0.60 1.39b±0.79 1.98b±0.63 2.15a±0.57 

2 0.90a±0.33 0.74b±0.64 1.04c±0.79 1.85c±0.57 1.92b±0.54 

3 0.90a±0.33 0.95a±0.65 1.74a±0.54 2.14a±0.43 2.23a±0.42 

      4*** 0.88a±0.30 1.00a±0.62 1.05c±0.67 1.39d±0.54 1.64c±0.48 

a, b means in the same column at species level, values with different superscript letters mean significant 

differences between groups (p < 0.05). *number of animals after first dissection, ** two animals died, *** one 

animal died. G1 = entire floor pen covered with litter; G2 = floor pen covered with litter and having floor 

heating; G3 = partially (50:50) slatted flooring including an area with litter; G4 = fully slatted flooring with a 

sand bath (900 cm2).  

In this study, foot pad scoring was done by established methods; 0: normal skin; 4: ≥ half 

of foot pad necrotic (HOCKING et al. 2008). At the beginning of the experiment (d7), there 

was FPD-scores ≤ 1 in both species (Table 2). After 35 days of fattening, 100% of the broilers 

had a FPD score ≤ 1 despite the high stocking density of about 35 kg/m
2
, indicating that the 

floor material without litter did not harm broilers’ foot pads. 

Overall, in broilers there were no clinical problems with foot pad health in all floorings 

systems in our study. ÇAVUŞOĞLU et al. (2018) showed a lower frequency of FPD in birds 

raised on slatted flooring. On the other hand, ALMEIDA et al. (2017) demonstrated a slight 

tendency towards higher FPD scores for birds housed on slatted flooring. This differs from 

previous study in broilers raised in litter floor pens (BOGOSAVLJEVIĆ-BOŠKOVIĆ et al. 

2012), as animals that lived in direct contact with faeces for a long period, leading to a higher 

incidence of foot pad inflammation. This might reduce the weight gain during later phases. In 

contrast, LI et al. (2017) showed that performance was not affected by the plastic perforated 

flooring compared to the litter system in broiler production. 
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Table 2 shows that the use of full slatted floors resulted in significantly lower external 

FPD values compared with the others groups using littered floor on turkeys, with and without 

floor heating (final FPD-scores (d35); G1:2.15
b
, G2:1.92

b
, G3:2.23

b
, G4:1.63

a
) . The results of 

this study show no negative or positive effects for any for one of the different floor design on 

FPD and performance in broilers. 

To the best of our knowledge, the effect of flooring design-related differences on foot pad 

health in the fattening of turkeys has not been previously reported. In present study, FPD-

scores were significantly lower when using slatted flooring in turkeys. For feed and water 

intake, the animals always stay on the slat floor. During this time, the foot pads were likely to 

dry sufficiently, so that less clinically relevant lesions developed. In general, no signs could 

be found that the use of the plastic slatted flooring has a negative effect on foot pad health. 

The results from this study suggested that, as expected, minimising contact between turkeys’ 

feet and their excreta by using fully slatted flooring showed result of better foot pad health 

than the other flooring designs. 

Independent of further factors (type of litter, diet composition) the use of slatted flooring 

resulted in desirable changes regarding prevalence and severity of FPD. Up to now, these 

effects are supposed to be related to the separation of animal with their excreta, but this 

should be tested critically. Nevertheless, there is a need to look on “side effects” of slatted 

flooring. From veterinary point of view, it should also be tested what the effects are, when the 

whole litter has a higher temperature. The combined occurrence of humidity and higher 

temperature might affect the diversity of microorganisms, also resistance bacteria and their 

ability to harm animal health. Moreover, some people hypothesize that using slatted flooring 

is such a discomfort or even an interference of the typical behavioural patterns for the birds  

(BLOKHUIS 1989; APPLEBY et al. 1992; PEREIRA et al. 2007). 

These experimental studies were performed on broilers (Ross 308) and turkeys (B.U.T. 6) 

lines only, but there are some indications that under identical field condition the genetic lines 

could differ significantly regarding the severity of FPD scores. Turkey line (B.U.T. 6) was 

used in this experiment, which is the most used strain in the turkey fattening. This study was 

carried out on female turkeys only. Male turkeys are heavier in body weight than females and 

consequently the more pressure on foot pads may resulted in a higher prevalence of FPD 

(BERGMANN et al. 2013; KRAUTWALD-JUNGHANNS et al. 2013). 
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All experiments were performed on turkeys at the age of one week and continued up to 

the end of fifth week of the life. This is not the whole duration until the end of fattening 

period in field practice of commonly turkeys fattening. Therefore, it might be possible that the 

results of FPD scores are more expressive, when birds grew bigger, are heavier with increased 

of the body weight and exerting more pressure on foot pads. In addition, the proportion of 

excreta in the litter at the first rearing period of turkeys is absolutely different from that at the 

end of fattening period. Therefore, the results of FPD scores in this study do not simulate the 

scores in a field conditions at end of common fattening period. However, some studies 

observed that FPD develops at an early age and its severity increased from 2 to 6 weeks and 

remained relatively constant thereafter (MAYNE et al. 2006, 2007). Thus, the period of our 

investigations is the recommended one to evaluate the initial processes of the onset of FPD. 

Moreover, MAYNE et al. (2007) did their experiments for only one week on turkeys of 

similar age to those used in this study. It is also possible that older birds will be less 

susceptible to litter moisture and more or less prone to FPD from other causes (MAYNE et 

al., 2007).  

Another reason being the stocking density and limited time duration of 36 days per trial, 

as we could not rear the animals up to the age as usual like in fattening farms. Therefore, we 

could not determine how the foot pad score of the animals in our four experimental groups in 

comparison to the turkeys in farms if they were in the same age and same weight range. The 

results of foot pad score and relating thereto the fattening performance are limited to female 

turkeys of up to 35 days old. 

Beside the nutrient requirements of broilers and turkeys are predetermined. Depending on 

nutrient compositions in the feed, it could lead to improvement or worsening in performance 

as well as foot pad health. Animals reared in intensive production systems consume a 

considerable amount of protein and other nitrogen-containing substances in their diets. In this 

study, the turkey diets had much more protein when compared with the broiler diets 

(Chapter3: Table1). Protein sources in poultry diets arise from plant or animal sources, and 

not all plant proteins are favourable for poultry. Soybean meal (SBM) is the most abundant 

protein source for use in poultry feeds worldwide. Earlier investigations have shown that use 

of SBM in poultry diets has detrimental effects on foot pad health (ABBOTT et al. 1969; 

JENSEN et al. 1970; NAGARAJ et al. 2007; ABD EL-WAHAB et al. 2018). SBM contains 
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relatively high levels of potassium, which may increase litter moisture and thus result in 

sticky litter. Also the indigestible oligosaccharides in SBM meal have been implicated in 

causing sticky droppings and wet litter problems and may serve as a substrate for increased 

bacterial activity in the litter (BOLING and FIRMAN 1997). These could be a reason that the 

litter quality in turkey trials was worse than in broilers. Using slatted flooring could be more 

useful in case of wet litter problems.  

  

6.1.2.2 Dry matter contents in poultry manure  

One of the most important influencing factors in the development of FPD is the dry 

matter (DM) content in the litter. As a "critical value" from which the emergence of first 

lesions is likely DM content in the litter-excrement mixture of less than about 65% can be 

assumed (ABD EL-WAHAB et al. 2011). In this study, the final litter DM content in the 

poultry manure was highest in the group with floor heating (G2) in both broiler and turkey 

experiments (in % DM; 75.5 ± 5.26 and 50.3 ±  5.28, respectively). The litter quality of the 

final litter was significantly worse in turkeys than in broilers; averaged about 75% in broiler 

trials and 50% in turkey trials. However, no signs of discomfort or pain during moving 

activity were observed in this study.  

The prolong contact duration of animals’ feet with litter or their manure had the ability to 

potentiate the prevalence and severity of FPD. Obviously, the severity of foot pad lesions in 

turkey experiments on littered group (G1) was markedly higher compared to fully slatted 

flooring group (G4). This indicates that litter with their manure is the major factor resulting in 

the development of FPD (MARTLAND 1984, 1985; MAYNE et al. 2007b; DE JONG et al. 

2014). 

The results for both species from experiments conducted with different floor temperatures 

were insufficiently conclusive to be able to show whether littered floor pens with floor 

heating were superior to an entire floor pen without floor heating. The average floor surface 

temperature was highest in group G2 in all pens (in °C; G1=27.0, G2=30.5, G3=26.5, 

G4=26.0). However, the measurement of the surface temperature of the litter / the plastic 

slatted flooring was carried out using a laser thermometer. It was not possible to record the 

exactly surface temperature by using this method. The data are only intended to enable a 

comparison between the different housing systems. In addition, these experimental studies 
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were not performed at the same time, but in eight consecutives trials from January 2016 until 

February 2017. There are some indications that under identical field conditions the stable 

climate of the different temperatures, which was significantly influenced by the outside 

climate, could have possible effects over the results and performance. 

Contrary to the present results, ABD EL-WAHAB et al. (2011) stated that birds housed 

on floor heating showed significantly lower external FPD scores compared to poultry in 

groups without floor heating. The effect of using floor heating on FPD scores could be due to 

fresh litter becoming dry or to floor heating leading to warm foot pads causing vasodilation of 

the blood vessels, increasing the blood flow (MARTLAND 1984; MAYNE et al. 2007a). In 

the current study, however, the temperature of the bedding was higher compared to other pens 

without floor heating, but the litter itself was not significantly drier. 

In present study, the litter quality of the final litter was significantly worse in the group 

with partially slatted flooring, littered area, (G3) in broiler and turkey experiments (in % DM; 

broilers: G1:72.6
a
, G2:75.5

a
, G3: 58.5

b
; turkeys: G1:48.5

a
, G2:50.3

a
, G3: 40.5

b
, respectively). 

The box with partly slatted flooring was divided in two areas in same sizes with a plastic 

board (7cm high) in front and back sides. The front side is used as the pen area with the floor 

pen divided again into two equal areas consisting with 50% wood shavings as the scratching 

area (left-hand side) and 50% plastic slatted flooring as the feeding area (right-hand side). The 

back is left unused (this area was only used for the trial with moving the animals to new 

environment). The DM content in the littered area was usually lower in this group than in the 

control group (G1, 100% litter area). The difference was up to 14% in broiler and 8% in 

turkey trials. In G3, almost wood shaving had fallen through the slatted flooring side during 

the first few weeks. Thus, the remaining material was almost their excreta. It can be assumed 

that this material was hardly able to absorb or release moisture, which explains the low DM 

contents in the litter-excrement mixture. 

6.1.2.3 Effect of foot pad dermatitis on animal performance 

On one hand in trials with broiler, no negative effects of flooring designs (which had a 

higher FPD severity) on the weight of broilers were observed. On the other hand, positive 

correlation was shown at the end of the turkey trials; the body weight was higher with lower 

FPD scores. As the feed intake of birds exposed to wet litter was not affected by the severity 
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of FPD, the decrease in their weight could be due to the turkeys lose more energy associated 

with discomfort during walking through the wet litter and by evaporative cooling (MAYNE et 

al. 2007a). However, some studies observed a lower body weight in birds suffering from FPD, 

probably due to a painful response that decreases feed and water intake as suggested by 

experimental results (MARTLAND 1984, 1985; MAYNE et al. 2007b). 

Many researchers proved that poor litter management increased the prevalence and 

severity of FPD in turkeys as well as led to lower weight gains (MARTLAND 1984; BERG 

and ALGERS 2004; DE JONG et al. 2014). Similar to the results of this study for littered 

systems, performance was negatively correlated with the FPD scores in turkeys. It is possible 

that turkeys with high FPD scores had a decreased body weight. This has been suggested to 

be a result of pain induced lowered feed intake (DE JONG et al. 2014), this in turn leading to 

a reluctance to move and thus decreased feed consumption and impaired product quality 

(SCHULZE KERSTING 1996). However, in the present study, when turkeys housed on 

slatted flooring, there was no correlation between FPD and body weight. Body weight of birds 

with higher scores was only numerically higher. DA COSTA et al. (2014) indicated, that 

higher FPD scores might be more related to mechanical pressure. Increasing mechanical 

pressure from higher body weight could lead to decreased mobility and lower feed intake also 

affecting animal welfare. Certainly, more research should be conducted to study the effects of 

slatted flooring on poultry welfare; behaviour, use of space, use of the sand bath and other 

welfare indicators, might be very useful. 

 

6.2 Effects of the development of antimicrobial resistance in E. coli    

The antimicrobial used in the poultry for treatment or prophylaxis also have implications 

for the development of the bacterial resistance. When large groups of animals have to be 

treated, oral administration is the main treatment route used in chickens (KIETZMANN and 

BAEUMER 2009). Some studies reported that antimicrobials or their metabolites are excreted 

in manure and residue can therefore be found in the environment (DA COSTA et al. 2009; 

KEMPER 2009; SCHULZ et al. 2016). Scientific evidence suggests that the use of these 

compounds has led to increased problem of antimicrobial resistance (FURTULA et al. 2010; 

DIARRA and MALOUIN 2014). In addition, vertical transmission and, consequently, 
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horizontal spreading enable a massive amplification of E. coli clones into the large population 

(GIOVANARDI et al. 2005).  

In the following sections, the investigations carried out overall twelve different trials: 

eight consecutive trials as well as four trials from another doctoral thesis (KRIEWITZ 2017) 

are discussed in the topic of antimicrobial resistance of Escherichia coli after therapeutic or 

environmental exposition with enrofloxacin depending on the intensity of contact between 

birds and manure by using different flooring designs.  

6.2.1 Natural antimicrobial resistance found in day-old chickens 

Although, this study was performed with broiler chicks and turkey poults that had not 

been previously exposed to antimicrobial agents, E. coli was isolated from one-day-old 

chicks’ meconium was resistant to enrofloxacin (4.2%) and ampicillin (39%). Similar results 

were reported in previous studies that found one-day-old chicks to be E. coli resistant 

enrofloxacin (DA COSTA et al. 2009) and resistant to ampicillin (JURADO et al. 2015). It 

was unclear whether antimicrobials including FQs had been used to treat related broiler 

parents in the present study.  

It has to be mentioned that a vertical transmission of resistant isolates from parent flocks 

downwards in the production pyramid can occur (PETERSEN et al. 2006; OZAKI et al. 

2011); JIMÉNEZ-BELENGUER et al. 2016; ECDC et al. 2017). Also, contamination in the 

hatchery environment is possible (DIERIKX et al. 2013). PERSOONS et al. (2011) stated that 

management and hatchery-related factors influence the occurrence of AMR. In newly hatched 

chicks, the common bacteria in the environment, whether antimicrobial susceptible or 

resistant, colonise the intestines and become part of the intestinal normal microflora. Thus, 

contamination of chickens via vertical transmission seems to be the most probable 

explanation for the resistance rates found in our study. 

Furthermore, the natural enrofloxacin resistance observed in this study seemed to 

increase more than after one time treatment, despite the absence of antimicrobial usage. 

According to previous findings, that number of resistance result could be decreased or 

increased but cannot eliminated from the animals even with strict disinfection procedures 

during the experiment. From literature it is known that a large number of animals carry 

resistant E. coli. These animals can shed huge numbers of resistant organisms, resulting in 
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rapid contamination of the other individuals in the same pen and in the stable environment 

(JIMÉNEZ-BELENGUER et al. 2016).  

The uptake of resistant bacteria from the environment and integration into the gut may be 

a conceivable explanation for the development of resistant E. coli in this study. However, 

multiple mechanisms may be responsible for the development of quinolone resistance 

(HOPKINS et al. 2005). 

6.2.2 Consequences of the oral administration of antimicrobials 

The use of antimicrobials in poultry production and the attendant of resistant bacteria has 

been the subject of numerous studies (MIRANDA et al. 2008; DIARRA and MALOUIN 

2014; AARESTRUP 2015; JURADO et al. 2015; MEHDI et al. 2018; OSMAN et al. 2018). 

Enrofloxacin is the commonly used fluoroquinolone in animal production that leads to a 

selection of resistant E. coli after oral application (SCHERZ et al. 2014). Because 

enrofloxacin are completely cross-resistant (VAN DEN BOGAARD et al. 2001), 

enrofloxacin-resistant E. coli might occur after animals are treated. 

In the present study, percentage of frequency of enrofloxacin (a) and ampicillin (b) 

resistance in commensal E. coli isolates from cloacal swab and poultry manure samples from 

no enrofloxacin treatment (Ctrl) and with enrofloxacin treatment (AB) via drinking water 

from days 10 to 14 are presented in Figure 1. E. coli isolates obtained at the different time 

points of sampling in both groups differed in their antimicrobial resistance. One week after 

the first administration period (d21), the amount of enrofloxacin resistance isolates was higher 

compared to the E. coli isolates before treatment (Figure 1a). A higher rate of enrofloxacin-

resistant E. coli after oral administration of antimicrobials was observed in several studies 

(MIRANDA et al. 2008; JURADO et al. 2015). 
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Figure 1. Percentage of frequency of enrofloxacin (a) and ampicillin (b) resistance in commensal E. coli isolates 

from cloacal swab and poultry manure samples from no enrofloxacin treatment (Ctrl) and with enrofloxacin 

treatment via drinking water (AB) in broilers and turkeys that were susceptible, intermediate or resistant. The 

time of sample collection: BT = before treatment, AT = after treatment and ET = end of trial. Cloacal swab 

samples (N = 2,496; per trial BT: n = 24, AT: n = 96, ET: n = 96) and poultry manure samples (N = 828; per trial 

BT: n = 24, AT: n = 24, ET: n = 24). Percentage of frequency of resistant-E. coli isolates between no 

enrofloxacin treatment (Ctrl) and with enrofloxacin treatment (AB) differ significantly (*p < 0.05, **p < 0.01). 

 

JURADO et al. (2015) stated that the highest proportion of cloacal swab samples with 

resistant E. coli was found at after treatment. Afterwards, a decrease in AMR was seen. 

Therefore, our results were in agreement with those of JURADO et al. (2015) who described 

a very rapid occurrence of FQ resistance among the commensal E. coli due to administration 

of enrofloxacin in poultry.  

As expected, double treatment for five days with enrofloxacin at days 10 to 14 and days 

26 to 30 increased the proportion resistance isolates occurred at after treatment in E. coli 

isolates with high detection rates up to the end of the trial. SCHERZ (2013) showed that a 
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long-term exposure of 21 days of the commensal flora of poultry to enrofloxacin leads to an 

amplification and selection of resistant-E. coli isolates, which persist in the commensal 

microbiota. The transmission of E. coli isolates of animal origin between the animals in the 

same pen as well as into the environment may contribute directly to the spread of resistant 

bacteria in general (HAGEDORN 2017) and may also be a problem for public health 

(SCHWARZ and CHASLUS-DANCLA 2001).  

AMR in E. coli is mainly medication-dependent (DA COSTA et al. 2009). An important 

aspect of oral group treatments is the environmental contamination with antimicrobials either 

by the application procedure itself or by excreted faeces from treated animals (RICHTER et 

al. 2009). As previously mentioned, the metabolic rate of antimicrobials is low and hence 

90% of the administered dose is excreted via faeces (KUMAR et al. 2005). Avian intestines 

are one of the potential reservoirs of E. coli (APAJALAHTI et al. 2004); so there is a higher 

chance for AMR spread from birds to other birds or birds to the environment. In other 

European countries, the higher occurrence of FQ resistance in broilers compared to turkeys 

has been suggested to depend on an overall higher exposure to FQ through the use of this 

antimicrobial (ECDC et al. 2017). It should be noted; however, that the fattening period in 

turkeys takes much longer under field conditions. Therefore, the resistance situation in the 

present investigations at the end of the experiment is not comparable with the resistance 

situation occurring within normal fattening duration.  

Looking at the proportion of ampicillin resistance in E. coli isolated from cloacal swabs 

and manure samples (Figure 1b), in trial with no antimicrobial used, at BT, almost isolated  

E. coli isolates were susceptible to ampicillin. As no ampicillin was applied to the animals, 

high percentages of resistant isolates at AT stage isolated from cloacal swabs and isolated 

from manure were detected. In agreement with our data, JURADO et al. (2015b) found a 

significant increase in the frequency of resistance to ampicillin in E. coli isolates from poultry 

after the oral administration of enrofloxacin. These findings may be due to the co-selection of 

β-lactam resistance genes. As the transmissible genetic elements were not analysed in this 

study, further studies are needed to confirm the role of such elements in the spread of 

resistance genes in poultry for E. coli.  

Co-resistance of enrofloxacin and ampicillin is less often described in literature as co-

resistance of enrofloxacin with other antimicrobials (CANTÓN and RUIZ-GARBAJOSA 
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2011). JURADO et al. (2015b) described increasing numbers of ampicillin-resistant E. coli 

isolated from excreta of chickens only treated with enrofloxacin, comparable to the resistance 

patterns seen in the present study, which decreased likewise towards the ET stage (Figure 1b). 

Within the 35 days of life of these animals, ampicillin-resistant E. coli found at BT could be 

reduced, but not eliminated from the animals. Treating animals with ampicillin would 

possibly fail at this stage.  

In our study, only one E. coli isolate was selected randomly from a Gassner agar plate, 

which did not contain antimicrobial supplements. Thus, it cannot be excluded that resistant  

E. coli isolates were also present in the sample at BT stage. Such resistant isolates have a 

selective advantage over susceptible isolates during the antimicrobial treatment phase and will 

more likely be isolated at after treatment and depending on their fitness also at the end of trial 

(CHANTZIARAS et al. 2017). Hence, the higher percentage of resistant isolates at AT stage 

might be due to either (i) the expansion of already resistant isolates at the expense of 

susceptible isolates and/or (ii) the de-novo development of resistance among previously 

E. coli susceptible isolates during the antimicrobial treatment. 

However, contamination of the environment such as dust in stable should be taken into 

account despite direct contact between the pens was not possible. Stables and all materials 

had been disinfected also; tests had been performed to exclude the occurrence of 

Enterobacteriaceae. Moreover, strict hygiene was used to avoid cross-contamination during 

the sample collection (cloacal swabs and poultry manure samples). The high numbers of 

AMR were detected and no significant differences between the groups of flooring designs in 

this study. 

Due to the fact that twelve experimental pens were placed in the same stable. Dust 

formation (litter, feather / skin particles, excreta, etc.) could not be completely prevented, so 

that a possible particle-related carry-over of resistant-bacteria between the individual boxes 

could not be ruled out (COX et al. 1996; HAGEDORN et al. 2017). Even between the boxes 

were positioned at a maximum distance (about 1 m) from each other. It cannot be ruled out 

that parts of these particles could also be transported by air to neighbouring groups. 

Previous study has been reported that antibiotic-resistant E. coli were found in the air or 

the dust of pig and poultry barns (SCHULZ et al. 2016; HAGEDORN 2017). Dusts from farm 

animal houses seem to be potential reservoirs of E. coli and could be survive for long-term 
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(SCHULZ et al. 2016). This indicates that dust from animals is a carrier of potential 

antimicrobial-resistant E. coli, and emissions or entrainment via contaminated surfaces may 

lead to transmission into the environment or to other herds. On the other hand, once E. coli 

becomes resistant to fluoroquinolones, it will maintain chromosomal mutations and resistance 

without selective pressure (FREYE AND JACKSON 2013). Therefore, enrofloxacin-resistant 

E. coli might have been shed in detectable amounts to other animals in the same stable by the 

dust.  

On the other hand, the calculation of the necessary enrofloxacin concentration in the 

drinking water was based on the estimated water intake of the animals suggested by the 

breeding company (AVIAGEN 2014). However, as not every group showed identical water 

consumption, there were slight variations for antimicrobial absorbed. In addition, individual 

differences in water absorption are to be expected. The use of antimicrobials can significantly 

affect the microflora of the animals' gastrointestinal tract (PEDROSO et al., 2006) as well as 

the development of resistance bacteria (SCHWARZ and CHASLUS-DANCLA 2001; 

CHANTZIARAS et al. 2017). Accordingly, it is possible that the transfer of AMR was 

affected as a result of these unpredictable variations. 

Furthermore, the transfer of resistance is well documented in bacteria of the same species 

in the digestive tract. Therefore, bacteria that contain antimicrobial resistance genes can be an 

indirect public health hazard, regardless of their pathogenicity, as the available genetic pool of 

resistance is increased (ECONOMOU and GOUSIA 2015). As no further genetic analyses 

were conducted, the reason for this difference remains unknown. 

6.2.3 Development of antimicrobial resistance after environment change 

The experimental model that moving the animals from contaminated pens after 

antimicrobial treatment over five days during the growth period led to significant differences 

between unchanged and changed environment of enrofloxacin-resistant E. coli found in 

isolates from cloacal swab and manure samples during the AT and ET stages in this study. 

Changing the environment was assumed to lead to a lesser percentage of resistant E. coli 

isolates in manure due to a lower exposure against resistant bacteria in manure as well as 

antimicrobial residues.  



  

Chapter 6 

 

  

118 

 

FURTULA et al. (2010) found high resistances in poultry litter to be associated with 

long-term use of antimicrobials. Similarly, WRIGHT (2010) stated that the environment, 

including dirty litter, can also be a potential reservoir of resistant bacteria and resistance 

genes. In a previous study, APAJALAHTI et al. (2004) reported that the diet and the 

environment, including dirty litter, affect the microbial composition of the poultry intestinal 

microbiota both directly by providing a continuous source of bacteria and indirectly by 

influencing the physical condition and defence mechanisms of the birds. Thus, changing the 

environment in this current study was assumed to lead to a lesser percentage of resistant  

E. coli isolates in manure. The uptake of resistant bacteria from the manure by pecking should 

be reduced and result in a lower percentage of resistant E. coli in the animals. 

This promising effect suggests an advantage of the changed environment. Ampicillin 

resistance in E. coli was reduced from AT to ET to a lesser extent in changed environment 

trial than in unchanged environment trial. Especially in manure, more resistant-E. coli isolates 

were changed. Thus, a final assessment cannot be given and further experiments are 

necessary. Changing the environment, i.e. removal of the manure in a stable more than once 

within 35 days or a fattening period, might be more successful. However, due to practical and 

economic reasons acceptance on farms can be expected to be low. 

6.2.4 Effects of the development of antimicrobial resistance in E. coli by water loss 

simulation (indirect administration) 

Using water loss simulations by spraying the water containing enrofloxacin exclusively 

into the litter or slatted flooring in the drinking area to study the development of AMR has 

been investigated in this study. It was hypothesized that there might be an influence of 

excreted or metabolized enrofloxacin alone on the occurrence of AMR. However, in the 

present study, we could not verify the occurrence of enrofloxacin resistance due to spraying 

water with enrofloxacin directly in animals` environment. 

Earlier reports have suggested the carry-over of antimicrobials like FQ and their active 

metabolites in the stable could facilitate the development of antibacterial resistance due to 

ingestion by animals (SCHERZ 2013). The difference of the present investigation, however, 

was that we sprayed enrofloxacin-containing water directly into the environment. In contrast, 

in the aforementioned study, sub-therapeutic dosages (3% and 10% of the recommended 
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dosage of 10 mg/kg body weight) were directly applied to drinking water for 21 days, which 

could explain the difference. The active dose may therefore be significantly lower in our own 

experiments.  

6.2.5 Effect of different types of flooring design on the development of resistant E. coli 

Despite all efforts to reduce the use of antimicrobials in livestock, the application will be 

necessary also in the future. So far, little is known about reducing the development of AMR 

by using different flooring designs simulating varying contact intensity between animals and 

manure. Overall, the results of means in resistance of enrofloxacin-resistant E. coli isolates 

between the four groups of flooring designs in cloacal swabs and poultry manure samples are 

presented in Figure 2. 
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Figure 2. Means of susceptible (=1); intermediate (=2) and resistant (=3) E. coli isolates concerning 

enrofloxacin resistance in cloacal swabs and poultry manure samples before treatment (BT), after treatment (AT) 

and at the end of trial (ET; cloacal swabs: N=2,496; per trial BT: n=24, AT: n=96, ET: n=96; poultry manure: 

N=828; per trial BT: n=24, AT: n=24, ET: n=24). 

G1 = entire floor pen covered with litter; G2 = floor pen covered with litter and having floor heating; G3 = 

partially (50:50) slatted flooring including an area that was littered; G4 = fully slatted flooring with a sand bath 

(900 cm2). A, B means differ significantly between the groups at one sampling (p < 0.05). 
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          Looking at the proportion of ampicillin resistance in E. coli isolated from cloacal swabs 

and manure samples (Figure 3). A significantly higher prevalence of conspicuous isolates was 

found in the entire floor pen with litter (G1) even when no ampicillin had been administered 

to the animals and the pens and the stable had been tested to be free of Enterobacteriaceae at 

the start of the trial. 

Furthermore, studies analysing the genetic basis of resistance in the isolates in this study 

would be interesting to compare and confirm the hypothesis of coupled resistance as seen in 

E. coli isolates in other publications (SHERWOOD 2004; VELDMAN et al. 2011). 
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Figure 3. Means of susceptible (=1); intermediate (=2) and resistant (=3) E. coli isolates concerning ampicillin 

resistance in cloacal swabs and poultry manure samples before treatment (BT), after treatment (AT) and at the 

end of trial (ET; cloacal swabs: N=2,496; per trial BT: n=24, AT: n=96, ET: n=96; poultry manure: N=828; per 

trial BT: n=24, AT: n=24, ET: n=24). 

G1 = entire floor pen covered with litter; G2 = floor pen covered with litter and having floor heating; G3 = 

partially (50:50) slatted flooring including an area that was littered; G4 = fully slatted flooring with a sand bath 

(900 cm2). A, B means differ significantly between the groups at one sampling (p < 0.05). 

 



  

Chapter 6 

 

  

121 

 

Conclusion and outlook 
 

As part of the study, reducing the intensity of contact between birds and their manure by 

using different flooring designs has to be considered in two aspects: Effect on animal health 

and the development of resistance bacteria. 

The first aspect, it can be concluded that the litter quality has a significant influence on 

performance and foot pad health in fattening broilers and turkeys. The results in this study do 

not justify the use of slatted flooring systems. However, minimising the contact between birds 

and poultry manure seems to favour the performance and foot pad health in poultry.  

It is, therefore, necessary to consider how a similar excellent litter quality can be achieved in 

basically littered husbandry systems common in Europe. Overall, the broiler husbandry 

conditions were good that no relevant differences could be identified. Water and feed 

consumption per kg of meat in turkey production was higher than in broiler production. In 

turkeys, platforms with slatted floors that allow for temporary separation of the feet from the 

litter could lead to improvements in foot pad health which could better enable the realization 

of species-specific behaviours and activities in littered areas. It can be suggested that fully-

slatted areas could be an interesting added enrichment tool in turkey production. However, the 

results clearly show that identical stocking density combined with partially-slatted flooring at 

a ratio of 50:50 to the littered area offers no advantages for turkeys. Due to a certain 

preferential behaviour of the animals to the littered area, the litter there is disproportionately 

poor, which compensates for the possible advantages of the slatted areas. Therefore, slatted 

areas should be made more attractive to turkeys by adding elevated platforms as an additional 

offer or placing feeding and drinking resources in this area. Increasing the amount of time 

turkeys spend in these new areas could result in separating parts of the excreta from the 

animals leading to drier litter areas. This could give the littered areas an added value for the 

realization of natural behaviours in birds. Together, this could benefit their health and 

performance, too. 

The second aspect to be tested in this study, i.e. the effect of reduces the intensity of 

contact of the animals to their manure on the resistance bacteria development. Having 

analysed the results of antimicrobial resistance development from cloacal swab and manure 

samples, the existence of resistance E. coli isolates can occur in one-day-old chicks. 

Therefore, the oral administration of enrofloxacin seems to be associated with a significant 
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increase in the frequency of resistance to enrofloxacin in commensal E. coli isolates. In 

addition, prevalence of isolates resistant to ampicillin rose significantly despite not using 

ampicillin. In a comparative analysis, the littered and slatted flooring systems, there was no 

clear evidence of any different developments in resistance. Flooring structure designs did not 

directly affect the development of AMR, not in littered groups and neither in groups where 

the animals had no contact to litter. The use of slatted flooring on 50% or 100% resulted in a 

partial or maximum possible separation of the animals from their excreta. A complete 

reduction of development of AMR could not be achieved. Nevertheless, changing the 

environment was able to slow down the development and spread of resistance led to the 

desired result. Additionally, in poultry, dirty or contaminated litter and other animal 

management parameters affect the microbial composition of the chicken gastrointestinal tract. 

This can be done directly by providing a continuous source of bacteria and indirectly, by 

influencing the physical condition and defence of the birds. However, we cannot consider all 

interactions when we only take one isolate from a sample and then by way of example try to 

deduce the complexity of the development of resistance. Therefore, research is needed to 

further investigate possible explanations regarding the mechanism behind the dissemination 

of enrofloxacin-resistant E. coli in fattening turkeys. 

Finally, the differentiated flooring system could be good where in parts poor litter quality 

is expected, for example in the area of water lines. Separating the poultry from the wet litter 

had positive effects on foot pad health. According to these findings, that resistance could be 

reduced or increased, but not eliminated from the animals even with strict disinfection 

procedures during the experiment. To resolve the problems with AMR, if birds are standing 

next to each other “crowding” in the intensive production, overall good environment in the 

husbandry is needed to get the animals healthy. Furthermore reducing or not using 

antimicrobials at all. The very important requirement for all the results is still the obtaining 

animals without carrying resistance from one day old. The experiment showed that through a 

combined optimization of obtaining animal "free" of resistance, housing conditions and 

flooring system management the prevalence of AMR could be considerably reduced in the 

end of fattening, resulting in significant advantages for environment as well as animals and 

human health.   
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Summary 

Bussarakam Chuppava 

Effects of different flooring designs on the performance and foot pad health and on the 

development of antimicrobial resistance in commensal Escherichia coli in broiler and 

turkey production 

Housing of poultry on littered concrete floors is the common system for commercial 

poultry production in Europe. The objective of this study was to evaluate the effects of 

different types of flooring designs on the performance and foot pad health as well as on the 

development of antimicrobial resistance in commensal Escherichia coli in fattening broilers 

and turkeys. 

Overall, eight consecutive trials with 240 broilers (Ross 308) respectively turkeys  

(B.U.T. 6) each were performed. After a one-week adaptation period, birds were allocated to 

four different housing systems in 12 boxes (per system 3 boxes with 20 animals each), until 

the end of the rearing period at day 36. Beside the two different drinking systems (nipple 

drinkers for broilers and bell drinkers for turkeys), housing systems were identical for both 

species. Different flooring designs were used to establish different degrees of contact intensity 

of the animals to the excreta; the first group was kept on dry wood shavings (G1-entire floor 

pen covered with litter) as the control experiment. The second group was kept on dry wood 

shavings, to improve the litter quality, additionally a floor heating was installed (G2-floor pen 

with litter and having floor heating). The birds in G1 and G2 had full contact with the mix of 

excreta and wood shavings during the entire study period. In order to monitor the influence of 

intensity of contact between birds and their excreta, a plastic slatted flooring system was 

installed on 50%, including a littered area (G3-partially slatted flooring). The fourth group 

was housed completely on plastic slatted flooring (G4-fully slatted flooring) with a sand bath 

(900 cm
2
). Due to a total lack of litter material in the G4, a sand bath was made available for 

the animals. Number of animals was reduced by dissection at the end of day 21 to 144 

animals in every trial. Feed and water intake was recorded daily on group basis. The body 

weight and FPD-Scores (0 = normal skin; 4 ≥ half of foot pad necrotic) were carried out once 

a week.  
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The total of eight trials differed in term of the animal species used (three broilers and five 

female turkeys) and the frequency of use of an antimicrobial. The trials were performed with 

no administration of an antimicrobial, with one time administration via the drinking water 

(Baytril
®
 10%; 10 mg enrofloxacin/kg BW) for 5 days (days 10-14) or two times with 

additional administration was carried out on days 26-30. A simulation of losses of drinking 

water (containing enrofloxacin) into the litter was carried out in the above mentioned times 

(days 10-14 and days 26-30). Furthernore the trial with changed environment was achieved by 

moving the animals at day 15 to new pens with the same conditions as previously after 

antimicrobial administration (days 10-14). E. coli were isolated from cloacal swabs and 

poultry manure samples. Sample collection was done before the treatment, after the treatment 

and at the end of the trials at day 35. The resistance of E. coli isolates to enrofloxacin and 

ampicillin was determined using broth microdilution.  

Effects of housing system on the performance and foot pad health 

Animals of both species had a significantly higher final body weight at dissection 

(day 36) after being reared on fully slatted flooring (G4) compared to common littered floors 

(G1, p<0.05). In both species, water to feed ratio was significantly higher when using littered 

floor pens with floor heating (p<0.05). In turkeys, the feed conversion ratio was worse in 

group with fully slatted flooring (G4: 1.51 ± 0.03) than in G1 (1.45 ± 0.03), G2 (1.47 ± 0.03) 

and G3 (1.47 ± 0.05). Overall, at the beginning of experiment, there was no evidence of 

external FPD lesions and was then gradually increased during ongoing trials. The provision of 

litter on the floor had no relevant effect on foot pad health in broilers (FPD-scores ≤ 1). On 

the other hand, turkeys’ foot pad health was significantly better in G4 than in other groups 

beginning at day 21 (p<0.05). The litter quality of the final litter was significantly worse in 

the group with partially slatted flooring - littered area (G3) in broiler and turkey experiments. 

Despite forced water consumption in the floor heating group in this study, the litter moisture 

contents in the floor heating group and that without floor heating resulted in scarcely different 

values. The floor heating used in the present study was not efficient enough to produce drier 

litter. The negative correlation between body mass and foot pad health in littered systems 

occurred (the higher the body weight, the worser the FPD-scores), but no correlation could be 

observed as a result of using slatted flooring. 
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Effects of housing system with regard to the development of resistant Escherichia coli 

In these studies, broiler chicks and turkey poults had not been previously exposed to 

antimicrobials. However, resistance E. coli isolates were found from day-old chicks’ 

meconium. Before treatment stage, two trials, isolates showed resistance to enrofloxacin and 

in three trials these were resistance to ampicillin. It could be strongly suggested the possibility 

of vertical transmission from parent flocks as one possible explanation.  After treatment with 

enrofloxacin via drinking water, the frequency of resistance E. coli to enrofloxacin isolates in 

cloacal swab and poultry manure samples was significantly higher than at before treatment 

stage even a single treatment or double treatment in all flooring (p<0.001). At the end of 

trials, the higher resistance proportion to enrofloxacin was found in isolates in all types of 

floor designs from two times antibiotics using compared with one time treatment. In addition, 

there were no different of sensibilities between two areas of the box. A simulation of losses of 

drinking water (containing enrofloxacin) into the litter had no significant effect on the 

development of resistance. Resistance to enrofloxacin was not detected when the 

antimicrobial substance was indirectly sprayed with water into the environment. Flooring 

structure designs had no direct impact on the development of antimicrobial resistance, in spite 

of animals having no contact to litter. Overall enrofloxacin resistance was different between 

the unchanged and changed environment (p<0.05). A trial was performed in order to 

determine whether a change in the environment was able to slow down the development and 

spread of resistance led to the desired result. At the same time, ampicillin-resistant isolates 

were observed despite not using ampicillin. In addition, prevalence of isolates resistant to 

ampicillin rose significantly. 

On the basis of these findings, it can be concluded that the litter quality has a significant 

influence on performance and foot pad health in fattening broilers and turkeys. The results in 

this study do not justify the use of slatted flooring systems. However, minimising the contact 

between birds and their manure seems to favour the performance and foot pad health in 

poultry. It is, therefore, necessary to consider how a similar excellent litter quality can be 

achieved in basically littered husbandry systems common in Europe. In group partially slatted 

flooring - littered flooring (G3), due to a certain preferential behaviour of the animals to the 

littered area, the litter there is disproportionately poor, which perhaps outweights the possible 
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advantages of the slatted areas. For this reason, slatted areas should be made more attractive 

to turkeys by adding elevated platforms as an additional offer or placing feeding and drinking 

resources in this area. Increasing the amount of time turkeys spend in the slatted areas could 

result in more efficient separation excreta from the animals leading to drier littered areas. This 

could give the littered areas an added value for the realization of natural behaviours in birds. 

Together, this could benefit their health and performance. 

Furthermore, having analysed the results of developement and prevalence of enrofloxacin 

and ampicillin-resistant E. coli isolates, the importance of a possible transmission of 

resistances has to be pointed out. In addition, as already known, the important objective 

should be to significantly reduce the frequency of treatments with antibacterial substances. 

The oral administration of enrofloxacin seems to be associated with a significant increase in 

the frequency of resistance to enrofloxacin in commensal E. coli isolates. Flooring structure 

designs did not directly affect the development of antimicrobial resistance, there was no clear 

evidence of any different developments in resistance in the littered and slatted flooring 

systems. The animal-to-animal contact seems to be essential in the transmission of 

resistances. This would be a follow-up hypothesis, which can be derived from the present 

studies, but still requires further investigation. To resolve the problems with antimicrobial 

resistance, suppression of a transmission within the flocks and overall good environment in 

the husbandry are needed with maximal efforts to get the animals healthy.  
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Zusammenfassung 

Bussarakam Chuppava 

Leistungsparameter und Gesundheit der Fußballen sowie antimikrobielle Resistenz bei 

kommensalen Escherichia coli in Abhängigkeit von der Bodengestaltung in der Hühner- 

und Putenmast 

 

In der Geflügelmast ist die Haltung auf planbefestigten Böden mit Einstreu das 

Standardsystem in Europa. Ziel dieser Studie war es, die Leistung und die Gesundheit der 

Fußballen von Masthühnern und Puten sowie die Entwicklung einer antimikrobiellen 

Resistenz bei Escherichia coli in Abhängigkeit von der Bodengestaltung zu bewerten. 

Insgesamt waren acht aufeinander folgende Durchgänge mit jeweils 240 Masthühnern  

(Ross 308) bzw. weiblichen Mastputen (B.U.T. 6) Gegenstand der Untersuchungen. Nach 

einer einwöchigen Adaptionszeit wurden die Vögel in zwölf Boxen (mit je 20 Tieren) für vier 

Wochen gemästet. Insgesamt vier verschiedene Bodengestaltungen mit je drei 

Wiederholungen pro System wurden in dem Versuchsvorhaben getestet. Ansonsten waren die 

Haltungseinrichtungen für beide Spezies identisch, sieht man von der verschiedenen 

Tränketechnik ab; Nippeltränken für Masthühner, Glockentränken für Puten. Gruppe 1 (G1) 

diente als Kontrolle, d.h. die Boxen waren mit planbefestigtem Boden und Einstreu 

(Hobelspäne) ausgestattet. In der zweiten Gruppe (G2) war zusätzlich eine Fußbodenheizung 

installiert. In den beiden anderen Gruppen war zu unterschiedlichen Anteilen eine perforierte 

Fläche verbaut. In Gruppe 3 (G3) waren 50 % der Boxengrundfläche mit einem speziellen 

Kunststoffrostenboden für Mastgeflügel ausgestattet, wohingegen in der Gruppe 4 (G4) der 

komplette Boden mit diesen Elementen ausgestattet war. Zusätzlich wurde den Tieren in G4 

ein Sandbad in der Größe von 900 cm
2
 angeboten. Am Ende des 21. Lebenstages wurde die 

Tieranzahl in jedem Durchgang auf 144 Tiere reduziert. Die Futter- und Wasseraufnahme 

wurde täglich auf Gruppenbasis erfasst. Das Körpergewicht und die Fußballengesundheit 

wurde mittels eines etablierten Scores bewertet (FPD-Score: 0 = normale Haut; 4 ≥ Hälfte des 

Fußballens nekrotisch verändert). 
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Die insgesamt acht Durchgänge unterschieden sich im Hinblick auf die verwendete 

Tierspezies (dreimalig Masthühner, fünfmalig weibliche Puten) und den Einsatz einer 

antibakteriell wirksamen Substanz. Einerseits gab es Kontrolldurchgänge, in denen auf einen 

Einsatz von Enrofloxacin über das Trinkwasser verzichtet wurde, andererseits wurden 

Untersuchungen zu einer einmaligen, einer zweimaligen oder zur Kontamination der 

unmittelbaren Tierumgebung mit Enrofloxacin durchgeführt. Die Gabe von Enrofloxacin 

erfolgte bei einmaliger Verabreichung (Baytril
®
 10 %; 10 mg Enrofloxacin/kg BW) für 5 

Tage (Tage 10-14), bei zweimaliger Gabe zusätzlich an den Tagen 26-30. Eine Simulation der 

Verluste von Trinkwasser (mit Enrofloxacin) in der Einstreu wurde ebenfalls in den oben 

genannten Zeiten (Tage 10-14 und Tage 26-30) durchgeführt. Zusätzlich wurden die Tiere in 

einem Versuch nach Beendigung der Behandlung in eine neue Umgebung verbracht. Der 

Testkeim (E. coli) wurde sowohl aus Kloakenabstrichen als auch aus der Einstreu isoliert. Die 

Probenahme erfolgte vor der Behandlung, nach der Behandlung und am Ende der Versuche 

an Tag 35. Die Resistenz von E. coli-Isolaten gegenüber Enrofloxacin und Ampicillin wurde 

mittels Mikrodilutionsmethode geprüft.  

 

Auswirkungen der Bodengestaltung auf die Leistung und die Gesundheit der Fußballen 

Tiere beider Spezies hatten bei Haltung auf perforiertem Boden (G4) zum Zeitpunkt der 

Sektion (Tag 36) eine signifikant höhere Körpermasse als bei Haltung auf Einstreu (G1; 

p<0,05). Die Verwendung einer Bodenheizung (G2) führte zu einer signifikant weiteren 

Wasser:Futter-Relation (p<0,05). Bei Puten war der Futteraufwand pro kg Zuwachs in 

Gruppe 4 (G4: 1,51 ± 0,03) schlechter als in den übrigen Gruppen (G1: 1,45 ± 0,03; G2: 1,47 

± 0,03; G3: 1,47 ± 0,05). In den Versuchen an Broilern ergaben sich keine wesentlichen 

Unterschiede in der Fußballengesundheit in Abhängigkeit vom Haltungssystem (Scorewerte ≤ 

1). Andererseits zeigte die Haltung auf perforierten Böden bei Puten Effekte auf die 

Fußballengesundheit. Diese war signifikant besser bei Haltung auf Rosten (G4), beginnend 

mit Tag 21 (p<0,05). Die Verwendung einer Fußbodenheizung führte zu einer signifikant 

höheren Wasseraufnahme, d.h. der positiv Effekt der Heizung auf die Einstreuqualität wurde 

aufgehoben. Die in der vorliegenden Studie verwendete Fußbodenheizung war nicht effizient 

genug, eine trockenere Einstreu zu erzeugen. Die Korrelationsanalysen konnten für Puten in 

Bodenhaltung auf Einstreu eine negative Korrelation zwischen Körpermasse und Scorewerten 
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hinsichtlich der Fußballen nachweisen. Bei Verwendung von Vollperforation hingegen gab es 

keinen Zusammenhang zwischen Körpermasse und Fußballengesundheit. 

 

Auswirkungen der Bodengestaltung auf den Nachweis von Resistenzen in  

Escherichia coli 

In einzelnen Durchgängen war der Nachweis von antimikrobiellen Resistenzen gegenüber 

Enrofloxacin (zwei Durchgänge) und Ampicillin (drei Durchgänge) bereits 24 Stunden nach 

Einstallung, dem Zeitpunkt der ersten Probenentnahme, möglich. Vor dem Hintergrund dieser 

Ergebnisse ist die Bedeutung der vertikalen Übertragung von Resistenzen aus 

Elterntierherden zu diskutieren. Nach der Behandlung mit Enrofloxacin über das Trinkwasser 

war der Anteil der Isolate aus Kloakentupfern oder aus der Einstreu, die eine Resistenz 

gegenüber Enrofloxacin trugen, signifikant höher als vor der Behandlung (p<0,001). Die 

zweimalige Behandlung zeigte insgesamt die deutlichsten Effekte auf den Nachweis von 

Resistenzen. Eine Simulation von Tränkwasserverlusten in die Einstreu bei Puten führte zu 

keinem signifikant häufigeren Nachweis von Resistenzen gegenüber Enrofloxacin. Die 

unterschiedliche Bodengestaltung blieb bei Gesamtbetrachtung aller Durchgänge ebenfalls 

weitestgehend ohne Effekt. Die Verbringung der Tiere nach erfolgter antibiotischer 

Behandlung in einen unbelasteten Bereich schien sich hingegen durchaus positiv 

auszuwirken, d.h. der Nachweis von Resistenzen war geringer (p<0,05). Während der 

gesamten Versuchsphase wurden immer wieder Ampicillin-resistente Isolate nachgewiesen, 

obwohl Ampicillin niemals zum Einsatz gekommen war.  

 

Auf der Grundlage dieser Ergebnisse lässt sich ableiten, dass die Qualität der Einstreu einen 

wesentlichen Einfluss auf die Leistung der Tiere und die Gesundheit der Fußballen bei 

Masthühnern und insbesondere bei Puten hat. Die Trennung der Tiere von ihren Exkrementen 

durch Verwendung perforierter Bereiche kann dabei eine Möglichkeit sein, die 

Einstreuqualität zu verbessern. Die Ergebnisse dieser Studie rechtfertigen dennoch in keiner 

Weise den großflächigen Einsatz von Spaltenbodensystemen. In der teilperforierten Gruppe 

(G3) war die Einstreuqualität im nicht-perforierten Bereich über Phasen eher schlechter, was 

möglicherweise auf eine gewisse Präferenz der Tiere für diesen Bereich bei normalen 

Umgebungstemperaturen hindeutet. Im vorliegenden Versuchsvorhaben waren die 



  

Chapter 8 

 

  

132 

 

perforierten Flächen von identischer Einbauhöhe wie der Einstreubereich. Die Schaffung von 

erhöhten Ebenen könnte gerade für Puten ein Attraktivum sein, dass partiell für diese Spezies 

in Teilbereichen von Ställen die Trennung von der Einstreu ermöglicht, es dort zu 

Akkumulation von Exkrementen kommt und dadurch gleichzeitig der eigentliche 

Einstreubereich wesentlich an Qualität gewinnt, weil arttypisches Verhalten wesentlich 

ausgeprägter in trockenen Einstreubereichen möglich ist.  

Im Hinblick auf die Untersuchungen zum Vorkommen gegenüber Enrofloxacin und 

Ampicillin-resistenter E. coli Isolate ist auf die Bedeutung eines möglichen Transfers von 

Resistenzen aus den vorgelagerten Bereichen hinzuweisen. Darüber hinaus – wie bereits 

bekannt – sollte es das übergeordnete Ziel sein, die Anzahl der Behandlungen mit 

antibakteriell wirksamen Substanzen deutlich zu reduzieren. Die orale Verabreichung von 

antibakteriell wirksamen Substanzen (hier Enrofloxacin) geht in der Regel einher mit einer 

signifikanten Erhöhung der Häufigkeit Resistenzen tragender Keime. Der Effekt 

unterschiedlicher Haltungssysteme war in dieser Studie gering. Dem engen Tier-zu-Tier 

Kontakt scheint bei der Übertragung von Resistenzen eine wesentliche Bedeutung 

zuzukommen. Diese wäre eine Folgehypothese, die sich aus den vorliegenden 

Untersuchungen ableiten lässt, allerdings noch weiterer Untersuchungen bedarf. Faktisch 

kommt der Unterbindung eines vertikalen Eintrages in die Mastbestände sowie der 

maximalen Bestrebungen zum Erhalt der Tiergesundheit (und damit einer Vermeidung der 

Nutzung antibakterieller Wirkstoffe) die größte Bedeutung zu, möchte man die Situation 

nachhaltig entschärfen.  
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Table 1. Raw data trial 1: Broiler chicken trial with no antibiotic treatment  

Table 1.1 Animal number, body weight (BW; in g) and average foot pad dermatitis (FPD) 

scores (HOCKING et al. 2008) in the group with entire floor pens covered with litter (G1). 

Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

1 193 0 1073 0 - - - 

2 209 0 1242 0 2947 0.5 3096 

3 229 0 1060 0 2248 1 2344 

4 195 0 1122 0 2763 0.5 2921 

5 189 0 1138 0 2630 1 2768 

6 156 0 1020 0 - - - 

7 198 0 1211 0 2621 0 2670 

8 212 0 1034 0 2371 1 2501 

9 201 0 1093 0.5 2921 1 2808 

10 233 0 1170 0 - - - 

11 188 0 1098 0 2726 1 2857 

12 200 0 1076 0 2469 0.5 2588 

13 165 0 888 0 - - - 

14 188 0 1224 0 2986 0 3139 

15 208 0 1142 0 2672 0.5 2791 

16 154 0 822 0.5 2088 0 2170 

17 211 0.5 1310 0 - - - 

18 203 0.5 774 0.5 - - - 

19 194 0 1238 0 - - - 

20 171 0 942 0.5 - - - 

141 191 0 980 0 2375 1 2476 

142 211 0 1225 0 2934 0.5 2996 

143 194 0 1091 0 - - - 

144 201 0.5 1289 0.5 - - - 

145 188 0 1031 0.5 2422 1 2537 

146 201 0 1144 0 2834 1 2891 

147 138 0 879 0 - - - 

148 168 0 885 0 - - - 

149 148 0 977 0.5 2500 0.5 2634 

150 200 0 1056 0.5 2452 0.5 2545 

151 164 0 1090 0 - - - 
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Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

152 169 0 1028 0 2523 0.5 2575 

153 195 0 1062 0 - - - 

154 192 0 1040 0 2511 1 2611 

155 175 0 879 0 - - - 

156 207 0 1232 0 - - - 

157 159 0 894 0.5 2248 0 2300 

158 207 0 1217 0 2537 1 2584 

159 179 0 1099 0.5 2489 1 2584 

160 162 0 932 0 2042 0.5 2110 

161 185 0 945 0 - - - 

162 183 0 927 0.5 - - - 

163 230 0 1245 0 - - - 

164 203 0 1021 0 2297 0 2391 

165 167 0.5 1003 0.5 2280 0.5 2400 

166 230 0 1342 0 2809 0.5 2867 

167 147 0 798 0 - - - 

168 214 0 1252 0 2949 0.5 3014 

169 148 0 1087 0.5 - - - 

170 152 0 918 0 2141 0.5 2261 

171 185 0 1080 0.5 2423 1 2496 

172 171 0 1018 0 2324 0 2390 

173 181 0 995 0.5 2276 0.5 2399 

174 258 0 1483 0 - - - 

175 177 0 980 0 - - - 

176 162 0 980 0 2403 1 2469 

177 198 0 1036 0 - - - 

178 209 0 1209 0 2707 0.5 2874 

179 184 0 1084 0 2485 1 2564 

180 145 0 872 0.5 2270 0.5 2385 

*At the end of day (D) 21 in each subgroup of 20 animals, eight birds were randomly dissected. 
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Table 1.2 Animal number, body weight (BW; in g) and average foot pad dermatitis (FPD) 

scores (HOCKING et al. 2008) in the group with floor pen with litter and having floor heating 

(G2). 

Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

21 197 0 1026 0 2374 1 2473 

22 185 0.5 1203 0 - - - 

23 171 0 906 0 - - - 

24 204 0 1049 0 - - - 

25 172 0 881 0 2492 0.5 2504 

26 207 0 1174 0 3161 1 3182 

27 195 0 1105 0.5 2438 1 2533 

28 195 0 1120 0 2805 0.5 2969 

29 232 0 1303 0 - - - 

30 207 0 1237 0.5 2517 0.5 2554 

31 166 0 1075 0 2761 1 2916 

32 212 0 1092 0.5 - - - 

33 188 0 1180 0 3008 1 3124 

34 206 0 974 0.5 - - - 

35 141 0 984 0.5 2247 1 2359 

36 193 0 1150 0 - - - 

37 208 0 1012 0 2297 1 2402 

38 196 0 963 0 2358 1 2485 

39 178 0 951 0.5 2373 1 2508 

40 154 0 867 0 - - - 

121 211 0 1192 0.5 2937 0 3073 

122 196 0 850 0 - - - 

123 180 0 925 0 2218 0.5 2302 

124 182 0 961 0 2413 0.5 2518 

125 163 0 854 0 - - - 

126 191 0 1141 0 - - - 

127 178 0 864 0 - - - 

128 191 0 971 0 2319 0.5 2437 

129 226 0 1219 0 - - - 

130 234 0 1117 0 2564 0.5 2654 

131 171 0 906 0 - - - 

132 170 0 935 0 2262 0 2363 

133 175 0 1104 0 - - - 
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Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

134 174 0 889 0 2225 1 2319 

135 191 0 925 0 - - - 

136 195 0 954 0 2243 1 2337 

137 227 0 979 0 2304 0.5 2420 

138 160 0 893 0 2173 0.5 2283 

139 188 0 1069 0 2712 0.5 2847 

140 215 0 1056 0.5 - - - 

181 198 0 1242 0 - - - 

182 206 0 1113 0 2632 0 2556 

183 163 0 942 0 - - - 

184 172 0 953 0 2308 1 2412 

185 213 0 1234 0.5 2823 1 2953 

186 210 0 1203 0 2771 0.5 2863 

187 194 0 1174 0.5 - - - 

188 205 0 1153 0.5 2794 1 2984 

189 170 0 1039 0 2386 0.5 2448 

190 220 0 1221 0 - - - 

191 160 0 1014 0 2327 1 2467 

192 190 0 1033 0 - - - 

193 187 0 1092 0 2346 0.5 2521 

194 178 0 917 0 2003 1 2084 

195 183 0 1072 1 - - - 

196 222 0 1101 0 2415 0.5 2470 

197 193 0 1214 0.5 2856 1 2966 

198 171 0 901 0 - - - 

199 169 0 991 0 2330 1 2435 

200 169 0 1080 0 - - - 

*At the end of day (D) 21 in each subgroup of 20 animals, eight birds were randomly dissected. 
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Table 1.3 Animal number, body weight (BW; in g) and average foot pad dermatitis (FPD) 

scores (HOCKING et al. 2008) in the group with partially slatted flooring including an area 

that was littered (G3). 

Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

41 250 0 1308 0.5 3091 0 3252 

42 188 0 1138 0 - - - 

43 178 0 1041 0 2510 1 2657 

44 210 0 1085 0 2534 1 2617 

45 236 0 1341 0 - - - 

46 204 0 1180 0 2694 1 2682 

47 188 0 1132 0.5 - - - 

48 223 0 1191 0 2611 1 2671 

49 190 0 1062 0 2648 0.5 2741 

50 173 0 1157 0 2995 1 3105 

51 189 0 1180 0 2582 0.5 2661 

52 240 0 1147 0 2614 1 2691 

53 208 0 1069 0 - - - 

54 203 0 1111 0 - - - 

55 169 0 974 0 - - - 

56 181 0 1036 0 - - - 

57 188 0 1132 1 2427 1 2423 

58 185 0 986 0 2304 1 2400 

59 196 0 1157 0 2743 1 2923 

60 192 0 1205 0 - - - 

101 204 0 999 0 - - - 

102 232 1 1155 0 - - - 

103 194 0 946 0 - - - 

104 195 0 980 0 2717 1 2370 

105 186 0 1052 0 2610 0.5 2733 

106 174 0 926 0 2224 1 2293 

107 202 0 1178 0 2871 1 3023 

108 177 0 1075 0.5 - - - 

109 202 0 989 0 2216 1 2318 

110 176 0 1149 0 - - - 

111 218 0 1221 0 - - - 

112 149 0 1071 0 2598 0 2701 

113 160 0 1027 0 2744 1 2902 
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Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

114 169 0 1014 0 2363 0.5 2453 

115 189 0 1172 0 2842 1 2971 

116 161 0 1015 0 2433 0.5 2477 

117 173 0 1031 0 2649 0.5 2633 

118 170 0 1083 0 2726 0.5 2908 

119 207 0 1021 0 - - - 

120 160 0 850 0 - - - 

201 186 0.5 1167 0.5 2748 1 2891 

202 187 0 1248 0 3154 0.5 3320 

203 176 0 1124 0 2959 1 3069 

204 188 0 1168 0 2746 0.5 2839 

205 178 0 1206 0 - - - 

206 173 0 1023 0.5 - - - 

207 167 0 1178 0 - - - 

208 159 0 928 0 2472 1 2606 

209 167 0 1004 0 - - - 

210 165 0 811 0.5 - - - 

211 203 0.5 1021 0 2307 1 2411 

212 151 0 975 0 2353 0.5 2472 

213 166 0 1035 0.5 2690 0.5 2832 

214 213 0 1301 0 - - - 

215 204 0 929 0 - - - 

216 207 0 998 0 - - - 

217 131 0 824 0 2121 0.5 2247 

218 199 0 956 0 2094 1 2200 

219 213 0 1210 0 2759 0 2896 

220 172 0 1016 0 2467 1 2603 

*At the end of day (D) 21 in each subgroup of 20 animals, eight birds were randomly dissected. 
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Table 1.4 Animal number, body weight (BW; in g) and average foot pad dermatitis (FPD) 

scores (HOCKING et al. 2008) in the group with fully slatted flooring with a sand bath (G4). 

Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

61 213 0 1279 0.5 - - - 

62 171 0 1068 0 2754 1 2922 

63 185 0 1076 0 2778 1 2932 

64 214 0 1064 0 - - - 

65 192 0 1015 0 2347 1 2480 

66 183 0 1174 0.5 2972 1 3174 

67 166 0 961 0.5 2446 0.5 2596 

68 174 0 850 0 2013 1 2126 

69 178 0 937 0 2185 1 2282 

70 183 0 914 0 - - - 

71 180 0 659 0 - - - 

72 170 0 1007 0 2924 1 2953 

73 179 0 1089 0 2935 1 3037 

74 206 0 1025 0 2367 1 2472 

75 194 0.5 1039 0 - - - 

76 222 0 1228 0 2462 0.5 2519 

77 201 0 1195 0 - - - 

78 180 0 973 0 - - - 

79 197 0 989 0 2297 1 2374 

80 198 0 1140     

81 209 0 1079 0 2510 0.5 2566 

82 222 0 1143 0 2558 0.5 2650 

83 184 0 937 0.5 - - - 

84 201 0 1213 0 - - - 

85 205 0 1191 0.5 2227 0.5 2245 

86 200 0 1043 0 2305 1 2375 

87 214 0 1171 0 - - - 

88 205 0 1051 0 2402 0.5 2456 

89 194 0 1104 0 - - - 

90 217 0 1146 0.5 2603 1 2689 

91 187 0 1180 0.5 - - - 

92 192 0 985 0.5 2287 1 2377 

93 177 0 1003 0 - - - 

94 200 0 1235 0 - - - 
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Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

95 204 0 1001 0.5 2176 1 2235 

96 159 0 904 0.5 2341 1 2485 

97 196 0 1151 0 2938 0 3008 

98 146 0 797 0.5 - - - 

99 209 0 1095 0 2416 1 2525 

100 222 0 1175 0 2591 1 2716 

221 186 0 1093 1 - - - 

222 187 0.5 1088 0.5 2843 1 2953 

223 194 0 1181 0.5 2772 1 2827 

224 161 0 967 0.5 2318 1 2406 

225 179 0 1179 0 - - - 

226 192 0 1071 0.5 2390 0.5 2506 

227 158 0 1014 0 2613 1 2710 

228 183 0 991 0.5 2331 1 2396 

229 187 0 1065 0 2434 1 2565 

230 156 0 1042 0.5 2420 1 2534 

231 199 0 705 0 - - - 

232 192 0 1250 0 - - - 

233 171 0 1020 0.5 - - - 

234 188 0 1034 0 2266 0.5 2338 

235 155 0 941 0 2621 0.5 2778 

236 173 0 998 0.5 - - - 

237 158 0 856 0 - - - 

238 154 0 1076 0 2738 1 2841 

239 196 0 1096 0 2078 0.5 2106 

240 221 0 1217 0 - - - 

*At the end of day (D) 21 in each subgroup of 20 animals, eight birds were randomly dissected. 

Animal died during the experimental period (in grey). 
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Table 2. Raw data trial 2: Broiler chickens trial with antibiotic treatment on days 10–14 

Table 2.1 Animal number, body weight (BW; in g) and average foot pad dermatitis (FPD) 

scores (HOCKING et al. 2008) in the group with entire floor pens covered with litter (G1). 

Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

1 241 0 1160 0 2668 0.5 2775 

2 222 0 1292 0 3064 0 3143 

3 184 0 1022 0 - - - 

4 212 0 1269 0 2853 1 2903 

5 202 0 1167 0 - - - 

6 205 0 1115 0 - - - 

7 251 0 1175 0 2515 0 2580 

8 190 0 1080 0 2702 0 2784 

9 198 0 1177 0 - - - 

10 208 0 1151 0 2815 0 2930 

11 233 0 1307 0 - - - 

12 207 0 1239 0 3150 0 3245 

13 226 0 1269 0 - - - 

14 214 0 1109 0 2408 0.5 2471 

15 209 0 1036 0 2300 0 2358 

16 209 0 948 0 - - - 

17 209 0 1060 0 - - - 

18 192 0 1082 0 2487 0 2556 

19 209 0 982 0 2241 1 2329 

20 175 0 1051 0 2259 0 2325 

141 236 0.5 1243 0 - - - 

142 206 0 1003 0 2230 0.5 2239 

143 227 1 1223 0 - - - 

144 187 0 1161 0 2235 1 2292 

145 245 0 1118 0 2641 1 2719 

146 199 0 933 0 - - - 

147 214 1 1022 0 2307 0 2356 

148 188 0 1217 0 3070 1 3111 

149 198 0 1038 0 2365 0 2441 

150 187 0 1089 0 2735 0 2844 

151 198 0 877 0 - - - 

152 187 0 1096 0 2401 0.5 2445 
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Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

153 198 0 1108 0 - - - 

154 199 0 975 0 2361 0 2422 

155 211 0 1062 0 2187 1 2180 

156 163 0 793 0 - - - 

157 234 0 1262 0 - - - 

158 189 0 1079 0 2660 0 2744 

159 201 0 1085 0 2418 0 2422 

160 212 0 1224 0 - - - 

161 187 0 910 0 - - - 

162 212 0 1033 0 - - - 

163 199 0 1167 0 - - - 

164 217 0.5 1005 0 2414 0 2421 

165 197 0 1130 0 2712 0 2777 

166 187 0 937 0 - - - 

167 208 0 1015 0 - - - 

168 182 0 949 0 2465 1 2532 

169 197 0 1023 0 2256 1 2346 

170 214 0.5 1213 0 - - - 

171 207 0 1177 0 - - - 

172 181 0 1077 0 2597 0 2676 

173 224 0 953 0 2209 1 2234 

174 202 0 1166 0 3065 1 3170 

175 164 0 943 0 2569 1 2662 

176 200 0 1075 0 2389 1 2410 

177 164 0 997 0 2323 1 2383 

178 172 0 930 0 - - - 

179 194 0 1140 0 2900 0 2976 

180 283 0 1115 0 2401 1 2528 

*At the end of day (D) 21 in each subgroup of 20 animals, eight birds were randomly dissected. 
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Table 2.2 Animal number, body weight (BW; in g) and average foot pad dermatitis (FPD) 

scores (HOCKING et al. 2008) in the group with floor pen with litter and having floor heating 

(G2). 

Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

21 213 0 1172 0 - - - 

22 212 0 1074 0 2278 0 2352 

23 237 0 1192 0 - - - 

24 231 0 1140 0 2502 1 2595 

25 211 0 1029 0 - - - 

26 234 0 1281 0 - - - 

27 228 0 1094 0 2284 0 2369 

28 206 0.5 1067 0 2568 0 2664 

29 185 0 987 0 - - - 

30 196 0 992 0 2528 0.5 2621 

31 195 0 983 0 - - - 

32 192 0 1065 0 2450 1 2533 

33 203 0 1094 0 2590 0.5 2670 

34 184 0 1012 0 - - - 

35 203 0 1171 0 2819 1 2897 

36 181 0 956 0 - - - 

37 206 0 1021 0 2350 0.5 2431 

38 200 0 1127 0 2675 1 2774 

39 179 0.5 1083 0 2589 1 2672 

40 171 0 999 0 2540 0 2876 

121 209 0 1169 0 2678 1 2739 

122 196 0 1082 0 2637 0 2721 

123 240 0 1296 0 - - - 

124 235 0 1022 0 2241 0 2267 

125 210 0 1268 0.5 2959 0 3021 

126 218 0.5 1282 0 - - - 

127 220 0 1060 0 2304 1 2364 

128 174 0 911 0 - - - 

129 198 0 1080 0 2581 0 2681 

130 230 0 1002 0 2134 0.5 2220 

131 218 0 1158 0 2806 1 2933 

132 195 0 971 0 - - - 

133 173 0 892 0 - - - 
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Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

134 212 0 1021 0 2360 1 2379 

135 173 0 961 0 - - - 

136 207 1 1146 0 2762 1 2887 

137 227 0 1076 0 2289 0 2380 

138 193 0 1102 0 2501 0 2591 

139 229 0 1410 0 - - - 

140 198 0 1068 0 - - - 

181 203 0 1162 0 - - - 

182 218 0 1199 0 2918 0 2976 

183 201 0 1159 0.5 2773 0 2817 

184 162 0 908 0 1956 1 2018 

185 211 0 1227 0 - - - 

186 207 0 1087 0.5 2615 1 2731 

187 217 0 1111 0 2560 0 2628 

188 184 1 882 0 - - - 

189 201 0 1019 0 2318 0 2377 

190 215 0 1261 0 - - - 

191 215 0.5 1216 0 - - - 

192 171 0 917 0 - - - 

193 220 0.5 1142 0 2653 0 2697 

194 204 0 1042 0 2290 0 2302 

195 215 0 959 0 2090 0.5 2120 

196 214 0 673 0 - - - 

197 203 0 1277 0 - - - 

198 194 0 1193 0 2923 0.5 2966 

199 182 0 993 0 2478 1 2568 

200 200 0 1113 0 2715 1 2811 

*At the end of day (D) 21 in each subgroup of 20 animals, eight birds were randomly dissected. 
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Table 2.3 Animal number, body weight (BW; in g) and average foot pad dermatitis (FPD) 

scores (HOCKING et al. 2008) in the group with partially slatted flooring including an area 

that was littered (G3). 

Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

41 186 0 1096 0 2146 0 2214 

42 184 0 875 0 - - - 

43 192 0 944 0 2205 0.5 2280 

44 222 0 1147 0 - - - 

45 190 0 1162 0 - - - 

46 216 0 1064 0 2532 1 2596 

47 195 0 1118 0 2741 1 2841 

48 162 0 1003 0 2544 0 2674 

49 211 0 1031 0 2264 1 2347 

50 210 0 1126 0 2752 0 2782 

51 203 0 1062 0 - - - 

52 209 0 1064 0 - - - 

53 218 0 1156 0 2701 1 2856 

54 203 0 985 0 2322 1 2407 

55 214 0 1215 0 - - - 

56 174 0 877 0 - - - 

57 190 0 1129 0 - - - 

58 202 0 1158 0 2898 1 3013 

59 208 0.5 1012 0 2201 0 2322 

60 215 0 1095 0 2678 1 2723 

101 181 0 918 0 - - - 

102 222 0,5 1115 0 2385 0 2466 

103 181 0 932 0 2164 1 2229 

104 202 0.5 1055 0 2593 1 2587 

105 179 0 943 0 2182 1 2281 

106 216 0 1260 0 - - - 

107 189 0 1014 0 - - - 

108 220 0.5 1151 0 2709 0.5 2801 

109 207 0 1165 0 2850 1 3032 

110 188 0 921 0 - - - 

111 203 0 1033 0 2335 0 2429 

112 199 0 1096 0 2381 0 2510 

113 214 0 958 0 - - - 
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Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

114 203 0 1024 0 2322 0 2382 

115 222 0 1264 0 - - - 

116 200 0 987 0 2300 1 2398 

117 217 0 919 0 - - - 

118 180 0 1088 0 2623 0.5 2702 

119 168 0 1144 0 2999 1 3106 

120 221 0 1230 0 - - - 

201 194 0 1054 0 - - - 

202 208 0.5 1097 0 2423 1 2502 

203 219 0 1034 0 2309 1 2384 

204 182 0.5 963 0 - - - 

205 218 0 1294 0 - - - 

206 199 0 1072 0 2345 0 2449 

207 227 0 1269 0 - - - 

208 197 0 1040 0 2276 1 2349 

209 229 0 1187 0 2408  2525 

210 217 0 1196 0 2762 1 2853 

211 189 0 868 0 - - - 

212 199 0 1103 0.5 - - - 

213 182 0 1077 0 2699 1 2840 

214 212 0 1034 0 2409 1 2492 

215 199 0 1030 0 - - - 

216 211 0 1221 0.5 2801 0 2731 

217 220 0 1103 0 2517 1 2560 

218 217 0 1246 0 - - - 

219 177 0 1062 0 2694 0 2827 

220 209 0 1117 0 2502 1 2585 

*At the end of day (D) 21 in each subgroup of 20 animals, eight birds were randomly dissected. 
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Table 2.4 Animal number, body weight (BW; in g) and average foot pad dermatitis (FPD) 

scores (HOCKING et al. 2008) in the group with fully slatted flooring with a sand bath (G4). 

Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

61 196 0 1085 0 2764 1 2902 

62 227 0 1141 0 2744 1 2655 

63 211 0 996 0 2250 0 2346 

64 212 0 1170 0    

65 191 0 944 0 - - - 

66 192 0 1159 0 2755 0 2855 

67 240 0.5 1170 0 - - - 

68 185 0 1026 0 2330 1 2379 

69 188 0 1178 0 2934 1 3071 

70 211 0 1016 0 2366 1 2471 

71 175 0 896 0 - - - 

72 183 0 1121 0 2695 1 2852 

73 194 0 1049 0 2399 1 2487 

74 216 0 1152 0 2594 1 2762 

75 228 0 1254 0 - - - 

76 218 0 1025 0 - - - 

77 209 0 1142 0 - - - 

78 207 0 1034 0 2376 0.5 2469 

79 228 0 1190 0 - - - 

80 216 0 1123 0 - - - 

81 174 0 979 0 - - - 

82 213 0 1068 0 2435 1 2516 

83 202 0 1028 0 2451 1 2590 

84 213 0 1203 0 - - - 

85 216 0 1170 0 2755 1 2848 

86 223 0 1268 0 - - - 

87 211 0 1217 0 2973 0 3088 

88 232 0 1299 0 - - - 

89 198 0 1125 0 - - - 

90 206 0 1019 0 2355 1 2419 

91 186 0 913 0 - - - 

92 182 0 1154 0 2995 1 3101 

93 203 0 1220 0 2848 0 2923 

94 222 0 1076 0 2448 1 2540 
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Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

95 203 0 1190 0 2894 1 2970 

96 214 0 1082 0 2422 1 2496 

97 201 0 1116 0 - - - 

98 236 0.5 1113 0 2459 0 2516 

99 211 0 1102 0 2333 1 2414 

100 213 0 1054 0 - - - 

221 228 0 1127 0 2645 1 2671 

222 205 0 1168 0 2442 0 2520 

223 205 0 1111 0 2428 1 2498 

224 207 0 1088 0 1994 1 2084 

225 196 0 1018 0 - - - 

226 203 0 992 0 2161 1 2232 

227 221 0 1233 0 - - - 

228 213 0 1274 0 - - - 

229 216 0.5 1003 0.5 2064 0.5 2154 

230 170 0 906 0 - - - 

231 163 0 996 0 2345 0 2409 

232 181 0 973 0 2161 0 2228 

233 226 0 1200 0 2921 0 3056 

234 196 0 1034 0 2419 0 2472 

235 213 0 1182 0 2783 1 2910 

236 196 0 1222 0 - - - 

237 187 0 1050 0 - - - 

238 186 0 907 0.5 - - - 

239 194 0 995 0 2294 0.5 2367 

240 194 0 960 0 - - - 

*At the end of day (D) 21 in each subgroup of 20 animals, eight birds were randomly dissected. 

Animal died during the experimental period (in grey). 
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Table 3. Raw data trial 3: Broiler chickens trial with antibiotic treatment on days 10–14 

Table 3.1 Animal number, body weight (BW; in g) and average foot pad dermatitis (FPD) 

scores (HOCKING et al. 2008) in the group with entire floor pens covered with litter (G1). 

Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

1 196 0 978 0 2143 0 2165 

2 181 0 950 0 - - - 

3 230 0 1262 0.5 2730 0.5 2814 

4 205 0 866 0.5 - - - 

5 196 0 1034 0 2529 0.5 2564 

6 192 0 1056 1 - - - 

7 206 0 1040 0 - - - 

8 225 0 1228 0 - - - 

9 237 0 1279 0 - - - 

10 189 0 954 0 2094 0.5 2144 

11 182 0 922 0 - - - 

12 179 0 1168 0 2946 0 2981 

13 216 0 1028 0 2194  2242 

14 205 0 1263 0 - - - 

15 182 0 1040 0.5 2390 0 2430 

16 198 0 1220 0 2845 0 2924 

17 187 0 1093 0 2425 0 2475 

18 194 0 1040 0 2292 0 2333 

19 208 0 1111 0 2269 0.5 2317 

20 209 0 981 0.5 2115 0 2180 

141 228 0 1068 0 2301 0 2335 

142 199 0 942 0.5 2137 0 2197 

143 200 0 963 0 2309 0 2391 

144 196 0 1029 0 - - - 

145 195 0 985 0.5 2365 1 2441 

146 221 0 1083 0 2647 0 2719 

147 194 0 1021 0 2358 0 2427 

148 189 0 1001 0 2447 0 2473 

149 212 0 1116 0 2845 0 2907 

150 186 0 932 0 2096 0.5 2139 

151 189 0 746 0 - - - 

152 185 0 873 0 - - - 
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Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

153 174 0 782 0 - - - 

154 228 0 1026 0.5 2422 0 2501 

155 168 0 998 0 2742 0 2855 

156 203 0 1006 0 2227 0.5 2282 

157 229 0 1091 0.5 - - - 

158 201 0 1119 0 - - - 

159 213 0 1161 0 - - - 

160 192 0 1293 0 - - - 

161 192 0 1099 0.5 2505 0 2601 

162 210 0 1106 0 2612 0.5 2719 

163 225 0.5 1121 0 - - - 

164 228 0 1013 0.5 2372 0 2412 

165 181 0 1069 0 2674 0 2722 

166 176 0 1186 0 - - - 

167 164 0 746 0.5 1767 0 1822 

168 223 0 1082 0 2319 0 2357 

169 198 0 1010 0 2320 0.5 2393 

170 193 0 1058 0 2365 0 2387 

171 214 0 986 0 - - - 

172 207 0 1048 1 2320 0 2369 

173 206 0 1121 0.5 - - - 

174 213 0 1182 0 - - - 

175 202 0 988 0 2142 0 2184 

176 235 0 1105 0 - - - 

177 207 0 1051 0 2317 0 2410 

178 221 0 1061 0 2095 0 2143 

179 186 0 1139 0 - - - 

180 187 0 838 0 - - - 

*At the end of day (D) 21 in each subgroup of 20 animals, eight birds were randomly dissected. 
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Table 3.2 Animal number, body weight (BW; in g) and average foot pad dermatitis (FPD) 

scores (HOCKING et al. 2008) in the group with floor pen with litter and having floor heating 

(G2). 

Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

21 210 0 1154 0 2763 0 2803 

22 201 0 1094 0.5 2606 0.5 2620 

23 188 0 1070 0 - - - 

24 187 0 951 0 - - - 

25 204 0 993 1 2213 0.5 2292 

26 226 0 1210 0 - - - 

27 193 0 961 0 2270 0  

28 212 0 1200 0 - - - 

29 185 0 976 0 2177 0 2246 

30 219 0 1081 0 2446 0 2506 

31 205 0 1120 0.5 - - - 

32 194 0 1057 0 - - - 

33 206 0 978 0.5 2231 0 2292 

34 195 0 981 0 2315 1 2398 

35 224 0 1145 0 2825 0 2912 

36 201 0 1012 0 2256 0 2285 

37 244 0 1198 0.5 2586 0.5 2628 

38 209 0 1116 0 2211 0 2261 

39 168 0 825 0 - - - 

40 187 0 1028 0 - - - 

121 198 0 443 0 2182 1 2239 

122 190 0 1049 0 2318 0 2398 

123 205 0 1140 0 2687 0 2776 

124 160 1 911 0 - - - 

125 220 0 1234 0 - - - 

126 189 0 1222 0 2870 0 2955 

127 230 0 1282 0 - - - 

128 210 0 1036 0 2195 0 2207 

129 196 0 1054 0 - - - 

130 197 0 1247 0 - - - 

131 166 0 968 0 - - - 

132 233 0 1145 0 2403 0 2458 

133 211 0 1093 0 2594 0 2685 
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Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

134 228 0 1110 0 - - - 

135 185 0 1122 0 2625 0 2685 

136 171 0 1031 0 2450 0.5 2584 

137 161 0 925 0 - - - 

138 171 0 1063 0 2641 0 2703 

139 241 0 1182 0.5 2703 0 2715 

140 207 0 1021 0 2282 1 2329 

181 164 0 746 0 - - - 

182 194 0 960 0 2380 0 2435 

183 214 0.5 1008 0.5 2445 0 2544 

184 213 0 1281 1 - - - 

185 167 0 885 0.5 - - - 

186 225 0 751 0.5 - - - 

187 239 0 1262 0 - - - 

188 199 0 1124 0.5 2723 0 2790 

189 180 0 424 0 - - - 

190 210 0 979 0 - - - 

191 164 0 910 0 2116 0.5 2189 

192 182 0 956 0.5 2227 0 2280 

193 165 0 1021 0 2594 0 2667 

194 193 0 1157 0 2712 0 2799 

195 186 0 963 0 2067 1 2099 

196 231 0 1323 0 - - - 

197 181 0 994 0.5 2378 0 2421 

198 186 0 981 0    

199 218 0 1012 0.5 2402 0 2463 

200 188 0 1103 0 2718 0 2769 

*At the end of day (D) 21 in each subgroup of 20 animals, eight birds were randomly dissected. 

Animal died during the experimental period (in grey). 
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Table 3.3 Animal number, body weight (BW; in g) and average foot pad dermatitis (FPD) 

scores (HOCKING et al. 2008) in the group with partially slatted flooring including an area 

that was littered (G3). 

Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

41 232 0 1207 0.5 - - - 

42 190 0 986 0 2251 1 2300 

43 171 0 810 0 - - - 

44 231 0 1118 0.5 2833 0.5 2902 

45 240 0 1182 0.5 - - - 

46 219 0 1140 0 - - - 

47 182 0 1078 0 2565 1 2665 

48 211 0 1187 0 - - - 

49 185 0 914 0.5 - - - 

50 196 0 1065 0.5 - - - 

51 240 0 1092 0 2422 0.5 2442 

52 217 0 1202 0 2783 0.5 2853 

53 222 0 1184 0.5 2655 1 2775 

54 194 0 1053 0 2568 0 2651 

55 172 0.5 1044 0 2710 0.5 2760 

56 213 0 1278 0 - - - 

57 197 0 1107 0 2243 0.5 2397 

58 178 0 1123 0 2712 0 2862 

59 187 0 1016 0 2243 0 2331 

60 195 0 1175 0.5 2889 0 3012 

101 174 0 913 0 - - - 

102 176 0 1134 0 2893 0 3013 

103 197 0 928 0 - - - 

104 183 0 1064 0 2634 0.5 2752 

105 187 0 1114 0 2919 0.5 3002 

106 182 0 1041 0 2583 0.5 2656 

107 232 0 1173 0.5 - - - 

108 210 0 1219 0 - - - 

109 181 0 990 0 2645 0.5 2747 

110 193 0 941 0 - - - 

111 188 0 1109 0 2866 0 2945 

112 212 0 1155 0 - - - 

113 217 0 1126 0 2829 0 2938 
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Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

114 229 0 1200 0 - - - 

115 190 0 1099 0.5 2795 1 2931 

116 217 0 1027 0 2290 1 2395 

117 187 0 972 0 2387 0 2413 

118 193 0 943 0 - - - 

119 189 0 1033 0 2457 0.5 2466 

120 199 0 995 0 2358 0.5 2441 

201 189 0 948 0 - - - 

202 215 0 1078 0.5 2369 1 2410 

203 197 0 1119 0 2720 0.5 2781 

204 220 0 1245 0 - - - 

205 207 0 1081 0.5 3066 0 3136 

206 212 0 1153 0 2929 0 2971 

207 192 0 1023 0 2439 1 2515 

208 211 0 1110 0 2568 0 2600 

209 212 0 1142 0 2826 0 2881 

210 215 0 1050 0 2324 0 2391 

211 228 0 1209 0 2965 0 3022 

212 189 0 1193 0 2888 1 2994 

213 225 0 1358 0 - - - 

214 226 0 1029 0.5 2376 0.5 2443 

215 221 0 1034 0.5 - - - 

216 233 0 1213 0.5 - - - 

217 161 0 989 0 - - - 

218 184 0 875 1 - - - 

219 183 0 1151 0 - - - 

220 203 0 1032 0 2405 1 2472 

*At the end of day (D) 21 in each subgroup of 20 animals, eight birds were randomly dissected. 
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Table 3.4 Animal number, body weight (BW; in g) and average foot pad dermatitis (FPD) 

scores (HOCKING et al. 2008) in the group with fully slatted flooring with a sand bath (G4). 

Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

61 218 0 1187 0.5 2579 0 2633 

62 177 0.5 1077 0 - - - 

63 175 0 907 0.5 2322 0 2371 

64 238 0 1199 0.5 - - - 

65 165 0 788 0 - - - 

66 169 0 863 0 - - - 

67 187 0 1071 0 2602 0.5 2699 

68 195 0 1069 0 2361 0 2441 

69 224 0 1088 0 2354 0 2426 

70 208 0 1180 0 - - - 

71 220 0 1174 0 2680 0.5 2757 

72 213 0 1107 0 2755 0 2814 

73 194 0 982 0.5 2392 1 2461 

74 192 0 1092 0.5 - - - 

75 218 0 1067 0.5 2287 0 2363 

76 209 0 1119 0 - - - 

77 200 0 956 0 2173 0 2251 

78 226 0 1268 0.5 - - - 

79 201 0 1075 1 2901 0.5 3019 

80 221 0 1194 0 2582 0.5 2645 

81 205 0 804 0 - - - 

82 188 0 1000 0.5 2551 0.5 2632 

83 195 0 1111 0 2495 0 2560 

84 216 0 1061 0.5 2238 0.5 2311 

85 211 0 1074 0.5 2654 1 2732 

86 218 0 1079 0 2390 0 2483 

87 218 0 1032 1 2383 0.5 2430 

88 193 0 1168 0 - - - 

89 200 0 1209 0 - - - 

90 218 0 1189 0 - - - 

91 215 0 1067 0 2359 0.5 2374 

92 185 0 932 0 - - - 

93 224 0 1161 0 - - - 

94 219 0 1105 0 2354 0.5 2409 
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Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

95 217 0 1129 0 2674 0 2758 

96 211 0 1092 0 2551 0 2590 

97 196 0 946 0 2316 0 2400 

98 180 0 903 0 - - - 

99 204 0 1199 0 - - - 

100 225 0 1145 0 2369 0.5 2423 

221 180 0.5 950 0.5 - - - 

222 196 0 1152 0 3003 0.5 3076 

223 201 0 1108 0,5 2705 0 2807 

224 185 0.5 992 0 2298 0 2352 

225 214 0 979 0 2404 0 2478 

226 192 0 1133 1 2732 0 2822 

227 162 0 980 0 - - - 

228 234 0 1156 0 - - - 

229 191 0 1268 1 - - - 

230 212 0 1299 0 - - - 

231 174 0 956 0.5 - - - 

232 206 0 1071 0 2478 0 2556 

233 184 0 934 0 - - - 

234 185 0 1071 0 2697 1 2813 

235 162 0 995 0 2560 0 2662 

236 187 0 1036 0.5 2507 0 2591 

237 183 0 1026 0 - - - 

238 179 0 1143 0.5 2918 0 2986 

239 186 0 1063 1 2725 1 2846 

240 198 0 1104 0 2486 0 2542 

*At the end of day (D) 21 in each subgroup of 20 animals, eight birds were randomly dissected. 
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Table 4. Raw data trial 4: Turkey trial with no antibiotic treatment  

Table 4.1 Animal number, body weight (BW; in g) and average foot pad dermatitis (FPD) 

scores (HOCKING et al. 2008) in the group with entire floor pens covered with litter (G1). 

Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

1 170 1 753 2 - - - 

2 186 1 762 1.5 2441 2 2533 

3 166 1 755 2 - - - 

4 164 1 807 2 - - - 

5 190 1 788 2 - - - 

6 175 1 750 2 2027 2 2222 

7 166 1 398 2 - - - 

8 184 1 739 2 2179 2 2233 

9 182 1 723 2 2101 2 2147 

10 163 1 661 2 1878 2 1952 

11 173 1 720 2 1979 2 2047 

12 164 1 635 2 1665 2 1747 

13 181 1 736 2 2143 2 2189 

14 163 1 606 2 - - - 

15 168 1 687 2 1958  2057 

16 163 1 763 2 - - - 

17 154 1 609 2 - - - 

18 169 1 730 2 2062 2 2165 

19 156 1 668 2 1855 2 1892 

20 145 1 684 2 2041 2 2097 

141 160 1 697 2 - - - 

142 167 1 778 2 2082 2 2201 

143 185 1.5 857 2 - - - 

144 166 1 704 2 1881 2 1986 

145 162 1 805 2 - - - 

146 180 1 752 2 - - - 

147 159 1 710 2 1803 2 1888 

148 175 1 736 2 1949 2.5 2052 

149 178 1 714 2 1941 2.5 2021 

150 186 1 756 2 2070 2 2146 

151 172 1 790 2 2083 2.5 2241 

152 180 1 856 2 - - - 
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Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

153 182 1 789 2 2092 3 2211 

154 168 1 682 2 - - - 

155 156 1 718 2 1961 2.5 2083 

156 152 1 676 2 - - - 

157 179 1 743 2 2059 2 2198 

158 159 1 655 2 - - - 

159 175 1 822 2 2391 2 2517 

160 172 1 714 2 1894 2 1971 

161 166 1 813 1.5 - - - 

162 176 1 788 2 2142 2 2271 

163 170 1 764 2 - - - 

164 166 1 742 2 1949 2 2053 

165 157 1 534 2 - - - 

166 187 1 581 2 - - - 

167 174 1 738 1 1998 1.5 2076 

168 172 1 736 2 1939 2 2048 

169 175 1 690 1.5 2018 2 2137 

170 175 1 795 2 - - - 

171 182 1 866 1 - - - 

172 165 1 722 1.5 2028 2 2127 

173 180 1 717 2 1882 2 1974 

174 167 1 719 2 2005 2 2125 

175 162 1 876 2 - - - 

176 162 1 747 1.5 2198 2 2300 

177 166 1 707 2 1956 2 2061 

178 147 1 677 2 - - - 

179 193 1 780 2 2040 2 2189 

180 177 1 786 2 2067 2 2171 

*At the end of day (D) 21 in each subgroup of 20 animals, eight birds were randomly dissected. 
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Table 4.2 Animal number, body weight (BW; in g) and average foot pad dermatitis (FPD) 

scores (HOCKING et al. 2008) in the group with floor pen with litter and having floor heating 

(G2). 

Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

21 179 1 747 1.5 1947 2 2067 

22 161 1 732 2 - - - 

23 173 1 780 1.5 - - - 

24 168 1 763 2 2062 2 2204 

25 179 1 835 2 - - - 

26 145 1 630 2 - - - 

27 161 1 753 2 2160 2 2264 

28 183 1 775 2 2019 2 2105 

29 167 1 754 2 2139 2 2249 

30 153 1 726 2 1960 2 2034 

31 177 1 793 1 2258 2 2321 

32 150 1 837 2 - - - 

33 202 1 654 1 - - - 

34 177 1 748 2 1889 2 1975 

35 148 1 632 2 - - - 

36 160 1 688 2 1958 2 2043 

37 171 1 802 2 - - - 

38 162 1 677 1.5 1950 2 2036 

39 167 1 666 2 1680 1.5 1788 

40 167 1 763 2 2067 2 2112 

121 174 1 705 1.5 1840 2 2009 

122 177 1 738 2 2135 2 2254 

123 162 1 665 2 - - - 

124 182 1 780 2 1989 2.5 2140 

125 166 1.5 757 1.5 1927 2 2047 

126 158 1 771 2 2037 2.5 2219 

127 167 1 705 2 - - - 

128 156 1 614 1 - - - 

129 156 1 662 2 - - - 

130 172 1 755 2 1960 2 2063 

131 177 1 822 2 - - - 

132 153 1 747 2 2010 1.5 2145 

133 205 1 859 2 - - - 
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Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

134 186 1 841 2 - - - 

135 157 1 731 2 2054 2 2168 

136 188 1.5 819 2 2153 2 2281 

137 154 1 757 2 2202 2 2335 

138 181 1 840 2 - - - 

139 169 1 745 2 2067 2 2224 

140 169 1 821 2 2141 2 2245 

181 172 1 760 2 2049 2 2141 

182 197 1 777 2 2053 2 2153 

183 174 1 807 2 - - - 

184 156 1 604 2 - - - 

185 175 1 760 2 2110 3 2227 

186 181 1.5 805 2 2165 2 2246 

187 180 1 792 2 - - - 

188 170 1 781 2 2258 2 2350 

189 187 1 779 2 2192 2 2285 

190 144 1 641 2 1931 2 1996 

191 151 1 582 2 - - - 

192 155 1 647 2 1894 2 2023 

193 176 1 729 2 - - - 

194 178 1 825 2 - - - 

195 167 1 750 2 2010 2 2138 

196 157 1 700 2 1923 2 2024 

197 164 2 684 2 1852 2 1993 

198 190 1 858 2 - - - 

199 156 1 628 2 1647 2 1744 

200 162 1 620 2 - - - 

*At the end of day (D) 21 in each subgroup of 20 animals, eight birds were randomly dissected. 
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Table 4.3 Animal number, body weight (BW; in g) and average foot pad dermatitis (FPD) 

scores (HOCKING et al. 2008) in the group with partially slatted flooring including an area 

that was littered (G3). 

Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

41 168 1.5 724 2 2257 3 2326 

42 157 1 658 2 1909 2 2011 

43 178 1 742 2 2069 2.5 2131 

44 168 1 634 2 - - - 

45 171 1 739 2 1975 2 2012 

46 173 1 797 2 - - - 

47 167 1 723 2 1922 3 1991 

48 169 1 696 2 2046 2.5 2116 

49 170 1 681 2 - - - 

50 187 1 800 2 - - - 

51 177 1 710 2 - - - 

52 191 1 790 2 2197 2 2279 

53 175 1.5 663 2 1876 2 1978 

54 177 1.5 649 2 1667 2.5 1757 

55 185 1 838 2 - - - 

56 162 1 497 2 - - - 

57 165 1 709 2 2078 2 2161 

58 170 1 725 2 1859 2.5 1963 

59 185 1 698 2 - - - 

60 174 1 686 2 1857 2 1936 

101 173 1 726 2 2036 2 2168 

102 168 1 722 2 1888 2 1958 

103 158 1.5 743 2 1987 2 2066 

104 187 1 828 1.5 2324 2 2382 

105 191 1.5 828 2 - - - 

106 178 1.5 783 2 2120 2 2221 

107 166 1.5 649 2 - - - 

108 158 1 705 2 - - - 

109 187 1 729 2 1801 3 1856 

110 156 1 669 1.5 - - - 

111 204 1.5 848 2 - - - 

112 163 1 732 2 2002 2.5 2020 

113 180 1 776 2 - - - 
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Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

114 187 1 728 2 1843 2 1904 

115 156 1 740 1,5 2126 2 2199 

116 180 1 787 2 2075 2 2130 

117 176 1 754 2 2007 2 2083 

118 170 1 723 2 - - - 

119 161 1 784 2 2257 2 2312 

120 175 1 846 2 - - - 

201 177 1 677 2 1810 2 1885 

202 171 1.5 833 2 - - - 

203 166 1 685 2 1839 2 1903 

204 175 1 786 2 2300 2 2385 

205 181 1 877 2 - - - 

206 149 1 677 2 - - - 

207 156 1 741 2 2032 2 2108 

208 181 1 822 2 2291 2 2345 

209 141 1 816 2 - - - 

210 160 1.5 722 2 - - - 

211 163 1 808 2 2286 2 2344 

212 167 1 759 2 2039 2.5 2115 

213 157 1 708 2 1942 3 2050 

214 167 1 731 1.5 1997 2 2043 

215 156 1 775 2 2106 3 2186 

216 164 1 727 2 2000 2.5 2081 

217 192 1 834 2 - - - 

218 159 1 545 2 - - - 

219 195 1 755 2 1955 2.5 2049 

220 159 1 680 2 - - - 

*At the end of day (D) 21 in each subgroup of 20 animals, eight birds were randomly dissected. 
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Table 4.4 Animal number, body weight (BW; in g) and average foot pad dermatitis (FPD) 

scores (HOCKING et al. 2008) in the group with fully slatted flooring with a sand bath (G4). 

Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

61 167 1.5 718 2 1959 2 2060 

62 164 1 782 2 2035 1 2198 

63 157 1 690 2 - - - 

64 184 1 831 2 2015 2 2102 

65 196 1 919 2 - - - 

66 182 1 886 2 2257 2 2341 

67 149 1 857 2 - - - 

68 176 1 781 2 2051 2 2200 

69 163 1 801 2 2074 2 2170 

70 175 1 897 2 - - - 

71 169 1 789 2 2063 2 2177 

72 163 1 806 2 - - - 

73 175 1.5 790 2 2134 2 2247 

74 169 1.5 764 2 2022 1.5 2181 

75 150 1 837 2 2194 2 2329 

76 177 1 864 2 - - - 

77 155 1 731 2 1972 1 2073 

78 142 1 626 2 - - - 

79 177 1 772 2 2050 2 2203 

80 157 1 661 2 - - - 

81 187 1 740 2 1943 1.5 2019 

82 176 1 892 2 - - - 

83 170 1.5 854 2 2374 2 2446 

84 184 1 756 1.5 - - - 

85 166 1.5 743 2 2046 2 2105 

86 184 1.5 841 2 2189 2 2261 

87 192 1.5 853 2 2253 2 2301 

88 158 1 700 2 - - - 

89 158 1 723 2 1923 2 2024 

90 165 1 799 1.5 2070 2 2137 

91 182 1.5 722 2 - - - 

92 175 1 784 2 2015 2.5 2086 

93 182 1 867 2 - - - 

94 172 1 835 2 2184 2 2233 
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Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

95 158 1 760 1.5 - - - 

96 165 1 781 2 1942 2 2019 

97 168 1 735 2 2040 2 2066 

98 157 1 682 2 - - - 

99 188 1 949 2 - - - 

100 176 1 800 2 2126 2 2199 

221 178 1 881 2 2356 1.5 2527 

222 172 1.5 827 2 2088 2 2245 

223 172 1 783 2 1991 2 2126 

224 156 1 707 2 - - - 

225 161 1 768 2 2090 2 2232 

226 161 1 727 2 - - - 

227 141 1 745 2 - - - 

228 175 1 912 2 - - - 

229 167 1 754 2 1882 2 2134 

230 169 1.5 798 2 - - - 

231 185 1 775 2 1990 2 2012 

232 180 1 818 2 2049 2 2177 

233 176 1 914 2 - - - 

234 177 1 812 1.5 2071  2164 

235 178 1 762 2 - - - 

236 189 1 913 2 - - - 

237 158 1 810 2 2126 2 2225 

238 170 1 787 2 2150 2 2331 

239 172 1 914 2 2246 2 2494 

240 165 1 779 2 1935 2 2031 

*At the end of day (D) 21 in each subgroup of 20 animals, eight birds were randomly dissected. 
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Table 5. Raw data trial 5: Turkey trial with antibiotic treatment on days 10–14  

Table 5.1 Animal number, body weight (BW; in g) and average foot pad dermatitis (FPD) 

scores (HOCKING et al. 2008) in the group with entire floor pens covered with litter (G1). 

Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

161 176 1 681 2 1762 2.5 1819 

162 192 1 755 1.5 1806 2.5 1846 

163 170 1 645 2 - - - 

164 172 1 656 1.5 - - - 

165 192 1 696 1.5 1888 2 1952 

166 169 1 705 2 2055 2 2117 

167 152 1 732 2 1725 2 1810 

168 149 1 633 2 - - - 

169 172 1 746 2 1915 2.5 1995 

170 185 1 725 2 2007 2 2034 

171 179 1 757 1 - - - 

172 188 1 702 1.5 1434 3 1508 

173 183 1 671 1.5 1798 2.5 1845 

174 191 1 798 2 - - - 

175 162 1 685 1.5 1867 2 1923 

176 151 1 608 2 - - - 

177 162 1 723 2 1800 2.5 1878 

178 185 1 801 2 - - - 

179 181 1 727 1 - - - 

180 165 1 686 2 1699 2 1767 

351 149 1 663 2 1765 2 1841 

352 159 1 622 2 - - - 

353 180 1 800 2 - - - 

354 201 1 847 2.5 - - - 

355 201 1 804 2 - - - 

356 174 1 679 2 1731 3 1828 

357 182 1 697 2 1971 3 2056 

358 193 1 792 2 2089 2.5 2166 

359 160 1 656 1.5 1677 2.5 1732 

360 192 1 735 2 1867 3 1970 

361 177 1 700 2 1975 3 2035 

362 157 1 635 2 - - - 
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Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

363 173 1 676 2 1909 3 2038 

364 152 1 644 2 1599 3 1693 

365 148 1 570 2.5 - - - 

366 174 1 791 2 1750 3 1874 

367 158 1 671 2 - - - 

368 187 1 828 2 - - - 

369 183 1 656 2 1618 3 1669 

370 171 1 689 2 1832 2.5 1932 

371 182 1.5 757 2 1859 3 1997 

372 165 1 638 2 1658 2.5 1770 

373 175 1.5 758 2.5 - - - 

374 162 1 577 2 - - - 

375 167 1 649 2 - - - 

376 172 1 671 2.5 1365 3 1394 

377 164 1 684 2 1769 3 1838 

378 203 1 815 3 - - - 

379 170 1 632 2 - - - 

380 177 1 740 1.5 1779 2.5 1881 

381 160 1 680 2 - - - 

382 175 1 680 2.5 - - - 

383 156 1 712 2 1851 3 1932 

384 187 1 759 3 - - - 

385 170 1 721 2 1883 3 1970 

386 160 1 659 2 1732 3 1847 

387 184 1,5 727 2 1777 3 1851 

388 165 1 649 2 1687 3 1847 

389 175 1,5 746 2 1879 2.5 1987 

390 160 1 636 2 1579 3 1692 

*At the end of day (D) 21 in each subgroup of 20 animals, eight birds were randomly dissected. 
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Table 5.2 Animal number, body weight (BW; in g) and average foot pad dermatitis (FPD) 

scores (HOCKING et al. 2008) in the group with floor pen with litter and having floor heating 

(G2). 

Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

181 150 1 627 2 - - - 

182 148 1 653 2 1685 3 1742 

183 171 1,5 658 1 1670 2 1740 

184 177 1,5 681 1 1791 2.5 1892 

185 173 1 692 2 1745 2 1848 

186 156 1 591 1 - - - 

187 167 1 763 1,5 - - - 

188 180 1,5 700 1 1932 2 2008 

189 197 1,5 660 1 1570 3 1659 

190 158 1 598 1 - - - 

191 157 1 662 1 1532 2.5 1637 

192 182 2 717 2 1796 3 1871 

193 186 1 741 1 1820 2 1903 

194 164 1 659 1 - - - 

195 191 1 725 1,5 1829 2.5 1924 

196 182 1 712 1 1693 2 1779 

197 190 1 777 1 - - - 

198 195 1 709 2 1706 2.5 1796 

199 158 1 668 2 - - - 

200 189 1 736 2 - - - 

331 177 1 746 2 2030 2 2038 

332 172 1 738 2 1712 2 1736 

333 178 1 697 2 1944 3 1982 

334 200 1 849 2 - - - 

335 196 1 697 2 - - - 

336 160 1 666 1 - - - 

337 185 1 667 2 1824 2 1901 

338 162 1 705 2 1699 3 1702 

339 167 1 686 2 - - - 

340 174 1 857 2 - - - 

341 176 1 691 1 1699 3 1735 

342 186 1 804 2 - - - 

343 176 1 691 2 1814 2 1817 
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Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

344 188 1 701 1 1739 2.5 1832 

345 151 1 650 2 - - - 

346 149 1 691 1 1805 2 1826 

347 150 1 621 2 1437 2 1528 

348 198 1 794 2 - - - 

349 171 1 694 2 1829 2 1867 

350 163 1 747 2 1900 3 1991 

391 161 2 660 2 1750 3 1821 

392 162 1 686 1 1611 3 1662 

393 170 1,5 689 1 1648 2.5 1689 

394 166 1 670 1 1552 3 1573 

395 167 1 640 1 1529 3 1567 

396 172 1,5 732 2 - - - 

397 193 1 696 1,5 - - - 

398 172 1 762 1,5 1914 2 1943 

399 184 1 755 1 1951 3 1982 

400 186 1 661 1 1362 1 1396 

401 149 1 618 2 - - - 

402 178 1 754 1 - - - 

403 176 1 730 1,5 1933 3 1956 

404 163 1 705 2 1710 3 1788 

405 176 1,5 706 1,5 1760 2.5 1810 

406 182 1 818 1 - - - 

407 177 1 820 2 - - - 

408 175 1,5 570 1 - - - 

409 157 1 682 1,5 1681 2 1696 

410 154 1 638 2 - - - 

*At the end of day (D) 21 in each subgroup of 20 animals, eight birds were randomly dissected. 
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Table 5.3 Animal number, body weight (BW; in g) and average foot pad dermatitis (FPD) 

scores (HOCKING et al. 2008) in the group with partially slatted flooring including an area 

that was littered (G3). 

Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

251 177 2 734 2.5 1950 2 2064 

252 177 1 687 3 - - - 

253 171 1 686 2 1636 2 1707 

254 196 1 828 2 - - - 

255 177 1 744 2 1950 2 2078 

256 160 1 657 2 - - - 

257 183 1 750 2 1819 2 1977 

258 199 1 823 2 - - - 

259 179 1 730 2 1908 2 2046 

260 180 1 661 1 1618 2 1694 

261 158 1 689 2.5 - - - 

262 184 1 769 2 1823 2 1906 

263 173 1 746 2 2034 2 2129 

264 167 1 690 2 1906 3 2014 

265 187 1 792 2 1875 2 1993 

266 148 1 663 2 - - - 

267 176 1 728 1.5 1965 2 2073 

268 204 1 796 2 - - - 

269 191 1 897 2.5 - - - 

270 149 1 748 2 1788  1886 

311 187 1 736 2.5 1957 2 2003 

312 162 1 750 1.5 1916 2 2010 

313 171 1.5 692 3 - - - 

314 171 1 690 2 - - - 

315 178 1 727 2 1849 3 1903 

316 191 1 768 2 1931 2 1988 

317 191 1 761 2 1825 3 1856 

318 173 1 708 2 1925 3 1999 

319 178 1 788 3 - - - 

320 183 1 801 3 - - - 

321 174 1 763 3 2027 2 2039 

322 174 1 595 1.5 1651 2 1711 

323 171 1 671 2 - - - 
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Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

324 184 1 769 2 1943 2 1986 

325 159 1 699 2 - - - 

326 175 1 712 2 1684 3 1706 

327 182 1 760 2.5 1828 3 1874 

328 196 1 725 2.5 - - - 

329 156 1 641 2 - - - 

330 176 1 711 2 1920 3 1954 

411 173 1 746 2 1596 2 1735 

412 204 1 847 2 - - - 

413 179 1 882 2.5 - - - 

414 173 1.5 760 2 1919 2.5 2016 

415 158 1 703 2 1681 2 1840 

416 169 1.5 711 2 1562 2 1631 

417 173 1 670 2 1648 3 1788 

418 149 1 646 2.5 - - - 

419 178 1 791 2 1847 2.5 2028 

420 165 1 770 2 1902 2 2018 

421 206 1 847 2.5 - - - 

422 167 1 665 2 - - - 

423 169 1 680 2 1741 2 1903 

424 177 1 787 2 1885 2 2025 

425 179 1 706 2 1655 2 1834 

426 182 1 783 2 1566 3 1629 

427 186 1 728 3 - - - 

428 175 1 786 2 1826 3 1985 

429 166 1 673 2 - - - 

430 156 1 580 2.5 - - - 

*At the end of day (D) 21 in each subgroup of 20 animals, eight birds were randomly dissected. 
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Table 5.4 Animal number, body weight (BW; in g) and average foot pad dermatitis (FPD) 

scores (HOCKING et al. 2008) in the group with fully slatted flooring with a sand bath (G4). 

Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

271 173 1.5 691 1 1707 1 1721 

272 195 1 865 1.5 - - - 

273 209 1 890 1 - - - 

274 186 1 715 2 - - - 

275 189 1 794 1 2246 2 2272 

276 167 1 675 1.5 - - - 

277 200 1 916 2 - - - 

278 188 1 901 1 2304 2 2323 

279 180 1 804 1.5 1925 2 1999 

280 181 1 803 1.5 1983 2 2002 

281 162 1 779 1 1883 1 1970 

282 170 1 722 2 - - - 

283 170 1 737 0 1966 1 2008 

284 165 1 712 1 - - - 

285 193 1 740 1 1905 1 1993 

286 179 1 779 2 1978 2.5 2106 

287 177 1 652 1 - - - 

288 170 1 757 1.5 2065 2.5 2144 

289 156 1 733 0 1740 1 1854 

290 184 1 837 1 1943 1.5 2029 

291 186 1 711 1 - - - 

292 188 1 733 2 1906 2 2011 

293 183 1 716 1.5 1887 2 1766 

294 160 1 692 1.5 1605 2 1984 

295 156 1 679 2 1844 2 2094 

296 180 1 788 2.5 1968 2  

297 167 1 704 1 - - - 

298 155 1 699 2 - - - 

299 194 1 816 2 - - - 

300 191 1 792 2 1872 1 2043 

301 160 1 726 2 1891 2 2089 

302 185 1 778 1 2082 2 2105 

303 188 1 777 1 1573 1 1666 

304 150 1 635 1.5 - - - 
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Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

305 150 1 692 1 - - - 

306 154 1 699 2 1547 1.5 1646 

307 189 1 794 3 - - - 

308 185 1 794 2 - - - 

309 176 1 791 2 2016 2 2039 

310 182 1 754 1 1933 2 2076 

431 173 1 683 1.5 - - - 

432 158 1 694 2 1653 2.5 1708 

433 199 1 805 1.5 1800 2 1950 

434 168 1 765 1 1787 2 1935 

435 168 1 756 1 1832 2 1932 

436 180 1 752 1.5 - - - 

437 200 1 773 1 - - - 

438 194 1 810 1.5 2148 2 2257 

439 150 1 620 1 - - - 

440 178 1.5 704 2 1697 2 1818 

441 177 1 784 2 1868 2 1997 

442 164 1 740 1.5 - - - 

443 187 1 754 1.5 1897 2 2029 

444 194 1 813 1 - - - 

445 173 1.5 784 1 2084 2 2207 

446 166 1 787 2 2088 2 2225 

447 174 1 692 2 - - - 

448 153 1 684 2 - - - 

449 191 1 850 2 - - - 

450 167 1 745 1 1687 2 1808 

*At the end of day (D) 21 in each subgroup of 20 animals, eight birds were randomly dissected. 
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Table 6. Raw data trial 6: Turkey trial with antibiotic treatment at days 10-14 and  

days 26-30  

Table 6.1 Animal number, body weight (BW; in g) and average foot pad dermatitis (FPD) 

scores (HOCKING et al. 2008) in the group with entire floor pens covered with litter (G1). 

Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

1 193 0.5 801 2 - - - 

2 185 0.5 653 2 1885 2.5 1984 

3 180 0 748 1 2070 2 2128 

4 170 0 648 1.5 1747 1.5 1840 

5 197 0.5 756 1.5 - - - 

6 168 0.5 591 1 1835 2 1879 

7 176 0 636 2 1804 2 1955 

8 195 0.5 684 1.5 - - - 

9 187 0.5 690 1 2050 2 2130 

10 200 0.5 790 1 - - - 

11 179 1 630 1.5 1782 2 1839 

12 177 0.5 659 1 1814 2 1873 

13 180 0 738 1 - - - 

14 200 1 716 1.5 - - - 

15 157 1 654 2 1840 2 1874 

16 180 1 698 2 1889 2 1953 

17 215 1 846 1 - - - 

18 201 1 740 2 - - - 

19 175 1 638 2 1810 2 1870 

20 162 1 750 2 2220 2 2448 

141 173 1 693 2 2050 2 2077 

142 189 1 670 2 - - - 

143 171 1 778 2 - - - 

144 181 1 686 2 2086 2.5 2179 

145 182 1 784 2 - - - 

146 196 1 743 2 - - - 

147 160 1 647 1.5 1806 2 1822 

148 181 1 689 2 2000 2 2047 

149 215 0.5 815 2 - - - 

150 180 1 671 1.5 2040 2 2060 

151 186 1 700 1.5 - - - 
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Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

152 157 1 657 2 1916 3 2011 

153 154 1 617 2 1793 2 1802 

154 150 1 664 2 1934 2 1963 

155 158 1 705 1.5 2113 2 2137 

156 172 0 595 2 1960 2 1998 

157 161 1 550 2 - - - 

158 187 1 668 2 1973 2 1983 

159 161 1 615 2 1688 2 1712 

160 160 1 560 2 - - - 

161 168 1 625 2 - - - 

162 157 1 618 2 1872 2.5 1906 

163 169 1 816 1.5 - - - 

164 181 1 660 1 2066 2 2107 

165 163 1 603 2 1844 2 1853 

166 178 1 770 2 - - - 

167 152 1 606 2 - - - 

168 187 1 674 2 1963 2 1971 

169 158 0 674 2 1911 3 2000 

170 161 0 677 2 1909 2 1970 

171 155 1 666 2 2049 2 2219 

172 177 1 685 2 1901 2 1991 

173 173 1 694 2 1952 2 2052 

174 175 1 775 2 - - - 

175 160 1 582 1.5 1717 2 1837 

176 168 1 651 1.5 - - - 

177 170 0.5 702 2 - - - 

178 175 1 640 2 1528 2 1641 

179 146 1 633 2 1983 2 2180 

180 145 1 610 1 - - - 

*At the end of day (D) 21 in each subgroup of 20 animals, eight birds were randomly dissected. 
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Table 6.2 Animal number, body weight (BW; in g) and average foot pad dermatitis (FPD) 

scores (HOCKING et al. 2008) in the group with floor pen with litter and having floor heating 

(G2). 

Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

21 177 0.5 721 1 1955 2.5 1987 

22 189 0.5 713 1 2167 2 2238 

23 187 1 618 2 1799 2 1895 

24 189 1 629 1 2024 2 2119 

25 179 0.5 703 1.5 1716 2 1772 

26 171 0.5 614 1 1683 2 1753 

27 209 0.5 786 2 - - - 

28 188 1 756 2 2213 2 2299 

29 202 0 742 1 - - - 

30 163 1 678 1 1852 2 1925 

31 212 1 789 1.5 - - - 

32 150 0.5 526 2 - - - 

33 206 1 763 1 - - - 

34 158 1 621 1 1880 2 1932 

35 176 1 728 2 - - - 

36 174 0.5 703 1 1980 2 2085 

37 183 1 711 1 - - - 

38 170 1 649 2 1843 2 1956 

39 188 0.5 655 1 1730 2 1988 

40 195 0.5 778 1 - - - 

121 168 1 638 1 1851 2 1912 

122 194 1 656 1.5 1932 1.5 1952 

123 202 0 793 1 - - - 

124 174 0 686 1 2244 1 2328 

125 169 1 678 1 1835 2 1840 

126 180 1 648 1.5 1766 2 1820 

127 167 1 594 0 - - - 

128 181 1 691 1.5 2091 2 2153 

129 163 1 675 1 1985 1.5 2028 

130 167 0 635 1 1997 1.5 2159 

131 164 1 682 1.5 1951 2 2065 

132 157 1 516 1 1641 2 1668 

133 184 0.5 793 1 - - - 



  

Chapter 10 

 

  

197 

 

Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

134 172 1 594 1 1653 1 1697 

135 168 1 713 2 2050 2 2159 

136 163 1 572 2 - - - 

137 172 1 843 1.5 - - - 

138 187 1 714 1.5 - - - 

139 182 1 725 1 - - - 

140 182 1 735 1.5 - - - 

181 198 1 760 1,5 - - - 

182 147 1 625 1 - - - 

183 150 0 617 1 - - - 

184 142 1 600 1 - - - 

185 150 1 700 1.5 2297 3 2353 

186 150 1 606 1 - - - 

187 153 0.5 618 0 1763 2 1823 

188 188 1 716 1.5 2155 2.5 2284 

189 169 1 645 1 1470 2 1490 

190 171 1 635 1 1551 2 1597 

191 182 0.5 651 2 1789 2 1841 

192 155 1 580 1.5 - - - 

193 165 1 699 2 1990 2 2114 

194 154 1 600 2 1703 2.5 1750 

195 168 1 656 1 1894 2 1965 

196 153 0.5 638 1.5 1836 2 1930 

197 169 1 682 1 1915 2 1943 

198 182 1 859 1 1955 2 2034 

199 198 1 766 2 - - - 

200 188 1 764 1 - - - 

*At the end of day (D) 21 in each subgroup of 20 animals, eight birds were randomly dissected. 
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Table 6.3 Animal number, body weight (BW; in g) and average foot pad dermatitis (FPD) 

scores (HOCKING et al. 2008) in the group with partially slatted flooring including an area 

that was littered (G3). 

Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

41 198 0.5 793 2 - - - 

42 188 0.5 677 2 - - - 

43 199 1 778 2 - - - 

44 151 1 644 2 2143 2 2230 

45 207 0.5 846 1.5 - - - 

46 180 1 593 1.5 1799 3 1984 

47 168 1 606 2 1693 2 1773 

48 169 1 752 2 2304 2 2330 

49 174 1 650 2 1826 2.5 1885 

50 162 1 600 1 1788 2 1840 

51 183 0.5 661 2 1865 2 1951 

52 202 0.5 656 1.5 - - - 

53 153 1 587 2 - - - 

54 191 1 674 2 2100 2 2146 

55 172 1 745 2 2132 2 2194 

56 168 1 642 2 1826 3 1908 

57 150 1 702 2 - - - 

58 162 1 626 2 1987 2 2055 

59 159 1 621 2 1950 3 2033 

60 194 1 725 2 - - - 

101 180 1 807 1.5 - - - 

102 195 1 774 2 - - - 

103 167 1 678 2 1957 3 2045 

104 195 1 758 1.5 - - - 

105 180 1 683 2 1966 2 2022 

106 167 0.5 793 2 2330 3 2369 

107 201 1 841 2 - - - 

108 164 1 700 2 2070 2.5 2136 

109 170 0.5 844 1.5 - - - 

110 151 0.5 655 1.5 2017 2.5 2118 

111 159 0 595 2 1800 2 1854 

112 199 1 726 2 - - - 

113 156 1 651 2 2002 2 2095 
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Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

114 183 1 703 2 1815 2.5 1895 

115 175 0 633 2 1678 2 1734 

116 205 0.5 687 2 2016 2 2124 

117 203 1 810 2 - - - 

118 151 1 668 2 2053 2.5 2092 

119 190 1 810 2 - - - 

120 180 1 726 2 2160 2.5 2218 

201 160 1 600 2 1916 3 1950 

202 190 1 657 1 - - - 

203 157 1 606 2 1790 3 1867 

204 192 0.5 694 2 - - - 

205 168 0.5 642 2 1935 3 1994 

206 168 1 674 2 1874 3 1964 

207 170 1 672 2 1898 2 1916 

208 194 0.5 716 2 - - - 

209 165 1 567 1 1785 2.5 1823 

210 195 1 694 1.5 - - - 

211 192 1 784 2 - - - 

212 202 0.5 799 2 - - - 

213 170 1 696 2 2054 2 2075 

214 177 1 567 2 1662 2 1729 

215 158 1 586 2 1793 3 1816 

216 189 1 684 2 - - - 

217 173 1 671 2 1907 3 1951 

218 155 1 600 2 1888 2 1968 

219 173 0.5 600 2 1680 2.5 1715 

220 178 1 645 2 - - - 

*At the end of day (D) 21 in each subgroup of 20 animals, eight birds were randomly dissected. 
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Table 6.4 Animal number, body weight (BW; in g) and average foot pad dermatitis (FPD) 

scores (HOCKING et al. 2008) in the group with fully slatted flooring with a sand bath (G4). 

Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

61 175 1 782 1 - - - 

62 171 1 552 0.5 - - - 

63 186 0.5 693 1 2002 2 2085 

64 155 1 581 1 1615 2 1708 

65 164 1 620 1 1862 2 1936 

66 183 1 657 1 2182 2 2249 

67 150 1 623 1 1798 2 1870 

68 161 1 687 1 2119 2 2239 

69 196 0.5 822 1 2307 2 2399 

70 200 0.5 596 1 1755 2 1836 

71 181 1 693 2 1861 2 1983 

72 182 0 731 1 2087 1.5 2163 

73 169 1 728 2 - - - 

74 170 1 799 1 - - - 

75 162 0.5 638 1 - - - 

76 206 0.5 921 0.5 - - - 

77 199 1 750 1 - - - 

78 179 0.5 738 1 - - - 

79 166 1 729 1 2247 2 2365 

80 170 1 806 1 1900 2 2022 

81 199 0 618 1.5 - - - 

82 188 1 774 1 2173 2 2182 

83 191 0.5 679 2 1866 2 1887 

84 204 0.5 764 1 - - - 

85 183 1 699 1 - - - 

86 182 1 706 2 - - - 

87 159 0.5 661 1 - - - 

88 160 1 715 1.5 2053 2 2055 

89 173 0.5 671 1.5 2045 1.5 2134 

90 172 1 709 1.5 2000 2 2010 

91 172 1 680 2 2065 2 2065 

92 194 1 808 1.5 - - - 

93 168 1 664 2 1956 2 2030 

94 190 1 730 2 - - - 
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Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

95 153 1 655 1 1843 2 1877 

96 164 1 799 2 2279 1.5 2338 

97 163 0.5 681 0.5 1979 1 1983 

98 183 1 662 1 1938 1.5 2094 

99 153 1 533 1.5 - - - 

100 153 0.5 702 2 1994 2 2068 

221 170 1 649 1 - - - 

222 192 0.5 674 1.5 2082 2 2128 

223 184 0.5 666 1 2157 1.5 2182 

224 180 0 751 0.5 2120 1.5 2154 

225 185 1 670 1 2011 2 2060 

226 164 1 662 1 1891 2 1910 

227 189 0.5 615 1.5 - - - 

228 172 1 660 1 - - - 

229 183 1 667 0.5 2137 2 2166 

230 180 1 598 1 - - - 

231 165 1 661 1.5 1953 2 2023 

232 169 1 678 1 1933 2 1982 

233 141 1 641 2 1904 2 1966 

234 143 1 630 0 1953 2 2100 

235 152 1 807 1.5 2287 2 2355 

236 179 1 487 1 - - - 

237 189 1 607 2 - - - 

238 140 1 692 1 1977 1.5 2025 

239 169 1 573 1 - - - 

240 170 0.5 510 1 - - - 

*At the end of day (D) 21 in each subgroup of 20 animals, eight birds were randomly dissected. 
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Table 7. Raw data: Turkey trial with water containing antibiotic was sprayed into the 

feeding area at days 10-14 and days 26-30 in turkeys 

Table 7.1 Animal number, body weight (BW; in g) and average foot pad dermatitis (FPD) 

scores (HOCKING et al. 2008) in the group with entire floor pens covered with litter (G1). 

Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

1 176 1 681 0 1818 2.5 1925 

2 171 1 638 0 - - - 

3 157 1 678 0 - - - 

4 187 1 624 0.5 - - - 

5 166 1 706 0 1850 2.5 1954 

6 170 1 692 0 1874 2 2007 

7 174 0.5 721 0.5 1903 2 1983 

8 172 1 700 0.5 1835 2 1977 

9 177 1 719 0 1846 2 1944 

10 169 1 675 0.5 - - - 

11 161 0.5 605 0 - - - 

12 201 1 803 0.5 - - - 

13 177 1 736 0.5 2005 2.5 2146 

14 205 1 743 0 1956 2.5 2098 

15 200 0.5 732 0 2127 3 2244 

16 155 0 632 0 - - - 

17 180 0.5 748 0 2088 3 2222 

18 171 1 795 0 2221 3 2309 

19 150 0.5 690 0.5 - - - 

20 197 0.5 725 0 1900 3 2004 

141 172 1 660 1 1882 2 1997 

142 187 1 576 2 - - - 

143 159 1 636 2 1821 2.5 1921 

144 193 0.5 666 1.5 1730 2.5 1821 

145 168 1 659 2 1797 3 1901 

146 204 0 730 2 1952 3 2072 

147 167 1 636 2 1762 2.5 1852 

148 167 0.5 595 2 - - - 

149 163 1 571 1 - - - 

150 197 1 661 1 1851 2.5 1987 

151 201 1 658 1.5 1869 2.5 1970 
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Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

152 164 0.5 665 2 1773 3 1899 

153 184 1 665 2 1821 2 1892 

154 175 0 664 2 1950 3 2051 

155 187 0.5 577 1.5 - - - 

156 153 0.5 594 2 - - - 

157 196 1 572 1 - - - 

158 168 0 488 1 - - - 

159 152 1 597 2 - - - 

160 173 1 640 2 1756 3 1848 

161 155 1 600 1 1604 2 1704 

162 147 1 638 2 1730 3 1829 

163 149 1 602 1 - - - 

164 152 1 616 2 1669 2.5 1761 

165 181 1 632 1 1888 2.5 2018 

166 164 1 665 1 1738 2.5 1897 

167 148 1 606 1 - - - 

168 208 1 700 2 - - - 

169 176 1 677 1.5 1876 2.5 1958 

170 164 0.5 640 1.5 1709 3 1815 

171 191 1 729 1.5 1875 2 2011 

172 167 0.5 637 0 - - - 

173 145 1 601 0.5 - - - 

174 157 0.5 684 1 1800 3 1912 

175 142 1 658 1.5 - - - 

176 132 0.5 444 1 - - - 

177 177 0.5 697 1.5 1815 2.5 1909 

178 146 1 516 1 - - - 

179 184 0 647 0 1783 2 1904 

180 183 1 721 1.5 1919 2.5 2024 

*At the end of day (D) 21 in each subgroup of 20 animals, eight birds were randomly dissected. 
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Table 7.2 Animal number, body weight (BW; in g) and average foot pad dermatitis (FPD) 

scores (HOCKING et al. 2008) in the group with floor pen with litter and having floor heating 

(G2). 

Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

21 177 1 700 1 1831 2 1934 

22 199 1 776 0.5 1933 2 1998 

23 188 1 729 0.5 1846 2 1945 

24 143 1 659 0 - - - 

25 167 0.5 736 0 1961 2 2047 

26 204 1 806 0.5 - - - 

27 190 0.5 758 0 2052 2 2151 

28 190 0.5 784 0.5 - - - 

29 182 1 722 0.5 1708 2 1809 

30 153 1 618 0 - - - 

31 168 0.5 646 0.5 - - - 

32 203 1 755 1 2160 2 2240 

33 172 0.5 721 0.5 1926 2 2010 

34 169 1 704 0.5 1719 2 1805 

35 167 1 714 0 1836 2 1918 

36 152 1 666 0.5 - - - 

37 184 1 738 1 2032 2 2096 

38 176 1 664 0 1667 2 1747 

39 209 0 878 0 - - - 

40 140 1 593 0 - - - 

121 203 1 778 0.5 - - - 

122 178 1 708 0 2002 2.5 2075 

123 155 1 628 0 1833 2 1838 

124 183 1 802 0.5 2134 2 2168 

125 187 1 709 0 1936 2.5 2027 

126 170 1 703 0.5 1777 2 1782 

127 153 1 638 0.5 - - - 

128 142 1 525 0 - - - 

129 180 1 688 0 1895 2 2080 

130 174 1 709 0 1960 2 2036 

131 182 1 768 0 2011 2 2019 

132 196 1 780 0 - - - 

133 147 1 600 0 - - - 
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Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

134 159 1 642 0 1709 2 1804 

135 152 1 617 0 1704 2 1705 

136 206 1 738 0 1856 2 1911 

137 159 0.5 542 0.5 - - - 

138 169 1 745 0.5 2021 2.5 2029 

139 149 1 594 0 - - - 

140 146 1 634 0 - - - 

181 191 1 726 0.5 1720 2 1845 

182 191 1 739 2 1891 2 1943 

183 168 0.5 561 0 - - - 

184 159 1 680 0 1916 2 2028 

185 152 0.5        227 0 - - - 

186 175 1 645 0 - - - 

187 169 1 588 0.5 1810 2 1893 

188 166 1 595 0.5 1613 2 1703 

189 178 1 695 0.5 1750 2 1827 

190 173 1 610 0.5 1695 2 1813 

191 153 0.5 587 0.5 - - - 

192 163 1 678 0.5 1931 1.5 2048 

193 145 1 664 0 1794 2 1854 

194 196 1 734 0 2028 2 2134 

195 183 1 677 1 1757 1.5 1865 

196 180 1 652 1 - - - 

197 157 0.5 561 1 - - - 

198 146 0.5 546 0 - - - 

199 145 0.5 536 1 - - - 

200 145 1 588 0 1712 2 1786 

*At the end of day (D) 21 in each subgroup of 20 animals, eight birds were randomly dissected. 
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Table 7.3 Animal number, body weight (BW; in g) and average foot pad dermatitis (FPD) 

scores (HOCKING et al. 2008) in the group with partially slatted flooring including an area 

that was littered (G3). 

Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

41 175 0.5 756 1 2095 2 2182 

42 158 1 719 1.5 1668 2 1755 

43 162 1 583 2 - - - 

44 182 1 723 2 1810 2 1903 

45 167 1 693 0.5 1856 2.5 1946 

46 202 1 866 2 - - - 

47 165 1 634 2 1755 2 1822 

48 186 0.5 790 1 2106 2 2170 

49 178 1 693 1.5 1756 2.5 1847 

50 176 1 701 2 1935 2 1996 

51 197 1 865 2 - - - 

52 140 1 567 1 - - - 

53 163 1 724 2 2049 2 2134 

54 177 1 734 2 1901 2 1973 

55 146 0.5 629 1.5 - - - 

56 166 1 640 1.5 1719 2 1779 

57 186 1 767 2 2055 2 2149 

58 164 1 589 2 - - - 

59 153 1 628 2 - - - 

60 155 1 646 2 - - - 

101 169 1 668 2 1847 2 1966 

102 207 1 704 2 2017 2 2127 

103 178 1 683 2 - - - 

104 159 1 621 2 - - - 

105 169 1 648 2 1799 2 1863 

106 169 1 657 2 - - - 

107 193 1 639 2 1787 2 1897 

108 181 1 740 2 2172 2.5 2285 

109 185 1 702 2 - - - 

110 174 1 695 2 1950 3 2029 

111 198 1 748 2 - - - 

112 150 1 622 2 - - - 

113 153 1 694 2 2027 2 2153 
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Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

114 174 1 685 2 1954 2 2089 

115 195 1 635 2 1708 2 1794 

116 157 1 620 2 - - - 

117 192 0.5 744 1 2126 2.5 2219 

118 167 1 731 2 2064 2 2194 

119 166 1 703 2 1977 2 2067 

120 163 0 576 2 - - - 

201 152 0.5 580 1.5 - - - 

202 173 1 641 1.5 1774 2 1888 

203 174 1 593 0.5 - - - 

204 140 1 637 1 - - - 

205 182 1 720 2 1891 3 1985 

206 163 1 609 1 - - - 

207 184 1 757 1 2067 2 2136 

208 175 1 628 2 2036 3 2151 

209 164 1 647 1 1794 2.5 1916 

210 202 0.5 762 1 2023 2.5 2145 

211 170 1 662 1 1760 2.5 1869 

212 150 1 648 1.5 1763 3 1867 

213 168 0.5 630 1.5 1717 2.5 1822 

214 178 0.5 722 2 2164 2 2255 

215 153 1 608 1.5 - - - 

216 140 1 588 2 - - - 

217 188 0.5 772 2 2104 3 2209 

218 163 1 632 2 - - - 

219 150 1 580 2 1584 3 1751 

220 150 1 598 2 - - - 

*At the end of day (D) 21 in each subgroup of 20 animals, eight birds were randomly dissected. 
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Table 7.4 Animal number, body weight (BW; in g) and average foot pad dermatitis (FPD) 

scores (HOCKING et al. 2008) in the group with fully slatted flooring with a sand bath (G4). 

Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

61 165 1 590 1 - - - 

62 179 1 778 1 2100 1.5 2192 

63 174 1 689 1 1858 2 1966 

64 163 1 632 0 - - - 

65 167 1 611 1 1648 2 1705 

66 207 1 822 0.5 - - - 

67 154 1 664 1 1792 1 1968 

68 179 1 738 0 1826 1 1906 

69 157 1 623 0 - - - 

70 133 1 562 0.5 - - - 

71 164 0.5 675 1 1770 2 1885 

72 158 0.5 598 0.5 - - - 

73 182 0.5 772 0.5 2165 1 2232 

74 183 1 759 0.5 2140 1 2263 

75 131 1 622 0.5 - - - 

76 147 1 605 0 - - - 

77 143 1 651 0 1896 1 1994 

78 183 0.5 735 0 2040 1 2160 

79 170 1 722 1 1990 2 2079 

80 177 1 649 0.5 1810 1 1923 

81 195 1 726 0.5 1983 1.5 2084 

82 184 1 790 0 2063 2 2180 

83 174 1 750 0 1990 1 2074 

84 195 1 777 0 - - - 

85 179 1 667 1 1884 1.5 1976 

86 176 1 719 1 2111 2 2241 

87 182 1 706 1 1864 1 1923 

88 133 1 617 0.5 - - - 

89 187 1 702 0.5 1956 2 2045 

90 162 1 767 1 1647 2 1742 

91 171 1 718 1 1944 1 2079 

92 177 1 615 0.5 - - - 

93 166 1 657 1 1932 1.5 2011 

94 196 1 697 1.5 1930 2 2051 
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Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

95 179 1 682 0.5 - - - 

96 164 1 652 0.5 - - - 

97 144 1 595 0.5 - - - 

98 182 1 612 0 - - - 

99 179 0.5 679 1 1846 1.5 1946 

100 152 1 669 1 - - - 

221 165 1 706 0 1998 2 2190 

222 171 1 692 0 1892 2 1983 

223 182 1 749 1 1954 2 2122 

224 174 0.5 569 0.5 - - - 

225 172 1 751 0 2202 1 2313 

226 174 1 681 0 1667 1 1777 

227 180 1 692 0.5 1825 1 1891 

228 169 0 652 0.5 - - - 

229 159 1 687 0 - - - 

230 188 1 738 1 1963 1 1996 

231 162 1 708 1 2068 1.5 2179 

232 171 1 642 0.5 - - - 

233 181 0.5 787 1 2194 1.5 2310 

234 157 1 662 1 1738 2 1847 

235 154 1 631 1    

236 136 1 548 0.5 - - - 

237 157 1 689 0 1911 1 2033 

238 145 1 632 0.5 - - - 

239 201 1 670 1 - - - 

240 210 1 873 1 - - - 

*At the end of day (D) 21 in each subgroup of 20 animals, eight birds were randomly dissected. 

Animal died during the experimental period (in grey). 
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Table 8. Raw data trial 8: Turkey trial with changed environment was achieved by 

moving the animals at day 15 to new pens with the same conditions as previously after 

antibiotic treatment at days 10-14 

Table 8.1 Animal number, body weight (BW; in g) and average foot pad dermatitis (FPD) 

scores (HOCKING et al. 2008) in the group with entire floor pens covered with litter (G1). 

Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

251 142 0 690 0.5 1751 1.5 1787 

252 144 1 611 0.5 - - - 

253 159 0 633 0 - - - 

254 155 1 669 0.5 1903 1 1962 

255 163 0.5 790 0.5 2278 1 2329 

256 144 1 636 0.5 1758 1.5 1813 

257 164 0 643 0.5 1735 1.5 1780 

258 158 0 712 0 1900 1 1986 

259 139 0 550 1 - - - 

260 186 1 687 0 1805 1.5 1904 

261 144 0.5 652 0.5 - - - 

262 160 1 712 0.5 1890 1 1975 

263 142 0 684 0.5 1921 1 1983 

264 189 0.5 817 0.5 - - - 

265 156 1 692 1.5 2006 2.5 2088 

266 154 0 678 0 1916 1 1961 

267 156 0.5 634 1 1792 2 1824 

268 135 1 617 0 - - - 

269 156 0.5 637 0 - - - 

270 139 0.5 592 0.5 - - - 

391 149 0 689 0 - - - 

392 174 0 729 1 2000 1 2064 

393 148 1 703 0 1824 1.5 1880 

394 164 1 681 0.5 1899 2 1964 

395 168 0.5 757 0.5 2123 1.5 2180 

396 135 1 643 0 - - - 

397 145 1 632 0 1702 2 1763 

398 140 1 628 1 - - - 

399 148 1 698 0 1901 2.5 2050 

400 167 1 764 0 2006 2 2057 
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Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

401 167 0 682 0 1854 1 1883 

402 149 1 626 0 - - - 

403 137 1 565 0 - - - 

404 145 0.5 679 0 1901 1 1958 

405 140 0.5 729 0 1920 1 1964 

406 156 1 631 0.5 - - - 

407 167 0.5 749 0 1866 2.5 1911 

408 121 0 589 0 - - - 

409 145 0 596 0.5 1703 1 1710 

410 133 0.5 587 0 - - - 

411 132 1 591 1 - - - 

412 151 1 581 0 - - - 

413 144 0.5 625 0.5 - - - 

414 138 0 692 0 1914 1 1966 

415 173 0.5 778 0 2020 1.5 2050 

416 165 1 801 0.5 2164 1 2191 

417 158 1 654 0 1743 1 1758 

418 123 0 650 0 - - - 

419 154 0 716 0 1981 1 1997 

420 163 1 734 0 1975 1 1998 

421 143 1 646 0 - - - 

422 149 0 670 0 1730 1 1776 

423 133 1 572 1 - - - 

424 134 1 695 0.5 1943 1 1945 

425 163 1 705 1 1974 2 2068 

426 147 1 399 0 1443 1 1507 

427 154 1 650 0 - - - 

428 154 0.5 715 0 1934 1.5 2058 

429 121 1 594 0.5 - - - 

430 164 0.5 742  0 2062 1.5 2120 

*At the end of day (D) 21 in each subgroup of 20 animals, eight birds were randomly dissected. 
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Table 8.2 Animal number, body weight (BW; in g) and average foot pad dermatitis (FPD) 

scores (HOCKING et al. 2008) in the group with floor pen with litter and having floor heating 

(G2). 

Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

271 160 0 708 0 1847 1 1942 

272 154 1 651 0.5 1688 1.5 1740 

273 131 0 625 0 - - - 

274 134 1 629 0 - - - 

275 156 0 672 0 1909 1 1989 

276 140 0.5 648 0 - - - 

277 170 0.5 721 0.5 1947 1 1961 

278 136 1 589 0.5 - - - 

279 135 0 589 0 - - - 

280 164 1 720 0 1800 1.5 1898 

281 156 0 678 0 1841 1.5 1917 

282 151 1 661 0 - - - 

283 158 1 653 0.5 1694 1 1721 

284 167 0 704 0 1816 1 1842 

285 159 1 776 0 2296 1 2303 

286 167 1 745 0.5 2011 1.5 2055 

287 159 0 672 0 1794 1 1890 

288 147 1 635 0 - - - 

289 148 1 645 0 - - - 

290 152 1 657 0 1761 1.5 1783 

371 181 1 837 0 2281 1 2359 

372 129 0.5 557 0.5 - - - 

373 155 0.5 718 0 1959 1 2044 

374 138 0 680 0 1824 1 1910 

375 170 0 733 0 1917 1 1976 

376 122 0.5 566 0.5 - - - 

377 157 1 620 0 - - - 

378 138 1 648 0 - - - 

379 183 1 745 0.5 1901 2 2015 

380 128 0 578 0.5 - - - 

381 149 0 632 0.5 1673 1 1721 

382 140 1 630 0 - - - 

383 144 1 661 0.5 1727 1.5 1799 
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Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

384 148 1 579 0 - - - 

385 150 1 669 0.5 1743 1 1789 

386 161 0 665 0 1725 1 1783 

387 149 1 665 0 1753 1 1848 

388 143 1 631 0 - - - 

389 167 0.5 685 0.5 1857 1 1903 

390 163 0.5 643 0 1754 1 1828 

431 155 1 704 0.5 1840 1 1908 

432 156 1 605 0 - - - 

433 142 1 654 0 1797 1 1831 

434 132 0.5 544 0 - - - 

435 164 0 751 0 2014 1.5 2107 

436 153 1 618 0 1573 1 1942 

437 145 1 660 0 1809 1 1885 

438 150 0 669 0 1603 1 1885 

439 146 1 646 0 1718 1 1781 

440 124 1 549 0 - - - 

441 146 0.5 700 0 1796 1 1889 

442 152 1 619 0 1575 1 1652 

443 137 0.5 602 0 - - - 

444 119 1 555 0 - - - 

445 153 1 596 0 1498 1 1520 

446 124 1 558 0 - - - 

447 137 0 622 0 1797 1 1868 

448 139 0 619 0 - - - 

449 135 1 587 0 - - - 

450 153 0.5 665 0 1735 1 1800 

*At the end of day (D) 21 in each subgroup of 20 animals, eight birds were randomly dissected. 
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Table 8.3 Animal number, body weight (BW; in g) and average foot pad dermatitis (FPD) 

scores (HOCKING et al. 2008) in the group with partially slatted flooring including an area 

that was littered (G3). 

Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

291 156 0 758 0.5 2006 2 2094 

292 168 0 722 0.5 1882 2 1924 

293 148 0.5 710 0.5 1804 2 1898 

294 139 0 552 1 - - - 

295 161 0.5 707 1.5 1801 2 1824 

296 167 1 814 1 - - - 

297 180 1 744 2 - - - 

298 144 1 666 1 - - - 

299 145 0.5 677 1 1923 2 1975 

300 148 1 583 1.5 - - - 

301 170 1 703 0.5 1897 2 1939 

302 164 0 755 0.5 2027 2 2134 

303 136 0 786 1 - - - 

304 142 0.5 670 1 1744 2 1771 

305 146 0 627 1.5 - - - 

306 174 1 755 1 1978 1.5 2014 

307 180 0 722 0.5 1870 1.5 1911 

308 150 0.5 727 1 1922 2 1970 

309 141 1 592 1 - - - 

310 163 0 674 1 1718 1.5 1763 

351 134 1 595 1 - - - 

352 127 0.5 545 1 - - - 

353 159 1 655 1 1640 2 1672 

354 135 1 600 1 - - - 

355 142 0 700 0 1907 2 1918 

356 139 1 729 1 1887 1.5 1939 

357 123 0 610 0.5 - - - 

358 143 1 708 1 1866 2 1930 

359 163 1 720 0.5 1854 2 1903 

360 165 1 655 1 1608 1 1679 

361 143 1 611 2 - - - 

362 132 1 578 1.5 - - - 

363 145 1 692 0.5 1856 1.5 1911 
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Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

364 171 1 746 1 - - - 

365 149 1 637 1.5 1693 2 1931 

366 152 1 659 1 1788 2 1821 

367 157 0 734 0 2010 2 2087 

368 167 0 757 1 2001 1.5 2082 

369 141 0.5 568 1.5 - - - 

370 147 0 679 1 1895 2 1961 

451 145 0 650 2 - - - 

452 138 0.5 687 1.5 1930 2 1957 

453 139 1 665 1 - - - 

454 134 0.5 638 1 - - - 

455 127 0 590 2 - - - 

456 172 0 775 1 1978 1.5 2028 

457 144 0 671 0.5 1758 2 1791 

458 122 1 600 0.5 - - - 

459 135 0 690 1 1944 2 1993 

460 121 1 592 1 - - - 

461 135 0 601 0.5 - - - 

462 155 1 657 0.5 2067 2 2194 

463 134 1 646 1,5 - - - 

464 142 1 676 1 1802 1.5 1981 

465 209 1 839 1 2183 2 2256 

466 155 0 780 1 2016 2 2102 

467 138 1 665 1 1745 2 1805 

468 158 1 679 0 1817 2 1847 

469 167 1 725 1.5 1842 2.5 1846 

470 155 1 768 1.5 1868 2 1906 

*At the end of day (D) 21 in each subgroup of 20 animals, eight birds were randomly dissected. 
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Table 8.4 Animal number, body weight (BW; in g) and average foot pad dermatitis (FPD) 

scores (HOCKING et al. 2008) in the group with fully slatted flooring with a sand bath (G4). 

Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

311 167 0.5 677 0.5 1846 1 1928 

312 159 1 706 1 1960 1.5 2028 

313 192 0 818 1 - - - 

314 168 0.5 691 1 1754 1 1819 

315 149 0.5 665 0 1716 1 1797 

316 172 1 776 2 2048 1.5 2157 

317 161 0 755 0 2160 0.5 2227 

318 156 1 686 0.5 1825 1 1898 

319 143 1 634 1 - - - 

320 133 1 613 0.5 - - - 

321 128 0.5 577 0 - - - 

322 178 1 779 1 - - - 

323 183 1 770 0 2079 0.5 2170 

324 132 1 560 0 - - - 

325 149 1 693 0 1824 1 1897 

326 136 0 663 1 - - - 

327 168 1 738 0 1995 1 2077 

328 136 0 682 0 1836 1 1898 

329 157 1 716 0 1880 1 2003 

330 140 0 622 0 - - - 

331 170 0 842 1 - - - 

332 147 1 721 1 2026 1 2141 

333 143 0.5 648 1.5 - - - 

334 179 0 789 1 2011 1 2130 

335 174 1 757 0 2025 1.5 2062 

336 121 0.5 599 1.5 - - - 

337 136 0.5 660 0.5 1796 1 1909 

338 139 1 608 1 - - - 

339 169 0 705 1 1906 1 1997 

340 147 0 837 1 2005 1 2115 

341 147 0 704 0.5 1840 1 1924 

342 162 1 717 0.5 1956 0.5 2045 

343 123 0 633 0.5 - - - 

344 135 1 570 1 - - - 
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Animal 

number 
BW(D7) ØFPD(D7) BW(D21)* ØFPD(D21) BW(D35) ØFPD(D35) BW(D36) 

345 177 0 808 0 2177 1.5 2309 

346 155 1 653 0 1720 1 1823 

347 161 0 701 0 1871 1 1961 

348 146 0.5 646 1 - - - 

349 149 0.5 609 0 - - - 

350 138 1 697 1 1850 1 1969 

471 155 1 681 1.5 1840 2 1922 

472 130 1 640 0 - - - 

473 157 0 732 0.5 2166 1 2242 

474 140 1 612 0 - - - 

475 146 1 675 0.5 1944 1.5 2030 

476 146 0 615 0 1653 1 1691 

477 132 0 687 0.5 2050 0.5 2072 

478 131 1 566 0 - - - 

479 131 1 686 0 1979 1.5 1981 

480 164 0.5 728 0 2093 1 2169 

481 127 1 623 0 - - - 

482 127 1 668 0.5 1890 2 1902 

483 162 1 790 1 2087 1 2195 

484 157 0 724 0 1948 2 2129 

485 142 0 623 0 - - - 

486 130 0.5 604 0 - - - 

487 140 1 645 0.5 - - - 

488 160 1 696 0.5 1834 1 1901 

489 143 0.5 660 0.5 1801 1 1859 

490 139 1 633 0.5 - - - 

*At the end of day (D) 21 in each subgroup of 20 animals, eight birds were randomly dissected. 
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