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In this work, antimicrobial usage data from 2,546 commercial broiler chicken flocks originating from 37 farms are presented. Antimicrobial usage data at the flock level were based on mandatory documentation of antibiotic treatments in livestock in Germany, collected retrospectively for the time period of 2013–2018. The data encompasses all antimicrobial treatments during the fattening period of each flock, starting with the placement of day-old chicks at the barn. The aim of this analysis was to investigate antibiotic usage patterns in broiler chicken flocks in Germany, temporal trends in treatment frequency, the proportions of different antimicrobial classes and the weights of the broiler chickens at the time of treatment. The median treatment frequency over all flocks was six, and veterinary medicinal products belonging to nine different antimicrobial classes were used. Overall, the most frequently used classes were aminoglycosides (25.6%) and lincosamides (25.6%), followed by polypeptides (21.4%) and beta-lactams (16.2%). Over the 6 years evaluated, a considerable increase in the relative usage of lincosamides and aminoglycosides was observed. Compared to the first year of data collection, the percentage of treatments with fluoroquinolones, macrolides and polypeptides decreased in consecutive years. The median age of the broiler chickens at the time of treatment was 5 days, which corresponded to a median body weight at the time of treatment of 111 g, with substantial differences among various antimicrobial classes. We showed that in Germany, the median weight of broiler chickens at the time of treatment was substantially lower than the standard weight of broilers of 1,000 g proposed by the European Surveillance of Veterinary Antimicrobial Consumption. The median weight at treatment is very much influenced by the frequency of age-specific diseases. As different antimicrobial classes are used to combat these diseases, variations in the weight at treatment may have a considerable impact on the estimated treatment indicators. Additionally, a decrease in the relative usage of the highest-priority critically important antimicrobials, such as fluoroquinolones, macrolides and polypeptides, was shown, which might be the consequence of increasing awareness of the antibiotic resistance situation as well as of antibiotic monitoring and benchmarking systems currently running in Germany.
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INTRODUCTION

Poultry meat is a major food source for the rapidly growing global population (1). The European Union (EU) ranks third in the world's poultry meat production after the USA and Brazil. Within the EU, more than 70% of poultry meat is produced in six countries, namely, Poland, the UK, France, Germany, Spain and Italy (2). Under the conditions of intensive poultry production, the rational use of antimicrobial agents could play a vital role in the treatment of diseases (1, 3). However, there is a link between the development of antimicrobial resistance and the usage of antimicrobials (4), which leads to a growing public, political and scientific debate on the risks related to the usage of antimicrobials in the veterinary and agricultural sectors. There is no doubt that antimicrobial resistance is one of the top public health challenges of our century, and urgent measures need to be taken at all levels of society to reduce the impact and spread of antimicrobial resistance (5). In this context, better knowledge of antimicrobial treatments in livestock and robust monitoring and benchmarking systems are crucial for tackling antimicrobial resistance.

In Germany, antimicrobial usage (AMU) in broiler production is observed by a governmental antibiotic monitoring and benchmarking system. Since 2014, broiler holdings that keep an average of more than 10,000 animals have been required to submit detailed information about each antimicrobial treatment that the flock receives (6). Within this monitoring system, the treatment frequency (TF) is used as a benchmarking indicator, and the median and 75th percentile are defined as specific benchmarking thresholds. The TF per animal holding of the respective production type is calculated twice a year, and the benchmarking thresholds are published by the Federal Office of Costumer Protection and Food Safety. This system does not include any antimicrobial class-specific calculations or restrictions (7). The data obtained are detailed but are only allowed to be used for calculation of the TF, and no scientific evaluation of these data is permitted on a regular basis (8). Only recently a scientific evaluation for the purpose of assessing the effectiveness of the antimicrobial minimization concept was published (9).

Since 2012, the private company QS (QS Qualität und Sicherheit GmbH) has run an antibiotic monitoring system for its members. Within this approach, the treatment index in broiler chicken holdings is calculated per flock as a benchmarking indicator (10). A total of 1,932 broiler chicken holdings participated in the QS antibiotic monitoring system in 2019 (11).

Profound risk assessment of antimicrobial resistance development requires not only information about the amount of antimicrobials used in livestock, but also detailed knowledge of the treatment patterns in the course of the fattening cycle. This current study aims to investigate AMU patterns in 2,546 commercial broiler chicken flocks from 37 broiler chicken farms in Germany between 2013 and 2018. Our evaluation focuses on quantification of the AMU, the actual ages and weights of the animals at the time of treatment and the antimicrobial class profiles used over the duration of the growing period. To quantify AMU, we used the TF as a unit of measurement. We also describe temporal changes in AMU in broiler chicken flocks between 2013 and 2018, paying particular attention to the usage of the highest-priority critically important antimicrobials (HPCIAs).



MATERIALS AND METHODS


Study Data

The VetCAb study started in 2008 as a feasibility project, aiming to investigate the practicality of implementing an antibiotic monitoring system in livestock in Germany (12). After a cross-sectional pilot project in 2011 (13), the study was continued as VetCAb-Sentinel using a longitudinal approach. The study population encompasses different livestock holdings. The type of study is an open cohort with ongoing recruitment of participants (14). AMU data are delivered by farmers and veterinarians to the VetCAb database and are related to mandatory documentation, application and delivery forms (ADFs), as legally required by the German Medicinal Products Act (14).

From the ongoing VetCAb-S project, data on AMU in 37 commercial broiler chicken farms supervised by one team of veterinarians who continuously participated in the study between 2013 and 2018 were included in this evaluation. AMU in those farms was evaluated at the flock level. Similar to Agunos et al., we defined the flock to be a homogeneous group of broiler chickens placed in a single production unit on the same day and raised and treated together as a group until preharvest sampling or slaughter (15). Therefore, one farm has at least one but more often several flocks at the same time. The allocation of the various flocks to the years evaluated was performed according to the date of placing the broiler chickens in the barn, regardless of the end of the fattening period.

For the time period of 2013 until 2018, AMU data from 2,546 broiler chicken flocks in total could be collected and analyzed. Data were collected retrospectively and encompassed all antimicrobial treatments during the complete fattening period of each flock, starting with placing of the day-old chicks at the barn. The ADF used to document antimicrobial treatments included detailed information about the number of animals treated, the initial treatment date, the application route, the name and amount of the antimicrobial drug applied, and the duration of the treatment.

Treatments with coccidiostats were excluded from this analysis. Antimicrobial therapies performed at the hatchery during the first 24–72 h of the chickens' life were also not included due to a lack of information.



Overall Treatment Frequency

To quantify the frequency of antimicrobial treatments during the fattening period, we calculated the overall (TF) for every flock following Equation (1).
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A treatment is defined as the application of one antimicrobial compound to an animal. For this, veterinary medicinal products (VMPs) containing more than one antimicrobial class were considered separately for every antimicrobial class. The TF is an indicator of AMU in livestock at the farm level and indicates how many days an animal in the observed population is treated on average, e.g., how many used daily doses (UDDs) on average were administered to one animal within a given time period (16). This calculation method considers the actual number of animals treated (#animals treated) and the treatment duration (#treatment days) in the numerator and the estimate of the number of animals in the population under risk (#animals in the population) in the denominator. In Germany, information about the number of animals treated and the treatment duration is recorded in the ADF. The number of chickens stabled on day one was used to quantify the population at risk. Considering that in broiler production, treatments are usually performed on all animals present in the flock at the time of treatment, the number of animals treated is equal to the number of animals in the population in most cases. The number of animals stabled was not adjusted for losses due to mortality or preharvesting during the fattening period.

To calculate the temporal influence of the year on antibiotic consumption, we used a two-part random effects model (17). The first part modeled the probability of observing a TF > 0 by a logistic random intercept model. In the second part, given that TF is >0, a linear random intercept model was assumed for log TF. In both parts, the effect of the single farm was assumed to be random. The random effects from the first and second parts were modeled to be correlated. To fit the model, maximum likelihood estimation was used. The significance level was chosen to be p < 0.05. For the pairwise comparisons, the Bonferroni adjustment for multiple comparisons was used.



Treatment Frequency per Antimicrobial Class

The relative TF per antimicrobial class was calculated considering all antimicrobial classes licensed for poultry in Germany, using a method introduced by Sjölund et al. and Schaekel et al. (18, 19). For this, the percentage of every antimicrobial class of the total TF per flock was calculated following Equation (2). To identify shifts in usage patterns over time, the relative TF per antimicrobial class was also calculated per year.
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The relative TF per antimicrobial class is only of limited informative value if the overall TF changes over time. To identify significant changes in the TF of the single antimicrobial classes, we used a binary logistic mixed model. The effect of a single farm was assumed to be random. The model was fitted using maximum likelihood estimation. The significance level was chosen to be p < 0.05. A Bonferroni adjustment for multiple comparisons was used for the pairwise comparisons.



Treatment Patterns by Age and Estimated Body Weight

To describe the usage of antimicrobials in the course of the fattening period, we calculated the overall TF as well as the relative TF for each antimicrobial class used per week. For this, we divided the fattening period into 6 weeks. For every flock, we recorded the date of placing the 1-day-old chickens at the barn, assigning this date as the first day of the fattening period. To identify the age of the broiler at the time of treatment, we matched this information with the date of treatment start recorded in the ADF. Weight estimates are based on standard weight tables for the common breed (Ross 308) raised in our collective for as-hatched broilers (males and females combined) published in the Broiler Performance Objectives (20).

Statistical measures for the age and weight at the time of treatment were calculated per year under study, as well as over the complete study period. Estimates were also calculated for each antimicrobial class used to identify differences in the usage of the various antimicrobial classes over the duration of the fattening period.

All statistical evaluations mentioned above were performed with SAS®, version 9.4 TS level 1 M5 (SAS Institute Inc., Cary, NC, United States). The NLMIXED procedure with the adaptive Gaussian quadrature option was used to fit the two-part model. The binary logistic mixed model was fitted using the GLIMMIX procedure.




RESULTS


Study Data

The total number of flocks included in this study over the observational period (2013–2018) was 2,546 and ranged from 362 to 473 per year. All flocks have been raised conventionally; the length of the production cycle was 42 days. Overall, 3,274 antimicrobial treatments were performed in the study population over the entire study period. Of these, 1,114 treatments consisted of VMP containing two antimicrobial classes (aminoglycosides/lincosamides or sulfonamides/trimethoprim). At the level of the antimicrobial class, 4,388 records were evaluated.

The number of day-old chickens placed per flock ranged from 9,000 to 66,000, and the total number of broiler chickens surveyed over the 6-year period was 78 M (78,010,902), ranging from 10.5 M (10,474,400) to 14.2 M (14,244,494) per year.



Overall Treatment Frequency

The median TF over all 2,546 chicken flocks from 37 farms was six and ranged between four and six for the individual years. In total, 31.2% of all broiler chicken flocks did not use any antimicrobials at all (Table 1). At the farm level, no single farm was identified as having no antibiotic usage at all. The median treatment duration over the complete study period was 3 days, ranging from 1 to 5 days.


Table 1. Major measures of the statistical distribution of the overall TF at the flock level and percentage of flocks raised without AMU per year.
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Between 2014 and 2015, the mean of the TF significantly decreased, followed by an increase in 2016. Between 2013 and 2014, as well as within the subsequent years 2017 and 2018, no significant changes could be identified (Figure 1 and Table 2).


[image: Figure 1]
FIGURE 1. Estimated means of the TF over the years 2013–2018 with 95% confidence intervals.



Table 2. Pairwise comparison of the mean TF between 2013 and 2018, Bonferroni adjusted.
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Treatment Frequency per Antimicrobial Class

In total, 26 different VMPs belonging to nine antimicrobial classes were used. All treatments were administered via drinking water. No VMPs containing cephalosporins or pleuromutilins were reported. In our dataset, the usage of aminoglycosides (25.6%) and lincosamides (25.6%) had the highest relative TF, followed by polypeptides (21.4%) and beta-lactams (16.2%) (Table 3). The relative TF per antimicrobial class varied over time. The percentage of aminoglycosides and lincosamides increased significantly between 2013 and 2014 and then remained almost stable until 2018. Polypeptide usage dropped significantly in 2014 from 28.2% (2013) to 21.5% (2014) and remained at this level until 2016. In 2017, a slight increase was seen, with a consecutive drop in 2018 (Table 4). The relative percentage of macrolides decreased between 2013 and 2014 from 5.8 to 0.8% and remained under 1% over the study period. The relative usage of fluoroquinolones dropped significantly in 2014 from 8.5 to 2.4%. The relative use of tetracyclines was very low over the complete observation period. The relative use of HPCIA, i.e., fluoroquinolones, macrolides and polypeptides (21) [VMPcontaining cephalosporins (3rd-generation and higher) or glycopeptides are not labeled for use in poultry in Germany; vetidata.de (22)], accounted for 26.2% of the overall TF over the complete study period. In 2013, 42.5% of the TF was represented by HPCIA, and in 2018, the proportion was only 19.6% (Table 3).


Table 3. Relative (TF%) and absolute (total in all flocks) treatment frequency (STF) per antimicrobial class and year.
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Table 4. Estimated proportion of the AMU per antimicrobial class; estimated least square means with confidence interval; pairwise comparison of the usage between consecutive years.
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Treatment Patterns by Age and Estimated Body Weight

To gain deeper insight into the treatment of broiler chickens during the production cycle, data were stratified by the age at treatment. The median age of the broiler chickens at the time of treatment was 5 days over the complete study period and varied between 2 and 6 days depending on the observation year, with an outlier of 19 days in 2013 (Table 5).


Table 5. Major measures of the statistical distribution of the age of the broiler chickens in days at the time of treatment start per year.
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The entire distribution of treatments by body weight of the broiler chicken is displayed in Figure 2. It is a right-skewed distribution with more than 50% of treatments within the first week of fattening. From the age of the animals at the time of treatment, the estimated body weight of the animals was derived. The median body weight at treatment was 111 g over the entire study, ranging from 57 to 719 g over the years (details in Supplementary Table 1).


[image: Figure 2]
FIGURE 2. Statistical distribution of the treatments by the estimated body weight of the broiler chickens in g over the entire study period (2013–2018).


Upon stratifying these distributions by antimicrobial class, different patterns occurred. The median age at the start of treatment varied for the individual antimicrobial classes from 1 day for aminoglycosides and lincosamides to 22 days for beta-lactams and macrolides (Table 6). The age at the time of treatment per antimicrobial class and year is displayed in Supplementary Table 2. The median body weight of the broiler chickens at the time of treatment also varied between 42 and 914 g depending on the antimicrobial class used (Supplementary Table 3). The median body weight at the time of treatment per antimicrobial class and year is displayed in Supplementary Table 4.


Table 6. Major measures of the statistical distribution of the age of the broiler chickens in days at the time of treatment per antimicrobial class.
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As displayed in Table 6, the antibiotic class applied varied substantially with the age of the broiler chickens. Therefore, the relative TF per antimicrobial class was additionally stratified by fattening week (Table 7). The median overall TF per week decreased steadily during the fattening period, starting at 3.72 in the first week of broiler chicken life. From the second week to the end of the fattening period, the median TF remained constant at the value of zero. The mean of the overall TF varied over the fattening period between 0.07 and 3.32 and reached its highest level in the first and fourth weeks of the fattening period (Table 7).


Table 7. Relative TF per antimicrobial class and fattening week.
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There was also a shift in the percentages of the different antimicrobial classes used during the fattening period. In the first fattening week the combination of aminoglycosides and lincosamides (35.2 and 35.3%) had the highest TF, followed by polypeptides (11.1%) and beta-lactams (7.3%). Starting from the second week of fattening, the usage of polypeptides had the highest TF, followed by the usage of beta-lactams. A peak in the relative fluoroquinolone, sulfonamide and trimethoprim usage was seen in the second fattening week, when these antimicrobial classes accounted for 10.6 and 8.9%, respectively, of the overall TF. The usage of macrolides reached its peak of 6.1% in the fourth fattening week. The relative TF for tetracyclines remained at a very low level during the entire fattening period (Table 7).

As displayed in Figure 3, aminoglycosides, lincosamides and fluoroquinolones were applied in the highest percentages in the first fattening week, and beta-lactams, macrolides and polypeptides were given over the complete fattening period.


[image: Figure 3]
FIGURE 3. Relative TF per antimicrobial class and fattening week.





DISCUSSION


Study Design

In the present work, data on AMU from 2,546 conventional broiler chicken flocks raised in 37 panel farms between 2013 and 2018 and supervised by one team of veterinarians were evaluated, aiming to describe detailed AMU patterns in German broiler production. Over the 6-year study period, a total of 78 million broiler chickens was surveyed, which represents ~2.1% of the total number of broiler chickens slaughtered in Germany between 2013 and 2018 (23).

The study population enrolled has to be considered a convenience sample due to their voluntary participation. Hence, our dataset is prone to selection bias, although the farms under observation represent a typical production environment in northwestern Germany. This is, for example, demonstrated by the usual production numbers of the entire German broiler production, in which the average production cycle is 42 days for conventionally fattened broilers (42 days in our sample) (24). According to data from the German Federal Statistical Office, there were 3,330 broiler farms in Germany in 2016, with 93,791,251 broiler chickens overall. On average, 28,165 broiler chickens per farm were kept nationwide, which is consistent with the average number of stabled animals in our study cohort (between 29,330 and 33,516) (25).

The records used are mandatory for the documentation of antimicrobial use in Germany. The format is binding and includes detailed information on the number of animals treated, duration of treatment and amount and name of the drugs applied. Thus, we expect information bias due to insufficient documentation to not play a major role in the outcome.



Overall Treatment Frequency

The median TF in our study population was six, i.e., during the fattening period, each broiler received six UDD on average. We also found an increase in TF in 2016 compared to previous years.

To the best of our knowledge, in Germany, there are no antimicrobial treatments applied at the hatchery, so we did not consider any underestimations of the TF due to underreporting of antimicrobial treatments at the hatchery.

To calculate the TF, the denominator was stated as the number of day-old chickens placed in the barn on day one of the fattening period. This was not adjusted for losses due to mortality during the fattening period, which, in theory, causes an underestimation of the measure. However, considering an average mortality rate of 3% during the fattening period (24), which is ~0.1% per day, this causes an average bias of 0.2 in the TF, which we consider to be negligible.

Furthermore, treatments performed after the preharvest sampling day do not encompass the entire broiler population stabled at day one of the fattening period. In Germany, broilers are often reared to the maximum stock density permitted and thinned afterward. Approximately 25% of the flock is removed for slaughter at approximately day 31 to lower the density and to allow the remaining birds to grow without exceeding the maximal stock density of 39 kg/m2 (24). Due to the calculation procedure used in these cases, systematic underestimation of the TF is possible as well. This takes into account flocks with preharvesting in which treatments were performed after day 31. In our dataset, these constitute ~10% of all treatments. In this 10%, there is an overestimation of the population under risk of ~25%. Referring to the complete dataset, the denominator is relatively biased to a maximum of 6.25%, which leads to some underestimation of the TF.

In a study in Belgian broiler flocks, the authors found that a broiler received approximately one UDD on average for 5 days of the growing period (26). In our calculation method, VMP containing two or more different antimicrobial substances in a fixed combination (namely, lincomycin/spectinomycin and sulfonamide/trimethoprim) were entered in the calculation as a value of two, producing a 2-fold higher number of UDDs in those cases where fixed combinations were used. In our dataset, 34% of all VMPs used are combinations that mainly explain the difference in both outcomes.

The same applies when comparing our results to the outcome of the private QS antibiotic monitoring system, where the median therapy index is calculated semiannually. Between the second half of 2014 and the second half of 2018, the therapy index for broiler flocks recorded by QS was as follows: 4.41, 3.81, 2.57, 2.71, 2.94, 3.47, 3.77, 3.99, and 4.30 (27). In this system, fixed combinations of lincomycin/spectinomycin and sulfonamide/trimethoprim are handled as one when calculating the number of UDDs, which results in a lower number of UDDs compared to our calculation.

Within the German governmental antibiotic monitoring system, the TF is calculated per farm twice a year. Our data are generally structured per flock; however, within our model calculations, the farm structure was considered a random variable. Taking this into account, the same trend can be observed concerning the increasing TF. Here, after a short-term drop between the second half of 2014 and the first half of 2015, the TF steadily increased. Within our dataset, there was a significant drop in TF between 2013 and 2015, with the lowest values in 2015, and in 2016, there was an increase in TF.

A total of 31.5% of the 3,274 flocks evaluated did not receive any antimicrobials, showing that under the conditions of conventional broiler chicken production in Germany, it is possible to raise antibiotic-free flocks. According to non-published data from the German poultry sector, 30% of the broiler chicken flocks raised in Germany did not receive any antibiotics (personal communication QS), which is a quite similar result.

According to the official monitoring system in Germany, 6.3% of the broiler holdings managed to raise all flocks in the observation period from July 2014 to December 2017 without any AMU. For the individual half-year period, the proportion of broiler holdings without recorded antimicrobial use ranged between 17.2 and 23.6% (9). However, for our data, within the entire study period, no single farm was identified as having no antibiotic use.

Persoons et al. found 25% of the monitored production cycles to be able to grow broilers without any antimicrobials. A Moroccan study on the consumption of antimicrobials in broiler production reported that 93% of the observed flocks received at least one antimicrobial treatment during the fattening period (28). The authors considered this high level of AMU to be due to poor rearing practices, low-quality day-old chicks and feed and a lack of efficient official oversight. A study performed by Joosten et al. aiming to quantify AMU in broiler chicken flocks in 9 European countries found 37% of 181 observed flocks to have not used antimicrobials at all. The percentage of flocks without AMU varied between 5 and 85% depending on the country (29).



Treatment Frequency per Antimicrobial Class

Overall, 26 VMPs licensed for poultry were used in the study cohort. No off-label use could be detected over the observation period. In 34% of all treatments, fixed combinations were applied.

We found that aminoglycosides and lincosamides used in a combination product, polypeptides and beta-lactams represented the highest relative TFs. Within the scientific evaluation of the Germany-wide antibiotic usage data, it could also be shown that antibiotic usage in broilers in Germany is dominated by the use of a combination of aminoglycosides and lincosamides, beta-lactams, and polypeptides (30).

In the evaluation report, a significant increase in the usage of the combination of aminoglycosides and lincosamides in 2017 compared to 2015 could also be observed, as well as a significant decrease in the usage of the combination of sulfonamides and trimethoprim, macrolides, beta-lactams, polypeptides and tetracyclines. In contrast to our study, no significant trend in the usage of fluoroquinolones was observed (30). However, it must be considered that a longer observation period is covered in our study (2013–2018). Within our study, a significant drop in the relative TF of fluoroquinolones was seen between 2013 and 2014. In the time period between 2015 and 2019, the relative usage of fluoroquinolones in our cohort also remained stable. Taking this into account, our study supports the interpretation that the new regulations put in place in 2014 had initial temporary effects on antimicrobial use in broilers, but the recent situation in Germany seems to be stable.

A Canadian study on AMU in broilers investigated the number of defined daily doses (DDD) per 1,000 chicken days at risk and found the top three antimicrobial classes used to be bacitracin, followed by streptogramin and trimethoprim-sulfonamides (15). In this study, Agunos et al. developed Canadian DDDvet standards in mgdrug/kganimal using the 1 kg standard body weight for broiler chickens at treatment proposed by European Surveillance of Veterinary Antimicrobial Consumption (ESVAC). Comparing these results with ours, it needs to be kept in mind that there could be systematic differences between the UDD and the DDD, which may limit the comparability of the data (31). The same applies when comparing our results with Caucci et al., in which AMU in broilers was measured in DDDvet/PCU. Caucci et al. found the highest number of DDDvet/PCU in 2015 to be allocated to the usage of beta-lactams, polymyxins and sulfonamides (32). Joosten et al. reported polymyxins (26%), extended-spectrum aminopenicillins (26%) and fluoroquinolones (18%) to be the most commonly used antimicrobials in their collective (29).

Three out of five antimicrobial classes ranked by the World Health Organization (WHO) as HPCIA were used in our study (21). There are no VMP containing cephalosporins (3rd generation and higher) or glycopeptides labeled for use in poultry in Germany [www.vetidata.de (22)], and no usage was recorded in our dataset. During the study period, 26.2% of the treatments involved the use of HPCIA, namely, fluoroquinolones (3.4%), macrolides (1.4%) and polypeptides (21.4%), whereby a considerable reduction in the usage of these antimicrobial classes was observed between 2013 and 2018, i.e., fluoroquinolones (−7%), macrolides (−5.8%) and polypeptides (−10.1%). Within the report of the Federal Ministry of Food and Agriculture on the evaluation of the Antibiotics Minimization Concept introduced with the 16th Act to Amend the Medicinal Products Act (16th AMG Amendment), a report of the federal states on the findings and experiences of the competent authorities regarding the implementation of the 16th AMG Amendment and a nationwide survey on the experiences of animal keepers and veterinarians with the provisions and measures of the 16th AMG Amendment was integrated. Here, growing awareness among animal keepers and veterinarians when using antibiotics in recent years is confirmed. Within the nationwide survey, almost 90% of the veterinarians stated that there was increased awareness about the use of antibiotics among animal keepers. More than 60% agreed that legal regulation had helped reduce the use of antibiotics. The official authorities of the federal states also found an increase in preventive measures to avoid infections (e.g., vaccinations) and to optimize management and animal health (9). Although no details per farm and flock are reported for this in our study, we assume a general growing awareness of the global antimicrobial resistance situation among all actors involved in poultry production and marketing, as a consequence of the currently running antibiotic monitoring and benchmarking system in Germany.

We further showed that the percentages of the different antimicrobial classes used changed during the fattening period. In the first week of fattening, treatments were dominated by the usage of aminoglycosides and lincosamides, followed by the usage of polypeptides. Detailed treatment data for broiler chickens in the course of the fattening period are rare. Agunos et al. found lincomycin-spectinomycin to be used in 26% of the flocks per injectionem at the hatchery to target avian pathogenic E. coli (APEC) and enteric diseases (15). In our study, lincomycin-spectinomycin treatments were performed via drinking water on the first day (median value) of the fattening period (the weight at the time of treatment was 42 g). Similar results were reported by the EFFORT consortium. Here, lincomycin-spectinomycin was only used in treatments initiated on days 1 and 2 of the fattening period. In contrast, extended-spectrum penicillin treatments were registered on 29 different days during the production period (29).



Treatment Patterns by Age and Estimated Body Weight

The median age of the broiler chickens at the time of treatment was 5 days. This corresponds to a median weight at the time of treatment of 111 g. The daily gain and body weight were derived from the Ross 308 broiler performance objectives for as hatched broiler chickens, which is the most common breed used in our study. These objectives indicate for performance achievable under good management and environmental conditions (20). Suboptimal husbandry conditions at the farm or disease outbreaks can result in a lower performance and could have led to overestimation of the weight at the time of treatment in our results. Furthermore, there are uncertainties in the age estimation due to the duration of the hatch window. The hatch window of broiler chickens ideally lasts 24 h, during which no more than 25% of the broiler chickens should hatch 23 h before pull and 75% of chicks should hatch ~13 h before pull (33). Therefore, up to 25% of the flock's age will be underestimated by 24 h. Furthermore, we did not take the treatment duration into account, and the weight at the time of treatment was the estimated weight on the first day of antibiotic treatment. The median treatment duration in our dataset was 3 days. Therefore, an underestimation of the weight on the following 2 days of treatment is possible. However, overall, these biases may be considered to be negligible for the interpretation of the results.

According to non-published data from the poultry sector (QS, personal communication) in Germany, over 50% of all treatments take place in the first 7 days of the fattening period, which corresponds with our results. Joosten et al. reported 49% of the overall AMU to be administered within the first week of fattening, considering AMU in broiler flocks raised in nine different EU countries (Belgium, Bulgaria, Denmark, France, Germany, Italy, Poland, Spain and the Netherlands) (29). The standard weight at treatment proposed by ESVAC for calculation of national indicators based on antimicrobial amounts for broiler chickens is 1 kg and substantially higher than the median weight observed in our study (34). The weight of 1 kg is also applied in the Dutch MARAN report (35). In a Belgian study, the weight of broiler chickens was estimated at 984 g and rounded to 1 kg (26).

In a previous work, we showed that discrepancies between the standard weight and the actual weight of the animals at the time of treatment could have a significant impact on the outcome of AMU quantification based on standard weights and can lead to under- or overestimation of AMU, depending on the standardization method used (31). A cross-country comparison of antimicrobial use based on DDD using a standard weight of 1 kg would lead to underestimation of the antimicrobial use in countries where treatment patterns in broiler chickens are dominated by treatments within the first fattening week, as is the case in our study collective.




CONCLUSION

A sustained reduction in the overall antimicrobial TF in poultry farms seems to not yet have been achieved. After a short-term drop in AMU at the beginning of the study period, the TF returned to the initial values. However, a considerable reduction in the proportional use of the HPCIAs between 2013 and 2014 was observed. This might be the consequence of increasing awareness of the global antibiotic resistance situation as well as of actions due to expected restrictions in the context of the benchmarking system in Germany, which started in 2014. The reduction of HPCIAs seemed to have resulted to a compensatory rise in other classes.

The median weight of the broiler chickens at the time of treatment in our study was substantially lower than the standard weight for broilers of 1,000 g proposed by ESVAC. We consider the large deviations in age and weight at the time of treatment between different antimicrobial classes to have a significant impact on the calculated indicator and interpretation of results. Using UDDs overcomes this limitation, whereas assessment of AMU when standard weights are used and no information on the actual weight of the animals at the time of treatment is available might give a biased picture of antimicrobial use per flock.
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