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1. INTRODUCTION 

The European Parliament and European Council approved new regulations on 

veterinary medicines (Regulation (EU) 2019/6) and medicated feed (Regulation (EU) 

2019/4) in late 2018 (EUROPEAN COMISSION 2018). The regulation includes a wide 

range of new measures to fight antimicrobial resistance (AMR) and will enter into force 

within the European Union (EU) from 28 January 2022 (EUROPEAN BUSINESS 

2018). In order to implement strategies fighting AMR, the following objectives have to 

be addressed: 1. a ban of the preventive use of antimicrobials, both in groups of 

animals and in medicated feed; 2. restrictions on metaphylactic use of antimicrobials; 

3. a reinforced ban on the use of antimicrobials to promote growth and increase yield; 

4. the possibility to reserve certain antimicrobials for humans only; 5. the obligation for 

Member States to collect data in the sale and use of antimicrobials; 6. for imported 

animals and products from outside the EU, a ban on antimicrobials for growth 

promotion and restrictions on antimicrobials reserved for human use. The regulation 

will promote a prudent and responsible use of antimicrobials following the “one health” 

approach suggested by the WHO (World Health Organisation). Several studies 

indicate that antimicrobial usage (AMU) is the strongest driver for selection of AMR 

(DEWULF et al. 2007, PERSOONS et al. 2011, CHANTZIARAS et al. 2014, CALLENS 

et al. 2015). Thus, it is important to reduce veterinary AMU. Especially pig production 

accounts for a large proportion of AMU in live-stock production. The EU is the world’s 

second biggest producer of pork with over 257 million slaughtered pigs and a yearly 

production of about 22.3 million tonnes carcass weight (EUROSTAT 2017). Germany 

with 59.4 million slaughtered pigs (23% of the EU total) belongs to the two largest pork 

meat producers before Spain (47.7 million pigs slaughtered). The major pig production, 

accounting for 30% of the EU sows, extends from Germany (namely Nordrhein-

Westfalen and Niedersachsen) to Belgium (Vlaams Gewest) (EUROSTAT 2014). 

Usually animals are raised in large groups in intensive production systems. For pig 

producers the profit margin is low, so high performance is expected. The risk for 

disease that may decrease performance is kept to a minimum. Thus, the absolute 

amount of antimicrobials used in the pig producing sector is correspondingly high. 
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Antimicrobials are an important tool to manage and control severe disease outbreaks 

and a reduction should be implemented without jeopardizing animal health. Further 

they should be applied prudently in line with the issued “Guidelines for the prudent use 

of antimicrobials in veterinary medicine” by the European Commission (EUROPEAN 

COMISSION 2015). According to the EPRUMA (European Platform for the 

Responsible Use of Medicines in Animals) bacterial infections in large herds often 

appear at identifiable and predictable stages during the different rearing stages, e.g. 

colibacillosis during the post-weaning period, respiratory problems after regrouping 

(EPRUMA 2015). In this case prophylactic antimicrobial treatments are common. 

Routine, prophylactic treatments occur to prevent disease outbreaks before clinical 

signs of the disease are observable. Metaphylactic treatments are applied, when a 

small number of animals show typical signs of disease and the antimicrobial treatment 

will prevent a disease outbreak in the whole group. Curative treatments are only 

administered to sick animals and are often individual treatments. In pig production 

antimicrobials are mostly administered via feed or water (EUROPEAN MEDICINES 

AGENCY and EUROPEAN SURVEILLANCE OF VETERINARY ANTIMICROBIAL 

CONSUMPTION 2019). This route of administration is the easiest and least labour 

intensive, where curative treatments are mostly applied via the parenteral route (i.e. 

intramuscularly) (CALLENS et al. 2012). 

To target AMU in food-producing animals several EU countries are conducting 

monitoring programmes for antimicrobial usage, sometimes in combination with 

monitoring of resistance in relevant pathogens or commensal bacteria. International 

organisations such as the EMA (European Medicine Agency), WHO and the OIE 

(World Organisation for Animal Health) are strongly recommending the implementation 

of monitoring activities. Sales data are already monitored in a standardized manner by 

the European Surveillance of Veterinary Antimicrobial Consumption (ESVAC) project. 

Recent reports demonstrate, that the use of antimicrobials varies considerably 

between countries (EUROPEAN MEDICINES AGENCY and EUROPEAN 

SURVEILLANCE OF VETERINARY ANTIMICROBIAL CONSUMPTION 2019). The 

reports use national sales data of antimicrobials in kilogrammes or tons of active 

substance related to the biomass of the animal population. Of the overall sales of 
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antimicrobials in the 31 countries in 2017, the largest amounts, expressed as mg/PCU 

(population correction unit) were accounted for tetracyclines (30.4%), penicillins 

(26.9%) and sulfonamides (9.2%) (EUROPEAN MEDICINES AGENCY and 

EUROPEAN SURVEILLANCE OF VETERINARY ANTIMICROBIAL CONSUMPTION 

2019). Moreover sales (mg/PCU) of pharmaceutical forms suitable for group 

treatments accounted for 89.4% of the total sales. Since the majority of veterinary 

antimicrobials are licensed for several species a reallocation to specific species is not 

possible. Moreover, the quantification method does not account for the potency of the 

individual antimicrobial product (JENSEN et al. 2004). In general, the more recently 

marketed substances have a lower molecular weight (e.g. 3rd and 4th generation 

cephalosporines) compared to older molecules (e.g. tetracyclines). COLLINEAU et al. 

(2017) reviewed several AMU quantification methods, which were developed to 

account for these limitations. The expression of the number of daily dosages per 

product is the most detailed quantification method allowing for standardized 

comparison of AMU between and within countries, species, and herds. Usage in 

livestock can be measured in treatment incidence (TI) based upon the “defined daily 

doses” or DDD (POSTMA et al. 2015a; TIMMERMAN et al. 2006). Such a standardised 

methodology allows for a comprehensive investigation of actual AMU in pig herds 

comprising several countries, herds, and age groups. Large differences in AMU 

between four European countries (Belgium, France, Germany and Sweden) was 

demonstrated in a study by SJÖLUND et al. (2016) as part of the MINAPIG project. 

The highest overall antimicrobial consumption was found among German herds and 

the lowest in Swedish herds. A possible reason for these differences was the 

prevalence of different pathogens in the countries and herds, respectively. The low use 

in Sweden may partly be explained by the absence of PRRSV (Porcine Respiratory 

and Reproductive Syndrome Virus) in Sweden (CARLSSON et al. 2009). Moreover, 

the pig and herd density may influence the disease transmission between herds within 

a region. Compared to the other countries in this study, Sweden had a lower pig 

density. Study herds in Belgium, France and Germany originated from pig dense 

regions (EUROSTAT 2014). Besides the variations between countries, large between-

herds variations were demonstrated. Several biosecurity measures such as all-in and 
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all-out management or weaned pigs from one supplier are important tools to prevent 

the introduction of pathogens into a herd from outside (external biosecurity) and to 

reduce the spread of pathogens within a herd (internal biosecurity). However, 

biosecurity is a complex concept, which is difficult to measure. An online tool has been 

developed to support the classification of farms in terms of biosecurity 

(Biocheck.Ugent™). It provides a benchmarking by comparing the tested herd with 

other herds. The tool was already evaluated in several studies(LAANEN et al. 2010, 

COLLINEAU et al. 2016, POSTMA et al. 2016a, POSTMA et al. 2016b). A direct 

association of the level of external biosecurity and AMU was described in POSTMA et 

al. (2016a). A better external biosecurity was associated with a lower AMU in pigs from 

birth till slaughter. Thus, improvement in the level of biosecurity is considered to result 

in a limited introduction and spread of pathogens, resulting in a reduced need for 

antimicrobial treatments. 

Evidence of high-level usage has already triggered interventions to manage and 

reduce AMU in food animals (COLLINEAU et al. 2016). As antimicrobials are important 

tools to manage infections, their rapid removal or restriction may have negative 

consequences on animal health and welfare. To sustain the effectiveness of 

antimicrobial substances for the treatment of humans and animals, alternative 

strategies in agriculture are required which can assure the health and welfare of pigs. 

Antimicrobials are often applied when livestock are affected by pathogens in an 

environment that does not prevent infection. “Prevent is better than cure” is the 

European Commission’s motto in its animal health strategy. Ensuring economic 

viability and animal health is the utmost priority when preventive measures, resp. 

alternatives to reduce AMU are implemented. In a list of possible alternatives, pig 

health experts ranked these alternatives according to their effectiveness, feasibility and 

return in investment (POSTMA et al. 2015b). The most promising alternatives to 

antimicrobials in pig production based on combined effectiveness, feasibility and ROI 

(return of investment) were improvements on biosecurity, increased use of vaccines, 

use of zinc/metals, feed quality improvement and regular diagnostic testing combined 

with a clear action plan. Alternatives can either be specific (i.e. effective for a defined 

pathogen) or unspecific of general efficacy. In pigs, it has been shown that vaccination 
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against Mycoplasma hyopneumoniae reduced the need for treatment (JENSEN et al. 

2002). Another study showed a similar result with vaccination against Lawsonia 

intracellularis (BAK a. RATHKJEN 2009). However, the true efficacy of vaccination, as 

well as other alternative measures, has not been systematically investigated, probably 

because of its challenging objective. Effectiveness under field conditions may depend 

on many factors such as vaccination scheme, general health status of the animal and 

management factors. Antimicrobials are often used preventively when other measures 

could be equally as effective. Regarding unspecific measure to prevent infection, 

biosecurity is an important approach because it affects the ease of entry of pathogens 

into a herd. Since management factors can impact on AMU on a farm, it is difficult to 

identify individual factors that are consistently and strongly correlated resistance to 

reduce AMU.  

The MINAPIG consortium (“Evaluation of alternative strategies for raising pigs with 

minimal antimicrobial usage: Opportunities and constraints”) conducted research on 

how to minimise AMU in pig production in four European countries (Belgium, France, 

Germany, and Sweden). It was the aim to identify associations between AMU and 

herd-level management factors. In a cross-sectional study 60 German farrow-to-finish 

herds were visited between December 2012 and January 2014. Data on herd 

characteristics, biosecurity measures and disease incidence were analysed for their 

associations with AMU. The aim was to identify risk factors which contribute to a high 

AMU in 60 German farrow-to-finish herds (Publication I). To assess the impact of herd-

specific measures on the AMU level, an intervention study in 68 farrow-to-finish herds 

located in Belgium, France, Germany and Sweden was conducted between February 

2014 and August 2015 (Publication II). More specifically, the aim was to explore the 

achieved AMU reduction i) by age group, ii) by antimicrobial class, iii) by administration 

route, after the implementation of alternative measures on herd level. 
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Additional file 1 Descriptive information on the frequency of treatments against 

predefined disease symptoms per age category 

Scale 

 1 

(never) 

2 

(rarely) 

3 

(occasionally) 

4 

(regularly) 

5 

(always) 

Count 

(Proportion) 

Suckling pigs  

lameness 4 (7%) 22 (37 %) 25 (42%) 8 (14%) 0 (0%) 

gastro-intestinal 4 (7%) 26 (43%) 17 (28%) 12 (20%) 1 (2%) 

respiratory 29 (48%) 27 (45%) 2 (3%) 2 (3%) 0 (0%) 

nervous 17 (28%) 31 (52%) 10 (17%) 2 (3%) 0 (0%) 

skin 24 (40%) 29 (48%) 6 (10%) 1 (2%) 0 (0%) 

Weaned pigs  

lameness 2 (3%) 23 (38%) 30 (50%) 4 (7%) 1 (2%) 

gastro-intestinal 6 (10%) 17 (28%) 17 (28%) 16 (27%) 4 (7%) 

respiratory 4 (7%) 20 (33%) 29 (48%) 6 (10%) 1 (2%) 

nervous 0 (0%) 24 (40%) 31 (52%) 5 (8%) 0 (0%) 

skin 3 (5%) 26 (43%) 22 (37%) 8 (13%) 1 (2%) 

Fattening pigs  

lameness 3 (5%) 39 (65%) 16 (27%) 2 (3%) 0 (0%) 

gastro-intestinal 35 (59%) 20 (34%) 3 (5%) 1 (2%) 0 (0%) 

respiratory 9 (15%) 30 (50%) 17 (28%) 3 (5%) 1 (2%) 

nervous 29 (49%) 27 (46%) 3 (5%) 0 (0%) 0 (0%) 

skin 7 (12%) 32 (53%) 17 (28%) 3 (5%) 1 (2%) 

Breeding pigs  

lameness 1 (2%) 28 (47%) 27 (45%) 4 (7%) 0 (0%) 

gastro-intestinal 49 (82%) 11 (18%) 0 (0%) 0 (0%) 0 (0%) 

respiratory 15 (25%) 38 (63%) 6 (10%) 1 (2%) 0 (0%) 

nervous 49 (82%) 11 (18%) 0 (0%) 0 (0%) 0 (0%) 

skin 17 (28%) 35 (58%) 8 (13%) 0 (0%) 0 (0%) 

reproductive 6 (10%) 32 (53%) 18 (30%) 3 (5%) 1 (2%) 

mastitis 1 (2%) 29 (48%) 23 (38%) 7 (12%) 0 (0%) 
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2.2 PUBLICATION II 

 

 

Effectiveness of alternative measures to reduce antimicrobial usage in pig 

production in four European countries.  

 

Raasch S, Collineau L, Postma M, Backhans A, Sjölund M, Belloc C, Emanuelson U, 

grosse Beilage E, Stärk K, Dewulf J 
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review draft of manuscript. MP: field work, data collection and processing Belgium, 

review draft of manuscript. SR: field work, data collection Germany and data 
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processing Sweden, review draft of manuscript. All authors reviewed, edited and 
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Additional file 2 Distribution of treatment incidences of farrow-to finish pig herds before and after the intervention study. 

 Belgium (n=14)  France (n=19)  Germany (n=25)  Sweden (n=9)  

 Before intervention After intervention Before intervention After intervention Before intervention After intervention Before intervention After intervention 

Treatment 

incidencea 

Median  

(Q25; Q75) 

Median  

(Q25; Q75) 

Median  

(Q25; Q75) 

Median  

(Q25; Q75) 

Median  

(Q25; Q75) 

Median  

(Q25; Q75) 

Median  

(Q25; Q75) 

Median 

(Q25; Q75) 

Age category         

Suckling pigs 
315.7 

(158.9; 576.4) 

290.7 

(116.7; 407.1) 

239.5 

(121.3; 435.3) 

155.8 

(66.9; 259.9) 

356.4 

(248.9; 695.5) 

220.4 

(82.5; 809.4) 

160.0 

(93.0; 269.5) 

99.0 

(58.5; 153.1) 

Weaned pigs 
168.9 

(61.3; 1079.5) 

220.1 

(115.1; 573.5) 

1048.3 

(756.1; 1358.8) 

516.9 

(168.4; 800.9) 

559.6 

(257.8; 997.3) 

285.5 

(164.6; 572.1) 

11.9 

(8.8; 96.3) 

3.8 

(2.6; 27.0)  

Fattening pigs 
6.9 

(1.5; 20.8) 

15.0 

(5.8; 32.2) 

8.1 

(0.2; 35.1) 

2.8 

(0.2; 12.7) 

18.9 

(0.8; 67.2) 

39.8 

(0.4; 75.4) 

5.9 

(2.8; 8.7) 

1.7 

(0.9; 3.4)  

TI200d 
118.2 

(64.1; 380.1) 

85.2 

(57.8; 280.6) 

405.9 

(261.6; 813.1) 

240.9 

(69.9; 440.8) 

332.2 

(133.4; 453.3) 

204.3 

(115.4; 293.3) 

35.9 

(22.9; 90.9) 

24.5 

(17.4; 49.3) 

Breeding pigs 

(Sows, gilts, boars) 

18.4 

(0.8; 20.1) 

2.8 

(1.9; 18.7) 

22.1 

(11.2; 112.6) 

19.5 

(6.7; 57.8) 

10.3 

(4.2; 27.6) 

41.2 

(13.7; 62.9) 

11.3 

(5.6; 14.4) 

9.4 

(4.2; 16.5) 

Antimicrobial class         

3rd generation 

cephalosporins 

83.9 

(14.2; 417.0) 

0.7 

(0.0; 141.6) 

0.0 

(0.0; 2.8) 

0.0 

(0.0; 0.0) 

0.1 

(0.0; 5.3) 

0.4 

(0.0; 20.9) 

0.0 

(0.0; 0.0) 

0.0 

(0.0; 0.0) 

Aminoglycosides 
0.0 

(0.0; 0.2) 

0.0 

(0.0; 0.0) 

0.0 

(0.0; 29.1) 

0.0 

(0.0; 1.0) 

0.0 

(0.0; 9.3) 

0.0 

(0.0; 7.5) 

0.0 

(0.0; 0.0) 

0.0 

(0.0; 0.0) 
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Aminopenicillins 
229.9 

(146.8; 368.4) 

215.7 

(70.1; 686.1) 

52.7 

(23.2; 196.9) 

58.6 

(17.9; 123.6) 

391.6 

(93.4; 572.9) 

333.8 

(212.7; 421.7) 

0.4 

(0.0; 13.8) 

2.4 

(0.0; 29.3) 

Benzylpenicillins 
0.0 

(0.0; 5.2) 

0.0 

(0.0; 39.6) 

0.0 

(0.0; 0.0) 

0.0 

(0.0; 0.0) 

0.0 

(0.0; 9.8) 

0.3 

(0.0; 7.5) 

107.8 

(75.7; 179.2) 

81.4 

(33.0; 121.4) 

Benzylpenicillin-

combinations 

0.0 

(0.0; 0.0) 

0.0 

(0.0; 0.0) 

0.0 

(0.0; 18.1) 

0.4 

(0.0; 10.6) 

9.9 

(0.0; 154.2) 

0.0 

(0.0; 43.3) 

0.0 

(0.0; 0.0) 

0.0 

(0.0; 0.0) 

Florfenicols 
0.0 

(0.0; 0.0) 

0.0 

(0.0; 0.0) 

0.1 

(0.0; 5.9) 

0.0 

(0.0; 11.9) 

0.0 

(0.0; 0.0) 

0.0 

(0.0; 0.0) 

0.0 

(0.0; 0.0) 

0.0 

(0.0; 0.0) 

Fluorquinolones 
16.1 

(0.0; 65.9) 

7.6 

(3.7; 24.2) 

11.2 

(5.3; 90.5) 

18.4 

(2.5; 57.4) 

9.6 

(5.3; 23.5) 

13.2 

(2.7; 22.8) 

0.0 

(0.0; 0.0) 

0.0 

(0.0; 0.0) 

Macrolides 
2.5 

(0.2; 38.7) 

27.5 

(1.7; 261.3) 

18.6 

(3.3; 151.5) 

4.7 

(0.4; 116.5) 

158.0 

(0.6; 448.9) 

131.1 

(0.0; 362.5) 

0.0 

(0.0; 7.9) 

0.0 

(0.0; 0.0) 

Macrolide-

combinations 

0.1 

(0.0; 0.6) 

0.0 

(0.0; 0.3) 

0.0 

(0.0; 1.9) 

0.0 

(0.0; 0.5) 

0.0 

(0.0; 1.1) 

0.0 

(0.0; 0.0) 

0.0 

(0.0; 0.0) 

0.0 

(0.0; 0.0) 

Polymyxins 
10.7 

(0.0; 111.2) 

14.0 

(0.0; 28.9) 

495.0 

(429.5; 718.5) 

229.8 

(80.2; 408.6) 

97.6 

(4.5; 150.2) 

37.4 

(0.0; 84.9) 

0.0 

(0.0; 10.0) 

0.0 

(0.0; 0.0) 

Pleuromutilins 
0.0 

(0.0; 0.0) 

0.0 

(0.0; 0.0) 

0.0 

(0.0; 0.1) 

0.0 

(0.0; 0.0) 

0.0 

(0.0; 0.0) 

0.0 

(0.0; 0.0) 

0.0 

(0.0; 0.0) 

0.0 

(0.0; 0.0) 

Tetracyclines 
17.7 

(0.0; 20.5) 

13.8 

(5.4; 30.1) 

213.6 

(31.3; 397.9) 

27.1 

(4.3; 167.2) 

73.7 

(16.2; 260.3) 

78.4 

(4.5; 205.9) 

0.2 

(0.0; 0.3) 

0.2 

(0.0; 1.0) 

Trimethoprim-

Sulfonamides 

5.7 

(0.0; 26.3) 

0.0 

(0.0; 19.1) 

0.0 

(0.0; 70.7) 

0.0 

(0.0; 46.9) 

1.9 

(0.0; 30.9) 

0.1 

(0.0; 23.5) 

20.4 

(14.3; 28.8) 

7.8 

(3.3; 19.8) 

Administration 

route 
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Feed-water 
261.4 

(62.6; 1309.2) 

382.6 

(120.5; 683.1) 

1223.2 

(766.9; 1421.0) 

560.6 

(276.0; 872.6) 

573.7 

(157.1; 1098.4) 

379.0 

(238.8; 633.9) 

0.0 

(0.0; 5.6) 

0.0 

(0.0; 0.7) 

Parenteral 
316.9 

(168.2; 635.5) 

260.9 

(123.3; 412.7) 

248.3 

(92.8; 438.6) 

186.0 

(90.9; 238.1) 

400.1 

(252.5; 719.7) 

325.2 

(148.8; 858.6) 

181.0 

(119.0; 239.3) 

162.0 

(100.6; 177.7) 

Oral 
0.0 

(0.0; 0.3) 

0.0 

(0.0; 0.2) 

0.0 

(0.0; 0.1) 

0.0 

(0.0; 0.0) 

0.0 

(0.0; 0.2) 

0.0 

(0.0; 0.3) 

0.0 

(0.0; 0.0) 

0.0 

(0.0; 1.1) 

The TI per 1000 pigs-days at risk is shown for different age categories (including a calculated TI for growing pigs from birth to slaughter with a standardised life span 

of 200 days), antimicrobial class and administration route. a For example: a TI of 1000 implies that the animals were treated 1000/1000 days, or 100% of their 

lifespan/period duration. 
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3. DISCUSSION 

Antimicrobials are a critical global resource. Along with this, antimicrobial resistance is 

recognized as one major threat for public health. Moreover, there has been an 

increasing recognition that widespread AMU in food producing animals might 

contribute to the development of resistance against commonly used antimicrobials for 

humans (MORE 2020). There is limited quantitative data about the impact of AMU in 

food producing animals on human health and the possible benefits for human health 

when AMU is reduced in farm animals. But recently TANG et al. (2017) described clear 

associations between AMU and resistance in food producing animals. A reduction of 

presence of resistant bacteria in animals was associated with interventions to restrict 

usage. In order to target AMU in food-producing animals, the WHO and OIE strongly 

recommended to monitor the quantities of antimicrobials used in food-producing 

animals (OIE 2019, WHO 2017). As a first step, this will allow for monitoring usage 

patterns by animal species, antimicrobial agents or class of antimicrobial agents, route 

of administration and type of use. Secondly, standardized AMU quantification will allow 

for benchmarking between farms and regions and will also consider the study of its 

association with animal health and production/management characteristics on herd 

level. This is a starting point to implement alternative measures to reduce AMU.  

The aim of the MINAPIG research partly presented in these publications was to provide 

a basis for evidence-based recommendations to reduce AMU in the pig sector. To 

achieve this, a cross-sectional study was conducted on the AMU in 60 German farrow-

to-finish farms (study I: Publication I). In this study AMU was described both 

qualitatively and quantitatively using the “treatment incidence” (TI) and a consensus 

“daily defined dose animal” (DDDA) (POSTMA et al. 2015a). Biosecurity measures and 

herd characteristics were analysed for their associations with the AMU. Most of the 

investigated herds were located in Niedersachsen (average pig density > 174 

pigs/km²), Nordrhein-Westfalen (> 201 pigs/km²) and Mecklenburg Vorpommern (> 35 

pigs/km²), which are regions with an intensive pig production. The national average is 

73 pigs/km² (STATISTISCHES BUNDESAMT 2019). Only full-line herds (sows and 

fattening pigs present in one location) and semi full-line herds (sow herds with 1:1 
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relation with the fattening pig herd at a different location) with at least 100 breeding 

pigs and 500 fattening pigs present were included in the study. Compared to the 

national average herd size of 145 sows, our sample population represented larger 

herds with a median number of sows of 300 (range 100-1050) (STATISTISCHES 

BUNDESAMT 2019). Observational studies of this type (cross-sectional) might be 

prone to selection bias. Moreover, the farmers participated on voluntary basis in both 

studies (study I: Publication I; study II: Publication II) and might represent the better 

performing herds, which did not allow for direct causal conclusions. The criteria of herd 

selection (volunteer farmers, herd size and pig density) resulted in a possible 

participation bias. But, since approximately 64% of the total pig production in Germany 

was represented in these regions (study I), the results gave a good insight of the 

associations between pig production, biosecurity and AMU in German farrow-to-finish 

farms (STATISTISCHES BUNDESAMT 2014).  

To enable a comparison of the parameters AMU, biosecurity, disease incidence and 

herd management, a standardised approach was needed. A questionnaire consisting 

of basically two parts: general questions on herd characteristics, antimicrobial 

treatments, disease incidence, management practices (first part 21 open and closed 

questions) and biosecurity status (second part 109 questions) was used. For assessing 

the biosecurity status of each participating herd the already validated risk-based 

biosecurity tool “Biocheck.UGent™” was used (LAANEN et al. 2010). For quantitative 

and qualitative data on the AMU the application and dispensing records of the 

preceding twelfth month were collected. These records are obligatory and thus yielded 

reliable data on the AMU on herd level (ANONYMOUS 2009). These records were 

used as an input for the web-based tool “ABcheck.Ugent”, which first converted the 

amount of antimicrobials (in ml, l, g or kg) to active substance, expressed in milligram. 

This was integrated in formula first described by TIMMERMANN et al. (2006), which 

included the period at risk, a standardised weight of the animals, the number of animals 

at risk and a consensus DDDA (POSTMA et al. 2015a). The obtained value was 

expressed as the “treatment incidence” (TI), giving a technical unit of measurement 

quantifying the number of animals out of a theoretical group of 1000 animals receiving 

a daily treatment with antimicrobials. The usage of DDDA’s was also proposed by the 
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ESVAC, because it allows the comparison between farms, regions and countries and 

is based on the dose and weights of the pharmacologically active ingredient 

(TIMMERMAN et al. 2006, ESVAC et al. 2013, POSTMA et al. 2015a). 

Most of the antimicrobial treatments was administered in suckling pigs and weaned 

pigs with a median TI of 138.9 and 487.6, respectively. This indicated that the weaned 

pigs were treated 49% of the days in the nursery period. A similar picture was seen for 

the pigs from birth till slaughter (expressed as the “TI200days”), where pigs were 

treated with a daily dose of antimicrobials for 48.5 days out of 200 days if their expected 

lifespan. Thus, antimicrobial treatments were administered regularly assuming 

reoccurring clinical diseases in these age groups. Strategic group treatments in 

suckling and weaning pigs was also reported in a study by CALLENS et al. (2012). 

Treatments in a preventive manner was found in 19 out of 60 farms, where farms 

reached a TI over 1000. This findings are rather worrying, since the prophylactic AMU 

(treatment of healthy animals) must be avoided in Germany (EUROPEAN 

COMISSION 2015).  

Pigs were mainly treated with aminopenicillins (36%), macrolides (18%) and 

tetracyclines (17%) and most of the antimicrobials used were administered orally 

(72%), while 29% were given by injection. The relatively frequent usage of third 

generation cephalosporines in suckling pigs is highly unwanted to see, since these 

products belong to the most critical important antimicrobials according to the WHO list. 

These modern molecules are usually long and potent acting and can be administered 

in lower doses (VAN RENNINGS et al. 2015). The use of third and fourth generations 

cephalosporines in pigs has been highly regulated or even banned in some European 

countries such as Belgium, The Netherlands and Denmark (SDa 2016, BELVETSAC 

2019, DANMAP 2015). The most common disease symptoms in suckling and weaned 

pigs, which required antimicrobial treatment were symptoms related to the gastro-

intestinal and locomotive system. Especially the usage of macrolides and polymyxines 

(mainly colistin) should be used restrictively as indicated by the ‘Guidelines of the 

prudent use of antimicrobials in veterinary medicine’ (EUROPEAN COMISSION 2015). 

The biosecurity level on pig farms is strongly associated with AMU in the corresponding 

herd. A direct association of the level of external biosecurity and AMU was already 
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described in a previous study by POSTMA et al. (2016), where a better biosecurity was 

associated with a lower AMU in pigs from birth till slaughter. This finding was confirmed 

in study I where a nearly significant (p = 0.06) association was identified between the 

level of external biosecurity (low) and ‘TI200days’ (high). Thus, biosecurity is an 

important tool to prevent the introduction of porcine pathogens and maintain the health 

status of pig herds (AMASS et al. 1999). In study I the overall score for external 

biosecurity (measures to prevent the introduction of pathogens into a herd from 

outside) was higher that the score for internal biosecurity (measures to prevent the 

spread of pathogens within a herd). The highest median scores among the external 

biosecurity sub-categories was achieved for “purchasing policy” (e.g. pigs from the 

same supplier, quarantine period for gilts) with a score of 88 (range 30 - 100), whereas 

the lowest was reached for “location and environment” (e.g. herd located in an area 

with high pig density [average pig density at municipality level > 300 pigs/km²]) with a 

score of 30 (range 0 - 100). To identify differences between low and high AMU, farms 

below the median ‘TI200days’ (group 1) and above the median ‘TI200days’ (group 2) 

were compared by their biosecurity level. A risk factor for a higher AMU in pigs from 

birth till slaughter was identified in farms which were located in less favourable regions 

with a high pig density. These farms also tend to have worse biosecurity practices for 

visitors and personnel. Similar findings were reported in a study by COLLINEAU et al. 

(2017b), who described the profile of ‘top-farms’ in terms of low AMU and high technical 

performance. A high level of internal biosecurity also proofed to reduce the need of 

antimicrobial treatments (LAANEN et al. 2013). In study I farms belonging to group 2 

(above the median ‘TI200days’) scored lower for the sub-category ‘cleaning and 

disinfection’. A correct procedure of cleaning and disinfecting compartments and 

materials will reduce the risk of transmitting pathogens. A lower AMU in farms with a 

high level of internal biosecurity was also described by LAANEN et al. (2013). Another 

risk factor for a higher AMU (‘TI200days’) was identified in herds with more breeding 

pigs present (p = 0.03; r² = 0.17). A possible explanation could be a lower weaning age 

in these herds, which is due to the fact, that larger herds tend to work in a one-week-

batch-farrowing-system to keep smaller groups and reduce workload peaks. The 

process of weaning introduces a number of stress factors that may influence the 
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immune function and intestinal microflora of the weaned pig. Thus, weaned pigs may 

develop enteric disorders when weaned at a lower age. Differences in the amount of 

AMU between countries might be related to the differences in the weaning age. 

Accordingly, POSTMA et al. (2016b) described a lower necessity for antimicrobial 

therapy for herds with a higher weaning age. 

The objective of study II was to assess the impact of herd-specific measures and 

associated compliance level on the AMU level in farrow-to-finish farms. Between 

February 2014 and August 2015 68 farrow-to-finish farms located in Belgium (n = 15), 

France (n = 19), Germany (n = 25) and Sweden(n = 9) were investigated in order to 

explore i) the impact of the implementation of AMU-reducing measures on pig health 

and ii) the level of AMU reduction by age group, by antimicrobial class and 

administration route. Farmers were primarily recruited among those who participated 

in study I. Inclusion criteria was lowered to 70 sows and 500 fattening pigs in full-line 

or semi-full-line production. Data on disease incidence and AMU was collected for one 

year in Belgium, France and Germany, whereas data from Sweden was collected in 

three consecutive farrowing batches. A herd-specific intervention plan (summarised in 

six general categories for improvement) was defined by the farmer, herd veterinarian 

a project researcher in an initial herd visit. Data and results from study I were a useful 

input for the definition of the herd-specific intervention plan. Each intervention plan was 

individual, because it was hypothesised, that a predefined universal intervention plan 

would have led to a poor compliance. Overall a significant reduction of AMU was 

possible and can be interpreted as an overall effect of the implemented measures. The 

median compliance score of the different categories for improvement was relatively 

high, ranging from 73% (internal biosecurity) to 100% (pig stable climate and other 

zootechnical measures [e.g. reduction teeth clipping, tail docking]). A key element of a 

good compliance was the coaching and guiding of the farmer throughout the 

intervention year. The positive effect of a close cooperation between herd veterinarian 

and farmer on the AMU was previously described by POSTMA et al. (2017). Direct 

associations between the level of compliance and the implemented measures were 

not clearly demonstrated, but the alteration of biosecurity measures were believed to 

be expensive or impractical (FRASER et al. 2010, LAANEN et al. 2014). The farmer 
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might see benefits of changing a feeding scheme more directly. Thus, a quite common 

option in study II was the implementation of therapeutic zinc oxide in the feed for piglets 

(n = 18; median compliance percentage 100%). In a study by COLLINEAU et al. 

(2017b) farms with a high compliance level tended to achieve a bigger reduction. In 

study II herds with a higher AMU before intervention achieved a larger reduction, which 

was demonstrated in the correlation between the change in ‘TI200days’ (Spearman 

rank correlation coefficient ρ = 0.74). This positive effect might be related to a higher 

compliance level in these herds.  

A reduction of AMU was achievable without jeopardising pig’s health. Even though the 

sample size for this analysis was small, especially the frequency of treatments in 

suckling pigs and weaned pigs were significantly reduced for treatment against gastro-

intestinal disorders (p = < 0.001) and disorders related to the locomotor system (p = 

0.01), respectively. The focus of implemented interventions was in the youngest age 

groups (i.e. suckling, weaned and fattening pigs). Median treatment incidence was 

significantly reduced by 37% (suckling pigs), 54% (weaned pigs) and 35% 

(‘TI200days’). This underlines the findings in study I, where the youngest age groups 

received most of the antimicrobial treatments. Thus, these age groups should be 

targeted in priority by the implemented alternative measures. This is in line with other 

studies, where weaned pigs received most of antimicrobial treatments 

(HYBSCHMANN et al. 2011, JENSEN et al. 2012, CALLENS et al. 2012, SJÖLUND 

et al. 2016, SARRAZIN et al. 2018). SJÖLUND et al. (2016) suggested that oral group 

treatments were commonly applied at strategic time points, when they are more prone 

to become infected (i.e. castration week one, weaning week 4 and beginning of 

fattening period). In study II participating herds included measures to avoid treatments 

of entire batches and were coached to focus on treatment single individuals. SJÖLUND 

et al. (2016) demonstrated an increased consumption when treatment was applied in 

entire batches compared to medication of individual animals.  

A significant reduction of 69% was observed for polymyxines (colistin), which is in line 

with the ninth ESVAC report, where the sales of polymyxines decreased by 66.4% 

during 2011-2017 in 31 reporting countries (ESVAC 2019). This is likely due to the 

application of zinc oxide as an alternative to colistin in the treatment of post-weaning 
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E.coli (Escherichia coli). This additive showed to have a positive effect, but should not 

be recommended, since high doses of zinc lead to an increased prevalence of AMR 

and cause an environmental burden (EMA a. EFSA 2017). Moreover, farmers 

improved hygiene protocols in the farrowing and nursery unit such as intensified 

disinfection during standard treatment in the first week of age. Some farmers 

introduced autogenous vaccines in the sows pre-farrowing as an effective control 

strategy to reduce Streptococcus suis pressure in their offspring (maternal derived 

antibodies) (AMASS et al. 2000). The reduction of critically important antimicrobials 

(CIA) demonstrated, that the implementation of preventive measures rather than 

(routine) use of prophylactic treatments was feasible with highly potent antimicrobial 

classes. 

A limitation in study II was the difficulty to provide control farms. Each participating herd 

served as its own control. This approach was used to maximize the compliance level 

and the effect of implemented measures. Since pig farming requires a constant 

adjustment of management practices related to animal health and economic viability it 

was impossible to find farms not changing their practices. A challenging, time-

consuming part in both studies was to convince farmers to participate in the studies 

and particularly in study II. As already mentioned, this might have resulted in a 

participation bias, since more interested farmers decided to participate and were in 

general representing better preforming herds.  

In conclusion, the suggested interventions for improvements in biosecurity, herd health 

management and reduction of AMU should be accepted by the farmer. This needs 

awareness of the risks related to AMR and the need to reduce AMU on herd level. A 

successful implementation of alternatives could be triggered by benchmarking AMU, 

level of biosecurity and level of herd health in combination with a close cooperation 

between farmer and herd veterinarian. The results obtained in study I allowed to 

compare both results on AMU as well as on the implementation of biosecurity 

measures on herd level. The main findings on the associations of AMU and herd-level 

management were i) suckling and weaned pigs received most antimicrobial 

treatments, ii) macrolides and aminopenicillines were administered the most, iii) 

antimicrobials were commonly administered orally, iv) farms with a high AMU and lower 
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level of biosecurity should be targeted, since this most likely will have the best effect. 

Based on the results of study I, study II revealed, that a reduction of AMU in herd level 

was achievable without jeopardising animal health. The youngest age groups were 

mostly targeted in the implementation of alternative measures to reduce AMU. 

Interventions must be herd-specific and tailor-made and cannot be summarized to a 

single strategy, fitting for all pig herds.  

The challenging task to reduce AMU should be based on the knowledge of risk factors 

related to a higher AMU. Key determinants to a prudent use of antimicrobials is the 

close cooperation with the herd veterinarian and the will to break routines.  
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4. SUMMARY 

Svenja Raasch (2020):  

Evaluation of alternative strategies for raising pigs with minimal antimicrobial 

usage: Opportunities and constraints 

As a part of the MINAPIG project, this thesis includes two studies: the first focused on 

the investigation of associations between antimicrobial usage (AMU), biosecurity 

practices and herd management factors in farrow-to-finish herds (herds including 

breeding sows, nursery unit and fattening unit); the second assessed the effectiveness 

of alternative measures to reduce antimicrobial usage on herd level. 

In a cross-sectional study 60 farrow-to-finish herds with at least 100 breeding sows 

and 500 fattening pigs located in Niedersachsen, Nordrhein-Westfalen and 

Mecklenburg Vorpommern were visited between December 2012 and January 2014. 

Data on disease incidence, management factors, biosecurity and antimicrobial usage 

was collected using a questionnaire with 109 open and closed questions. To 

investigate between-farm variations of high and low AMU the treatment incidence (TI) 

per age group was qualitatively and quantitatively analysed and linked to biosecurity 

measures, and herd management characteristics. AMU was measured as the 

treatment incidence and calculated by age category, antimicrobial class and 

administration route. The analysed data demonstrated, that weaned pigs received 

most of the treatments (median TI = 487.6), followed by suckling pigs (median TI = 

138.9). Moreover, pigs from birth till slaughter (‘TI200days’) were treated with a daily 

dose of antimicrobials for 48.5 days out of the 200 days of their expected lifespan. 

Suckling pigs were treated with critically important antimicrobials (3rd and 4th 

generation cephalosporines) to a remarkable extent. Larger herds with more sows 

present at site (p < 0.01) tended to achieve a low score for external biosecurity (p = 

0.06). These parameters were associated with a higher antimicrobial usage in pigs 

from birth till slaughter (‘TI200days’). Thus, the level of biosecurity of a herd was 

associated with the amount of antimicrobials used. The findings of the cross-sectional 

study indicate possible points of action in the reduction and prudent use of 
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antimicrobials in Germany. The improvement of biosecurity measures could be a 

promising alternative to reduce antimicrobial usage on herd level. 

Based on the knowledge of risk factors the effect of alternative measures on the 

antimicrobial usage was investigated in an intervention study. Between February 2014 

and August 2015 68 farrow-to-finish pig herds located in Belgium (n = 15), France (n 

= 19), Germany (n = 25) and Sweden (n = 9) were recruited on a voluntary basis to 

implement tailor-made intervention plans to reduce their antimicrobial usage. 

Alternative measures included improvement of biosecurity (n = 29 herds), vaccination 

(n = 30), changes of feeding schemes or drinking water quality (n = 45), improved pig 

health and welfare care (n = 21) as well as changes in stable climate and zootechnical 

measures (n = 14). Herds were followed for one year after implementing herd-

individual interventions. Annual antimicrobial expenditures or treatment records, as 

well as disease incidence scores were collected and compared to those of the year 

before intervention. Similar to the cross-sectional study AMU was measured as the 

treatment incidence. Moreover, an average compliance score was computed for each 

measure. The median compliance with the intervention plans was high (median 93%). 

Following the interventions, AMU was significantly reduced. In the median herd of the 

four countries, pigs were treated before intervention 25% of their expected lifespan 

(200 days from birth to slaughter) and after intervention 16%. The youngest age groups 

(i.e. suckling and weaned pigs) were targeted in priority. Thus, AMU in the suckling 

pigs was reduced by 37% and in the weaned pigs by 54%, respectively. Moreover, the 

usage of polymyxins and tetracyclines was significantly reduced by 69% and 49%, 

respectively. Herds with a higher AMU level before intervention achieved a bigger 

reduction. The reduction of AMU was achieved without jeopardising animal health. The 

majority of disease incidence were similar before and after intervention. A key element 

of a successful reduction of AMU on herd-level is the close cooperation between farmer 

and herd veterinarian. 

In conclusion, the reduction of antimicrobial treatments in pig production is a 

challenging task. The results demonstrated important factors to be included when 

motivating farmers and herd veterinarians to jointly address the reduction of AMU. 
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5. ZUSAMMENFASSUNG 

Svenja Raasch (2020):  

Alternative Strategien zur Aufzucht von Schweinen unter Einsatz von 

Antibiotika: Möglichkeiten und Grenzen 

 

Die vorliegende Arbeit umfasst zwei Untersuchungen, die im Rahmen des MINAPIG 

Projektes durchgeführt wurden. Ziel der ersten Untersuchungen war, die Ursachen und 

Gründe für einen erhöhten Antibiotikaeinsatz in geschlossenen, schweinehaltenden 

Betrieben (Ferkelproduktion, Ferkelaufzucht und angeschlossene Mast) in 

Deutschland zu untersuchen und den Einfluss von Hygienemaßnahmen und 

Herdenmanagementfaktoren auf den Antibiotikaeinsatz zu analysieren. In einer 

zweiten Untersuchung wurde in vier europäischen Ländern (Belgien, Deutschland, 

Frankreich und Schweden) die Effektivität von Strategien zur Antibiotikaminimierung 

untersucht.  

In der retrospektiven Querschnittsstudie (erste Untersuchung) wurden zwischen 

Dezember 2012 und Dezember 2013 insgesamt 60 schweinehaltende Betriebe in 

Niedersachsen, Nordrhein-Westfalen und Mecklenburg Vorpommern untersucht. Um 

den Umfang und die Gründe für den Antibiotikaeinsatz zu analysieren, wurden Daten 

zu Hygienemaßnahmen (Biosecurity), Antibiotikaeinsatz und 

Managementmaßnahmen in Ferkelerzeugerbetrieben (mindestens 100 Sauen und 

500 direkt angeschlossene Mastplätze) erfasst. Jeder Betrieb wurde einmalig 

untersucht und dabei mittels eines Fragebogens (109 offene und geschlossene 

Fragen) Daten zum Management und der internen sowie externen Biosecurity 

erhoben. Der Umfang des Antibiotikaeinsatzes konnte anhand der „treatment 

incidence“ (Behandlungsinzidenz) qualitativ und quantitativ erfasst werden. Bei der 

Auswertung wurden die verschiedenen Altersgruppen, die Antibiotikaklassen und die 

Art der Applikation (oral oder per injectionem) erfasst. Hier waren nicht nur große 

Unterschiede zwischen den teilnehmenden Betrieben festzustellen, sondern auch 

Unterschiede in der Verteilung auf die Altersgruppen (Sauen und Jungsauen, Saug- 

und Absetzferkel, Mastschweine, TI200days [von Geburt bis zur Schlachtung]). Bei 
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Saug- und Absetzferkel wurden im Vergleich zu den anderen Altersgruppen die 

meisten Behandlungen durchgeführt (Saugferkel: median TI = 138,9; abgesetzte 

Ferkel: median TI = 487,6). Darüber hinaus wurden Schweine von Geburt bis zur 

Schlachtung (gemessen als ‚TI200days‘) an insgesamt 48,5 von 200 Lebendtagen mit 

einer täglichen Antibiotikagabe behandelt. Reserveantibiotika (Cephalosporine der 3. 

und 4. Generation) waren vorrangig an Saugferkel verabreicht worden. Die Anzahl der 

Sauen (p < 0,01) war zudem allgemein mit einem niedrigeren Ergebnis der externen 

Biosicherheit (p = 0,06) und einem höheren Antibiotikaeinsatzes bei Schweinen von 

der Geburt bis zur Schlachtung (‚TI200days‘) korreliert, d.h. hier war der 

Antibiotikaeinsatz in größeren Betrieben höher. Die Ergebnisse der ersten 

Untersuchung vermitteln wichtige Ansätze, Antibiotika zielorientiert und nachhaltig 

einzusetzen, um weiterhin antibiotische Behandlungen zu reduzieren. Die Umsetzung 

und Verbesserung von Biosicherheitsmaßnahmen scheinen hier eine sinnvolle 

Strategie darzustellen, um den betriebsspezifischen Antibiotikaeinsatz zu minimieren. 

Auf der Basis der ersten Untersuchung, wurden in der prospektiven Kohortenstudie 

(zweite Untersuchung) alternative Strategien zur Reduzierung des 

Antibiotikaeinsatzes umgesetzt und bewertet. Zwischen Februar 2014 und August 

2015 wurden 68 Ferkelerzeuger in Belgien (n = 15), Frankreich (n = 19), Deutschland 

(n = 25) und Schweden (n = 9) aus den Teilnehmern der retrospektiven Studie 

rekrutiert und Maßnahmen, von denen erwartet wurde, dass sie den Antibiotikaeinsatz 

in dem jeweiligen Betrieb maßgeblich beeinflussen würden, umgesetzt. Diese 

Maßnahmen umfassten die Kategorien: Verbesserung der Hygienemaßnahmen 

(externe, interne Biosecurity) (n = 29), Impfmaßnahmen (n = 30), Verbesserung der 

Futter-/Wasserqualität (n = 45) oder Verbesserung Tierschutz und Tierwohl (n = 21) 

und Verbesserung Stallklima und Managementmaßnahmen am Einzeltier (n = 14). Ab 

dem Zeitpunkt des ersten Besuches und der Umsetzung der vereinbarten alternativen 

Strategie, wurden bei Schweinen von der Geburt bis zur Schlachtung bestimmte Daten 

erfasst. Bei den Daten handelte es sich vorrangig um die Anwendung von Antibiotika 

und Leistungsparameter (Verluste, Dauer der Ferkelaufzucht, Mast etc.). Am Ende der 

Studie wurden – wie bei der retrospektiven Studie – Anwendungs- und Abgabebelege 

aus 12 Monaten ausgewertet. Die Einhaltung des zu Studienbeginn vereinbarten 
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Maßnahmenplans war sehr hoch. Bei einem Medianwert von 93%, setzten die 

beteiligten Betriebe die Vereinbarungen zuverlässig um. Der Umfang des 

Antibiotikaeinsatzes konnte durch die Umsetzung von alternativen Maßnahmen 

signifikant reduziert werden. Im Durchschnitt der Länder wurden die Schweine im 

Zeitraum von der Geburt bis zur Schlachtung vor dem Einsatz der alternativen 

Maßnahmen (retrospektive Studie) an durchschnittlich 50 Tagen (25% der 

Lebensdauer) und nach dem Einsatz der Maßnahmen (prospektive Studie) an 

durchschnittlich 32 Tagen (16% der Lebensdauer) mit Antibiotika behandelt. Dabei 

konnte insbesondere der Umfang des Antibiotikaeinsatz bei den Saug- und 

Absetzferkeln signifikant reduziert werden (Saugferkel: 37% und abgesetzte Ferkel: 

54%). Auch der Einsatz von Polymyxinen (69%) und Tetrazyklinen (49%) konnte im 

Zusammenhang mit der Durchführung alternativer Maßnahmen signifikant reduziert 

werden. Besonders in Betrieben, die vor der Studie einen vergleichsweise hohen 

Antibiotikaeinsatz verzeichneten, konnte diesen durch die eingesetzten Maßnahmen 

nochmal deutlich reduzieren. Ein sehr wichtiger Faktor für eine erfolgreiche Reduktion 

antibiotischer Behandlungen ist sicherlich der stetige Austausch und die enge 

Kooperation zwischen Landwirt und bestandsbetreuenden Tierarzt. 

Abschließend bleibt festzuhalten, dass eine Reduktion des Antibiotikaeinsatz auf 

Betriebsebene immer noch eine große Herausforderung darstellt. Die Untersuchungen 

zeigten aber auch, dass erst das tiefergehende Verständnis der Motivation für den 

Einsatz von Antibiotika es erlaubt, Ansätze für eine erfolgreiche Beratung zur 

Reduzierung der Antibiotika und die Anwendung alternativer Strategien zu finden. 
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