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1.1 Multiple Challenges for the Dairy industry 

The European dairy sector is a major player in milk production globally, affecting the dynamics on 

the world market (Figure 1). Since 1984, milk production was limited by ‘milk quota’ to prevent 

overproduction. In response to the increasing global demand for milk and the agreements on trade 

liberalization in global dairy markets, the EU milk quota system was abolished in April 2015 (European 

Commission, 2015). Since the abortion of the quota system, the Belgian milk production has increased  

7.2% (2015 compared to 2014), as was expected in most EU countries (Lips and Rieder, 2005; BCZ, 

2016). In 2016, however, the increase in milk production was lower [increase of 6.5% in 2016; Annual 

report, Milk Control Centre (MCC) Flanders, Lier, Belgium 2016] compared with 2015 due to the low 

milk price.  

Figure 1. Overview of the national milk deliveries in 2016 in several countries 

Prior to the abolishment of the milk quotum, the national milk quota were nearly exceeded, 

implying that farmers tried to reduce milk production in the last months of the quota year by reducing 

the feed and/or by culling cows with (udder) health issues or inferior production performances. The 

abortion of the European quota regimen also has an influence on animal health or at least on the 

animal health management as dairy farms tend to grow, by rearing more young stock or by purchasing 

dairy cattle from other dairies which is a risk for introducing (contagious) diseases (Sarrazin et al., 
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2014). Furthermore, farmers are less eager to cull cows, although this would be the most justified 

decision from an economic point of view but potentially leads towards more (udder) health issues.  

Besides the abortion of the milk quota, socio-economic challenges are entering the dairy industry, 

also in Belgium, such as the increasing public concern about animal welfare, milk quality and 

(injudicious) (over) use of antimicrobials. Mastitis is one of the most prevalent diseases in dairy cattle 

and there is no doubt that udder health problems negatively affect animal welfare (Medrano-Galarza 

et al., 2012). According to a recent study conducted in the United Kingdom, a complete cessation of 

the use of for human health critically important antimicrobials as well as an overall reduction in the 

use of antimicrobials in dairy farms goes along with a maintained and even improved animal welfare, 

based on results of clinical mastitis cases, lameness scores and culling rates (Turner et al., 2018). 

1.2 Milk Quality and Udder Health 

Milk Quality 

The monitoring of milk quality is essential to guarantee the safety of milk and dairy-derived 

products for human consumption and thereby also the consumer’s acceptance. During the last years, 

the variation in the milk quality parameters was limited in Flanders (Table 1). Bacterial count is the 

most commonly used parameter to determine bacteriological quality in regulatory programs (Murphy 

and Boor, 2000) as it is an estimate of the total number of viable aerobic bacteria present in raw milk. 

Bacterial counts are used to monitor progress since consistent application of proper milking system 

cleaning practices, proper milking practices, rapidly cooling of milk to <4.4°C (40°F), clean udders and 

good mastitis prevention and control practices should allow dairy producers to produce milk with a 

low bacterial count (Elmoslemany et al., 2010). In Belgium, the official mandatory milk quality 

regulations follow European legislation and require a geometric mean bacterioal count over the last 2 

months (based on 2 recordings per month) of <100 × 103 individual bacterial counts/mL of milk. In 

contrast, testing of coliform count is non-obligatory for milk quality in Flanders, yet has been 

implemented as part of an incentive program. The coliform count records are also measured at 2-wk 

intervals, wherefrom the geometric mean coliform count is calculated per month based on the last 4 
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recordings and expressed as colony-forming units per milliliter of milk. In 2017, 92.6% of the Flemish 

dairy herds coliform count was determined with an average of 8.7 colony forming units/mL (Table 1). 

An increase in bacterial count and/or coliform count is generally due to microbial contamination from 

outside the udder and less related to common mastitis management practices such as milking, herd 

health and dry-cow management (Piepers et al., 2014). 

Table 1. Evolution of milk quality parameters in Flanders, Belgium (Annual report, Milk Control Centre 
Flanders, Lier, Belgium 2011-2017). 

Year Bacterial count1 Coliform count2 Bulk milk somatic cell count3  

2011 10,790 9.3 219,535 

2012 10,587 9.1 217,944 

2013 10,300 8.8 213,800 

2014 10,100 11.0 214,200 

2015 10,300 12.5 204,100 

2016 10,766 14.1 212,466 

2017 10,470 8.7 205,800 
1Expressed as number of individual bacterial counts/mL 
2Expressed as number of colony forming units/mL 
3Expressed as cells/mL 

Determining bulk milk somatic cell count is an internationally recognized method to determine the 

quality of the milk and the udder health status of the cattle in the herd (Schukken et al., 2003; Cicconi-

Hogan et al., 2013). In Belgium the official mandatory milk quality regulations require bulk milk somatic 

cell count records at approximately 1-wk intervals. Based on those weekly measurements, every 

month a geometric mean bulk milk somatic cell count over the last 3 months (based on 4 recordings 

per month; Table 1) is calculated. This geometric mean bulk milk somatic cell count needs to be < 400 

x 10³ cells/mL according to the European legislation. In contrast to the bacterial count and coliform 

count, bulk milk somatic cell count is primarily driven by factors related to milking, housing, herd 

health, and dry cow management (Dufour et al., 2011). The drop in bulk milk somatic cell count in 2015 

is a consequence of the exceeded milk quota that year. During the first months of 2015 (i.e. last months 

of quota-year 2014-2015), farmers were sensitized to reduce milk production to avoid the penalty that 

was associated in exceeding the national quota. Not only was the ration adapted to reduce milk 

production but, cows with (udder) health problems or inferior production performance were also 
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culled more quickly. The latter might explain the strong reduction of the bulk milk somatic cell count 

observed in 2015. To what extent these milk quality parameters are a reflection of the behavior of a 

dairy farmer towards the use of antimicrobials has yet to be investigated. 

Udder Health 

Clinical and Subclinical Mastitis. Mastitis is an inflammatory response of the udder caused by an 

intramammary infection. Intramammary infections can lead to clinical signs (clinical mastitis, CM) or 

present itself without any visible signs (subclinical mastitis, SCM). Clinical signs related to mastitis are 

swelling and/or redness of the infected quarter, clots in the milk or elevated body temperature (Kemp 

et al., 2008). Subclinical mastitis can be detected by an increase in the concentration of somatic cells 

in a quarter or composite cow milk. Both clinical and subclinical mastitis cause a decrease in milk 

production and in milk quality (Ma et al., 2000; Santos et al., 2003). Today, there is enough evidence 

demonstrating that mastitis increases antimicrobial consumption (Mitchell et al., 1998; Pol and Ruegg, 

2007b; Menéndez González et al., 2010; Ivemeyer et al., 2012) and the threat of culling (Beaudeau et 

al., 1995), and that mastitis causes stress for dairy producers (Lam et al., 2013) and negative affects on 

animal welfare (Medrano-Galarza et al., 2012).   

Prevalence and Incidence of Mastitis. Mastitis is one of the most common diseases in dairy cattle, 

but the exact numbers on the incidence of clinical mastitis often lacks as not all cases of clinical mastitis 

are recorded on dairy herds. However, a number of studies have quantified the incidence rates of 

clinical mastitis in countries such as Canada, England and Wales, The Netherlands, and Belgium 

(Barkema et al., 1998; Bradley et al., 2007; Riekerink et al., 2008; Verbeke et al., 2014) (Table 2).  
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Table 2. Incidence rate of clinical mastitis 

1Participants were asked to collect aseptic pretreatment milk samples from each of the first five clinical 

cases of mastitis 
2Incidence rate of clinical mastitis was calculated from the time between the first and fifth cases 

On dairy herds in Flanders, the mean incidence rate of clinical mastitis was estimated at 7.4 quarter 

cases per 10.000 cow-days at risk, with a large between-herd variation (Verbeke et al., 2014). Data on 

the occurrence of subclinical mastitis in Flanders is available from a number of sources using Dairy 

Herd Improvement (DHI) data including test-day somatic cell count measurements organized by the 

Cattle Breeding Organization (CRV).  

Etiology of Subclinical Mastitis. In 2016, Staphylococcus aureus was the most frequently isolated 

major pathogen from samples of subclinical mastitis cases submitted to Milk Control Centre Flanders 

(Lier, Belgium), the largest milk quality laboratory in Flanders. In other countries, Staph. aureus 

remains also an important cause of subclinical mastitis, next to the non-aureus staphylococci (NAS; 

Table 3). The non-aureus staphylococci, formerly referred to as the coagulase-negative staphylococci 

or CNS, have become the most common cause of subclinical mastitis worldwide (Chaffer et al., 1999; 

Rajala-Schultz et al., 2004; Piepers et al., 2007; Vanderhaeghen et al., 2014; Sztachanska et al., 2016), 

particularly in fresh heifers (De Vliegher et al., 2012). Concerning the clinical importance, most non-

aureus staphylococci are considered to be ‘minor pathogens’, while Staph. aureus has a more 

pronounced clinical relevance and is seen as a ‘major pathogen’. 

Country Incidence rate of clinical mastitis 
No. 

herds 
No. 

cows 
No. 

samples 
Study 

The Netherlands 
0.263 cases per 365 cow-days at 
risk (7.2 cases per 10,000 cow-

days at risk) 274 5,827 8,429 
Barkema et al., 

1998 

England and 
Wales 

47-71 cases per 100 cow-years2 
(12.8-19.45 cases per 10,000 

cow-days at risk) 90 ND 4801 
Bradley et al., 

2007 

Canada 
23 cases per 100 cow-years (6.3 

cases per 10,000 cow-days at 
risk) 106 - 3,033 

Riekerink et al., 
2008 

Belgium 
7.4 cases per 10,000 cow-days at 

risk 50 692 845 
Verbeke et al., 

2014 
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Table 3. Etiology of subclinical mastitis: prevalence of pathogens identified in milk samples of cows with subclinical mastitis in different countries  

1Staphylococci spp. and Streptococci spp. were not further identified 

Country Staph. aureus 
Non-aureus 

staphylococci 
Strep. dysgalactiae Strep. uberis 

Strep. 
agalactiae 

Study 

Sri Lanka 90.5%1                   3.5%1 Sanotharan et al., 2016 

Uruguay 62.8% 7.4% 1.8% 6.4% 11.3% Gianneechini et al., 2002 

South Ethiopia 54.5% - - - - Abebe et al., 2016  

Estonia 20.0% 15.4% - - - Kalmus et al., 2011 

Sweden 18.6% 16.4% 9.2% 8.3% 0.2% Persson et al, 2011 

Poland 12.1% 31.6% - - 15.6% Sztachanska et al., 2011 

England & 
Wales 10% 15% - 14% - Bradley et al., 2007 

Belgium 6.8% 17.4% 2.5% 6.4% 2.0% MCC Flanders, 2016 

Finland 3.4% 16% 0.1% 0.7% 0.02% Pitkälä et al., 2004 
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Prevention and Control of Mastitis. Since the introduction of a standard mastitis prevention 

program (Dodd et al., 1969; Neave et al., 1969) progress has been made in decreasing the prevalence 

and incidence of subclinical mastitis and clinical mastitis (Bradley, 2002; Barkema et al., 2013). It is 

comprised of 5 points: (1) appropriate treatment of clinical mastitis, (2) culling of chronically infected 

cows, (3) post-milking teat disinfection, (4) correct maintenance and use of milking equipment, and (5) 

the application of blanket dry-cow therapy (BDCT) (Dodd et al., 1969; Neave et al., 1969). This control 

program was mainly focused on the reduction of intramammary infection caused by contagious 

pathogens that spread from cow to cow, and less on intramammary infections caused by 

environmental pathogens. Therefore, the prevalence of contagious mastitis pathogens, such as Staph. 

aureus, has reduced, and the proportion of mastitis cases caused by environmental pathogens has 

increased (Hillerton et al., 1995; Jayarao et al., 1999). Hence, the 5-point plan was extended to the 

National Mastitis Council (NMC) 10-point plan entitled “Recommended Mastitis Control Program” 

(Table 4). The new aspects of this program are largely focused on meeting the challenges presented 

by environmental pathogens but also on the establishment of goals for udder health, good record-

keeping, maintenance of biosecurity, regular monitoring of udder health status, and periodic review 

of the herd’s mastitis control program.  

Parallel with the National Mastitis Council 10-point plan, several studies were conducted that 

identified additional management factors and treatment strategies that relied on prevention and 

control of mastitis (Green et al., 2007; Dufour et al., 2011; Piepers et al., 2011; De Vliegher et al., 2012; 

Table 4. Ten-point program to prevent and control mastitis (National Mastitis Council; 
http://www.dairyweb.ca/Resources/WDD82/WDD8212.pdf) 

1.      Establishment of goals for udder health 

2.      Maintenance of a clean, dry, comfortable environment 

3.      Proper milking procedures 

4.      Proper maintenance and use of milking equipment 

5.      Good record keeping 

6.      Appropriate management of clinical mastitis during lactation 

7.      Effective dry-cow management 

8.      Maintenance of biosecurity for contagious pathogens and culling of chronically infected cows 

9.      Regular monitoring of udder health status 

10.    Periodic review of mastitis control program 
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Keefe, 2012). Furthermore, recent studies have given an economical weight to the abovementioned 

risk factors, by identifying the costs and efficacy of certain management measures to improve udder 

health (Huijps et al., 2010; Hogeveen et al., 2011). Despite the financial profit, not all of these measures 

will be implemented on dairy farms because of competition of the risk involved with the decision, 

economic behavior of the dairy farmer etc. (Hogeveen et al., 2011). In fact, the average rate of 

implementation of mastitis management measures that have been proposed and discussed varies in 

literature between 43% (Brinkmann and March, 2010) and 57% (Tremetsberger et al., 2015).  

Blanket dry-cow therapy (BDCT) means that at the end of the lactation, each cow systematically 

receives instillation of antibiotic ointment into each quarter. In the ten-point program, blanket dry-

cow therapy was incorporated, so it has a widespread adoption. The purpose of blanket dry-cow 

therapy is to eliminate intramammary infections that are present at drying-off and to prevent new 

infections during the dry period (Fox, 2018). Due to the pressure on antimicrobial consumption in 

livestock, and the large proportion of antimicrobial consumption by dry-cow injectors (30% - 39% of 

the total antimicrobial consumption), there is a growing trend towards selective dry-cow treatment 

(SDCT) (Kuipers et al., 2016; Van Werven, 2018). Selective dry-cow therapy means that at herd-level, 

cows or quarters that are likely not infected with a (major) pathogen are identified and not treated 

with dry-cow antimicrobials. A long-acting dry-cow antimicrobial is still administered to cows or 

quarters with an infection of (major) pathogens at the start of the dry-cow period. The largest 

challenge in selective dry-cow therapy is the correct identification of non-infected cows or quarters 

(Nydam, 2018). 

During the last decade, herd size has increased, also in Belgium, and labor efficacy became a point 

of attention. As treatment of sick cows demands a lot of time, more attention has been paid to 

preventive herd health measures. Besides, the pressure on the use of antimicrobials forces to prevent 

disease instead of treating them with antimicrobials. In that respect, a positive effect of veterinary 

herd health management (VHHM) support on udder health was shown (Ivemeyer et al., 2008; Cicconi-

Hogan et al., 2013; Steeneveld et al., 2014). The approach that improves udder health in a herd must 
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include the following elements: (1) problem definition using primary udder health parameters; (2) 

detection of cows causing the problem; (3) definition of short- and long-term goals; (4) formulation 

and implementation of a herd management plan; and (5) evaluation of the results (Barkema et al., 

2013). The veterinary herd health management support can be guided by the herd veterinarian 

(Ivemeyer et al., 2008), or can be based on workshops (Bennedsgaard et al., 2010), web-based tools 

(Steeneveld et al., 2014) or external input (Cicconi-Hogan et al., 2013). The success of the veterinary 

herd health management programs depend heavily on consistent implementation of management 

practices. The disadvantage of these observational studies is the lack of a controlled group which is a 

prerequisite for investigating the impact of veterinary herd health management on udder health on 

dairy farms.  

1.3 Antimicrobial Resistance 

Introduction 

Antimicrobials are among the most successful medical inventions alleviating human and veterinary 

morbidity and mortality (Aarestrup, 2015), although resistance is threatening their potency. 

Remarkably, resistance, at the genetic level, has existed for thousands of years and is a natural process 

of bacteria to survive (D'Costa et al., 2011). Antimicrobial resistance can be due to the acquisition of 

foreign DNA by horizontal gene transfer (Davies, 1994) or by resistance-mediating mutations (Martinez 

and Baquero, 2000; Schwarz et al., 2017). Contact between antimicrobials and susceptible bacteria 

represent a selective pressure where the latter want to protect themselves against being killed or 

inhibited by antimicrobials (Schwarz and Chaslus-Dancla, 2001). As a result, susceptible bacteria are 

being killed or inhibited whereas resistant bacteria replicates, resulting in an increasing number of 

resistant bacteria. As the number of new antibiotics introduced for therapy is low and as in most cases 

they are structurally similar to antibiotics that are already in use, the emerging resistance threatens 

the therapeutic use in humans and animals.  
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Potential Implications of Antimicrobial Consumption in L ivestock for Human Health 

When dealing with the human health risks associated with antimicrobial consumption in livestock, 

it is important to recognize that it is not the selection of resistance in the bacteria causing infections in 

the animals we primarily are concerned about, even though this also is a point to consider. It is the 

selection and mobilization of antimicrobial resistance genes in the microbiome of treated animals and 

the potential subsequent spread into human pathogenic bacteria that is the issue of concern (Oliver 

et al., 2011; Aarestrup, 2015). Humans, animals, and environmental sites are all reservoirs of bacterial 

communities that contain some bacteria. Some of these bacteria are susceptible to antimicrobials and 

others are resistant. Similar, farm ecosystems provide an environment in which resistant bacteria and 

genes can emerge, amplify and spread by environmental contamination from animal waste and slurry 

(Graham et al., 2009), via human–animal contact (Smith et al., 2013), via the food chain (Price et al., 

2005) and via several other pathways. As farmers are frequently in contact with these environments, 

they also have a higher chance of being a carrier of livestock-associated methicillin-resistant 

Staphylococcus aureus (MRSA). The livestock-associated methicillin-resistant Staphylococcus aureus 

has not only been detected in pigs and pig farmers worldwide (Smith and Pearson, 2011; Verhegghe 

et al., 2016), but also in veal calves and veal calf farmers (Graveland et al., 2010), poultry (Nemati et 

al., 2008) and dairy cows with mastitis (Vanderhaeghen et al., 2010). 

Antimicrobial Resistance in Staphylococci in the Dairy Industry 

Antimicrobial susceptibility of mastitis-causing bacteria varies strongly between bacterial species 

although it is characterized by a high overall susceptibility (Petrovski, 2011; Saini et al., 2012c ). Over 

recent years, a reduction in Staph. aureus isolates resistant to penicillin has been described (McDougall 

et al., 2014), which is in agreement with a susceptibility of >90% for Staph. aureus isolates in Flanders 

for all tested active substances (Milk Control Centre Flanders, 2017). The carrier rate of methicillin 

resistant Staph. aureus is much lower on dairy herds compared with veal farms (Vandendriessche et 

al., 2013). Also, the prevalence of methicillin resistant Staph. aureus (MRSA) from (sub)clinical mastitis 

is very low: only 10% of the herds suffering from Staph. aureus mastitis have a methicillin resistance 
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Staph. aureus problem, with a low within-herd prevalence 0-7.4% (Vanderhaeghen et al., 2010; Saini 

et al., 2012c). 

Non-aureus staphylococci, are abundantly present on the body and in the milk of dairy cows (White 

et al., 1989; Nagase et al., 2002; Paduch and Kroemker, 2011; Piepers et al., 2011; Piessens et al., 2012; 

Braem et al., 2013; De Visscher et al., 2014; De Visscher et al., 2016), implying they are generally more 

exposed to antimicrobial treatments compared to (other) mastitis pathogens. This can be an 

explanation for the higher levels of antimicrobial resistance of non-aureus staphylococci NAS 

compared to the more pathogenic Staph. aureus (Owens and Watts, 1988; Taponen and Pyorala, 2009; 

Schmidt et al., 2015). According to the work of Sampimon and co-workers (2011), phenotypical 

susceptibility of non-aureus staphylococci isolates to all antimicrobial agents tested in minimum 

inhibitory concentration assays was about 48.8% (Sampimon et al., 2011), although there is a large 

variation between non-aureus staphylococci species (Nobrega et al., 2018). It has even been suggested 

that non-aureus staphylococci might act as a potential reservoir for resistance genes which can be 

transferred and integrated into the genome of Staph. aureus (Holmes and Zadoks, 2011; Otto, 2013; 

Vitali et al., 2014). 

1.4 Antimicrobial Consumption 

Antimicrobials  

The first observations on the inhibitory effect of penicillium mould on bacteria, seem to have been 

made by Sir John Burdon–Sanderson in 1871 and Joseph Lister in 1872 (Fraser-Moodie, 1971; Heatley, 

1984). In 1928, Alexander Fleming made similar observations and when it later became possible to 

purify penicillin (Abraham et al., 1941) the door was opened for its therapeutic use. The term 

“antibiotic” was first used in 1942 by Selman Waksman as “a chemical substance, produced by micro-

organisms, which has the capacity to inhibit the growth of and destroy bacteria and other micro-

organisms” (Waksman, 1947). Since then, a large number of other antimicrobial agents have been 

discovered and introduced for human and veterinary use, and in the course of the past 50 years, 
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antimicrobial agents have become the cornerstone of bacterial infection treatments in humans and 

animals. 

Quantification of Antimicrobial Consumption 

Evolution of the Quantification of Antimicrobial Consumption. The Swann Committee in 1969 was 

the first international body to raise serious concerns about extensive veterinary antibiotic use and 

increasing antimicrobial resistance with related risks for human health care. It took until 1986 when 

Sweden, as the first in the world and for precautionary measure, banned all use of antimicrobial growth 

promoters in animals. Norway followed in 1995 and Denmark in 1998 (Wierup, 2001; Grave et al., 

2006). In 2006, a complete ban on all antimicrobial growth promotor use in the EU in animals was 

inserted (Mevius et al., 1999; Barton, 2000). In the US, the use of antimicrobials as growth promoters 

in animal feed has been banned since 2017 (FDA, 2017).  

Denmark, Norway, Sweden and The Netherlands started with the collection of national 

antimicrobial sales data from 1995, 2000, 2000 and 2002, respectively (DANMAP, 2015; NethMap, 

2016; NORM-VET, 2016; Swedres-Svarm, 2016). In 2009, a national legislation program towards a more 

responsible use of antimicrobials was setup in The Netherlands, which had led to a total reduction in 

antimicrobial consumption in the dairy industry of 48% in 2016 compared with 2009 (Stichting 

Diergeneesmiddelen Autoriteit, 2016). Besides the implementation of strict antimicrobial guidelines 

(KNMVD, 2016), the application of selective dry-cow therapy probably has played a role (Scherpenzeel 

et al., 2014).  

Over the period 2011 – 2015, a drop in sales (in mg/PCU) of more than 5% (range 6.9% to 53.7%) 

of antimicrobials used in food-producing animals, was observed for 15 of 25 EU countries. For the same 

period, there was an increase in the sales of over 5% in 8 of the 25 countries. During this period, the 

sales of 3rd and 4th generation cephalosporins remained stable, while an 8% increase in the sales of 

fluoroquinolones was observed (EMA, 2017). This implies that even within the EU, there is a large 

variation between countries in the antimicrobial consumption and its evolution. 
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In Belgium, antimicrobial consumption has been measured since 2007 at the wholesale level, and 

reports are annually published through BelVet-Sac (Belgian Veterinarian Surveillance of Antimicrobial 

Consumption) reports. Antimicrobial consumption is expressed in mg substance/kg biomass. In 2012 

and 2013, there was an annual decrease of -6.9% and -6.3%, respectively. A limited increase (+1.1%) 

observed in 2014 was followed by decreases in the subsequent years (-4.7% and -4.8% in 2015 and 

2016, respectively). In 2016, the total antimicrobial consumption and the consumption of critically 

important antimicrobials were reduced by -4.8% and -53.1% in mg substance/kg biomass, respectively, 

in comparison with 2015 (Belvet-Sac, 2016). 

 

 

 

Methods for Quantification of Antimicrobial Consumption. National antimicrobial consumption 

monitoring programs have been setup in 16 countries at species and herd level (Table 5). There are 13 

monitoring systems in 11 countries for dairy. Unfortunately, there is a lot of variation between 

countries in animal species that are included in the selection of farms (randomly versus conveniently), 

in the willingness of farmers (mandatory versus voluntary), in the antimicrobial consumption data 

input and indicators and in the way these data are used to sensitize and to change antimicrobial 

consumption. In 2015, Postma and co-workers (2015) assigned the defined daily dose animal (DDDA) 

Figure 2. Changes in sales of cephalosporins and fluoroquinolones (primary Y-axis), and in total sales 

(secondary Y-axis) in Belgium, from 2011 to 2016. Antimicrobial consumption is expressed as mg 

active substance/kg biomass. Belgian Veterininary Surveillance of Antimicrobial Consumption 

National consumption report 2016.  
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as a consensus for each active substance and administration route for porcine veterinary antimicrobial 

products authorized in Belgium, France, Germany and Sweden (Postma et al., 2015). The DDDA is 

defined as ‘the assumed average maintenance dose per day per kg body weight for the main indication 

in a specified species’ (Postma et al., 2015). Recently, new guidelines were reported at European level, 

describing ‘defined daily dose for animals’ as the standardized unit of measurement on veterinary 

antimicrobial consumption (DDDvet) (EMA/224954/2016). This standardization is essential in 

monitoring trends across different regions and countries in terms of their use of antimicrobials and 

therefore, the potential presence of antimicrobial resistance.  
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Table 5. Overview of national antimicrobial consumption (AMC) monitoring programs in livestock (source: Network on quantification of veterinary 
antimicrobial usage at herd level and analysis, communication and benchmarking to improve responsible usage, AACTING) 

Country Name Dairy Other species Organization Participation 
Source of AMC 
data 

Indicator 
Bench-
marking 

Austria PHAROS Yes Beef, calf, chick, 
goat, pig, sheep, 
turkey 

Authority Mandatory Veterinarians DDDvet/kg/year No 

Belgium Sanitel-Med  No Calf, chick, pig Authority Mandatory Veterinarians BD1001 Yes 
Belgium AB-register No Calf, pig, turkey Quality system 

(Certus - 
Belplume) 

Requirement Veterinarians, 
feed-mills, 
pharmacists 

BD1001 Yes 

Belgium  BIGAME Yes Beef Farmers unions 
(ARSIA - AWE) 

Voluntary Veterinarians mg  Yes 

Belgium SGS – BVK veal 
calves 

No Calf Quality system 
(BVK) 

Volunatry Veterinarians BD1001 Yes 

Czechia DLN cattle  Yes - Czech veterinary 
Research 
Institute 

Voluntary Veterinarians or 
farmers 

No quantification at 
farm level 

No 

Canada CIPARS No Chick, pig, turkey Authority Sample size5 Questionnaire for 
farmers 

Average Daily Dose  No 

France INAPORC No Pig Research 
institute (IFIP), 
authority, 
stakeholders 

Sample size5 Veterinarians DDDvet , DCDvet Yes 

France CLIPP No Rabbit Research 
institute (ITAVI) 

Voluntary Veterinarians, 
farmers or 
technicians 

IFTA2 Yes 
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Table 5. (continued)        

Country Name Dairy  Other species Organization Participation 
Source of AMC 
data 

Indicator 
Bench-

marking 

France VEAL No Calf Research 
institute (IDELE) 

Voluntary Veterinarians Antimicrobial 
treatments per calf, 
antimicrobial treatment 
days per calf, total 
quantity of active 
ingredient per calf, 
ALAE3 

No 

France GVET No Pig Authority Voluntary Farmers No. of treatment days, 
No. of treatments per 
animal; DDDvet 

No 

Denmark VetStat Yes Beef, calf, chick, 
fish, goat, pig, 
sheep, turkey, 
other 

Authority Mandatory Pharmacies, 
feeds-mills, 
veterinarians 

ADD/100 animals per 
day 

Yes 

Finland SIKAVA No Pig Quality system 
(Animal Health 
ETT) 

Mandatory Farmers  In progress No 

Germany QS No Calf, chick, pig, 
turkey 

Quality system 
(Qualität und 
Sicherheit 
GmbH) 

Mandatory Veterinarians Treatment frequency, 
Therapy index 

Yes 

Germany VetCab-S Yes Beef, calf, chick, 
pig, turkey 

University of 
Veterinary 
Medicine 
Hannover & 
authority 

Sample size5 Veterinarians and 
farmers 

Treatment frequency No 

Germany HIT No Beef, calf, chick, 
pig, turkey 

Authority Mandatory Veterinarians and 
farmers 

Treatment frequency Yes 

Ireland  Teagasc No Pig Authority Sample size5 Research 
technicians 

Mg and mg/kg Yes 
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Table 5. (continued)        

Country Name Dairy  Other species Organization Participation 
Source of AMC 
data 

Indicator 
Bench-

marking 

Norway VetReg Yes Chick, fish, goat, 
horse, other 
cattle, pet, pig, 
sheep, turkey 

Authority Mandatory Veterinarians, 
pharmacies, feed-
mills 

Mg No 

Italy BioFaBenMa Yes Calf, pig Research 
institute (IZSLER) 

Sample size5 IZLER staff DDDAit, DCDAit4 Yes 

Spain  Antibiotic 
reduction 
programs 

Yes Beef, chick, 
other, pig 

Industry Voluntary Veterinarians Mg/PCU Yes 

Spain  National 
database of 
veterinary 
antibiotic 
prescriptions 

Yes Beef, calf, chick, 
goat, horse, pig, 
sheep, turkey 

- - - - - 

Sweden Swedish Board 
of Agriculture 

Yes Beef, calf, chick, 
fish, goat, horse, 
other, pig, sheep, 
turkey 

Authority and 
farmers union 

Mandatory Veterinarians Mg/PCU No 

Sweden Swedisch 
Poultry Meat 
Association 

No Chick Farmers union 
(SPMA) 

Voluntary Veterinarians No. of treated flocks 
per total no. of flocks 

No 

Switzerland IS-ABV Yes Beef, calf, chick, 
fish, goat, horse, 
other, pet, pig, 
sheep, turkey 

Authority Mandatory Veterinarians DDA, treatment 
intensity 

Yes 

Switzerland SuisSano No Pig Service centre 
for pig 
producers 

Voluntary Farmers DCDvet/animal/year; 
proportion of pigs 
treated/year 

Yes 
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Table 5. (continued)        

Country Name Dairy  Other species Organization Participation 
Source of AMC 
data 

Indicator 
Bench-

marking 

         
The 
Netherlands 

Dutch sector 
quality 
systems 

Yes Beef, calf, chick, 
goat, horse, 
other, pet, pig, 
sheep, turkey 

Quality systems 
and SDa 

Mandatory Veterinarians DDDA/year Yes 

United 
Kingdom 

BPC-ASG No Chick, turkey Farmers union Voluntary Farmers Mg/PCU No 

United 
Kingdom 

eMB-pigs No Pig Quality systems Requirement Farmers Mg/kg  Yes 

1 Number of treatment days per 100 days  
2  Frequency index of antimicrobial treatments 
3 Animal level of exposure to antimicrobials  
4 Defined daily doses for animals and defined course doses for animals with the weight of the animals specifically for Italy 
5 Data are collected from a sample of farms 
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Quantification of Antimicrobial Consumption in the Dairy Industry. In the dairy industry, the 

majority of antimicrobials are used for the prevention and control of mastitis (Mitchell et al., 1998; Pol 

and Ruegg, 2007b; Menéndez González et al., 2010; Ivemeyer et al., 2012). Although several studies 

have identified risk factors of mastitis, little is known about the management and treatment factors 

that influence the antimicrobial consumption in the dairy industry nor about the effect of optimizing 

these factors on antimicrobial use. Nevertheless, knowledge of these associated factors and their 

impact is a prerequisite for achieving an appropriate antimicrobial use.   

Antimicrobial consumption on dairy herds was quantified in Austria (Firth et al., 2017), Canada 

(Meek et al., 1986; Saini et al., 2012a; Nobrega et al., 2017), New Zealand (Bryan and Hea, 2017), 

Sweden and Norway (Grave et al., 1999), Peru (Redding et al., 2014), The Netherlands (Kuipers et al., 

2016), the United Kingdom (Hyde et al., 2017), and The United States (Pol and Ruegg, 2007b). The unit 

of the quantification of antimicrobial consumption strongly varies between studies (Table 6), as does 

the data collection, size and length of the studies and the assumed average body weight of the animals. 

As these parameters are (mostly) used in the calculation of the antimicrobial consumption, the 

conclusion is that the indicators are barely comparable. Until today, no data is available on 

antimicrobial consumption in the dairy industry in Belgium. Measuring the antimicrobial use at a 

species-specific level is the base to obtain further insights into antimicrobial consumption in dairy 

cattle, which was also the base for the current study. 
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Table 6. Comparison of the quantification of antimicrobial consumption (AMC) on dairy herds in different countries and variations in the source of data and 

method of calculation 

Country Indicator AMC Source of data 
Animicrobials 
used in 

No. 
herds 

No. cows  
Study 
period 

Which 
antimicrobials 
included 

Body 
weight  

Study 

Austria nDDDvet/cow/y1  1.33 Electronic 
veterinary 
treatment data 

Udder disease 248 45 
cows/herd 

1 y Injectables and 
mastitis 
injectors 

500 kg Firth et 
al., 2017 

Canada  Doses per animal 
year 

3.85 Treatment records 
by farmer  

Adult dairy 
cattle 

34 
 

2,5 y All 
antimicrobials 

- Meek et 
al., 1986 

Canada  ADD/1,000 cow-
days(2) 

14.35 Garbage can Adult dairy 
cattle and 
young stock 

89 84 
cows/herd 

1,5 y All 
antimicrobials 

600 kg Saini et 
al., 2012 

Canada ADD(3) 171.6 On-farm treatment 
records 

Adult dairy 
cattle and 
young stock 

51 80 lactating 
cows/herd 

2 y All 
antimicrobials 

600 kg 
(adult) 
and 
200 kg 
(young 
stock) 

Nobrega 
et al., 
2017 

 ADD3 387.7 Empty drug 
containers 

       

New-
Zealand 

Mg of active 
ingredient/ PCU7 

8.47 National 
antimicrobial sales 
data 

2-year-old 
heifers and 
adult dairy 
cattle 

399 634 
cows/herd 

2012-2013 Injectables, 
dry-cow and 
lactating cow 
intramammary 

458 kg Bryan 
and Hea, 
2017 

  
9.58 

  
406 639 

cows/herd 
2013-2014 

 
458 kg  

  
9.54 

  
436 656 

cows/herd 
2014-2015 

 
458 kg  
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Table 6. (continued)          

Country Indicator AMC Source of data 
Animicrobials 
used in 

No. 
herds 

No. cows 
Study 
period 

Which 
antimicrobials 
included 

Body 
weight 

Study 

Norway  DDDcow/1,000 
cow-days4 

13.3 – 
17.7 

Wholesalers data Adult dairy 
cattle 

- 314,000 - 
328,000 
cows  

7 y Mastitis 
treatment 
(injectables and 
intramammary) 

500 kg Grave 
et al., 
1999 

Peru Bottles8 
MLs9 
Infusions10 

7.00 
1,196  
39.00  

Self-report Adult dairy 
cattle 

20 33 lactating 
cows/herd 

6 
months 

- - Redding 
et al., 
2014  

Bottles8 
MLs9 
Infusions10 

10.2 
1,733  
14.7 

Garbage can Adult dairy 
cattle 

20 33 lactating 
cows/herd 

6 
months 

- -  

Sweden DDDcow/1,000 
cow-days4 

8.2 – 11.8 Wholesalers data Adult dairy 
cattle 

- 460,000 - 
576,000 
cows 

7 y Mastitis 
treatment 
(injectables and 
intramammary) 

500 kg Grave 
et al., 
1999 

The 
Netherlands 

ADDD5 5.86 Invoices of 
veterinary practices 

Adult dairy 
cattle and 
young stock 

94 116 
cows/herd 

2005-
2012 

Sprays excluded 600 kg Kuipers 
et al., 
2016 
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Table 6. (continued)          

Country Indicator AMC Source of data 
Animicrobials 
used in 

No. 
herds 

No. cows 
Study 
period 

Which 
antimicrobials 
included 

Body 
weight 

Study 

           

The United 
Kingdom 

Mg/PCU7 
DDDvet 
DCDvet 

22.11 
4.84 
1.93 

Veterinary practice 
records 

Adult dairy 
cattle 

292 223 
cows/herd 

1 y All, except 
topical sprays 

425 kg Hyde et 
al., 
2017 

 Mg/PCU7 
DDDvet 
DCDvet 

14.06 
3.56 
1.58 

Electronic on-farm 
records  

Adult dairy 
cattle 

66 249 
cows/herd 

1 y All, except 
topical sprays 

425 kg  

United States  DDD/cow-year6 5.43 Treatment records 
by farmer  

Adult dairy 
cattle 

20 197 lactating 
cows/herd 

2 y All 
antimicrobials 

680 kg Pol and 
Ruegg, 
2007 

1 Number of defined daily doses per cow and year, based on the European Medicines Agency technical unit DDDvet 
2 Number of animal defined-daily doses (ADD)/1,000 cow-days  
3 Antimicrobial defined-daily dosages   
4 Defined daily dose per 1,000 cows at risk and day    
5 Animal-defined daily dosages = the number of days per year that the average cow in a herd is given antibiotic treatment     
6 Defined daily doses per adult cow per year 
7 Population Correction Unit 
8 Mean number of bottles used by each farmer during the six month period 
9 Mean number of mLs used by each farmer during the six month period 
10 Mean number of intramammary infusions used by each farmer during the six month period 
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Route of Administration  

In livestock, antimicrobials can be administered orally, systemically, topically, intra-uterine and 

intramammary. In pigs, poultry and veal, antimicrobials are often applied orally through feed or water 

(Pardon et al., 2012; Persoons et al., 2012; Sjölund et al., 2016). Furthermore, metaphylactic use of 

antimicrobials, as is often done in swine, veal or poultry is rare in dairy as the majority of the (mastitis) 

treatments are individual treatments. Until now, data regarding the most common indication and 

route of administration in dairy in Belgium are lacking. 

Classification of Antimicrobials  

Beta-lactam antimicrobials are a class of broad-spectrum antibiotics, consisting of all antimicrobial 

agents that contain a beta-lactam ring in their molecular structures. This includes penicillin derivatives 

and cephalosporins. Most beta-lactam antibiotics work by inhibiting cell wall biosynthesis in the 

bacterial organism, so they have a bactericide effect. In dairy industry, the beta-lactam antimicrobials 

are used abundantly (Sawant et al., 2005; Saini et al., 2012a). Tetracyclines, fluoroquinolones, 

sulfonamides, trimethoprim, aminoglycosides, lincosamides and macrolides are non-beta-lactam 

antimicrobials which are also used in the dairy industry. The predominant active substance used in 

dairy cattle varies among studies depending on the (local) commercial availability (Pol and Ruegg, 

2007b; Saini et al., 2012a; Bryan and Hea, 2017; Hyde et al., 2017).  

The WHO has developed a classification system of antimicrobial classes according to their relative 

importance for human health. They define “critically important antimicrobials”, “highly important 

antimicrobials” and “important antimicrobials”, based on the necessity in human medicine and on the 

risk of acquiring resistance genes from nonhuman sources. Critically important antimicrobials meet 

both criteria for importance. Several veterinary antimicrobials licensed for use in dairy fall under the 

critically important antimicrobials, but the antimicrobial classes that are most controversial are 3rd and 

4th generation cephalosporins and (fluoro)quinolones. 

https://en.wikipedia.org/wiki/Cell_wall
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1.5 Antimicrobial Resistance and Antimicrobial Consumption in Dairy Cattle 

Several studies have described differences in susceptibility of isolates obtained from dairy farms 

with different histories of potential exposure to antimicrobials (Berghash et al., 1983; Tikofsky et al., 

2003; Rajala-Schultz et al., 2004; Sato et al., 2004; Pol and Ruegg, 2007a; Nobrega et al., 2018). Still, 

quantification of antimicrobial consumption was often not performed in these studies. Only in the 

studies of Saini and co-workers, antimicrobial consumption was quantified (Saini et al., 2012b; 2013). 

In these studies, the association between antimicrobial consumption and antimicrobial resistance in 

gram-negative and Staph. aureus bovine mastitis pathogens was examined. Also in the very recent 

study of Nobrega et al., antimicrobial consumption was defined (Nobrega et al., 2018). In some studies, 

antimicrobial resistance of mastitis pathogens from organic herds was compared with resistance of 

mastitis pathogens from conventional herds (Tikofsky et al., 2003; Sato et al., 2004; Roesch et al., 

2006). Tikofsky et al. (2003) and Sato et al. (2004) concluded that resistance of Staph. aureus was 

higher on conventional herds compared to organic herds, albeit no difference in resistance of mastitis 

pathogens was found by Roesch et al. (2006). This is intriguing as the use of antibiotics in organic dairy 

herds is rare or infrequent as their use is only allowed in cases where animal welfare is compromised 

(USDA, 2012). Rajala-Schultz et al. (2014) studied the antimicrobial susceptibility of non-aureus 

staphylococci isolated from primiparous and multiparous cows, hypothesizing that first lactation cows 

might be exposed to a lower level of antimicrobials due to differences in antimicrobial therapies 

compared with multiparous cows. The study failed to detect significant differences among primiparous 

and multiparous cows. In the early study of Berghash et al. (1983), herds were classified as either high-

consuming herds or low-consuming herds, based on the use of dry-cow intramammary antimicrobials 

or not, respectively. Streptococcus agalactiae isolates obtained from the high antibiotic-use herds had 

higher levels of resistance for some antimicrobials. No differences, however, were detected in the 

antimicrobial susceptibility of Staph. aureus isolates or other Strep. spp. than Strep. agalactiae among 

groups.  
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Due to their abundant presence, commensal character and high variation in antimicrobial 

resistance, non-aureus staphylococci might potentially be the best placed bacteria to investigate the 

link between antimicrobial consumption and antimicrobial resistance on dairy farms.  
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Antimicrobial resistance is a major emerging public health threat according to the WHO. As there 

is increasing evidence that antimicrobial consumption (AMC) in animals might pose a risk to public 

health through the selection and spread of antimicrobial resistance, the concern about (imprudent) 

use of veterinary antimicrobials is rising. Lowering antimicrobial consumption in farm livestock 

therefore can be an effective strategy to control the increasing burden of antimicrobial resistance. In 

the dairy industry, it is hypothesized that the majority of antimicrobials is used for the prevention and 

control of mastitis, which remains a major disease in dairy production, despite the fact that prevention 

and control programs have been available since the 1960s and have been successfully implemented 

on many herds. Several studies concerning antimicrobial consumption, antimicrobial resistance and/or 

related risk factors in livestock have been conducted, but data on Flemish dairy herds lack.   

The first aim of this thesis was to quantify (compound-specific) antimicrobial consumption on a 

convenience sample of Flemish dairy herds. We determined for what indications antimicrobials were 

being used and more specifically how they were administered (systemically versus intramammary). In 

addition, we examined potential associations between antimicrobial consumption and parameters 

reflecting udder health, milk quality, and production performances (Chapter 3). 

Secondly, we aimed at evaluating to what extent variations in total antimicrobial use and use of 

critically important antimicrobials can be explained by differences in management practices that have 

been identified as the most effective for lowering the incidence of mastitis, on the one hand, and by 

differences in mastitis treatment strategy, on the other hand (Chapter 4). 

Third, we determined the association between the herd-level antimicrobial consumption and the 

inhibitory zone diameters (IZD), as a proxy for antimicrobial resistance, of non-aureus staphylococci 

(NAS) and Staph. aureus isolates, respectively. Moreover, the association between the inhibition zone 

diameter of the non-aureus staphylococci and Staph. aureus isolates originating from the same herds 

were investigated, and the inhibition zone diameters of these non-aureus staphylococci and Staph. 

aureus isolates for all tested active substances were compared (Chapter 5).  
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The final goal was to evaluate differences and evolutions in herd-level antimicrobial consumption 

and in udder health and milk quality parameters between herds that received mastitis management 

input (MMI) by the first author and herds that did not receive mastitis mastitis management input. The 

association between the herd-level implementation of mastitis management measures on the one 

hand and differences and evolutions in udder health, milk quality parameters and in herd-level 

antimicrobial consumption on the other hand were studied (Chapter 6). 
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Figure 1. Overview of the aims of the thesis 
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3.1 Abstract 

The main objective of this study was to quantify the (compound-specific) antimicrobial consumption 

(AMC) in adult cattle on a convenience sample of Flemish dairy herds. Antimicrobial consumption data 

were obtained between 2012 and 2013 by so-called ‘garbage can audits’ and expressed as antimicrobial 

treatment incidence (ATI) with the unit of the ATI being the number of defined daily doses animal 

(DDDA) used per 1,000 cow-days. Herds were stratified into ‘low-, medium-, and high-consuming herds’ 

to study the AMC per route of administration and associations with parameters reflecting udder health, 

milk quality and production performances were scrutinized. 

The average ATI in adult dairy cattle for all compounds was 20.78 DDDA (per 1,000 cow-days). A 

large variation between herds existed (ranging from 8.68 to 41.62 DDDA). Fourth generation 

cephalosporins were used most (4.99 DDDA), followed by penicillins (3.70 DDDA) and third generation 

cephalosporins (2.95 DDDA). The average ATI of the critically important antimicrobials for human health 

(i.e. third and fourth generation cephalosporins and fluoroquinolones according to World Organisation 

for Animal Health classification) was somewhat lower than the average ATI of the other antimicrobials 

(8.59 and 12.18 DDDA, respectively). The average ATI for intramammary treatment of (sub)clinical 

mastitis, for dry cow therapy and for systemically administered antimicrobials was 6.30, 6.89, and 7.44 

DDDA, respectively.  

On so-called low-consuming herds, most antimicrobials were being used for dry cow therapy, 

whereas on high-consuming herds, most antimicrobials were being used as injectable or as 

intramammary mastitis therapy. The incidence rate of treated mastitis was positively associated with 

ATI. Herds that applied blanket dry cow therapy tended to have a higher ATI than herds where cows 

were only selectively dried-off with long-acting antimicrobials. The ATI decreased with an increasing 

prevalence of primiparous cows.  

Key words: antimicrobial consumption, dairy herd, milk quality, production, udder health  
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3.2 Introduction 

Approximately 50% of all antibacterial agents used annually in the European Union are administered 

to animals (van den Bogaard and Stobberingh, 2000). Antimicrobials have important benefits for animal 

health and production performances. Still, injudicious antimicrobial consumption (AMC) in food-

producing animals is considered to contribute to the increase of antimicrobial resistance in bacterial 

populations with potentially serious implications for both animal and public health (Marshall and Levy, 

2011, Oliver and Murinda, 2012). The more a specific antimicrobial is used, the more likely are resistant 

populations to develop both among pathogens and commensal bacteria of an increasing number of 

animals in the exposed population (Schwarz et al., 2001, Phillips et al., 2004, Chantziaras et al., 2014).  

In order to safeguard the effectiveness of existing and novel antimicrobials, there is an increasing 

global pressure to develop strategies in both human and veterinary medicine to slow down the emerging 

resistance in bacteria by selection pressure (Morley et al., 2005). In particular the emergence of 

resistance to antimicrobials classified by the World Health Organization (WHO) as critically important 

for human health, primarily fluoroquinolones and third and fourth generation cephalosporins, is a point 

of major concern. In response, international organizations such as the WHO and the World Organisation 

for Animal Health (OIE) as well as several national organizations worldwide (Wray and Gnanou, 2000) 

vigorously engaged in developing programs intended to monitor the emergence of antimicrobial 

resistance and to decrease the AMC (DeVincent and Viola, 2006). Over the last couple of years, the AMC 

in fattening pigs, poultry and veal calves has been extensively studied worldwide (Dunlop et al., 1998, 

Vieira et al., 2011, Bos et al., 2013), including in Belgium (Callens et al., 2012, Pardon et al., 2012, 

Persoons et al., 2012). Studies on AMC on dairy herds have been conducted in several countries (Meek 

et al., 1986, Sawant et al., 2005, Pol and Ruegg, 2007, Saini et al., 2012, Redding et al., 2014), but until 

now, data about AMC on dairy farms in Belgium were unavailable. A thorough knowledge of the AMC 

and its related factors is, however, a first prerequisite when intending to control the emergence of 

antimicrobial resistance.  
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The main objective of this study was to quantify (compound-specific) AMC on a convenience sample 

of Flemish dairy herds. We determined for what indications antimicrobials were being used and how 

they were administered in particular. In addition, potential associations between AMC and parameters 

related to the study design and study implementation, and parameters reflecting udder health, milk 

quality and production performances were scrutinized.  

3.3 Materials and Methods  

Herds 

Data collected for this study originated from 57 Flemish dairy herds selected based on their 

willingness to participate (convenience sample). Data collection was performed between January 2012 

and 28th of February 2013. Herd inclusion criteria were 1) participation in the DHI program in Flanders 

on an annual basis with an interval of 4 to 6 weeks between 2 test-days, and 2) record keeping of all 

treatments in adult cattle (date of occurrence, identification number of animal, treatment protocol 

applied). In total, 71 farmers volunteered, yet only 61 herds met the inclusion criteria. Of these herds 

three herds were eventually excluded because of imprecise treatment registration data and carelessness 

of collection of empty antimicrobial recipients. One herd dropped out because participation in the DHI 

program was ended during the data collection period. Livestock-associated data were obtained from 

surveys acquired by a single individual between January 2012 and March 2013.  

At the beginning of the project, all participating farmers and their herd veterinarians were invited to 

attend an interactive meeting where more information was given about the rationale of the study and 

the study design.   

In order to evaluate the representativeness of the 57 conveniently selected participating herds 

regarding udder health and milk quality, another 275 non-participating herds were randomly selected 

from the database of Milk Control Center Flanders comprising all Flemish dairy producers (n = 5,261) 

using the Excel RAND function (Excel 2010; Microsoft Corp., Redmond, WA). Data on bulk milk somatic 

cell count, total bacterial count, and coliform count of 52, 17, 27, 77, and 100 herds from the provinces 
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Antwerp, Flemish Brabant, Limburg, East Flanders, and West Flanders, respectively, were collected and 

compared with those of the 57 conveniently selected herds. The number of herds per province matched 

the distribution of dairy herds over the 5 Flemish provinces (19, 6, 10, 28, and 37%, respectively; Federal 

Public Service Economy, Small and Medium Enterprises, Self-Employed, and Energy, 2011). 

Udder Health  

Individual Somatic Cell Count. Individual SCC data were available from all cows through the DHI-

records with an interval of 4 to 6 weeks between 2 test-days (CRV, Arnhem, The Netherlands). Individual 

SCC was quantified by electronic counting (Fossomatic 5000, Foss Electric, Hillerød, Denmark). Based on 

the individual SCC data, the average monthly herd-level percentage of chronic infections, new infections 

and high fresh cows were calculated (Table 1).  

Incidence Rate of Treated Mastitis. Treatment records for all mastitis cases, both clinical and 

subclinical, were recorded by the farmers, either on paper or entered in an online registration software 

program (Veemanager, CRV, Arnhem, the Netherlands; Uniform Agri, Taunton, UK; Cercosoft, 

Oudenaarde, Belgium; Lely, Maassluis, the Netherlands; Delaval, Tumba, Sweden; Fullwood, Shropshire, 

UK). Date of occurrence, cow identification, treatment reason and duration, the interval between 

subsequent administrations and the dose of the used antimicrobial were preferably registered. The 

herd-level incidence rate of treated mastitis (IRTM) was calculated by dividing the number of treated 

cows by the cow-days at risk and was expressed as treated cases per 10,000 cow-days at risk. Treatments 

of the same cow within 2 weeks from a previous case were not considered new cases and therefore 

excluded from the analysis (Verbeke et al., 2014). The at-risk period for a cow started at the beginning 

of the study or at the date of first calving and ended at the end of the study or at the culling date minus 

14 days after each case of treatment. Additional cow-level records [calving date(s) and culling date] were 

retrieved from DHI records. 

.
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Table 1. Overview of the definitions for chronic and new intramammary infections (IMI) and prevalence of high fresh cows 

1Dairy Herd Improvement 

 

Item 

Numerator  

Denominator Total number of animals with  

SCC at previous DHI1 test-
day (cells/mL) 

SCC at current DHI1 test- 
Day (cells/mL) 

 

Chronic intramammary infections (%)     

First lactation cows ≥ 150,000 cells/mL ≥ 150,000 cells/mL  All lactating animals in the herd minus the 

number of fresh cows at DHI test-day       Multiparous cows ≥ 250,000 cells/mL ≥ 250,000 cells/mL  

     

New intramammary infections (%)     

First lactation cows < 150,000 cells/mL ≥ 150,000 cells/mL  All lactating animals in the herd minus the 

number of fresh cows at DHI test-day       Multiparous cows < 250,000 cells/mL ≥ 250,000 cells/mL  

     

Prevalence of high fresh cows (%)     

First lactation cows - ≥ 150,000 cells/mL  The number of fresh multiparous and first 

lactation cows at DHI test-day       Multiparous cows - ≥ 250,000 cells/mL  
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Bacterial Count and Coliform Count. Both the bulk milk bacterial count (BC) and coliform count (CC) 

records measured at 2-weekly intervals during the data collection period were retrieved from the Milk 

Control Center Flanders. All parameters were examined on unpasteurized bulk milk samples collected 

in 50-mL sterile tubes by the automatic sampling system of the milk tanker. The samples were kept 

cooled (+/- 4°C) until arrival at the laboratory. All analyses were performed within 36h after collection 

at the herd. For BC, undiluted milk samples were used and automatically analyzed by means of a 

BactoScanTM FC (Foss Electric, Hillerød, Denmark). Bacterial counts were expressed as the number of 

individual bacterial counts per mL (IBC/mL) of milk. For CC, milk samples were first diluted using trypton 

salt broth at 1:10. One mL of diluted milk was plated on 3MTM Petrifilm CC plates and incubated at 30°C 

for 24h. Colony-forming units were counted electronically using an automated colony counter 

(protoCOL, Synbiosis, Cambridge, UK). Coliform counts were expressed as the number of cfu/mL of milk. 

Per month, a geometric mean BC and CC was calculated based on the last 4 recordings (last 2 months). 

A log10-transformation of the geometric mean BC and CC was performed to normalize the data before 

statistical analyses. Determination of the number of coliforms is not compulsory in Flanders, though is 

requested by most milk processors. Coli count was determined for 54 herds (95%) during the data 

collection period. The average geometric mean herd-level bacterial and coliform count were calculated 

in a similar way the average geometric mean herd-level BMSCC.   

Herd-Level Production Performances  

305-d Milk Production. The average 305-day milk production (kg milk) was defined as the cumulative 

production over the first 305 days of lactation and was available through the DHI data. Per herd, the 

mean of the average herd-level 305-day milk production was calculated.  

Culling Rate. The culling rate was calculated by dividing the number of culled cows by the cow-days 

at risk and is expressed as the number of culled cows per 10,000 cow-days at risk. The at-risk period for 

a cow started at the beginning of the project or at the date of first calving and ended at the end of the 

data collection period or at the culling date.  
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Calving Rate of Multiparous Cows. This parameter was used as a proxy for the number of cows dried 

off during the observation period as no other data were available. The calving rate was calculated by 

dividing the number of calved multiparous cows by the cow-days at risk and is expressed as number of 

calved multiparous cows per 10,000 cow-days at risk. The at-risk period for multiparous cows started at 

the beginning of the project and ended at the calving date during the data collection period or at the 

end of the data collection period.  

Prevalence of Primiparous Cows. The prevalence of primiparous cows was calculated by dividing the 

number of calved primiparous cows during the trial by the total number of cows that have calved during 

the data collection period, multiplied by 100.   

Antimicrobial Consumption Data  

Data Collection. The herds were visited a first time between January 2012 and September 2012. 

During this first herd visit, so-called “garbage cans” were provided (Dunlop et al., 1998, Carson et al., 

2008, Saini et al., 2012). The garbage cans were 51 liters receptacles with an open top. Farmers were 

asked to collect all empty drug vials and tubes used to treat adult dairy cattle (i.e. from the first calving). 

Antimicrobials used by herd veterinarians or administered to young stock or beef cattle were not 

permitted in the garbage can. As a check, farmers were asked if empty packages of antimicrobials 

administered for young stock or by veterinarians were collected in the garbage cans. On 19 of 56 herds 

that replied, empty packages of antimicrobials administered to young stock and/or used by veterinarians 

were also collected in the garbage can. Products exclusively licensed for young stock and that were, 

based on the farmer’s information, not administered to adult cows (Nuflor®, florfenicol, MSD Animal 

Health, France; Resflor®, florfenicol and flunixine, MSD Animal Health, Germany; Gabbrovet®, 

paromomycin sulfate, Ceva Santé Animale, Italy) were excluded when calculating the ATI. Farmers 

scored the reliability of their garbage can collection system as 4.48 on average on a scale from 1 (not 

reliable) to 5 (very reliable). Because farmers were not always aware of the difference between 

antimicrobials and e.g. non-steroidal anti-inflammatory drugs or anthelmintics, they were instructed to 
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gather all empty drug receptacles of drugs that farmers administered themselves in adult dairy cattle 

into the garbage can (Redding et al., 2014). Broken bottles were collected as well. The garbage cans 

were positioned at the most convenient spot (e.g. near the drug storage area, in the milking parlor, …) 

and were collected twice (31st of August 2012 and 28th of February 2013) for processing by the first 

author. Product name, volume and number of receptacles were registered using a datasheet including 

herd identification number and starting and end date of collection for that particular herd.  

 Defined Daily Dose Animal. Antimicrobial consumption data were quantified in units of defined daily 

doses animal (DDDA). One DDDA (mg/cow-day) was defined as the average daily on-label dosage 

multiplied by the approximate weight of an adult dairy cow [BW= 600 kg; (Jensen et al., 2004)] and was 

based on the summary of product characteristics included in the Belgian compendium of veterinary 

products (BCFI vet, 2012). When a range of doses was possible, the average dose was used as proposed 

by Postma et al. (2015). When the dose differed among different indications, the most frequent 

indication or the one for adult dairy cattle was chosen. For combination products, the weights of active 

ingredients of the constituents were summarized to determine the total weight of active ingredients in 

the combination compound. Also, 1,000 IU of benzyl penicillin G procain equaled 0.99 mg. The total dose 

of long-acting antimicrobials was converted into the number of daily doses according to the claimed 

duration of action by the manufacturer (Postma et al., 2015). One dry cow injector was assumed to be 

one defined daily dose animal (Scherpenzeel et al., 2014). As a result a cow that is dried of (receiving 4 

dry cow injectors) was counted for 4 treatment days. 

Antimicrobial Treatment Incidence. Antimicrobial consumption at the herd level was expressed by 

the antimicrobial treatment incidence (ATI) (Grave et al., 1999, Timmerman et al., 2006, Pardon et al., 

2012). Therefore, the total amount of active substances used in the herd during the study was divided 

by the DDDA multiplied by the number of herd-level cow-days during the data collection period. The 

total amount of active substances (mg) was calculated by multiplying the volume per receptacle (ml) by 

the total number of used receptacles and by the concentration of the drug (mg/ml). For intramammary 
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tubes, only the concentration of the drug and total number of used receptacles were taken into 

calculation. Data about total volume and number of used receptacles were directly achieved from the 

aforementioned datasheets.  

ATI = 
Total amount of active substance or combination of active substances (mg)*1,000

DDDA (mg/cow-day)*herd-level cow-days
 

The unit of the ATI is the number of DDDA that is being used per 1,000 cows per day. The data 

collection period was defined as the total number of days between the starting date and the end date 

of the collection of receptacles by the farmer. As the total number of adult dairy cows varied very little 

from month to month, an average of the total number of adult dairy cows per herd (available through 

the DHI records) was calculated and multiplied with the total number of days within the data collection 

period to determine the herd-level cow-days.  

Stratification of Antimicrobials  

Antimicrobials were classified according to the antimicrobial drug class and route of administration 

and indication according to the Belgian compendium of veterinary products and the summary of the 

product characteristics (Het Belgisch Centrum voor Farmacotherapeutische Informatie, 2012). 

Intramammary antimicrobials were divided into intramammary injectors registered for dry cow therapy 

and intramammary injectors that were registered for the intramammary treatment of (sub)clinical 

mastitis. All systemically injectable antimicrobials, used for the therapy of various diseases are further 

referred to as ‘systemically administered antimicrobials’.  Intra-uterine antimicrobials are further 

referred to as ‘other antimicrobials’.  

Stratification of Herds Based on the Antimicrobial Treatment Incidence. Herds were arbitrarily 

divided into three groups of almost equal numbers based on their total ATI ranking: herds with an ATI ≤ 

15 DDDA per 1,000 cows per day were defined as ‘low-consuming herds’ (n = 18), herds with an ATI 

between 15 to 25 DDDA as ‘medium-consuming herds’ (n = 21), and herds with ATI ≥ 25 DDDA as ‘high-
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consuming herds’ (n = 18). The average ATI on the low-consuming herds is 11.92 DDDA, on medium-

consuming herds 19.89 DDDA and on the high-consuming herds 30.66 DDDA per 1,000 cow-days.  

Associations 

Univariable associations between ATI as continuous herd-level outcome variable and different herd-

level parameters capturing udder health, milk quality and production performances (average monthly 

percentage of new infections, chronic infections and prevalence of high fresh cows, IRTM, geometric 

mean BMSCC, geometric mean of BC and CC, number of lactating cows, average herd-level 305-d milk 

production, culling and calving rate and prevalence of primiparous cows) as continuous independent 

variables were tested using linear regression analysis (SPSS 22.0, SPSS Inc., Chicaco, Illinois, USA). Three 

similar models were fit to study the association of some study related factors at the herd level with ATI, 

with (1) length of data collection period as continuous independent variable, with (2) a specifically 

created independent variable capturing whether a farmer indicated that also products used in young 

stock and/or by the veterinarian were collected in the garbage can (0 = only antimicrobials used in adult 

cattle collected; 1= also antimicrobials used in young stock and/or by veterinarians collected), and with 

(3) the applied dry cow strategy (0 = blanket dry cow therapy; 1 = selective dry cow therapy) as 

categorical independent variables, respectively (SPSS 22.0, SPSS Inc., Chicago, Illinois, USA). Statistical 

significance was set at P ≤ 0.05 (Wald’s test). 

3.4 Results 

Characterization of Herd-Level Livestock 

Thirty-two herds only housed milking cows, 13 herds also kept beef cattle, and 10 herds also farmed 

other animals such as veal, poultry or pigs. Two herds housed both milking and beef cows as well as 

other animals such as veal, poultry or pigs. Blanket dry cow therapy was applied on 45 out of 57 herds.  

Descriptive Statistics of Herd-Level Parameters 

All information is summarized in Table 2. The average data collection period per herd was 315 days. 

The average number of lactating cows was 69. The average percentage of new and chronic infected cows 
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per month was 6.6 and 9.9%, respectively. The average prevalence of high fresh cows was 15.9%. The 

average IRTM during the data collection period was 9.6 treated cases per 10,000 cow-days at risk. The 

average of the geometric mean BMSCC, BC and CC were 189,149 cells/mL, 7,443 IBC/mL and 16.5 

cfu/mL, respectively. The average 305-d milk production ranged from 6,805 to 11,898 kg. The average 

culling rate was 7.9 culled cows per 10,000 cow-days at risk, the average calving rate of multiparous 

cows was 35.7 calved cows per 10,000 cow-days at risk. The average prevalence of primiparous cows 

was 34.6%.  
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Table 2. Length of the data collection period, udder health, milk quality and production performances of a convenience sample of 57 Flemish dairy herds 
from 2012 to 2013 

    Percentile 

Herd-level parameter Average 25th  75th  

Study design and study implementation    

Length of the data collection period(d)1 315 277 359 

Udder health     

New intramammary infections per month2 (%) 6.6 5.6 7.7 

Chronic intramammary infections per month2 (%) 9.9 5.8 12.5 

Prevalence of high fresh cows per month2 (%) 15.9 9.5 20.0 

Incidence rate of treated mastitis  [treated cases of (sub)clinical mastitis per 10,000 cow-days at risk] 9.6 6.1 11.9 

Milk quality    

Geometric mean BMSCC3 (cells/mL) 189,149 148,430 236,959 

Geometric mean total bacterial count (IBC4/mL) 7,443 5,026 8,492 

Geometric mean coliform count (cfu/mL)  16.5 3.3 17.7 

Production performances    

Number of lactating cows in the herd 69 53 84 

305-d milk production (kg) 8,865 8,197 9,608 

Culling rate (number of culled animals per 10,000 cow-days at risk)  7.9 6.2 9.7 

Calving rate of multiparous cows (number of calved animals per 10,000 cow-days at risk) 35.7 31.5 39.7 

Prevalence of primiparous cows (%) 34.6 31.3 38.9 

3Bulk milk somatic cell count 
4Individual bacterial counts 
 

1Number of days between the first herd visit and 28th of February 2013 (final collection of garbage can) 
2As calculated in Table 1 
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Antimicrobial Treatment Incidence  

Total Antimicrobial Consumption. The average total ATI was 20.78 DDDA per 1,000 cow-days, 

ranging from 8.68 to 41.62 DDDA (Table 3), with a large variation between herds (Figure. 1). Penicillins 

were used on almost all herds (n = 55) and third and fourth generation cephalosporins were used on 48 

and 51 herds out of the 57 herds, respectively. 

Figure 1. The herd-level antimicrobial treatment incidence [ATI; defined daily doses animal (DDDA) per 

1,000 cow-days] per herd divided into critically important antimicrobials for human health and not-

critically-important antimicrobials. 

Antimicrobial Drug Class. Fourth generation cephalosporins had the highest ATI (4.99 DDDA per 

1,000 cow-days) followed by penicillins (3.70 DDDA) and third generation cephalosporins (2.95 DDDA). 

The average ATI of the critically important antimicrobials for human health, i.e. third and fourth 

generation cephalosporins and fluoroquinolones (according to the OIE classification) was 8.59 DDDA, 

the average ATI of the not-critically important antimicrobials combined being 12.18 DDDA (Table 3). 

With the exception of one herd, all herds used critically important antimicrobials. Large between herd 

variation existed in the ATI of critically important antimicrobials (Figure. 1). More than half (58.0%; 4.99 

DDDA) of the total amount of critically important antimicrobials used on the participating herds include 

cefquinome, the only fourth generation cephalosporin labeled for use in dairy cattle in Belgium. About 
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one third of the critically important antimicrobials used on the participating herds included ceftiofur, a 

third generation cephalosporin with no withdrawal time for milk (34.4%; 2.58 DDDA). Of the not-

critically important antimicrobials, penicillins, first generation cephalosporins combined with 

aminoglycosides and first generation cephalosporins alone were used most (3.70, 2.24 and 2.11 DDDA, 

respectively). On the low-consuming and high-consuming herds, 45.1% and 45.9%, respectively, of the 

total AMC were critically important products (5.38 and 14.08 DDDA, respectively). About one third 

(33.4%) of the total antimicrobial consumption on medium-consuming herds were critically important 

antimicrobials (6.65 DDDA). 

Route of Administration and Indication. Antimicrobials administered intramammary had the highest 

ATI (13.18 DDDA per 1,000 cow-days) followed by systemically administered antimicrobials (7.44 DDDA) 

and antimicrobials administered by other routes (e.g. intra-uterine; 0.15 DDDA) (Table 4).  

The intramammary ATI for dry-cow therapy was 6.89 DDDA. Dry cow injectors containing fourth 

generation cephalosporins had the highest ATI (3.33 DDDA), followed by penicillins and first-generation 

cephalosporins (1.74 and 1.11 DDDA, respectively). Thirty-nine herds used fourth generation 

cephalosporins as dry cow treatment and 30 herds used penicillins. 

For the intramammary treatment of (sub)clinical mastitis, the ATI was slightly lower than for dry cow 

therapy (6.30 DDDA). First-generation cephalosporins in combination with aminoglycosides had the 

highest ATI (2.24 DDDA) for the treatment of (sub)clinical mastitis. A large majority of the herds used 

fourth generation cephalosporins and the combination of first-generation cephalosporins with 

aminoglycosides (n = 41 and n = 40, respectively) for the treatment of (sub)clinical mastitis.  

Penicillins, third generation cephalosporins and macrolides were used systemically on 51, 45 and 41 

herds, respectively. The average ATI of systemically administered antimicrobials was 7.44 DDDA of which 

third generation cephalosporins had the highest ATI (2.58 DDDA), followed by penicillins (1.95 DDDA) 

and macrolides (1.11 DDDA). 
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1The number of herds using the specific antimicrobial drug class 
2According to the World Health Organization, WHO 

Table 3. Antimicrobial treatment incidence [ATI; defined daily doses animal (DDDA) per 1,000 cow-days] of the various antimicrobial drug classes used 
across a convenience sample of 57 Flemish dairy herds from 2012 to 2013 

Drug class No1 of herds ATI Minimum 
ATI Percentile 

Maximum 
25th 50th 75th 

Critically important for human health2 56 8.59 0.00 3.89 7.69 11.49 24.59 

Cephalosporins (third generation)  48 2.95 0.00 0.69 1.55 4.21 14.43 

Cephalosporins (fourth generation) 51 4.99 0.00 1.36 4.47 7.42 16.66 

Fluoroquinolones 33 0.65 0.00 0.00 0.21 0.97 4.20 

Not-critically important 57 12.18 1.09 7.92 11.67 15.89 27.31 

Aminopenicillins 8 0.08 0.00 0.00 0.00 0.00 1.11 

Aminopenicillins and polymyxins 1 0.00 0.00 0.00 0.00 0.00 0.05 

Aminoglycosides 6 0.01 0.00 0.00 0.00 0.00 0.16 

Cephalosporins (first generation) 39 2.11 0.00 0.00 0.72 3.98 10.25 

Cephalosporins (first generation) and  

aminoglycosides 

40 2.24 0.00 0.00 1.60 3.69 9.01 

Lincosamides  4 0.03 0.00 0.00 0.00 0.00 1.42 

Lincosamides and aminoglycosides 21 0.15 0.00 0.00 0.00 0.17 2.25 

Macrolides 41 1.11 0.00 0.00 0.50 1.82 6.95 

Penicillins 55 3.70 0.00 1.65 2.75 5.74 11.37 

Penicillins and aminopenicillins 24 0.65 0.00 0.00 0.00 0.50 8.01 

Penicillins and aminoglycosides 28 1.05 0.00 0.00 0.00 0.90 11.83 

Polymyxins 1 0.00 0.00 0.00 0.00 0.00 0.17 

Rifaximins 19 0.42 0.00 0.00 0.00 0.17 6.27 

Sulfonamides and trimethoprim 20 0.13 0.00 0.00 0.00 0.15 1.12 

Tetracyclins 23 0.46 0.00 0.00 0.00 0.27 9.54 

Overall 57 20.78 8.68 14.19 20.12 26.15 41.62 
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1The number of herds using the specific antimicrobial drug class

Table 4. Antimicrobial treatment incidence [ATI; defined daily doses animal (DDDA) per 1,000 cow-days] by antimicrobial drug classes administered 
intramammary or systemically, used across a convenience sample of 57 Flemish dairy herds from 2012 to 2013 

 Intramammary ATI  Systemic ATI 

Dry cow therapy  Mastitis therapy  Systemically administered therapy 

   Percentile    Percentile   Percentile 

Drug class 
No. of 
herds1  

ATI 25th 50th 75th  No. of 
herds1 

ATI 25th 50th 75th No. of 
herds1 

ATI 25th 50th 75th 

Aminopenicillins - - - - -  - - - - - 8 0.08 0.00 0.00 0.00 

Aminopenicillins and polymyxins - - - - -  - - - - - 1  0.00 0.00 0.00 0.00 

Aminoglycosides - - - - -  - - - - - 6  0.01 0.00 0.00 0.00 

Cephalosporins (first generation) 17  1.11 0.00 0.00 1.63  30  0.94 0.00 1.17 1.14 4  0.04 0.00 0.00 0.00 

Cephalosporins (first generation) 
and aminoglycosides 

- - - - -  40 2.24 0.00 1.60 3.69 - - - - - 

Cephalosporins (fourth 
generation) 

39  3.33 0.00 2.50 6.05  41  1.58 0.00 0.50 2.44 14  0.13 0.00 0.00 0.00 

Cephalosporins (third generation) - - - - -  8 0.37 0.00 0.00 0.00 45  2.58 0.36 1.49 3.87 

Fluoroquinolones - - - - -  - - - - - 33  0.65 0.00 0.21 0.97 

Lincosamides - - - - -  2 0.03 0.00 0.00 0.00 2  0.00 0.00 0.00 0.00 

Lincosamides and 
aminoglycosides 

- - - - -  8  0.08 0.00 0.00 0.00 16  0.07 0.00 0.00 0.09 

Macrolides  - - - - -  - - - - - 41  1.11 0.00 0.50 1.82 

Penicillins   30  1.74 0.00 0.33 2.79  2 0.04 0.00 0.00 0.00 51  1.95 0.44 1.61 2.66 

Penicillins and aminopenicillins 8  0.38 0.00 0.00 0.00  17  0.28 0.00 0.00 0.09 - - - - - 

Penicillins and aminoglycosides 2  0.01 0.00 0.00 0.00  14  0.72 0.00 0.00 0.00 20 0.31 0.00 0.00 0.42 

Polymyxins - - - - -  - - - - - 1 0.00 0.00 0.00 0.00 

Rifaximins 19  0.43 0.00 0.00 0.17  - - - - - - - - - - 

Sulfonamides and trimethoprim - - - - -  - - - - - 20  0.13 0.00 0.00 0.15 

Tetracyclins - - - - -  - - - - - 14  0.34 0.00 0.00 0.00 

Overall 57 6.89 5.63 7.01 8.98  57 6.30 3.69 5.59 8.38 57 7.44 3.22 6.23 10.65 
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In the low-consuming herds, almost 44.7% (5.33 DDDA) of the antimicrobials was used for dry cow 

therapy whereas 30.7% (3.66 DDDA) was used for the intramammary treatment of (sub)clinical mastitis 

and 24.3% (2.90 DDDA) was used systemically (Figure. 2). On high-consuming herds, the majority of 

antimicrobials were used systemically (12.65 DDDA) or for the intramammary treatment of (sub)clinical 

mastitis (9.23 DDDA). In the latter group, the consumption of injectable long-acting third generation 

cefalosporins with no withdrawal time for milk is relatively higher and the consumption of injectable 

penethamate hydriodide relatively lower compared with the other herds. On medium-consuming herds, 

an almost equally high proportion of antimicrobials was used systemically, for intramammary treatment 

of (sub)clinical mastitis or as dry cow therapy. Other antimicrobials were used less than 1% in all three 

types of herds. 

Associations Between Antimicrobial Treatment Incidence and Herd -level Parameters 

A positive association exists between IRTM and the number of herds that applied blanket dry cow 

strategy on the one hand and the low-, medium- and high consuming herds on the other hand. Thirteen 

(72%), sixteen (76%) and sixteen (89%) herds in the low-, medium- and high- consuming herds, 

respectively, applied blanket dry cow therapy (Figure 3).  

As shown in Table 5, the ATI was positively associated with the IRTM (P ≤ 0.05; Figure 3) and 

negatively with the prevalence of primiparous cows (P ≤ 0.05) and tended to be positively associated 

with the length of the data collection period per herd (P = 0.095). Herds that indicated to also have 

collected antimicrobials administered to young stock and/or used by veterinarians had a significantly 

higher ATI (although products obviously used for young stock were discarded) than the herds where 

only the antimicrobials that were used for adult cows were collected (P ≤ 0.05). The ATI was higher on 

herds that applied blanket dry cow therapy than on herds where cows were selectively dried-off with 

dry cow injectors (P = 0.052). No other associations were identified. 
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Figure 2. The herd-level average antimicrobial treatment incidence [ATI; defined daily doses animal 

(DDDA) per 1,000 cow-days] stratified per route of administration and so-called low-, medium-, and 

high-consuming herds. Low-consuming herds had an ATI ≤15 DDDA per 1,000 cow-days (n = 18); 

medium-consuming herds had an ATI between 15 and 25 DDDA per 1,000 cow-days (n = 21); high-

consuming herds had an ATI ≥25 DDDA per 1,000 cow-days (n = 18). The error bars represent the 

standard error of the mean. 

 
 
 
 
 

Figure 3. Percentage of herds that applied blanket dry-cow therapy (BDCT) and average incidence rate 
of treated mastitis (IRTM) stratified by so-called low-, medium-, and high-consuming herds. Low-
consuming herds had an antimicrobial treatment incidence (ATI) ≤15 defined daily doses animal (DDDA) 
per 1,000 cow-days (n = 18); medium-consuming herds had an ATI between 15 and 25 DDDA per 1,000 
cow-days (n = 21; 1 herd missing IRTM data, n = 20); high-consuming herds had an ATI ≥25 DDDA per 
1,000 cow-days (n = 18; 1 herd missing IRTM data, n = 17). 
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Table 5. Univariable associations between the antimicrobial treatment incidence, and several parameters related to the study design and study implementation, 
udder health, milk quality, production performances, and applied dry-cow strategy 

Independent variable  No. of herds ß1 SE2  P-value 

Study design and implementation  
   

      Length of the data collection period3 57 0.034 0.200 0.095† 

      Products used in young stock or by the veterinarian (or both)     

            Only antimicrobials used in adult cows collected 37 Reference    

            Antimicrobials used in young stock or by veterinarians also collected (or both) 19 5.588 2.256 0.016* 

Udder health     

      New IMI per month4 (%) 57 0.077 0.594 0.898 

      Chronic IMI per month4 (%) 57 0.295 0.211 0.168 

      Prevalence of high fresh cows per month4 (%) 57 0.057 0.138 0.684 

      Incidence rate of treated mastitis  [treated cases of (sub)clinical mastitis per 10,000 cow-days at risk] 55 0.606 0.226 0.010* 

Milk quality     

      Geometric mean BMSCC (cells/mL) 57 0.011 0.020 0.581 

      Geometric mean total bacterial count (IBC5/mL) 57 -0.461 0.344 0.186 

      Geometric mean coli count (cfu/mL) 54 -0.031 0.046 0.501 

Production performances     

Number of lactating cows in the herd 57 0.010 0.046 0.823 

      305-d milk production (kg) 57 0.001 0.001 0.609 

      Culling rate (number of culled animals per 10,000 cow-days at risk) 57 0.342 0.447 0.448 

      Calving rate of multiparous cows (no. of calved animals per 10,000 cow-days at risk) 57 0.203 0.175 0.249 

      Prevalence of primiparous cows (%) 57 -0.398 0.190 0.041* 

Dry-cow treatment strategy     

      Selective dry-cow therapy 12 Reference   

      Blanket dry-cow therapy 45 5.293 2.660 0.052* 
1Estimate. 
2Standard error of the variance estimate of the parameter. 
3Number of days between the first herd visit and February 28, 2013 (final collection of garbage can). 

4As calculated in Table 1. 
5Individual bacterial counts. 
*P ≤ 0.05; †0.05 < P ≤ 0.10. 
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3.5 Discussion  

This is the first study set up to quantify the use of antimicrobials on dairy herds in Flanders, Belgium. 

Previously, only data on a wholesale level were available to understand AMC in the veterinary sector in 

Belgium as is still the case in many countries (Filippitzi et al., 2014, Hauck et al., 2014). Although those 

wholesalers’ data are very informative, allowing for comparison over time and between countries, they 

do not allow for a precise description of the AMC per animal species nor at the herd level. Neither do 

they allow for determining between-herd variation in (compound-specific) AMC or for identifying factors 

associated with AMC as do the data obtained via the garbage can method used in this study. The 

recorded data revealed a strong between-herd variation in AMC and a relative high amount of critically 

important antimicrobials for human health. The largest proportion of antimicrobials was used 

intramammary.  

The garbage can method is considered to be one of the most reliable methods for collecting herd-

level information on AMC despite the fact that farmers might not have disposed all of the empty drug 

packages in the receptacles or did not throw away partially used drug receptacles (Carson et al., 2008, 

Saini et al., 2012, Redding et al., 2014). In this study, data were collected on a convenience sample rather 

than on a random sample of herds which potentially has introduced bias. The BMSCC and both BC and 

CC were lower than the 222,497 cells/mL, 12,888 IBC/mL, and 19.1 cfu/mL, respectively, obtained on 

the 275 randomly selected non-participating Flemish dairy herds. The latter might suggest a potential 

selection bias towards the better performing dairy farms in Flanders. Antimicrobials exclusively licensed 

for young stock and not administered to adult cows were not taken into account, neither were 

antimicrobials administered by the veterinarians. Antimicrobials used by the herd veterinarian were not 

permitted in the garbage cans in order to avoid potential overestimation of the ATI on some of the herds. 

When a herd veterinarian administers a treatment,  most of the time, only part of a specific antimicrobial 

package is used. Consequently, on those farms where the last content of that particular vial would have 

been used by the herd veterinarian, the ATI would have been overestimated especially in case of large 

volume vials. Also, as on the majority of the participating herds almost all mastitis treatments and/or 
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infusions of dry cow injectors were applied by the farmers themselves, antimicrobials administered by 

veterinarians are likely contributing to only a very limited extent to the overall antimicrobial 

consumption on a dairy farm. Logically, in herds that nevertheless collected packages of antimicrobials 

administered to young stock or used by the veterinarian, ATI was higher. Although one of the herd 

inclusion criteria was to not only record the reason for treatment and the occurrence of a disease but 

also the treatment duration, the interval between subsequent administrations and the dose of the used 

antimicrobial, these data were often incomplete and unreliable. Therefore, antimicrobial consumption 

data obtained by the garbage can audits could not be compared to the AMC data received by the 

treatment records.  

Currently, there is no internationally accepted standard for quantifying AMC in veterinary medicine 

(Meek et al., 1986, Dunlop et al., 1998, Timmerman et al., 2006, Carson et al., 2008, Bondt et al., 2013, 

Hosoi et al., 2014, Redding et al., 2014, Lanza et al., 2015), although the use of DDDA is given full priority 

(Jensen et al., 2004, Dewulf et al., 2013) and calculating the number of DDDA per 1,000 cow-days has 

been proposed by the European Medicines Agency as the standard for the quantification and reporting 

of the consumption of antimicrobial agents in a European framework (Filippitzi et al., 2014). It was 

assumed that antimicrobials were used as per directions on the label, implicating potential over- or 

underestimation of the ATI in case of over or under dosing, respectively.  

Because data were collected on a convenience sample of Flemish dairy herds, care should be taken 

when extrapolating conclusions to the national level. Compared to the national AMC data in The 

Netherlands and to a study conducted in Canada (average ATI of 11.21 and 14.35 DDDA, respectively), 

the AMC on the participating herds of this study was rather high (Saini et al., 2012, Netherlands 

Veterinary Medicines Authority, 2014). However, one should be careful in simply comparing these data 

since some striking differences in study design and way of calculation between those studies and ours 

were present, such as differences in length of data collection period, in methodology of antimicrobial 

data collection and in the animal (sub)population of which data were collected. As in the other studies, 

a large variation in the AMC was observed between the herds (Meek et al., 1986, Redding et al., 2014). 
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This suggests that some farmers succeed to manage their herds with a limited use of antimicrobials. The 

management of these herds could serve as an example for herds with a higher AMC. Although, when 

aiming for a low AMC, herd health, animal welfare and dairy sustainability has to be taken into account 

as well (Netherlands Veterinary Medicines Authority, 2014). 

Penicillins and cephalosporins were antimicrobial classes that were used most, which corresponds 

well to the findings in other studies (Hill et al., 2009, Saini et al., 2012). The AMC of the critically 

important antimicrobials for human health, i.e. third and fourth generation cephalosporins and 

fluoroquinolones, strongly varied among the different herds. This suggests that it is also possible to 

manage herds with a (very) low consumption of critically important antimicrobials. It should be 

mentioned that the relatively high AMC of critically important antimicrobials on this convenience sample 

of Flemish dairy herds, compared to the national AMC data in The Netherlands and to a study conducted 

in Canada (average ATI of critically important antimicrobials of zero and 2.20 DDDA, respectively) can 

partially be explained by the fact that one of the only two broad-spectrum dry cow tubes that were 

available during the whole data collection period contained cefquinome, a fourth generation 

cephalosporin. Besides, some of the (long-acting) broad-spectrum injectables with no withdrawal time 

for milk contained third generation cephalosporins. No information was available on the reasons behind 

the use of these formulations as this kind of treatments need to be recorded by neither the veterinarian 

nor the farmer, if administered at least two months before the culling date. As the distribution to the 

udder tissue is low (as can be derived from the absence of withdrawal time for milk), we believe these 

products were typically used for fertility problems, respiratory disorders and claw diseases. A reduction 

of the critically important antimicrobials for human health could be obtained by using alternatives for 

dry cow injector and systemic (long-acting) antimicrobials without withdrawal time for milk, which 

contain third and fourth-generation cephalosporins.   

The observation that the majority of antimicrobials were used for intramammary use corresponds 

well with the findings of some other studies (Pol and Ruegg, 2007, Hill et al., 2009), but is contrasting 

the findings of a Canadian study where most antimicrobials were used systemically (Saini et al., 2012). 
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The consumption of intra-uterine antimicrobials was low compared to the study of Meek et al. (1986) 

and is probably an underestimation as we believe some packages did not end up in the garbage cans.  

Not all herds that applied selective dry cow therapy are in the group of the low-consuming herds, 

and the group of low-consuming herds include also herds that applied blanket dry-cow therapy. On so-

called low-consuming herds, most antimicrobials were being used in dry-cow therapy whereas on high-

consuming herds, most antimicrobials were administered systemically or as intramammary mastitis 

therapy, suggesting a difference in strategy towards a reduction in AMC is needed between these types 

of herds. Reduction of the AMC on the low-consuming herds can potentially be achieved by opting for 

conditional selective dry-cow therapy. We hypothesize the high-consuming herds should first optimize 

general udder health and/or treatment approaches of mastitis as this will likely result in a lower IRTM, 

and consequently in a lower consumption of intramammary antimicrobials used for mastitis therapy. In 

addition, a reduction of the systemically used antimicrobials could be achieved by improving general 

animal health management so that less systemic critically important (long-acting) broad-spectrum 

antimicrobials with no withdrawal time for the milk are needed. Because of the long-acting activity of 

the latter mentioned products, one injection counts for several DDDA, resulting in a considerably 

contribution of these products to the total ATI. This change will need a substantial mind shift from both 

dairy producers and veterinarians.  

Part of the herd-level variation in the total ATI could be explained by differences in the IRTM, dry 

cow strategy and the prevalence of primiparous cows. The two latter are, together with the calving rate 

of multiparous cows,  parameters with an influence on AMC of dry cow antimicrobials. The association 

between AMC and the applied dry cow strategy reinforces the observations of Scherpenzeel et al. (2014) 

in which selectively drying off cows with antimicrobials based on their SCC at the last DHI-recording 

before drying off resulted in a lower AMC despite an increased incidence of clinical mastitis in the next 

lactation. The negative association between ATI and the prevalence of primiparous cows corresponds 

well with the fact that younger cows have a lower incidence of (sub)clinical mastitis (Ali et al., 2014, 

Verbeke et al., 2014) and do not receive dry cow antimicrobials. The AMC was, however, not affected 
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by the calving rate of multiparous cows which was calculated here as a proxy for the calving interval. 

Although high producing cows are more susceptible to mastitis (Grohn et al., 1995) and herds with a 

high milk production have a higher incidence of clinical mastitis (Schukken et al., 1990), no association 

could be found between the 305-d production and the AMC in this study, indicating that high production 

results can be obtained without high AMC. In fact, only a limited number of the investigated parameters 

were found to be associated with the AMC. The quantification of AMC tended to be influenced by the 

length of the data collection period. Farmers obviously did not throw partially used drug vials in the 

garbage can during the data collection period, potentially resulting in an underestimation of the true 

AMC during the data collection period. Our findings suggest that this risk of underestimation is higher in 

case of a shorter data collection period. Of course, besides the parameters included in this study, 

variation in AMC between herds could be explained by other factors such as treatment decisions, 

therapy compliance, and the udder health and (health) management in general.  

3.6 Conclusions 

The average ATI on a convenience sample of Flemish dairy herds was quite high, with a large 

between herd variation for the overall AMC and for the critically important antimicrobials in particular. 

The majority of antimicrobials were used intramammary. Antimicrobials used in dry cow therapy 

accounted for the largest proportion of the ATI on low-consuming herds, while on high-consuming herds 

the proportion of systemic antimicrobials and intramammary mastitis antimicrobials were used most. 

So, a reduction of the ATI requires a different approach in low-consuming than in high-consuming herds. 

The incidence rate of treated mastitis was positively associated with ATI. Herds that applied blanket dry 

cow therapy tended to have a higher ATI than herds where cows were only selectively dried-off with 

long-acting antimicrobials. The ATI decreased with an increasing prevalence of primiparous cows. 

Parameters related to the study design and study implementation can potentially influence the 

quantification of AMC, and should be taken into account when setting up new studies and when 

interpreting AMC results. 
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4.1 Abstract 

The main objectives of this study were to evaluate to what extent variations in herd-level 

antimicrobial consumption (AMC) can be explained by differences in management practices that are 

consistently effective in the prevention of (sub)clinical mastitis, on the one hand, and by differences in 

mastitis treatment strategies, on the other hand. Antimicrobial consumption data were obtained 

during 2012 and 2013 by “garbage can audits” and expressed as antimicrobial treatment incidences 

(ATI) for all compounds combined (total ATI) and for the critically important antimicrobials for human 

health separately. Data on mastitis prevention and control practices were obtained via face-to-face 

interviews performed during herd visits in March 2013. Some management practices and treatment 

strategies related to udder health were associated with the total AMC. However, the results 

demonstrated that implementing effective udder health management practices does not necessarily 

imply a low AMC and vice versa. Herds participating in a veterinary herd health management program 

and herds selectively drying off cows used fewer antimicrobials compared with herds not participating 

in such a program or applying blanket dry-cow therapy. Moreover, herds treating (some) (sub)clinical 

mastitis cases with intramammary homeopathic substances consumed fewer antimicrobials than 

herds not applying such homeopathic treatments. Besides these factors, no other direct association 

was found between effective udder health management practices on the one hand and AMC on the 

other hand. Also, the use of critically important antimicrobials was only associated with the way in 

which subclinical mastitis cases were treated. The latter indicates that the AMC of critically important 

antimicrobials is potentially driven by factors other than those included in this study such as those 

related to the “mindset” of the veterinarians and their farmers. Future research should therefore aim 

to unravel the reasoning of vets and their farmers behind the use of those critically important 

antimicrobials for the treatment of mastitis and other diseases. 

Key words: antimicrobial treatment incidence, mastitis prevention and control practice, mastitis 

treatment strategy   
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4.2 Introduction 

Most antimicrobials are used for the prevention and control of mastitis in dairy herds (Mitchell et 

al., 1998; Pol and Ruegg, 2007; Menendez Gonzalez et al., 2010; Ivemeyer et al., 2012). In addition, 

antimicrobial consumption (AMC) is associated with both the dry-cow strategy (blanket versus 

selective) and the incidence rate of treated mastitis (IRTM; positive association; Stevens et al., 2016).  

Mastitis remains a major issue in dairy production, despite the fact that prevention and control 

programs have been available since the 1960s and have been successfully implemented on many herds 

(Hillerton et al., 1995). Over the years, a large number of studies has focused on the identification of 

management risk factors for both clinical (CM; Barkema et al., 1999a,b; Huijps et al., 2010; Gordon et 

al., 2013; Richert et al., 2013) and subclinical mastitis (SCM; Barkema et al., 1999b; Huijps et al., 2010; 

Dufour et al., 2011, 2012; Piepers et al., 2011; Gordon et al., 2013). Postmilking teat disinfection, 

blanket dry-cow therapy, keeping cows standing following milking, the use of milkers’ gloves, and back-

flushing the milk cluster after milking a cow with (sub)clinical mastitis or milking them last have been 

identified as the most effective preventive measures for lowering the incidence of either CM or SCM 

(Hogeveen et al., 2011; Dufour et al., 2012; Lees and Lievaart, 2013). Given that the IRTM is strongly 

associated with total AMC on dairy herds (Lago et al., 2014; Stevenset al., 2016), we can anticipate that 

(some of) these specific mastitis prevention and control practices are related to AMC. In addition, 

factors related to mastitis treatment strategies in a herd might hypothetically be associated with AMC 

in general, and with consumption of the critically important antimicrobials for human health in 

particular.  

The main objective of this study was to evaluate to what extent variations in total antimicrobial 

treatment incidences (ATI) and ATI of critically important antimicrobials can be explained by 

differences in management practices that have been identified as the most effective for lowering the 

incidence of mastitis, on the one hand, and by differences in mastitis treatment strategy, on the other 

hand. 
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4.3 Materials and methods 

Data Collection 

Initial Data Set and Data Handling. The data used in this study are described elsewhere (Stevens et 

al., 2016). In brief, the data originated from a convenience sample of 57 Flemish dairy herds 

participating in the Flemish DHI program, with an interval of 4 to 6 wk between 2 test-days, and were 

collected during 2012 and 2013. Antimicrobial consumption data were retrieved by “garbage can 

audits.” The garbage cans were 51-L receptacles with an open top. Farmers were asked to collect all 

empty drug vials and tubes used to treat adult dairy cattle (i.e., from the first calving). The garbage 

cans were positioned at the most convenient spot (e.g., near the drug storage area or in the milking 

parlor) and were collected twice (August 31, 2012, and February 28, 2013) for processing by the first 

author. Product name, volume, and number of receptacles were registered using a datasheet that 

included herd identification number and starting and end date of collection for that particular herd. 

The AMC at herd level was quantified by the antimicrobial treatment incidence (ATI). Therefore, the 

total amount of active substances used during the study period was divided by the defined daily dose 

animal (DDDA) multiplied by the herd-level cow-days. The total amount of active substances was 

calculated by multiplying the volume per receptacle by the total number of used receptacles and by 

the concentration of the drug. The ATI was defined as the number of DDDA used per 1,000 cows per 

day. 

Mastitis Prevention and Control Practices. Data on mastitis prevention and control practices were 

obtained using a large questionnaire (available on request) administered through a face-to-face 

interview with each farmer during a herd visit in March 2013. The questionnaire took approximately 

60 to 90 min to complete. The questions included general information and information related to the 

milking technique, the milking machine, the accommodation of lactating cows, treatment strategies of 

cases of CM and SCM, the dry-cow management, culling of cows, heifer management and treatment, 

general herd health status, and participation in a veterinary herd health management (VHHM) 
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program. All questions referred to practices in place during the AMC quantification period (i.e., 2012–

2013). The questionnaire was pretested and fine-tuned in close cooperation with several dairy farmers 

before the start of the study. Eventually, only the questions  related to management practices (n = 9) 

that have been shown to be consistently effective in the prevention of (sub)clinical mastitis (Huijps et 

al., 2010; Hogeveen et al., 2011; Lees and Lievaart, 2013) were included for further analyses. These 

questions were further complemented with information capturing treatment strategies of CM and 

SCM cases (5 questions). 

Statistical Analyses  

First, the relationship between individual categorical variables [“use of a separate cloth to clean 

the udder”; “wearing milker’s gloves during milking”; “application of postmilking teat disinfection”; 

“rinsing of milking cluster after milking a cow with (sub)clinical mastitis or milking these cases last”; 

“keeping cows standing after milking”; “replacement of teat cup liners”; “dry-cow strategy”; “dry-cow 

minerals provided”; “VHHM program”; “route of administration for treatment CM”; “treatment 

duration CM”; “route of administration for treatment SCM”; “treatment duration of SCM”; “use of 

intramammary homeopathic substances for treatment of CM or SCM”] and the continuous outcome 

variables total ATI and ATI of critically important antimicrobials [i.e., third- and fourth-generation 

cephalosporins and fluoroquinolones according to the World Organization for Animal Health (Office 

International des Epizooties)] was examined using simple linear regression models (SPSS statistics 22.0, 

IBM Corp., New York, NY). Only independent variables associated at a significance level P ≤ 0.20 were 

considered for further analyses. Pearson and Spearman rank correlation coefficients were calculated 

among the significant independent variables to avoid multicollinearity in the next steps. If 2 

management practices had a correlation coefficient ≥ |0.6|, only the one with the highest statistical 

significance was selected for further analysis.  

Second, the association between factors that were significantly associated in the abovementioned 

univariable models at a significance level of P ≤ 0.20 and that were not highly correlated with each 

other, and the continuous outcome variables total ATI and ATI of the critically important antimicrobials 
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was examined with multivariable linear regression analysis (SPSS statistics 22.0, IBM Corp.). The model 

always included an independent categorical variable capturing whether a farmer indicated that 

products also used in young stock or by the veterinarian were collected in the garbage can (1 = only 

antimicrobials used by the famer in adult cattle collected; 2 = antimicrobials used in young stock or by 

veterinarians also collected) as previous results suggest that this variable could act as a confounder 

(Stevens et al., 2016). The latter variable was forced in the model. Because this variable was not 

available for 1 herd, the multivariable analyses included only 56 herds. Other nonsignificant variables 

were considered to act as confounders if their removal made the regression coefficients of the 

remaining variables undergo a relative change of >25% or, in case the regression coefficient ranged 

between −0.4 and 0.4, if an absolute change >0.1 was observed (Noordhuizen, 2001). Nonsignificant 

variables were removed using backward elimination at P ≤ 0.05. The adequacy of the final model was 

tested by examining normal probability plots of residuals and plots of residuals versus predicted values 

to check whether the assumptions of normality and homogeneity of variance had been fulfilled. No 

patterns indicating heteroscedasticity were revealed. Results are described as back-transformed least 

squares means. 

4.4 Results 

Descriptive Results  

The average total ATI was 20.78 DDDA per 1,000 cow-days (Stevens et al., 2016). The average ATI 

of the critically important antimicrobials for human health was 8.59 DDDA. All herds except 1 used 

critically important antimicrobials. Large between-herd variation existed both in the total ATI as well 

as in the ATI of critically important antimicrobials. 

Univariable Associations 

A first reduction based on univariable associations revealed that 3 and 1 mastitis prevention and 

control practices and 4 and 2 mastitis treatment strategies were associated with total ATI and ATI of 

the critically important antimicrobials, respectively (Table 1). Timely replacement of teat cup liners, 
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blanket dry-cow strategy, no participation in a VHHM program, treatment duration of CM for ≥3 d, 

intramammary and systemically treatment of SCM, treatment duration of SCM for ≥5 d, and no use of 

intramammary homeopathic substances for the treatment of CM or SCM were significantly associated 

with a high total ATI at a significance level of P ≤ 0.20. Timely replacement of teat cup liners, 

intramammary and systemically treatment of SCM, and treatment duration of SCM for ≥5 d were 

significantly associated at P ≤ 0.20 with a high ATI of critically important antimicrobials. A strong 

correlation (r = 0.605) was found between the administration route of antimicrobials for the treatment 

of SCM and treatment duration of SCM. Treatment duration of SCM showed the highest statistical 

significance and was therefore selected for further analysis. 

Final Multivariable Model  

The total ATI was lower on herds where selective dry-cow therapy was applied, where a VHHM 

program was in place, and where at least some of the (sub)clinical mastitis cases were intramammary 

treated with a homeopathic substance compared with herds where blanket dry-cow therapy was 

applied, a VHHM program was not in place, and mastitis cases were not treated intramammary with 

homeopathic substances (P ≤ 0.05; Table 2). The ATI of critically important antimicrobials was higher 

on herds that treated SCM ≥5 d compared with herds that did not treat SCM or that treated SCM ≤5 d 

(P ≤ 0.05). 
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Table 1. Univariable associations between mastitis prevention and control practices and mastitis treatment strategies and the total antimicrobial treatment 
incidence (ATI total) and the ATI of critically important antimicrobials for human health on 57 dairy herds in Flanders (Belgium) 

  ATI total   ATI critically important antimicrobials2 

Independent variable1 
No. of 
herds 

ß3 SE LSM P-value 
 No. of 

herds 
ß3 SE LSM P-value 

 

Milking technique            
Use of a separate cloth to clean the 

udder 
   

 0.57 
 

    0.72 

    Yes  30 Referent  …  20.70   30 Referent   … 9.21  
    No 17 1.50 2.57 22.20   17 -1.11 1.87 8.10  
    Automatic milking system 10 -2.10 3.09 18.60   10 -1.60 2.25 7.61  
Wearing milkers gloves during milking   

 
 0.47      0.85 

    Yes  29 Referent  …  20.41   29 Referent …  8.68  
    No 18 2.17 2.53 22.58   18 0.32 1.86 9.00  
    Automatic milking system 10 -1.81 3.09 18.60   10 -1.07 2.27 7.61  
Application of postmilking teat 

disinfection  
 

 
 

 0.66 
 

    0.57 

    Yes  51 Referent  …  20.61   51 Referent …  8.43  
    No 6 1.62 3.65 22.23   6 1.52 2.64 9.95  
Rinsing of milking cluster after milking 

cow with CM or SCM or milking 
these cases as last 

 

 

 

 0.75 

 

    0.34 

    Yes  14 Referent  …  21.41    14 Referent …  9.95  
    No 43 -0.83 2.56 20.57   43 -1.80 1.88 8.15  
Keeping cows standing after milking    

 0.35      0.80 

    Yes  22 Referent  …  19.75   22 Referent …  9.18  
    No 25 2.81 2.45 22.56   25 -0.70 1.81 8.47  
    Automatic milking system 10 -1.15 3.20 18.60   10 -1.57 2.36 7.61  
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Table 1. (continued)      
 

     

  ATI total   ATI critically important antimicrobials2 

Independent variable1 
No. of 
herds 

ß3 SE LSM P-value 
 No. of 

herds 
ß3 SE LSM P-value 

Milking machine    
        

Replacement of teat cup liners4  
   0.05a      0.01a 

    Timely 39 Referent  …  22.37   39 Referent …  10.11  
    Delayed 17 -4.84 2.38 17.53   17 -4.78 1.68 5.33  
Dry-cow management    

        
Dry-cow strategy    

 0.05 a      0.26 

    Blanket  45 Referent  …  21.89   45 Referent …  9.06  
    Selective 12 -5.29 2.66 16.60   12 -2.24 1.97 6.83  
Dry-cow minerals provided  

   0.81      0.91 

    Yes  50 Referent  …  20.88   50 Referent   …  8.63  
    No 7 -0.85 3.42 20.04   7 -2.81 2.48 8.35  
Herd health management    

        
VHHM program    

 0.01 a      0.52 

    In place  26 Referent  …  17.37   26 Referent …  8.02  
    Not in place 31 6.26 2.09 26.63   31 1.05 1.63 9.08  
Treatment of CM and SCM            
Route of administration for treatment 

CM 
 

   0.45 
 

    0.75 

     Intramammary and systemically 45 Referent  …  21.37   45 Referent   …  8.71  
     Intramammary or systemically 11 -2.16 2.83 19.21   11 -0.68 2.08 8.03  
Treatment duration CM  

   0.11 a      0.53 

    ≥ 3 d 52 Referent  …  21.33   52 Referent …  8.75  
    < 3 d 5 -6.25 3.88 15.08   5 -1.82 2.87 6.94  
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Table 1. (continued)      
 

     

  ATI total   ATI critically important antimicrobials2 

Independent variable1 
No. of 
herds 

ß3 SE LSM P-value 
 No. of 

herds 
ß3 SE LSM P-value 

Route of administration for treatment 
SCM 

 
   0.06 a 

 

    0.05 a 

     Intramammary and systemically 33 Referent  …  22.99   33 Referent …  9.54  
     Intramammary or systemically 8 -2.00 3.19 21.00   8 1.96 2.30 11.50  
     No treatment SCM 14 -6.39 2.58 16.61   14 -3.97 1.86 5.57  
Treatment duration SCM  

    0.02 a      0.01 a 

    ≥ 5 days 35 Referent …  23.20   35 Referent …  10.59  
    < 5 days 8 -5.72 3.12 17.48   8 -5.46 2.21 5.14  
    SCM not treated 14 -6.59 2.52 16.61   14 -5.02 1.78 5.57  
Use of intramammary homeopathic 
substances for treatment of CM or SCM 

 
   0.17 a 

 

    1.00 

    At least in some cases  3 Referent  …  14.28   3 Referent   …  8.57  
    Never 54 6.86 4.94 21.14    54 0.03 3.65 8.60   

aStatistically significant variable (P ≤ 0.20). 
1CM = clinical mastitis; SCM = subclinical mastitis; VHHM = veterinary herd health management. 
2Critically important antimicrobials for human health (i.e., third- and fourth-generation cephalosporins and fluoroquinolones). 
3Estimate. 
4Timely replacement of teat cup liner; that is, replacement on 2,500 and 5,000 milk traits for rubber and silicone teat cup liners, respectively. 
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aStatistically significant variable (P ≤ 0.05). 
1Taking into account an independent categorical variable capturing whether a farmer indicated that 

products also used in young stock or by the veterinarian were collected in the garbage can (1 = only 

antimicrobials used in adult cattle collected; 2 = antimicrobials used in young stock or by veterinarians 

also collected). 
2Estimate. 

4.5 Discussion  

This is the first study to focus on the identification of mastitis prevention and control practices and 

mastitis treatment strategies associated with ATI on dairy herds and the use of critically important 

antimicrobials for human health in particular. The AMC was determined via garbage can audits, the 

advantages and disadvantages of which have been recently discussed by Stevens et al. (2016). In the 

latter study, we demonstrated that the variation in ATI between dairy herds was partly explained by 

differences in the IRTM and in dry-cow strategy (Stevens et al., 2016). Therefore, we hypothesized that 

established mastitis prevention and control strategies could explain at least some of the variation in the 

ATI. Remarkably, only a few of these practices and mastitis treatment strategies were associated with 

the total ATI and with the ATI of critically important antimicrobials on Flemish dairy herds. 

Some preventive udder health management practices, as well as mastitis treatment strategies, were 

significantly associated with ATI. Still, this does not prove causality. Moreover, factors influencing 

Table 2. Final multivariable model describing the relation between mastitis prevention and control practices 
and mastitis treatment strategies with the total antimicrobial treatment incidence (ATI) on 56 dairy farms 
in Flanders (Belgium)1 

Independent variable No. of herds ß2 SE LSM P-value 

Intercept  13.04 4.39   
Dry-cow strategy    

 0.025a 

    Blanket 45 Referent … 18.24  
    Selective 11 -5.50 2.38 12.74  
Veterinary herd health management program    

 0.001a 

    In place 25 Referent … 12.28  
    Not in place 31 6.43 1.87 18.71  
Use of intramammary homeopathic substances 

for treatment of clinical or subclinical 
mastitis 

 

   0.044a 

    At least in some cases 3 Referent … 11.22  
    Never 53 8.55 4.13 19.77  
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management practices or applied mastitis treatment strategies on the one hand and ATI on the other 

hand could act as confounders. Delayed replacement of teat cup liners was associated with a lower total 

ATI in the univariable analysis. However, this association disappeared in the multivariable model due to 

confounding by the treatment duration of SCM. The close relationship between treating SCM cases (i.e., 

a crucial step in obtaining and maintaining a good udder health; Barkema et al., 2013), timely 

replacement of teat liners (i.e., an effective udder health management practice; Huijps et al., 2010), and 

a high ATI substantiates the complexity of how dairy cows are managed and how producers make 

decisions. It also cautions against oversimplifying the debate on how a reduced and more responsible 

use of antimicrobials should be reached. Our results demonstrate at least that implementing effective 

udder health management practices does not necessarily imply a low AMC and vice versa. An alternative 

explanation might be that, in some situations, the approach to mastitis control is haphazard, with 

farmers focusing on specific areas thought to be responsible for causing the problem. Farmers struggling 

with udder health problems might start changing their milking routine (i.e., wearing gloves, use of a 

separate cloth, rinsing the milking cluster after a high risk cow was milked, and so on) as those factors 

are generally considered to be very effective, whereas the real problem arises from the milking machine 

functioning, poor environmental conditions, or the dry period (Green et al., 2007). Additionally, 

implementing good udder health management does not necessarily protect a dairy herd from other 

diseases such as fertility problems, respiratory disorders, and claw diseases. The majority of 

antimicrobials were used for intramammary use, although more than one-third was administered 

systemically, of which likely only a part would have been applied for the treatment of mastitis (Stevens 

et al., 2016). Unfortunately, no detailed information was available on the indications for which the 

systemically administered drugs were specifically applied. 

The total ATI on herds that practiced selective dry-cow therapy was lower compared with herds 

implementing blanket dry-cow therapy, which is in agreement with the findings of Scherpenzeel et al. 

(2014). The relative number of herds that applied blanket dry-cow therapy in this study (79.0%) 

approached the 81.4% obtained in a recently conducted Flemish survey (K. Supre, Flemish Milk Control 
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Center, Belgium, personal communication) and the 73.5% across different studies in the United States. 

It was somewhat lower compared with the 87 and 88% in the Netherlands and Canada, respectively (Pol 

and Ruegg, 2007; Sampimon et al., 2008; Barlow, 2011; Dufour et al., 2012). The success of selective 

dry-cow treatment with respect to udder health in the next lactation depends on several factors such as 

the applied cow-level selection criteria and the infection pressure to which the cows are exposed during 

the dry period. In the present study, the criteria applied to decide on selective rather than blanket dry-

cow treatment varied widely among herds. Also, no detailed information was available on the hygienic 

conditions during the dry period nor on the cows’ udder health status after calving. Although selective 

dry-cow therapy might result in an increased incidence rate of CM and SCM in the next lactation under 

some circumstances, the average reduction in AMC by drying-off cows selectively will apparently not be 

compensated by the increase in AMC for treating CM in the next lactation (Scherpenzeel et al., 2014).  

Herds participating in a VHHM program used fewer antimicrobials, which is in accordance with the 

findings of Ivemeyer et al. (2012). About half of the producers indicated they participate in some sort of 

VHHM program, which is low compared with the numbers reported in the Netherlands (Derks et al., 

2013). In most herds in our study, the VHMM program consisted primarily of regular fertility checks only. 

In a minority of herds, the regular fertility checks were combined with udder health monitoring, and a 

follow-up of nutrition, young stock rearing, and claw health. Participation in a VHHM program is 

associated with a lower AMC, which indicates a positive interaction between producers and 

veterinarians and an increased awareness among farmers of AMC-related potential risks. Producers who 

strive for optimal management might also be more aware of the benefits of participating in a VHHM 

program. Strikingly, the use of critically important antimicrobials was not related to participation in such 

program.  

The use of homeopathic drugs for intramammary treatment of CM and SCM cases was associated 

with a lower total ATI. However, only a minority of the producers indicated the use of intramammary 

homeopathic remedies as part of their mastitis treatment strategy. Homeopathic treatment of CM cases 

resulted in lower clinical and bacteriological cure rates compared with antimicrobial treatment in one 
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study (Williamson and Lacy-Hulbert, 2014) but not in others (Hektoen et al., 2004; Werner et al., 2010). 

Intramammary infections might (spontaneously) cure, although the cure rate strongly depends on the 

pathogen involved. Further research is needed to reveal to what extent the potentially increased use of 

antimicrobials related to the higher incidence of recurrent mastitis cases outweighs the decrease in AMC 

by not treating all mastitis cases with antimicrobials.  

The strong positive association between the treatment duration of SCM and ATI of critically 

important antimicrobials suggests that extended treatment of SCM is typically performed using the 

latter products. If the latter association is real and thus not confounded by other factors, these 

treatment decisions can be heavily criticized. Third- and fourth-generation cephalosporins and 

fluoroquinolones (i.e., the critically important antimicrobials) are so-called broad-spectrum 

antimicrobials, and most SCM cases were caused by grampositive bacteria (data not shown). Still, no 

detailed information is available on the indications for which the different systemically administered 

antimicrobials were specifically used or on the herd-level prevalence of diseases other than mastitis. 

Therefore, caution is needed in drawing conclusions. Interestingly, no other management practices or 

treatment strategies were associated with the use of critically important antimicrobials, which indicates 

that the AMC of critically important antimicrobials is potentially driven by factors other than those 

included in this study. Those factors might be related to the market availability of certain products, the 

influence of the social environment (i.e., positive references, awareness of what others say or do), the 

strength of marketing strategies of the pharmaceutical companies, previous experience, or differences 

in withdrawal time between products. 

4.6 Conclusions 

We identified mastitis prevention and control practices and treatment strategies associated with 

the consumption of antimicrobials on Flemish dairy herds. Only limited management practices and 

treatment strategies were associated with total ATI and ATI of critically important antimicrobials, which 

indicates that AMC is potentially driven by factors other than the ones included in this study. Herds 

participating in a VHHM program and herds selectively drying off cows used fewer antimicrobials than 
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herds not participating in such a program or applying blanket dry-cow therapy. Moreover, herds treating 

(some) (sub)clinical mastitis cases intramammary with homeopathic substances consumed fewer 

antimicrobials than herds not using such homeopathic treatments. Future research should aim at 

determining the reasoning of vets and their farmers behind the use of specific classes of antimicrobial 

drugs for the treatment of mastitis and other diseases. 
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5.1 Abstract  

The main objectives of this study were to quantify the consumption of antimicrobials on a 

convenience sample of dairy herds and to determine the association between herd-level antimicrobial 

consumption and inhibition zone diameters (IZD) of non-aureus staphylococci and Staphylococcus 

aureus isolates from subclinical mastitis cases. Also, the association between the IZD of non-aureus 

staphylococci and Staph. aureus isolates within a herd was studied. Antimicrobial consumption data on 

56 Flemish dairy farms were obtained between 2013 and 2014 by so-called garbage can audits and 

expressed as antimicrobial treatment incidence (ATI), with the unit of ATI being the number of defined 

daily doses animal (DDDA) used per 1,000 cow-days. The average total ATI in adult dairy cattle for all 

active substances was 18.73 DDDA per 1,000 cow-days and ranged from 6.28 to 42.13 DDDA between 

herds. The ATI of critically important (for human health) antimicrobials was 6.91 DDDA per 1,000 cow-

days; that is, 37% of total antimicrobial consumption. The average ATI for intramammary therapy of 

(sub)clinical mastitis, intramammary dry-cow therapy, and systemically administered therapy was 5.20, 

6.70, and 6.73 DDDA, respectively. The IZD of 239 non-aureus staphylococci and 88 Staph. aureus 

isolates originating from milk samples from cows with subclinical mastitis collected on selected dairy 

herds were determined using Kirby-Bauer disk diffusion and ranged between 6 and 42 mm. Because only 

a limited number of clinical breakpoints (Clinical and Laboratory Standards Institute) and 

epidemiological cut-off values (European Committee on Antimicrobial Susceptibility Testing) are 

available for mastitis-causing bacteria in bovine, IZD were used as a proxy for antimicrobial resistance. 

Inhibition zone diameters of non-aureus staphylococci for cefquinome, a critically important β-lactam 

antibiotic, were negatively associated with the ATI of critically important β-lactam for systemically 

administered therapy and positively with the ATI for intramammary therapy of (sub)clinical mastitis of 

critically important β-lactam antimicrobials. Only for neomycin was a positive association between the 

IZD of non-aureus staphylococci and Staph. aureus isolates within the same herd observed. 

Key words: antimicrobial consumption, staphylococci, subclinical mastitis, inhibition zone diameters 



Chapter 5. Association of AMC with IZD of NAS and Staph. aureus  

 

96 
 

5.2 Introduction  

Acquired antimicrobial resistance is a growing global concern in both human and veterinary 

medicine because it can result in treatment failure. The 2 main factors involved in the development of 

antimicrobial resistance in bacteria are the presence of resistance genes and selection pressure caused 

by the use of antimicrobials (Levy, 1997; Acar and Moulin, 2006; Silbergeld et al., 2008; Chantziaras et 

al., 2014). In dairy cattle, most antimicrobials are being used for the prevention and control of mastitis 

(Mitchell et al., 1998; Pol and Ruegg, 2007b; Menendez Gonzalez et al., 2010; Stevens et al., 2016). 

Potential associations between antimicrobial consumption on dairy herds and antimicrobial 

susceptibility of bovine mastitis pathogens have been studied, but not in Europe and not in much detail 

(Rajala-Schultz et al., 2004; Pol and Ruegg, 2007a; Saini et al., 2012b).  

Over the last 10 yr, non-aureus staphylococci, also referred to as CNS, have become the most 

common cause of subclinical mastitis worldwide (Chaffer et al., 1999; Rajala-Schultz et al., 2004; 

Piepers et al., 2007; Vanderhaeghen et al., 2014; Sztachańska et al., 2016), particularly in heifers (De 

Vliegher et al., 2012). They form a heterogeneous group of more than 50 species, of which 

approximately 10 have been associated with IMI in dairy cattle (Vanderhaeghen et al., 2014) and are 

abundantly present in bulk milk (De Visscher et al., 2017). Non-aureus staphylococci are also present 

in other bovine-associated habitats such as air, housing, bedding material, milking equipment, and 

body parts such as teat apices, hair coat, nares, and the vagina (White et al., 1989; Nagase et al., 2002; 

Paduch and Kroemker, 2011; Piepers et al., 2011; Piessens et al., 2012; Braem et al., 2013; De Visscher 

et al., 2014, 2016). Their omnipresence, especially on the body of the cows, implies that non-aureus 

staphylococci are generally more exposed to antimicrobial treatments than other mastitis pathogens, 

which could explain the higher levels of antimicrobial resistance of non-aureus staphylococci 

compared with the more pathogenic Staphylococcus aureus (Owens and Watts, 1988; Taponen and 

Pyorala, 2009; Schmidt et al., 2015). It has been suggested that non-aureus staphylococci might act as 

a potential reservoir for resistance genes that can be transferred and integrated into the genome of 

Staph. aureus (Holmes and Zadoks, 2011; Otto, 2013; Vitali et al., 2014).  
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One of the most widely used methods for measuring antimicrobial susceptibility of bacteria is the 

Kirby-Bauer disk diffusion test, in which radial zones of bacterial growth inhibition are cross-referenced 

to breakpoints to determine whether an organism is susceptible or resistant to therapy with a 

particular antimicrobial drug (Traub and Leonhard, 1994). Still, the required clinical breakpoints to 

correctly interpret the results are often unavailable for a specific combination of pathogen and 

antimicrobial per host species (CLSI, 2008, 2015; http://www.eucast.org/astofveterinarypathogens/). 

This is the case particularly for non-aureus staphylococci isolated from bovine milk, partly because they 

are generally considered minor pathogens and typically not treated with antimicrobials. Using 

inhibition zone diameters (IZD) for non-aureus staphylococci and for Staph. aureus to determine the 

presence of (acquired) genetic resistance elements as a proxy for potential antimicrobial resistance, 

rather than relying on (clinical) breakpoints, avoids these issues.  

The main objectives of this study were (1) to quantify the use of antimicrobials on a convenience 

sample of dairy herds, (2) to determine the association between the herd-level antimicrobial 

consumption and the IZD of non-aureus staphylococci and Staph. aureus isolates, respectively, and (3) 

to determine the association between the IZD of the non-aureus staphylococci and Staph. aureus 

isolates originating from the same herds. 

5.3 Materials & Methods  

Herds and Cows 

Data collected for this study originated from a convenience sample of 56 Flemish dairy herds. Herd 

inclusion criteria were (1) participation in the DHI program in Flanders with an interval of 4 to 6 wk 

between 2 test-days, and (2) record keeping of all treatments in adult cattle (date of occurrence, 

identification number of animal, treatment protocol applied). More details about the included herds 

are described elsewhere (Stevens et al., 2016).  

From March to April 2014, approximately 10 lactating cows per herd with subclinical mastitis 

(defined as a test-day SCC >150,000 cells/mL and >250,000 cells/ mL for heifers and multiparous cows, 

respectively) were randomly selected for milk sampling for bacteriological culturing. 
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Antimicrobial Consumption Data  

Antimicrobial consumption data were retrieved by so-called garbage can audits, as described in a 

previous paper reporting on the antimicrobial consumption of the herds between January 2012 and 

February 2013 (Stevens et al., 2016). For the current paper, empty antimicrobial receptacles collected 

from March 2013 to February 2014 were used. Product name, volume, and number of receptacles 

were registered using a datasheet that included herd identification number and start and end date of 

collection for that particular herd. The quantification of the herd-level antimicrobial consumption was 

defined by the antimicrobial treatment incidence (ATI) as described previously (Stevens et al., 2016) 

and expressed as the number of defined daily doses animal (DDDA) used per 1,000 cows per day. 

Classification of Antimicrobials  

Route of Administration and Indication. Antimicrobials registered for intramammary use were 

divided into intramammary injectors registered for dry-cow therapy and injectors registered for the 

intramammary treatment of (sub)clinical mastitis cases. All systemically injectable antimicrobials used 

for the therapy of various diseases (including mastitis) are hereafter referred to as “systemically 

administered therapy.” Intra-uterine use of antimicrobials was very limited and therefore not taken 

into account in further analyses, as was done previously (Stevens et al., 2016).  

Strata of Antimicrobials. Four strata were generated based on classification as β-lactam and non-

β-lactam and their importance in human health: critically important (i.e., third- and fourth-generation 

cephalosporins and fluoroquinolones) or not critically important, according to the World Animal Health 

Organisation (OIE) classification: stratum 1: critically important β-lactam antimicrobials (i.e., third- and 

fourth-generation cephalosporins); stratum 2: critically important non-β-lactam antimicrobials (i.e., 

fluoroquinolones); stratum 3: not critically important β-lactam antimicrobials (i.e., aminopenicillins, 

aminopenicillin-clavulanic acid combination, aminopenicillin-polymyxin combination, first-generation 

cephalosporins, first-generation cephalosporin-aminoglycoside combination, penicillins, penicillin-

aminopenicillin combination, and the penicillin-aminoglycoside combination); and stratum 4: not 
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critically important non-β-lactam antimicrobials (i.e., aminoglycosides, lincosamides, lincosamide-

aminoglycoside combination, macrolides, polymyxins, rifaximins, sulfonamide-trimethoprim 

combination, and tetracyclines). 

Collection of Milk Samples  

Quarter foremilk samples were collected aseptically by either the farmer or the first author and 

colleagues of the research group at milking (or between successive milkings on herds equipped with 

an automatic milking system) following the guidelines of the National Mastitis Council (Oliver et al., 

2004). Sample materials were provided to the farmers and (aseptic) sampling procedures were 

explained. Sampling date, cow identification number, and quarter position were recorded. The quarter 

milk samples were transported under cooled conditions to the Flemish Milk Control Centre (MCC, Lier, 

Belgium), where routine bacteriological culturing was performed. 

Bacteriological Culturing 

Bacteriological culturing was performed following the National Mastitis Council guidelines (NMC, 

1999). From each sample, 10 μL of milk was spread on a quadrant of an esculin blood agar plate (Oxoid, 

Basingstoke, UK) and incubated aerobically at 37°C for 24 to 48 h. Samples were considered to be 

culture-positive if one or more colonies were observed (≥100 cfu/mL). Identification of bacteria was 

done by Gram staining, inspection of colony morphology, and biochemical testing. The catalase test 

was used to distinguish staphylococci (positive reaction) from the Streptococcus-Enterococcus group 

(negative reaction). Staphylococcus aureus were differentiated from non-aureus staphylococci by 

colony morphology, hemolysis patterns, and DNase tests. A DNase test was considered positive if the 

clearing zone was 3 times the width of the incubation streak and negative/intermediate positive when 

the zone was less than 3 times the width of the streak. An isolate was considered as Staph. aureus 

when showing a complete or double hemolytic pattern after 48-h of incubation and a positive DNase 

test. All other catalase-positive isolates (thus, isolates showing no or single hemolysis and a 

negative/intermediate DNase test) were defined as “non-aureus staphylococcus”). Testing of DNase 
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activity has a sensitivity of 97% and a specificity of 83% after a 24-h incubation for Staph. aureus 

(Graber et al., 2009). Samples yielding 2 different bacterial species were considered mixed samples 

and were, in case of staphylococci, included in the analyses. Samples yielding 3 or more different 

bacterial species were considered contaminated, and Staphylococcus species from these samples were 

not further examined. 

Inhibition Zone Diameters  

All isolates identified as non-aureus staphylococci and Staph. aureus isolates were submitted to 

agar disk diffusion testing (Bauer et al., 1966) on Mueller-Hinton agar (i2a, Perols, France) as described 

previously (Supre et al., 2014). In short, with the InoClic system (i2a), used as described by the 

manufacturer, a clearly separate colony of the bacteria of interest was picked and suspended in 5 mL 

of saline solution, resulting in 0.5 McFarland. The suspension was used for flooding the 

abovementioned agar plates (i2a) and the excess solution was discarded. Antibiotic-impregnated 

paper disks were applied with a dispenser.  

The panel consisted of fourth-generation cephalosporin (cefquinome, 30 μg), fluoroquinolone 

(marbofloxacin, 5 μg), the amoxicillin-clavulanic acid combination (20/10 μg), aminopenicillin 

(ampicillin, 10 μg), first-generation cephalosporin (cephalonium, 30 μg), macrolide (erythromycin, 15 

μg), lincomycin (15 μg), oxacillin (1 μg), aminoglycoside (neomycin, 30 μg), rifaximin (40 μg), the 

sulfonamide-trimethoprim combination (23.75/1.25 μg), and tetracycline (30 μg). Disks were 

purchased from i2a, except for cefquinome, cephalonium, and rifaximin (Mast Group, Merseyside, UK). 

After an overnight incubation at 35 ± 2°C, plates were read with the SIRscan Micro reader (i2a). The 

reference strain Staph. aureus ATCC 25923 was used for quality control. Oxacillin was used for 

detecting methicillin-resistant Staph. aureus, because no structural difference is observed between 

oxacillin and cefoxitin testing for this bacterium in the Flemish Milk Control Centre laboratory (Lier, 

Belgium; data not shown). No further investigation was performed to confirm methicillin resistance. 
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Statistical Analyses  

Before statistical analyses, all outcome and independent variables were transformed into a normal 

distribution. Because the conventional ways of transformation (e.g., log10, ln, inverse, square root, 

quadratic) were not sufficient to obtain normally distributed variables, a 2-step approach as described 

by Templeton (2011) was applied. The first step involved transforming the variable into a percentile 

rank, which resulted in uniformly distributed probabilities. The second step applied the inverse-normal 

transformation to the results of the first step to form a variable consisting of normally distributed z-

scores. The mean and standard deviation of the original variable were retained to improve the 

interpretation of the results.  

After normalization of the data, the association between stratum-specific herd-level antimicrobial 

consumption (i.e., strata 1 to 4) and the IZD (in mm) of individual non-aureus staphylococci and Staph. 

aureus isolates, clustered on the herd-level, was evaluated by fitting several separate linear mixed 

regression models with the IZD of different active substances (cefquinome, marbofloxacin, amoxicillin-

clavulanic acid, ampicillin, erythromycin, cephalonium, lincomycin, oxacillin, neomycin, rifaximin, 

sulfonamide-trimethoprim, and tetracycline) for non-aureus staphylococci and Staph. aureus, 

respectively, as continuous outcome variables. Per outcome variable, a univariable model was first fit 

with the stratum-specific herd-level total ATI as continuous independent variable, and then a 

multivariable model was fit including the stratum-specific herd-level ATI for intramammary therapy of 

(sub)clinical mastitis, ATI for intramammary dry-cow therapy, and ATI for systemically administered 

therapy as continuous independent variables.  

Second, the association between the IZD of individual non-aureus staphylococci and the IZD of 

individual Staph. aureus isolates originating from the same herds was studied by fitting univariable 

linear mixed regression models with the IZD of different active substances (cefquinome, 

marbofloxacin, amoxicillin-clavulanic acid, ampicillin, cephalonium, erythromycin, lincomycin, 

neomycin, oxacillin, rifaximin, sulfonamide-trimethoprim, and tetracycline) for the non-aureus 
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staphylococci as continuous outcome variables, and the calculated average herd-level IZD of Staph. 

aureus for each antimicrobial substance as continuous independent variable.  

All models contained herd as a random effect to adjust for clustering of isolates within a herd and 

were fit using PROC MIXED in SAS 9.4 (SAS Institute Inc., Cary, NC). The goodness-of-fit measures 

included −2 × log-likelihood, Akaike information criterion, and Bayesian information criterion, using 

PROC MIXED in SAS 9.4 (SAS Institute Inc.). The conditional Pearson residuals were evaluated 

graphically and graphed against the normal values and predicted values to check whether the 

assumptions of normality and homogeneity had been fulfilled, respectively. Also, plots of standardized 

residuals versus the dependent variables were generated to check whether the assumption of linearity 

had been fulfilled. No problems were detected. Significance was assessed at P ≤ 0.05. As multiple 

associations were investigated, the false discovery rate was calculated using SPSS 24.0 (SPSS Inc./IBM 

Corp., Chicago, IL). 

5.4 Results  

Total Antimicrobial Consumption  

The average total ATI was 18.73 DDDA per 1,000 cow-days (Table 1), with a large variation between 

herds, ranging from 6.28 to 42.13 DDDA. β-Lactam antimicrobials, both critically important and not 

critically important, were used in large amounts in the dairy herds. Third- and fourth-generation 

cephalosporins and penicillins were used on 47, 50, and 51 herds out of the 56 herds, respectively 

(Table 1). Fourth-generation cephalosporins had the highest ATI (3.57 DDDA per 1,000 cow-days) 

followed by penicillins (3.23 DDDA) and third-generation cephalosporins (2.95 DDDA). 

Classification of Antimicrobials  

Route of Administration and Indication. Antimicrobials administered intramammary had the 

highest ATI (11.90 DDDA per 1,000 cow-days) followed by systemically administered antimicrobials 

(6.73 DDDA; Table 1). The use of antimicrobials administered by other routes (e.g., intra-uterine) was 

very low (0.10 DDDA) and therefore not included in this analysis, as mentioned previously. The ATI for 
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intramammary dry-cow therapy was 6.70 DDDA and that for intramammary therapy of (sub)clinical 

mastitis cases 5.20 DDDA. Dry-cow injectors containing fourth-generation cephalosporins had the 

highest ATI (1.92 DDDA), followed by first-generation cephalosporins and penicillins (1.68 and 1.30 

DDDA, respectively). For the intramammary treatment of (sub)clinical mastitis, the combination first 

generation cephalosporins-aminoglycosides had the highest ATI (1.63 DDDA). A large majority of the 

herds used fourth-generation cephalosporins and the combination of first-generation cephalosporins 

with aminoglycosides (n = 39 and n = 36, respectively) for the treatment of (sub)clinical mastitis.  

The average ATI for systemically administered therapy was 6.73 DDDA of which third-generation 

cephalosporins had the highest ATI (2.66 DDDA), followed by penicillins (1.92 DDDA) and macrolides 

(0.93 DDDA). Penicillins, third-generation cephalosporins, and macrolides were used systemically on 

47, 46, and 40 herds, respectively 

Strata of Antimicrobials. The average ATI of critically important antimicrobials was 6.91 DDDA 

(range 0.00–26.34 DDDA) whereas that for not-critically-important antimicrobials was 11.83 DDDA 

(range 0.00–24.76 DDDA; Table 1).  

Critically important β-lactams were used on the majority of the herds, with an average ATI of 6.52 

DDDA (range 0.00–26.34 DDDA). Critically important non-β- lactam antimicrobials, in contrast, were 

only used on 29 herds, with a low average ATI (0.39 DDDA; range 0.00–2.54 DDDA). A similar 

distribution was observed for the not-critically-important antimicrobials, where the average ATI of β-

lactam antimicrobials was higher than that of non-β-lactam antimicrobials (10.12 and 1.71 DDDA, with 

a range of 0.52–24.76 and 0.00–6.43 DDDA, respectively). 
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Table 1. Antimicrobial treatment incidence (ATI; defined daily doses animal per 1,000 cow-days) of 4 strata of antimicrobials (i.e. critically important β-lactams, 
critically important non- β-lactams, not-critically-important β-lactams and not-critically-important non- β-lactams), and route of administration and indication 
used across a convenience sample of 56 Flemish dairy herds from 2013 to 2014 

       Percentile  

Antimicrobial strata and substances Route of administration and indication1 No. of herds2 ATI Minimum 25th 50th 75th Maximum 

Total Overall 56 18.73 6.28 13.13 17.63 22.22 42.13 
 IMM (sub)clinical mastitis therapy 55 5.20 0.00 2.97 4.49 7.56 12.79 
 IMM dry-cow therapy 56 6.70 0.18 5.51 7.31 7.89 11.05 
 Systemically administered therapy 56 6.73 0.20 2.75 5.92 8.79 25.03 

Critically important β-lactams3 Overall 54 6.52 0.00 2.65 5.24 9.55 26.34 

         
 IMM (sub)clinical mastitis therapy 40 1.65 0.00 0.00 0.88 2.38 9.30 
 IMM dry-cow therapy 33 1.92 0.00 0.00 0.64 2.87 8.22 
 Systemically administered therapy 50 2.95 0.00 0.40 2.11 3.64 20.86 

    Cephalosporins (third generation) Overall 47 2.95 0.00 0.45 2.26 3.67 20.86 
 IMM (sub)clinical mastitis therapy 5 0.30 0.00 0.00 0.00 0.00 9.30 
 IMM dry-cow therapy … … … … … … … 
 Systemically administered therapy 46 2.66 0.00 0.39 1.43 3.51 20.86 

    Cephalosporins (fourth generation) Overall 50 3.57 0.00 0.91 2.57 5.48 19.47 
 IMM (sub)clinical mastitis therapy 39 1.38 0.00 0.00 0.55 1.76 7.75 
 IMM dry-cow therapy 33 1.92 0.00 0.00 0.64 2.87 8.22 
 Systemically administered therapy 19 0.30 0.00 0.00 0.00 0.16 4.55 

Critically important non- β-lactams4  … … … … … … … 

    Fluoroquinolones Overall 29 … … … … … … 
 IMM (sub)clinical mastitis therapy … … … … … … … 
 IMM dry-cow therapy … … … … … … … 
 Systemically administered therapy 29 0.39 0.00 0.00 0.08 0.60 2.54 
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Table 1. (continued)         

       Percentile  

Antimicrobial strata and substances Route of administration and indication1 No. of herds2 ATI Minimum 25th 50th 75th Maximum 

Not-critically-important β-lactams Overall 56 10.12 0.52 7.34 9.86 12.06 24.76 
 IMM (sub)clinical mastitis therapy 48 3.48 0.00 1.43 3.28 5.10 9.90 
 IMM dry-cow therapy 46 4.52 0.00 1.77 4.74 7.53 9.59 
 Systemically administered therapy 52 2.10 0.00 0.51 1.37 2.48 13.43 

    Aminopenicillins Overall 13 … … … … … … 
 IMM (sub)clinical mastitis therapy … … … … … … … 
 IMM dry-cow therapy … … … … … … … 
 Systemically administered therapy 13 0.09 0.00 0.00 0.00 0.00 1.16 

    Aminopenicillin - clavulanic acid  Overall 1 … … … … … … 
 IMM (sub)clinical mastitis therapy … … … … … … … 
 IMM dry-cow therapy … … … … … … … 
 Systemically administered therapy 1 0.00 0.00 0.00 0.00 0.00 0.03 

    Aminopenicillin - polymyxin  Overall 2 … … … … … … 
 IMM (sub) clinical mastitis therapy … … … … … … … 
 IMM dry-cow therapy … … … … … … … 
 Systemically administered therapy 2 0.00 0.00 0.00 0.00 0.00 0.09 

    Cephalosporin (first generation) Overall 40 2.97 0.00 0.00 1.12 5.96 11.90 
 IMM (sub)clinical mastitis therapy 27 1.29 0.00 0.00 0.00 1.91 6.76 
 IMM dry-cow therapy 19 1.68 0.00 0.00 0.00 2.54 8.75 
 Systemically administered therapy 4 0.01 0.00 0.00 0.00 0.00 0.29 

    Cephalosporin (first generation) – 
aminoglycoside  

Overall 36 … … … … … … 

 IMM (sub)clinical mastitis therapy 36 1.63 0.00 0.00 0.79 2.55 9.20 
 IMM dry-cow therapy … … … … … … … 
 Systemically administered therapy … … … … … … … 
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Table 1. (continued)         

       Percentile  

Antimicrobial strata and substances Route of administration and indication1 No. of herds2 ATI Minimum 25th 50th 75th Maximum 

    Penicillins Overall 51 3.23 0.00 0.95 1.89 4.96 14.65 
 IMM (sub)clinical mastitis therapy 2 0.01 0.00 0.00 0.00 0.00 0.70 
 IMM dry-cow therapy 23 1.30 0.00 0.00 0.00 0.97 7.74 
 Systemically administered therapy 47 1.92 0.00 0.31 1.01 2.45 13.33 

    Penicillin – aminopenicillin  Overall 21 0.60 0.00 0.00 0.00 0.49 8.35 
 IMM (sub)clinical mastitis therapy 14 0.35 0.00 0.00 0.00 0.03 4.47 
 IMM dry-cow therapy 9 0.26 0.00 0.00 0.00 0.00 8.35 
 Systemically administered therapy … … … … … … … 

    Penicillin – aminoglycoside  Overall 33 1.59 0.00 0.00 0.19 2.05 10.00 
 IMM (sub)clinical mastitis therapy 8 0.24 0.00 0.00 0.00 0.00 3.33 
 IMM dry-cow therapy 19 1.28 0.00 0.00 0.00 1.75 7.97 
 Systemically administered therapy 16 0.08 0.00 0.00 0.00 0.13 0.78 

Not-critically-important non- β-lactams Overall 50 1.71 0.00 0.54 1.14 2.15 6.43 
 IMM (sub)clinical mastitis therapy 7 0.07 0.00 0.00 0.00 0.00 2.14 
 IMM dry-cow therapy 12 0.27 0.00 0.00 0.00 0.00 3.86 
 Systemically administered therapy 44 1.29 0.00 0.16 0.70 1.61 5.07 

    Aminoglycosides Overall 3 … … … … … … 
 IMM (sub)clinical mastitis therapy … … … … … … … 
 IMM dry-cow therapy … … … … … … … 
 Systemically administered therapy 3 0.01 0.00 0.00 0.00 0.00 0.39 

    Lincosamides Overall 4 … … … … … … 
 IMM (sub)clinical mastitis therapy 4 0.01 0.00 0.00 0.00 0.00 0.20 
 IMM dry-cow therapy … … … … … … … 
 Systemically administered therapy … … … … … … … 
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Table 1. (continued)         

       Percentile  

Antimicrobial strata and substances Route of administration and indication1 No. of herds2 ATI Minimum 25th 50th 75th Maximum 

    Lincosamide – aminoglycoside  Overall 20 0.13 0.00 0.00 0.00 0.13 2.14 
 IMM (sub)clinical mastitis therapy 5 0.06 0.00 0.00 0.00 0.00 2.14 
 IMM dry-cow therapy … … … … … … … 
 Systemically administered therapy 15 0.06 0.00 0.00 0.00 0.05 0.80 

    Macrolides Overall 40 … … … … … … 
 IMM (sub)clinical mastitis therapy … … … … … … … 
 IMM dry-cow therapy … … … … … … … 

  Systemically administered therapy 40 0.93 0.00 0.00 0.48 1.03 5.07 

    Polymyxins Overall 3 … … … … … … 
 IMM (sub)clinical mastitis therapy … … … … … … … 
 IMM dry-cow therapy … … … … … … … 
 Systemically administered therapy 3 0.00 0.00 0.00 0.00 0.00 0.06 

    Rifaximins Overall 12 … … … … … … 
 IMM (sub)clinical mastitis therapy … … … … … … … 
 IMM dry-cow therapy 12 0.27 0.00 0.00 0.00 0.00 3.86 
 Systemically administered therapy … … … … … … … 

    Sulfonamide-trimethoprim  Overall 16 … … … … … … 
 IMM (sub)clinical mastitis therapy … … … … … … … 
 IMM dry-cow therapy … … … … … … … 
 Systemically administered therapy 16 0.13 0.00 0.00 0.00 0.12 1.55 

    Tetracyclines Overall 17 … … … … … … 
 IMM (sub)clinical mastitis therapy … … … … … … … 
 IMM dry-cow therapy … … … … … … … 
 Systemically administered therapy 17 0.23 0.00 0.00 0.00 0.07 3.52 

 1IMM = intramammary. 
2The number of herds using the specific antimicrobial active substance. 

3According to the World Animal Health Organisation (WHO) 
4Critically important other than β-lactam. 
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Distribution of IZD 

A total of 239 non-aureus staphylococci and 88 Staph. aureus isolates originating from 47 and 33 

herds, respectively, were submitted to agar disk diffusion testing. The number of tested isolates per 

herd varied from 1 to 13 and from 1 to 14 for non-aureus staphylococci and Staph. aureus, respectively. 

The distribution of IZD of non-aureus staphylococci and Staph. aureus is presented in Table 2. The 

median IZD of the non-aureus staphylococci and Staph. aureus isolates were 33.0 and 34.0 for 

cefquinome, 30.0 and 29.0 for marbofloxacin, 39.0 and 40.0 for amoxicillin-clavulanic acid, 34.0 and 

40.0 for ampicillin, 35.0 and 40.0 for cephalonium, 28.0 and 27.5 for erythromycin, 30.0 and 31.0 for 

lincomycin, 24.0 and 21.0 for neomycin, 23.0 and 27.0 for oxacillin, 35.0 and 31.0 for rifaximin, 27.0 

and 29.0 for sulfonamide-trimethoprim, and 32.0 and 31.0 mm for tetracyclines, respectively.  

For some isolates, growth was barely inhibited by the presence of the antimicrobial disk (IZD of 6 

mm) in the agar disk diffusion testing, specifically 10 and 1 isolate(s) for the non-aureus staphylococci-

erythromycin and Staph. aureus-erythromycin combination, respectively; 18 and 3 isolates for the non-

aureus staphylococci-lincomycin and Staph. aureus-lincomycin combination, respectively; 3 and 2 for 

the non-aureus staphylococci-marbofloxacin and Staph. aureus-marbofloxacin combination, 

respectively; 5 and 2 isolates for the non-aureus staphylococci-sulfonamide-trimethoprim and Staph. 

aureus-sulfonamide-trimethoprim, respectively; 4 isolates for the Staph. aureus-oxacillin combination 

and 2 isolates for the non-aureus staphylococci-tetracyclines combination (Table 2). 

Associations Between ATI and IZD. Associations between herd-level ATI (i.e., ATI overall, ATI for 

intramammary therapy of (sub)clinical mastitis, ATI for intramammary dry-cow therapy, and ATI for 

systemically administered therapy, respectively) and the IZD of non-aureus staphylococci and Staph. 

aureus obtained by Kirby-Bauer disk diffusion are presented in Figure 1.  

For non-aureus staphylococci, the ATI for systemic therapy of critically important β-lactam 

antimicrobials was negatively associated with the IZD for cefquinome, whereas the ATI for 

intramammary therapy of (sub) clinical mastitis of critically important β-lactam antimicrobials was 
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positively associated with the IZD for cefquinome (P = 0.04 and P = 0.05, false discovery rate = 84 and 

51%, respectively). 

Association Between IZD of Non-aureus Staphylococcus and Staph. aureus. Only for neomycin was 

a positive association between the IZD of non-aureus staphylococci and Staph. aureus isolates within 

the same herd observed (P < 0.01; false discovery rate: 0.12%). 
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Table 2. Proportion of non-aureus staphylococci (NAS) and Staphylococcus aureus (SA) isolates per inhibition zone diameter (IZD, mm) for cefquinome (CFQ), marbofloxacin 
(MAR), amoxicillin-clavulanic acid combination (AMC), ampicillin (AMP), cephalonium (CEPH), erythromycin (ERY), lincomycin (LIN), neomycin (NEO), oxacillin (OXA), 
rifaximin (RIF), sulfonamide-trimethoprim combination (S/T), and tetracyclines (TET) 

 CFQ MAR AMC AMP CEPH ERY LIN NEO OXA RIF S/T TET 

Item NAS SA NAS SA NAS SA NAS SA NAS SA NAS SA NAS SA NAS SA NAS SA NAS SA NAS SA NAS SA 

No. of 
isolates  239 88 239 88 239 88 239 88 239 88 239 82 239 87 239 88 239 88 239 88 239 88 239 88 

IZD                         

6 0.0 0.0 1.3 2.3 0.0 0.0 0.0 0.0 0.0 0.0 4.2 1.2 7.5 3.4 0.0 0.0 0.0 4.5 0.0 0.0 2.1 2.3 0.8 0.0 

7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 1.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0 

8 0.0 0.0 0.0 1.1 0.0 0.0 0.0 0.0 0.0 0.0 1.3 0.0 1.7 1.1 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.7 2.3 

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 2.9 1.1 0.0 0.0 0.8 0.0 0.0 0.0 0.4 0.0 2.9 1.1 

10 0.0 0.0 0.0 0.0 0.0 0.0 0.4 1.1 0.0 0.0 0.4 0.0 2.9 1.1 0.0 1.1 0.0 0.0 0.0 0.0 0.0 0.0 3.8 1.1 

11 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.1 0.0 0.0 0.0 0.0 0.8 1.1 0.4 0.0 0.8 0.0 0.0 0.0 0.4 0.0 1.7 0.0 

12 0.0 0.0 0.4 0.0 0.0 0.0 0.0 2.3 0.0 0.0 0.0 0.0 5.0 1.1 0.0 0.0 0.8 0.0 0.0 0.0 0.4 0.0 1.7 1.1 

13 0.0 0.0 0.0 0.0 0.0 0.0 1.3 0.0 0.0 1.1 0.8 0.0 2.1 1.1 0.0 0.0 0.8 1.1 0.0 0.0 0.8 0.0 0.0 3.4 

14 0.0 0.0 0.0 0.0 0.0 0.0 0.4 1.1 0.0 0.0 0.4 0.0 1.7 0.0 0.0 0.0 2.9 1.1 0.0 0.0 0.4 0.0 0.0 0.0 

15 0.0 0.0 0.0 2.3 0.0 1.1 0.8 1.1 0.0 0.0 0.0 1.2 0.4 1.1 0.0 0.0 1.3 0.0 0.0 0.0 0.4 0.0 0.0 0.0 

16 0.0 0.0 0.0 0.0 0.0 0.0 3.8 1.1 0.0 0.0 0.4 0.0 0.4 0.0 0.0 1.1 1.3 0.0 0.0 0.0 0.4 0.0 0.0 0.0 

17 0.0 0.0 0.0 0.0 0.0 2.3 4.6 0.0 0.0 0.0 0.0 0.0 0.8 1.1 0.0 4.5 2.1 1.1 0.0 0.0 0.0 0.0 0.0 0.0 

18 0.4 0.0 0.0 0.0 0.0 0.0 5.0 1.1 0.0 0.0 0.4 0.0 2.5 0.0 1.3 9.1 3.3 0.0 0.0 0.0 0.0 0.0 0.4 0.0 

19 0.0 0.0 0.0 0.0 0.0 1.1 3.4 0.0 0.0 1.1 0.0 0.0 0.8 1.1 1.7 11.4 5.0 0.0 0.8 0.0 0.8 0.0 0.0 0.0 

20 0.0 0.0 0.4 0.0 0.0 1.1 4.6 1.1 0.0 1.1 0.0 0.0 0.0 0.0 4.2 13.6 6.3 5.7 0.4 0.0 0.8 1.1 0.0 0.0 

21 0.0 0.0 0.8 0.0 0.0 0.0 5.0 0.0 0.8 2.3 0.4 0.0 0.4 1.1 5.9 25.0 6.3 3.4 0.0 1.1 3.3 2.3 0.0 0.0 

22 0.8 2.3 2.1 1.1 0.0 0.0 3.8 0.0 0.4 0.0 1.7 1.2 2.1 1.1 11.7 15.9 10.0 5.7 0.4 0.0 3.3 1.1 0.0 0.0 

23 0.4 2.3 1.7 0.0 1.3 1.1 0.8 1.1 0.4 1.1 0.0 4.9 1.3 0.0 13.0 6.8 8.4 3.4 1.3 1.1 3.8 2.3 0.0 0.0 

24 1.3 1.1 2.1 0.0 4.6 2.3 2.5 0.0 2.9 1.1 1.3 6.1 2.1 0.0 12.6 2.3 6.7 9.1 0.0 1.1 4.2 0.0 0.0 0.0 

25 1.3 0.0 1.3 4.5 2.1 1.1 0.0 0.0 0.8 4.5 5.4 6.1 0.4 3.4 17.6 1.1 7.1 4.5 1.3 1.1 7.5 1.1 0.8 1.1 

26 0.4 0.0 3.3 13.6 5.4 0.0 1.7 1.1 4.2 1.1 10.0 14.6 0.8 1.1 10.9 3.4 3.8 6.8 0.4 6.8 13.8 1.1 0.4 3.4 

27 3.8 1.1 6.3 12.5 6.3 2.3 1.3 0.0 3.8 0.0 10.0 14.6 1.3 2.3 9.6 1.1 3.3 5.7 4.2 10.2 9.6 9.1 1.3 3.4 
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Table 2. (continued) 
           

 CFQ MAR AMC AMP CEPH ERY LIN NEO OXA RIF T/S TET 

Item NAS SA NAS SA NAS SA NAS SA NAS SA NAS SA NAS SA NAS SA NAS SA NAS SA NAS SA NAS SA 

No. of 
isolates  239 88 239 88 239 88 239 88 239 88 239 82 239 87 239 88 239 88 239 88 239 88 239 88 

IZD                         

28 3.3 3.4 12.6 9.1 5.0 2.3 0.8 0.0 4.6 1.1 15.5 20.7 6.7 6.9 2.5 0.0 4.2 8.0 1.7 11.4 7.5 17.0 2.9 2.3 

29 3.3 1.1 17.2 9.1 2.9 2.3 0.8 0.0 5.9 4.5 7.1 11.0 3.8 4.6 1.3 1.1 2.1 3.4 2.9 6.8 11.3 14.8 4.2 8.0 

30 6.3 5.7 13.0 5.7 2.9 4.5 0.8 0.0 7.5 3.4 8.4 6.1 4.6 12.6 0.4 0.0 1.7 5.7 4.2 9.1 10.0 9.1 9.6 14.8 

31 7.1 6.8 11.3 11.4 7.1 1.1 1.7 3.4 6.3 1.1 5.9 2.4 6.3 16.1 0.8 0.0 6.7 4.5 6.7 5.7 4.6 10.2 8.8 9.1 

32 8.8 12.5 5.4 9.1 4.2 1.1 2.9 3.4 2.5 0.0 5.4 6.1 8.8 6.9 0.0 0.0 0.8 6.8 5.4 5.7 5.0 12.5 13.4 9.1 

33 15.5 6.8 3.3 3.4 2.5 0.0 2.5 0.0 4.2 1.1 2.9 0.0 7.5 13.8 0.4 0.0 1.7 3.4 9.2 4.5 2.9 11.4 9.2 6.8 

34 11.7 12.5 1.7 0.0 0.8 1.1 1.3 0.0 3.8 5.7 1.3 0.0 5.9 3.4 0.4 0.0 1.3 0.0 6.7 4.5 1.3 1.1 11.3 13.6 

35 6.7 10.2 2.1 1.1 1.3 1.1 1.3 3.4 5.4 2.3 0.4 0.0 5.9 3.4 0.4 0.0 0.0 1.1 7.5 9.1 0.4 1.1 7.5 9.1 

36 6.7 11.4 0.4 0.0 0.8 0.0 4.6 2.3 0.4 5.7 0.8 0.0 3.8 2.3 0.0 0.0 0.0 0.0 3.8 0.0 0.4 0.0 4.6 4.5 

37 6.7 9.1 0.4 0.0 0.4 0.0 1.7 3.4 3.3 4.5 0.8 0.0 0.8 2.3 0.4 0.0 0.4 0.0 1.7 0.0 0.4 0.0 5.0 3.4 

38 3.8 6.8 0.4 0.0 1.7 1.1 6.3 3.4 3.3 4.5 0.4 0.0 0.8 0.0 0.0 0.0 0.0 0.0 2.1 0.0 0.0 0.0 1.3 0.0 

39 2.1 4.5 0.0 0.0 0.8 0.0 7.6 3.4 3.8 1.1 0.0 0.0 0.0 1.1 0.0 0.0 0.0 0.0 2.9 0.0 0.0 0.0 0.0 0.0 

40 9.6 2.3 12.6 13.6 49.8 72.7 28.2 63.6 35.1 51.1 4.2 3.7 6.7 2.3 4.2 2.3 10.0 14.8 36.4 21.6 3.3 2.3 6.3 2.3 

41 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 9.6 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

42 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.1 0.4 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 
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Figure 1. Visualization of associations between inhibition zone diameters (IZD, mm) (CEFQ, cefquinome; MAR, marbofloxacin; AMC, amoxicillin-clavulanic acid; AMP, 
ampicillin; CEPH, cephalonium; OXA, oxacillin) of (A) non-aureus staphylococci, and (B) Staphylococcus aureus from cows with subclinical mastitis and the herd-level 
antimicrobial consumption expressed as the antimicrobial treatment incidence (ATI) in defined daily dose animal (DDDA) per 1,000 cow-days for 3 strata of antimicrobials: 
(top) critically important β-lactams (third- and fourth-generation cephalosporins), (middle) critically important non-β-lactams (fluoroquinolones), (bottom) not critically 
important β-lactams (aminopenicillins, aminopenicillin-clavulanic acid, aminopenicillin-polymyxin, first-generation cephalosporins, first-generation cephalosporin-
aminoglycoside, penicillins, penicillin-aminopenicillin, penicillin-aminoglycoside). The horizontal bars represent the β (regression factor) originating  from univariable models 
for ATI overall and from multivariable models for herd-level ATI for intramammary therapy of (sub)clinical mastitis, ATI for intramammary dry-cow therapy, and ATI for 
systemically administered therapy, respectively (see Materials and Methods). *For non-aureus staphylococci, the ATI for systemic therapy of critically important β lactam 
antimicrobials was negatively associated with the IZD for cefquinome (P = 0.04 with a false-discovery rate of 84%) and the ATI for intramammary therapy of (sub)clinical 
mastitis of critically important β-lactam antimicrobials was positively associated with the IZD for cefquinome (P = 0.05 with false discovery rate of 51%). (1) The β of “ATI 
overall” is equal to the β of “ATI for systemically administered therapy.” In Belgium, Marbofloxacine is only available for systemic use. 
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5.5 Discussion 

Besides precisely quantifying antimicrobial consumption on several commercial dairy herds, we 

investigated the association between herd-level antimicrobial consumption and IZD, used as a proxy 

for the presence of antimicrobial resistance, focusing on non-aureus staphylococci (frequently found 

in milk samples from dairy cows) and Staph. aureus (an important major mastitis pathogen).  

The average total ATI in this study was 18.73 DDDA per 1,000 cow-days, which is high compared 

with the 14.35, 3.56, 16.05, 14.28, and 4.66 DDDA per 1,000 cow-days obtained in studies in Canada 

(Saini et al., 2012a), Austria (Obritzhauser et al., 2016), the Netherlands (Kuipers et al., 2016), 

Argentina (Gonzalez Pereyra et al., 2015), and New Zealand (McDougall et al., 2016), respectively. 

Similar to the data obtained in Austria, critically important (for human health) antimicrobials 

accounted for a large part of the total antimicrobial consumption (Obritzhauser et al., 2016). However, 

differences in the calculation of antimicrobial consumption hamper a straightforward comparison of 

the results between the studies (Collineau et al., 2017). The total ATI on the same herds during 2012 

and 2013 was 20.78 DDDA per 1,000 cow-days (Stevens et al., 2016), which is slightly higher than 

described in this article. Because the current study included data obtained as part of a larger 2-yr 

project, half of the herds included received mastitis management input on a 4- to 6-weekly basis 

(intervention group) and 28 herds did not receive mastitis management input but were requested to 

collect and record the data (control group). In accordance with Kuipers et al. (2016), the expected 

effect of mastitis management input on a dairy herd’s antimicrobial consumption over 2 yr is limited. 

The latter assumption appears to be reinforced by the preliminary results obtained in our work in 

progress. In fact, antimicrobial consumption and changes in antimicrobial consumption on dairy herds 

seem to be more influenced by changes in mastitis management over time independently of the group 

to which they were assigned rather than by whether the farm received mastitis management input 

from the first author. Given that, we concluded that the effect of the farm-based intervention on the 

results described in this study and their extrapolation is expected to be very limited or nonexistent. 

Still, we hypothesize that the establishment of a national center of expertise on antimicrobial 
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consumption and resistance in animals (AMCRA, 2014) in 2012 might have played a role as it evolved 

into several nationwide awareness campaigns targeting farmers and veterinarians, among other 

projects that were initiated during the time our study was executed.  

The Kirby-Bauer disk diffusion method, performed at the Flemish MCC (Lier, Belgium) as part of 

routine analyses, has a moderate to high diagnostic accuracy and categorical agreement for most 

udder pathogen-antimicrobial combinations (Saini et al., 2011), particularly if plates are read by using 

the SIRscan Micro (i2a) as was done in this study. Because only a limited number of clinical breakpoints 

(CLSI) and epidemiological cut off values (EUCAST) are available for mastitis causing bacteria, we 

refrained from using cut-off values to stratify isolates into susceptible and resistant populations. 

Rather, we opted to report IZD and use them as a proxy for antimicrobial resistance when looking for 

associations with antimicrobial consumption. Still, for most Staph. aureus and non-aureus 

staphylococci-antimicrobial active substance combinations, a bimodal distribution was observed, 

indicating the presence of acquired resistance in some isolates. Corresponding to the work of Supre et 

al. (2014), separation of 2 populations based on the curve was less obvious for the Staph. aureus- 

ampicillin combination. This indistinctness was also observed for the non-aureus staphylococci-

oxacillin combination.  

The negative association between ATI for systemic therapy of critically important β-lactam 

antimicrobials and IZD of non-aureus staphylococci for cefquinome might be explained by the (partial) 

commensal character of non-aureus staphylococci. Because of that commensal character, non-aureus 

staphylococci are more likely to be exposed to whatever (systemically administered) antimicrobial 

therapy. The negative association between ATI for systemic therapy of critically important β-lactam 

antimicrobials and IZD of non-aureus staphylococci for cefquinome (representing the critically 

important β-lactams) is, in this respect, not that surprising and, in fact, confirms selection pressure, 

because the critically important β-lactam antimicrobials represent about one-third of the total 

antimicrobial consumption (6.52 DDDA, of which almost 50% was used as systemically administered 

therapy). Still, caution is needed in the interpretation of the data. Although statistically significant 
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associations between IZD and ATI were found in the present study, this does not prove causality. When 

studying larger data sets with many variables and associations as in the present study, the probability 

of finding associations by chance increases substantially (Dohoo et al., 1997). Given that, in theory, for 

every 20 comparisons, a significant difference will be found purely by coincidence without having a 

real difference (Dewulf et al., 2009), the associations between ATI for systemic therapy of critically 

important β-lactam antimicrobials and IZD of cefquinome and the herd-level ATI for intramammary 

therapy of (sub)clinical mastitis of critically important β-lactam antimicrobials on the one hand and the 

IZD of non-aureus staphylococci for cefquinome on the other hand might be due to chance, as reflected 

by the high false discovery rates. In addition, factors that potentially influence both IZD and herd-level 

ATI could act as confounders. Still, including herd as a random effect, as done in this study, takes into 

account the association between isolates within the same herd, and thus controls for any confounding 

factor at the herd level (Dohoo et al., 2003).  

The most common resistance mechanism in staphylococci is the production of β-lactamase, which 

results in resistance to penicillin G and aminopenicillins (Persson Waller et al., 2011; Preethirani et al., 

2015; Schmidt et al., 2015). In our results, the trend to resistance, as reflected by a smaller IZD for 

penicillin G and aminopenicillins, was not pronounced, which is in accordance with findings of Sawant 

et al. (2009). Still, we are cautious in drawing conclusions about antimicrobial resistance in our study, 

because IZD were used as a proxy for antimicrobial resistance only, and small IZD in the absence of 

cut-offs and clinical breakpoints are only an indication for the presence of antimicrobial resistance. 

Moreover, comparison between different studies is likely not legitimate, because different sampling 

strategies, different susceptibility testing methods (Kirby-Bauer disk diffusion versus broth dilution 

method), and different interpretive criteria have been used to categorize isolates as either susceptible 

or resistant. Also, because we did not identify non-aureus staphylococci to the species level and 

susceptibility to antimicrobials varies between staphylococcal species (Sawant et al., 2009; Bal et al., 

2010; Persson Waller et al., 2011; Schmidt et al., 2015; Raspanti et al., 2016), part of the large variation 

might be explained by differences in IZD between non-aureus staphylococci species.  
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The positive association in IZD between non-aureus staphylococci and Staph. aureus for neomycin 

could be explained by the fact that many of the genes encoding neomycin resistance reside on mobile 

genetic elements, which can be exchanged between bacteria of the same or different species 

occupying the same ecological niche (Lyon and Skurray, 1987; Lindsay and Holden, 2006). 

5.6 Conclusions 

The average ATI on a convenience sample of Flemish dairy herds was high, with a large between-

herd variation. Most antimicrobials were used for intramammary therapy. Fourth-generation 

cephalosporins, critically important for human health, had the highest ATI. A decrease in the 

antimicrobial susceptibility of non-aureus staphylococci with increasing systemic administration of 

critically important β-lactam antimicrobials was suggested. In contrast, the use of critically important 

β-lactam antimicrobials for intramammary treatment  of (sub)clinical mastitis did not seem to affect 

the antimicrobial susceptibility of non-aureus staphylococci. The IZD of non-aureus staphylococci and 

Staph. aureus were positively associated for neomycin. 
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6.1 Abstract 

The main objective of this study was to evaluate evolutions in herd-level antimicrobial 

consumption (AMC) and in udder health and milk quality parameters between herds that did receive 

mastitis management input (MMI) on a regular base (“intervention herds”, actively advised by the first 

author) and herds that did not (“control herds”). Strikingly, herds in the intervention group had a 

significantly higher prevalence of new intramammary infections (IMI) compared with those in the 

control group. No significant differences were observed in the percentage of chronically infected cows, 

the bulk milk somatic cell count, and the bacterial and coliform count between the intervention and 

control herds, neither did the herd-level AMC differ between them. Furthermore, the level of mastitis 

management applied in each herd was assessed and scored (mastitis management score or MMS; 

higher is better), as were the changes in the level of implementation of different recommended 

mastitis management practices over time, expressed as the mastitis management change score 

(MMCS; higher is better). A large variation was observed in the MMS and MMCS within both the 

intervention herds (median: 16 and range 12 to 22; median 13 and range -5 to 31, respectively) and in 

the control herds (median: 16 and range 12 to 22; median: 9 and range -13 to 22, respectively). Also, 

intervention herds where the herd veterinarian attended each herd visit executed by the first author 

had a higher MMS and MMCS (median 20.0 and 24.0, respectively) compared with herds where the 

veterinarian sometimes (median 16.0 and 17.0, respectively) or never attended the herd visits (median 

16.5 and 7.5, respectively). Further, the association between MMS and MMCS on the one hand and 

udder health, milk quality and the herd-level AMC over time on the other hand were studied using the 

data of both groups of herds. Additionally, better mastitis management (both higher MMS and MMCS) 

was associated with a reduction in the antimicrobial consumption of for human health critically 

important antimicrobials over time and with lower bacterial counts and bulk milk somatic cell count.  

In conclusion, better mastitis management can be helpful in obtaining a better milk quality and a 

more responsible use of (critically important) antimicrobials on dairy farms. 
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6.2 Introduction 

The concern about imprudent use of veterinary antimicrobials is rising as there is some evidence 

that antimicrobial consumption (AMC) in animals poses a risk to public health (Marshall and Levy, 

2011; Aarestrup, 2015; Chang et al., 2015) through the selection for and spread of antimicrobial 

resistance (Chantziaras et al., 2014; Callens et al., 2015). Lowering AMC in farm animals therefore can 

be an effective strategy to hold the increasing burden of antimicrobial resistance (Agerso and 

Aarestrup, 2013; Dorado-Garcia et al., 2016) as was recently evidenced by Dorado-Garcia et al. (2016). 

In recent years, several national and international antimicrobial reducing policy measures were 

introduced to heed and reduce the AMC in livestock (AMCRA, 2014; WHO, 2015; Dupont et al., 2017). 

In the dairy industry, the majority of antimicrobials is used for the prevention and control of 

mastitis (Mitchell et al., 1998; Pol and Ruegg, 2007; Menéndez González et al., 2010; Ivemeyer et al., 

2012; Stevens et al., 2016b). Despite the fact that mastitis prevention and control programs have been 

available since the 1960ies and have been successfully implemented on many herds (Hillerton et al., 

1995), mastitis remains a major issue in dairy production. Participation of dairy farmers in workshops 

or implementation of web-based tools as part of a veterinary herd health management (VHHM) 

program as well as use of external input (i.e. via a nutritionist, via a veterinarian, participation in DHI 

programs, regular pregnancy checks, artificial insemination in lactating cows etc.) had a positive effect 

on those dairy herds’ milk quality status, as reflected by a decreasing bulk milk somatic cell count 

(BMSCC) (Cicconi-Hogan et al., 2013; Steeneveld et al., 2014; Tremetsberger et al., 2015). Other studies 

demonstrated that VHHM support or participation in small focused farmer groups resulted in a lower 

AMC in both pig farms (Postma et al., 2017) and (primarily organic) dairy farms (Ivemeyer et al., 2008; 

Bennedsgaard et al., 2010; Kuipers et al., 2016; Speksnijder et al., 2017) compared to herds not 

influenced by such a programs. Apart from the last two studies that were conducted in The 

Netherlands (Kuipers et al., 2016; Speksnijder et al., 2017), none of the other abovementioned studies 
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had a control group to compare with which is obviously a prerequisite for investigating the impact of 

VHHM on AMC and udder health on dairy farms in a scientifically sound manner. 

Although extensive information exists how to substantially reduce or prevent animal diseases 

including mastitis (LeBlanc et al., 2006), the challenge is to identify the herd-specific risk factors 

determining a herd’s udder health, to give appropriate and herd-specific recommendations based on 

a thorough data analysis and to motivate the farmer to consistently implement the recommended 

management practices. In this regard, the average rate of implementation of recommended mastitis 

management measures that have been proposed and discussed varies in literature between 43% 

(Brinkmann and March, 2010) and 57% (Tremetsberger et al., 2015). The latter stresses the need to 

take the level of implementation into account when the impact of receiving mastitis management 

input on the herd’s performances and AMC is investigated. 

Given all that, the main objective of this study was to describe evolutions in herd-level AMC and 

differences in udder health and milk quality parameters between herds that received mastitis 

management input (MMI) on a regular base (“intervention herds”) and herds that did not (“control 

herds”). Further, the level of mastitis management applied in each herd in the middle of the project 

(March 2013) was scored as were the changes in the level of implementation of the different 

recommended mastitis management practices between the start (January 2012) and the end of the 

project (April 2014). Subsequently, the association between the herd-level (change in) mastitis 

management on the one hand and the herd-level udder health,  milk quality and AMC over time on 

the other hand were studied. Also, the level of implementation of recommended mastitis management 

practices was compared between herds in the intervention group and herds in the control group. Last, 

the influence of the involvement of the herd veterinarian on intervention herds in the project on the 

implementation of recommended mastitis management practices was assessed.  
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6.3 Materials and methods 

Data Collection 

Study Design, Initial Data Set and Data Handling. Part of the data used in this study were described 

before (Stevens et al., 2016b) and an overview of the project design is presented in Figure 1. In short, 

the data originate from a convenience sample of 56 Flemish dairy herds, all participating in the Flemish 

DHI program volunteering to be part of this project. The 56 participating dairy herds were, similar to a 

clinical trial like approach, randomly divided at the start of the project into an ‘intervention group’ (n 

= 28) that received MMI by the first author and a ‘control group’ (n = 28) that did not receive MMI 

during the study period (Fig. 1). Udder health, milk quality, and AMC data were available for all 56 

herds during the entire study period. Data on the mastitis prevention and control practices 

implemented on the farm were obtained through a face-to-face interview with the farmer (more 

information is available in Stevens et al., 2016a; questionnaire available on request) during the first 

herd visit in January 2012 (start of the project), the herd visit in March 2013 (middle of the project), 

and the final herd visit at the end of the study in April 2014 (end of the project) (Fig. 1). The questions 

included general herd information and information related to the milking routine, the milking machine, 

the housing of the lactating cows, treatment strategies of cases of clinical mastitis (CM) and subclinical 

mastitis (SCM), dry cow management, culling policy, heifer management, the general herd health 

status, and participation in a so-called veterinary herd health management (VHHM) program. All 

questions referred to management practices in place during the study period (i.e. 2012–2014).  

Udder Health. All herds participated in the Flemish DHI program and therefore individual 

composite SCC data were available on a 4- to 6-wk basis. Using these data, the average monthly herd-

level percentage chronically infected cows (chronic IMI) and newly infected cows (new IMI) were 

calculated between March 2013 and April 2014, further referred to as study period 2 (Fig. 1), as 

previously described (Stevens et al., 2016b). For each herd, a maximum of 11 measurements was used. 
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A ln-transformation of the percentage of chronic IMI and of the percentage of new IMI was performed 

to normalize the data. 

The incidence rate of treated mastitis (IRTM) cases was based on treatment records for all mastitis 

cases, both CM and SCM, that were recorded by the participating farmers, either on paper or using 

a(n) (online) software program. The herd-level incidence rate of treated mastitis (IRTM) was calculated 

by dividing the number of treated cows by the cow-days at risk and expressed as treated cases per 

10,000 cow-days at risk as before (Stevens et al., 2016b). Treatments of the same cow within 2 wk 

from a previous case were not considered new cases and therefore excluded from the analysis 

(Verbeke et al., 2014). For every herd, the ‘difference (∆) in IRTM’ was calculated as the difference in 

herd-level IRTM obtained in study period 2, and the herd-level IRTM obtained in the period January 

2012 – February 2013, further referred as study period 1 (Fig. 1).  

Milk Quality. Bulk milk SCC records measured at approximately 1-wk intervals from study period 2 

were available through the Milk Control Center Flanders (Lier, Belgium) that executes the (regulatory) 

milk quality screening program in Flanders. For each herd, the geometric mean BMSCC per month of 

study period 2 was calculated based on the weekly measurements. Both the bulk milk bacterial count 

(BC) and coliform count (CC) records per herd measured at 2-wk intervals during study period 2 were 

retrieved from the Milk Control Center Flanders as well. Bacterial counts were expressed as the 

number of individual bacterial counts per mL (IBC/mL) of milk. Coliform counts were expressed as 

colony forming units per milliliter of milk (cfu/mL). Per herd, the monthly geometric mean BC and CC 

were calculated based on the 2-weekly measurements. On one intervention herd, the CC was not 

available during study period 2. A ln-transformation of the geometric mean BMSCC was performed to 

normalize the data before statistical analysis. The geometric mean BC and CC were normalized by an 

inverse log10-transformation and a log10-transformation, respectively. 
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Additionally, milk quality parameters (BMSCC, BC and CC) were obtained from 275 randomly 

selected, nonparticipating Flemish dairy herds that were not aware of the project, further referred to 

as the “external group”. 

Antimicrobial Consumption. Antimicrobial consumption data were retrieved by so-called “garbage 

can audits” (Stevens et al., 2016b). The AMC at the herd-level was quantified by the antimicrobial 

treatment incidence (ATI) for both study period 1 and study period 2 (Fig. 1). Therefore, the total 

amount of active substances used was divided by the defined daily dose animal (DDDA) multiplied by 

the herd-level cow-days. The total amount of active substances was calculated per study period (i.e. 1 

and 2) by multiplying the volume per receptacle by the total number of used receptacles and by the 

concentration of the drug. The ATI was defined as the number of DDDA that is being used per 1,000 

cows per day. Fluoroquinolones and third- and fourth-generation cephalosporins were classified as 

critically important for human health based on the World Health Organization (WHO) classification. 

The difference in overall ATI (‘∆ ATI’) and the difference in ATI of critically important antimicrobials (‘∆ 

ATI critical’) was calculated per herd by the difference in herd-level overall ATI and ATI of the critically 

important antimicrobials, respectively, obtained in study period 2 and the herd-level overall ATI and 

ATI of the critically important antimicrobials obtained in study period 1 (Fig. 1). 
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Figure 1. Overview of the study design from January 2012 till April 2014.  

1Mastitis Management Input 

2Mastitis Management Score 

3Mastitis Management Change Score 

4Bulk Milk Somatic Cell Count 

5Coliform count 

6Bacterial count 

7Antimicrobial treatment incidence (overall and of for human health critically 
important antimicrobials) 

8Incidence rate of treated mastitis cases 
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Mastitis Management Input. As mentioned, the 56 participating dairy herds were randomly divided 

into an ‘intervention group’ (n = 28) that received MMI and a ‘control group’ (n = 28) that did not 

receive MMI. All herds in the intervention group were intensively followed and advised by the first 

author, according to the strategy and principles described by Barkema et al. (2013). Briefly, each 6 wk 

from January 2012 till March 2014 the intervention herds received advice concerning prevention and 

control of udder health problems both at the herd- and animal-level. The first herd visit included a 

general herd tour to gain insight into the general dairy management, with a focus on the mastitis 

management. Milking routine procedures were evaluated by the first author by scoring the teat 

cleanliness before cluster attachment, by measuring the interval between cleaning teats and 

attachment of the milking cluster, by counting the times a milking cluster was kicked off, etc. Also, the 

milking machine was evaluated based on the teat end score, congestion of the teats, automatic cluster 

removal, etc. Based on a somatic cell count (SCC)-, and IRTM-data analysis and results of bacteriological 

culturing of cows with (S)CM, a farm-specific prevention and control mastitis plan was formulated 

together with the farmer. During each 6-wk herd visit, housing was inspected and critical points in the 

management were discussed. Besides, an evaluation was made of the incidence and cure rate of CM 

cases, of the cure rate and rate of IMI during the dry period as well as of the average herd milk SCC 

and the average SCC of heifers. Also, all lactating animals with an elevated SCC (i.e. first lactation cows 

≥ 150,000 cells/ml; multiparous cows ≥ 250,000 cells/ml) were listed and for each animal the most 

appropriate solution was suggested and discussed with the farmer (wait until the next DHI; sample for 

bacteriological culture potentially followed by an antimicrobial treatment based on the results; dry-off 

(early) or apply a systemic antimicrobial treatment around the onset of the dry period). Decisions were 

based on literature and driven by factors associated with the cure rate of SCM (Sol et al., 1997). Herd 

veterinarians of the herds in the intervention group were motivated to be actively involved in the 

project and in the herd visits by contacting and inviting them to attend and give their input during the 

herd visits. Based on the presence during herd visits, intervention herds were stratified into 
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“veterinarian present at each herd visit”, “veterinarian present at some herd visits” or “veterinarian 

not present at any herd visit”.  

Dairy farmers of the intervention herds and their herd veterinarians were invited to three group 

meetings organized during the study and shortly thereafter, to discuss the results and receive a 

summary with herd-specific results, as was promised at the onset of the project. Separate and much 

more general meetings (n=3) to inform them about the progress of the study, were organized for the 

farmers of the control herds and their respective veterinarians, to keep the herds in the control group 

motivated as their data collection on udder health, milk quality and antimicrobial consumption was 

essential for future analyses as part of the study.  

Mastitis Management Score. Based on the questionnaire completed in the middle of the project 

(March 2013; Fig. 1), the level of mastitis management was assessed by combining several variables 

into a new variable, further referred to as the herd-level ‘Mastitis Management Score’ (MMS). It was 

the additive of the 26 variables described in Table 1 that were all binary in nature [0 (no) or 1 (yes)]. 

Some variables were assessed according to a simplified Likert-scale including the answers: “Yes, 

always”, “Mostly” and “No, never”. Those variables were recoded into a binary variable. If the farmer 

declared that a certain management practice was performed mostly, yet not consistently, we still 

assigned a score 1 (yes).  

Mastitis Management Change Score. To assess the level of change in the implementation of the 

different recommended mastitis management practices over time, a herd-level ‘Mastitis Management 

Change Score’ (MMCS) was calculated based on the difference between the score for each individual 

variable obtained using the data from the final questionnaire (April 2014, i.e. the end of study period 

2) and the score obtained using the first questionnaire (January 2012, i.e. the start of study period 1). 

If on a specific farm a measure was implemented in January 2012, but not anymore in April 2014, a 

score of -2 was assigned to that specific measure. If on a specific herd, a measure was implemented in 

January 2012 and it still was in April 2014, a score of +1 was assigned. If on a specific herd, a measure 
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was not applied in January 2012 but it was in April 2014, a score of +2 was assigned to that specific 

measure. If on a specific herd, a measure was not applied in January 2012 and was still not 

implemented in April 2014, a score of -1 was assigned. The MMCS eventually is the additive of the 

scores of all 26 measures (Table 1). All in all, the higher the absolute MMCS, the more recommended 

mastitis management practices were implemented and thus the more the mastitis management was 

improved between study period 1 and study period 2.  

Statistical Analyses 

Udder Health. To determine the association between the MMI, the MMS and the MMCS on the 

one hand and the herd-level udder health on the other hand, several separate linear (mixed) regression 

models were fit. First, two separate linear mixed regression models with the percentage chronic IMI 

and the percentage new IMI per month during study period 2  (Fig. 1) as continuous outcome variables 

and MMI (0 = control group; 1 = intervention group) and measurements (maximum of 11 

measurements per herd in study period 2) as categorical independent variables were built. In those 

models, herd was included as random effect to correct for multiple measurements within herds using 

an autoregressive correlation structure (SAS version 9.4; SAS Institute Inc., Cary, NC; PROC MIXED). 

The interaction term between the variables herd-level MMI and measurement was included in the 

model and withheld when significant (SAS version 9.4; SAS Institute Inc., Cary, NC; PROC MIXED). 

Similar models with the percentage chronic IMI and the percentage new IMI per month during study 

period 2 (Fig. 1) as continuous outcome variables and the MMS and MMCS as continuous independent 

variables were built. Statistical significance was assessed at P < 0.05. 

Second, three separate univariable linear regression models with ‘∆ IRTM’ (i.e. difference in IRTM 

between study period 2 and 1) as continuous outcome variable and the variable MMI as categorical 

independent variable (0 = control group; 1 = intervention group), and the variables MMS and MMCS 

as continuous independent variables, respectively were built. (SPSS statistics 22.0, IBM, New York, 

USA). Statistical significance was assessed at P < 0.05. 
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Milk Quality. To assess the association between MMI, MMS and MMCS on the one hand and the 

herd-level milk quality during study period 2 on the other hand, three separate linear mixed regression 

models with BMSCC, BC and CC as continuous outcome variables, respectively, and MMI (0 = control 

group;1 = intervention group) and measurement (max. 12 measurements per herd, collected in study 

period 2) as categorical independent variables were fit. Herd was included as random effect as well, 

and an autoregressive correlation structure was included. The interaction term between the variables 

herd-level MMI and measurement was included in the model and withheld when significant (SAS 

version 9.4; SAS Institute Inc., Cary, NC; PROC MIXED). Two similar models were built with MMS and 

MMCS, respectively, as continuous independent variables. Statistical significance was assessed at P < 

0.05. 

Antimicrobial Consumption. Three separate univariable linear regression models with ‘∆ total ATI’ 

and ‘∆ ATI critical’ (i.e. difference in ATI between study period 2 and 1) per herd as continuous 

variables, respectively, and MMI (0 = control group; 1 = intervention group) as categorical independent 

variable, and MMS and MMCS as continuous independent variables, respectively, were fit (SPSS 

statistics 22.0, IBM, New York, USA). To visualize the association between the difference in total ATI (∆ 

total ATI) and ATI critical (∆ ATI critical), and the MMS and MMCS, a simulation was performed by 

adding different MMS and MMCS values varying between the minimum and maximum value in the 

dataset to the obtained regression model. The data were graphically represented.
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Table 1. Overview of the different questionnaires used in this study, the specific management measures used to calculate the mastitis management score 
(MMS) and mastitis management change score (MMCS) and the number of herds implementing each of the individual measures 

 No. of herds that implemented the management measure 

 Intervention group  Control group  

  
Questionnaire 
January 20121 

Questionnaire March 
20132 

Questionnaire 
April 20141   

Questionnaire 
January 20121 

Questionnaire 
March 20132 

Questionnaire 
April 20141 

Milking procedures        
     One towel per cow for cleaning the teats3 16 20 20  19 20 19 
     Disinfection of teats before cluster attach       

by foaming or use of disinfectant towels3 8 17 17  12 15 14 
     Time between preparation and cluster 

attachment is at least 60 sec.3 18 25 26  19 27 27 

     Prestripping3 16 20 17  22 22 22 

    Wearing gloves during milking3 10 20 12  17 18 19 
    Disinfecting hands/gloves after milking 

infected cows3 8 13 16  5 7 8 
    Disinfecting teats after milking with dip or 

spray 25 24 25  26 27 27 
    Disinfecting milking clusters after milking   

infected animals with hot water or steam 5 10 10  7 7 5 

   Keep cows standing after milking4 7 9 9  10 12 13 

Milking machine7        
    Replacement teat liners after 2500 milkings 

for rubber teat liners or 5000 milkings for 
silicon teat liners 4 21 12  8 14 11 

    Automatic cluster removal 27 -(8) 27  27 -(8) 27 

Dry cow management        
    Feeding dry cow minerals  25 24 22  26 25 27 

    Having a separate calving pen5  12 19 7  4 27 9 

    Internal teat sealer for each cow 8 24 22  15 20 18 
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Table 1. (continued) 
       

 
No. of herds that implemented the management measure 

 
Intervention group   Control group  

  
Questionnaire 
January 20121 

Questionnaire March 
20132 

Questionnaire 
April 20141   

Questionnaire 
January 20121 

Questionnaire 
March 20132 

Questionnaire 
April 20141 

Hygiene         
   Clean udders6 12 -(8) 20  22 -(8) 18 

   Clipping udders at least twice a year 14 20 19  14 18 13 

   Clipping tails at least twice a year 13 25 21  15 23 19 

   Cleaning cubicles at least twice a day 25 28 27  26 28 27 

   Using disinfectant in the cubicles 18 26 25  19 18 22 

   Cleaning alley ways at least twice a day 20 24 24  23 26 25 

Other        
   Veterinary herd health management in 

place other than by first author 7 10 15  15 15 16 
   Bacteriological culturing of each clinical 

mastitis case 4 22 8  1 8 3 
   Bacteriological culturing for subclinical 

mastitis at least once a year 12 26 23  8 5 8 

   Correct fly control in heifers on pasture 15 16 16  15 16 11 

   Feeding no waste milk to heifer calves 10 18 22  10 16 18 
   Monitoring and eradicating Bovine Viral   

Diarrhea virus 13 25 26  12 19 23 

1 Questionnaire used for calculation of the MMCS 
2 Questionnaire used for calculation of the MMS  
3 Herds equipped with an automatic milking system received score “1” 
4 Herds equipped with an automatic milking system received score “0” 
5 The large difference between the herds having a separate calving pen might be 

partially due to a nuance in the question in the questionnaire taken in January 
2012 and April 2014 versus the question in the questionnaire in March 2013 
(“having a separate calving pen that is different from the nursery” versus “having 
a separate calving pen”). 

6 Udder hygiene was scored for at least 20 randomly selected lactating cows during 

herd visits in January 2012 and April 2014 as described by Schreiner and Ruegg 
(2003). The proportion of cows having an udder hygiene score of 3 or 4 was 
calculated for each visit. Herds having an average proportion >50% over the 2 
visits were categorized as dirty; other herds were categorized as clean. Score 1 = 
clean; score 0 = dirty 

7 During the study period, in the intervention group as well as in the control group, one 
herd changed from a convention milking parlor to an automatic milking system. 
At the end of the study 5 herds had an automatic milking system in the 
intervention group and 6 herds in the control group.       

8 Parameters not registred or evaluated in the questionnaire of March 2013 
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Mastitis Management Input. Several separate univariable linear regression models with MMS and 

MMCS as continuous outcome variables, respectively, and MMI (0 = control group; 1 = intervention 

group) as categorical independent variable were fit (SPSS statistics 22.0, IBM, New York, USA). Also, 

the associations between the (degree of) presence of the veterinarian at herd visits (0 = present at 

each herd visit, n=5; 1 = present at some herd visits, n=9; 2 = not present at any of the herd visits, n=14) 

on the herds assigned to the intervention group on the one hand and the MMS and MMCS on the 

other hand were investigated by fitting univariable linear regression models (SPSS statistics 22.0, IBM, 

New York, USA).   

Normal probability plots of standardized residuals, plots of standardized residuals versus the 

dependent variables and plots of standardized residuals versus predicted values were generated to 

check whether the assumptions of normality, linearity and homogeneity of variance had been fulfilled. 

No problems were detected. 

6.4 Results 

Udder Health 

The median percentage of chronic infections per month during study period 2 was 8.6% and 8.4% 

in the intervention and control group, respectively (Table 2; P = 0.435). The percentage new IMI was 

significantly higher in the herds of the intervention group compared with the herds in the control group 

(7.1% and 6.8%, respectively; P = 0.012). The ‘∆ IRTM’ did not differ between both groups (P = 0.36).  

Further, the MMS and MMCS were not associated with either the percentage new or chronic IMI, 

nor with ‘∆ IRTM’ (Table 3). Still, the level of association between MMS on the percentage chronic IMI 

depended on the time of measurement (Table 3; P = 0.009). 

Milk Quality 

The geometric mean of the BMSCC varied throughout the years (Fig. 3a), as did the CC (Fig. 3b) and 

BC (Fig. 3c).  Further, the BMSCC (P = 0.73), BC (P = 0.52) and CC (P =0.97) did not differ between 

intervention and control herds.  
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The better the mastitis management (higher MMS and MMCS) the lower the BMSCC and the higher 

the BC were (Table 3).  

Antimicrobial Consumption 

The herds belonging to the intervention group had a numerically larger absolute ‘∆ ATI critically’ 

compared to herds in the control group (Table 2), although the difference was not statistically 

significant (P = 0.31).  

The MMS and MMCS, however, were both positively associated with a decrease in antimicrobial 

consumption of for human health critically important antimicrobials (P ≤ 0.05; Fig. 2 and Table 3), 

indicating that a better mastitis management is associated with a reduced usage of critically important 

antimicrobials.  
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Table 2. Descriptive statistics of udder health and milk quality parameters and antimicrobial consumption (Antimicrobial Treatment Incidence or ATI) of 
the herds in the intervention and control groups 

 Minimum 

Percentile  
25th 50th 75th Maximum 

Udder health 
New IMI (%)1 
     All herds2  2.3 5.7 7.0 8.2 17.1 
     Intervention group3  3.8 5.8 7.1 8.5 17.1 
     Control group4  2.3 5.6 6.8 8.0 10.5 
Chronic IMI (%)5      
     All herds  2.9 6.6 8.6 10.8 30.1 
     Intervention group  3.6 7.3 8.6 11.8 18.1 
     Control group  2.9 5.9 8.4 10.3 30.1 
Δ IRTM6 [treated cases of (sub)clinical mastitis  
     per 10,000 cow-days at risk] 
     All herds  -9.3 -3.5 -2.2 0.6 13.1 
     Intervention group7  -9.3 -3.2 -1.9 0.1 6.0 
     Control group8  -6.7 -3.7 -2.2 1.2 13.1 

Milk quality 
Bulk Milk SCC9 (cells/mL) 
     All herds  46,281 141,133 176,796 231,19 532,000 
     Intervention group  65,011 143,141 177,092 231,411 511,842 
     Control group   46,281 139,872 176,644 229,749 532,000 
Coli Count10 (cfu/mL)       
     All herds  1.0 1.0 5.3 31.0 912.5 
     Intervention group  1.0 1.0 5.6 28.0 600.9 
     Control group  1.0 1.0 4.6 32.7 912.5 
Bacterial Count11 (IBC/mL) 
     All herds  0,00 4,00 5,477 7,937 226,575 
     Intervention group  0,00 4,00 5,477 8,214 226,575 
     Control group  0,00 4,00 5,567 7,750 65,422 
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Table 2. (continued) 

 Minimum 

Percentile  
25th 50th 75th Maximum 

Antimicrobial consumption 

∆ Total ATI12 (DDDA/1,000 cow-days) 

     All herds  -26.2 -6.0 -2.7 1.1 15.9 

     Intervention group  -26.2 -6.2 -2.6 1.3 15.9 

     Control group  -10.4 -5.5 -2.7 0.5 11.6 

∆ ATI critically important13(DDDA/1,000 cow-days) 

     All herds  -15.1 -4.7 -0.8 0.5 16.4 

     Intervention group  -12.2 -5.4 -2.3 0.5 16.4 

     Control group  -15.1 -2.3 -0.8 0.5 7.0 
1New IMI = average monthly percentage new IMI during study period 2 (See Fig. 1) 
2n=56 
3n=28 
4n=28 
5Chronic IMI = average monthly percentage chronic IMI during study period 2 (See Fig. 1) 
6∆ IRTM = difference in Incidence Rate of Treated Mastitis cases between study period 2 and study period 1 (See Fig. 1) 
7IRTM data missing on 1 herd in the intervention group 
8IRTM data missing on 3 herds in the control group 
9Bulk Milk SCC = geometric mean Bulk Milk SCC during study period 2 (See Fig. 1)  
10Coli Count = geometric mean (coli+1) during study period 2 (See Fig. 1); the Coli Count was not registered on one intervention herd  
11Bacterial Count = geometric mean Bacterial Count during study period 2 (See Fig. 1)  
12∆Total ATI = difference in total Antimicrobial Treatment Incidence between study period 2 and study period 1 (See Fig. 1) 
13∆ATI critically important = difference in Antimicrobial Treatment Incidence of for human health critically important antimicrobials between the period study 
period 2 and study period 1 (See Fig. 1) 
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Figure 2. Simulation based on data obtained in Table 3, posing the difference in antimicrobial treatment incidence between study period 2 and 1 (∆ total ATI 

and ∆ ATI critically important; Defined daily doses animal per 1,000 cow-days) for (a) different mastitis management scores (MMS) varying between 9 and 22 

and (b) different mastitis management change scores (MMCS) varying between -13 and 31 
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(c) 

Figure 3. Change over time of the geometric mean (a) of the bulk milk somatic cell count, (b) of the 
coliform count, and (c) of the bacterial count on the dairy herds in the intervention group, the control 
group and in the external group 
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Table 3. Statistical associations between either the mastitis management score or mastitis management change score on the one hand and repeated 

measurements of udder health parameters, milk quality parameters and antimicrobial consumption [total Antimicrobial Treatment Incidence (ATI; Defined 

daily doses animal per 1,000 cow-days) and ATI of for human health critically important antimicrobials on the other hand] 

 Mastitis Management Score  Mastitis Management Change Score 

  β1 SE2 P   β1 SE2 P 

Udder health       

New IMI (%)3       
    Intercept 1.8 0.2 <0.001  1.9 0.1 <0.001 

    Score 0.01 0.01 0.3  0.00 0.00 0.4 

    Measurement4 … … 0.49  … … 0.50 

Chronic IMI (%)7       
    Intercept 2.5 0.3 <0.001  2.2 0.1 <0.001 

    Score -0.02 0.02 0.2  -0.01 0.01 0.1 

    Measurement4 … … 0.2  … … 0.1 

    Measurement  x score … … 0.009     

∆ IRTM6        

     Intercept -0.4 3.0 0.9  -1.2 0.8 0.2 

     Score -0.1 0.2 0.7   -0.02 0.1 0.8 

Milk quality        

Bulk milk SCC7        
    Intercept 5.7 0.2 <0.001  5.3 0.1 <0.001 

    Score -0.03 0.01 0.003  -0.01 0.0 0.003 

    Measurement4 … … <0.001  … … <0.001 

Coliform count9        
    Intercept 0.5 0.3 0.1  0.6 0.1 <0.001 

    Score 0.00 0.01 0.9  -0.01 0.00 0.1 

    Measurement4 … … <0.001  … … <0.001 
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Table 3. (continued) 
       

 Mastitis Management Score  Mastitis Management Change Score 

  β1 SE2 P   β1 SE2 P 

Bacterial count10        
    Intercept 0,9 0,1 <0.001  1.2 0.1 <0.001 

    Score 0,02 0,01 0.008  0.00 0.00 0.05 

    Measurement4 … … 0.1  … … 0.1 

Antimicrobial consumption        

∆ Total ATI11        

    Intercept 1.11 5.25 0.83  -1.05 1.44 0.47 

    Score -0.18 0.31 0.57  -0.08 0.10 0.46 

∆ ATI critically important12        

    Intercept  5.85 3.67 0.12  2.16 1.00 0.83 

    Score -0.45 0.22 0.047  -0.16 0.07 0.029 
1Estimate 
2Standard error of the variance estimate of the parameter. 
3Ln-transformed average monthly percentage new IMI, measured in study period 2 (See Fig. 1) 
4Categorical variables of 11 measurements, from April 2013 till February 2014 (see Fig. 1) 
5Ln-transformed average monthly percentage chronic IMI, measured in study period 2 (See Fig. 1) 
6Difference in Incidence Rate of Treated Mastitis cases between study period 2 and study period 1 (See Fig. 1) (no repeated measurements) 
7Ln-transformed geometric mean Bulk Milk SCC, measured in study period 2 (See Fig. 1)  
8Categorical variables of 12 measurements, from March 2013 till February 2014 (see Fig. 1) 
9Log10-transformed geometric mean Coliform Count, measured in study period 2 (See Fig. 1) 
10Inverse[log10 (geometric mean Bacterial Count)], measured in study period 2 (See Fig. 1) 
11Difference in total antimicrobial treatment incidence between the period 2013-2014 and 2012-2013   (See Fig. 1) (no repeated measurements) 
12Difference in antimicrobial treatment incidence of for human health critically important antimicrobials between study period 2 and study period 1 (See Fig. 

1) (no repeated measurements) 
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Mastitis Management Input  

The MMS and MMCS strongly varied within both the herds in the intervention group (median: 16 

and range 12 to 22; median 13 and range -5 to 31, respectively) and the herds in the control group 

(median: 16 and range 12 to 22; median: 9 and range -13 to 22, respectively; Table 4 and Figure 4). 

Also, the level of implementation of the different recommended mastitis management practices 

strongly varied between study period 1 and study period 2 (Table 1). The MMS and MMCS of herds in 

the intervention group was 1.89 units and 5.29 units higher, respectively, compared with herds in the 

control group (P = 0.018 and 0.034, respectively). Of the 10 herds with the lowest MMS, 7 herds 

belonged to the control group. Considering the 10 herds with the highest MMS, 8 of them belonged to 

the intervention group. Only 3 of the 10 herds with the lowest MMCS belonged to the intervention 

group. Considering the 10 herds with the highest MMCS, only 1 of them belonged to the control group. 

Intervention herds where the veterinarian attended each herd visit had a higher MMS and MMCS 

(median 20.0 and 24.0, respectively) compared with herds where the veterinarian only sometimes 

attended the herd visits (median 16.0 and 17.0, respectively) or never attended one of the herd visits 

(median 16.5 7.5, respectively; P = 0.047 and 0.002, respectively). 

Table 4. Descriptive statistics of the mastitis management score (MMS) and mastitis management 
change score (MMCS) of the herds in the intervention group and control group 

    

 Score Percentile 

 
    No. of herds Minimum 25th 50th 75th Maximum 

MMS all herds            56 9 15 16 19 22 

    Intervention group 28 12 16 16 20 22 

    Control group 

 

28 9 14 16 17 22 

MMCS all herds         56 -13 5 10 17 31 

    Intervention group 28 -5 5 13 21 31 

    Control group   28 -13 2 9 13 22 
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Figure 4. Boxplot of the Mastitis Management Score (MMS) based on the reference questionnaire 

January 2012) and second questionnaire (March 2013) and the Mastitis Management Change Score 

(MMCS) of the intervention group and the control group [difference 3rd (April 2014) and 1st 

questionnaire (January 2012); see Fig. 1] 

6.5 Discussion  

As far as we know, this is the first observational study investigating the effect of MMI, the level of 

mastitis management and the changes in the level of mastitis management over time on udder health, 

milk quality and AMC on commercial dairy herds. Although it is far from evident to motivate farmers 

from commercial dairy herds to participate as so-called control herds, not receiving any MMI while 

obligated to collect data on udder health, milk quality and AMC, in this kind of study, we succeeded to 

Intervention group Control group 
 

     Reference mastitis management score (1st questionnaire) 

     Mastitis management score (MMS) (2nd questionnaire) 

      Mastitis management change score (MMCS) (difference 3rd and 1st questionnaire) 
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convince 28 farmers to do so. The latter approach allowed us to straightforwardly unravel the impact 

of MMI on the udder health, milk quality and AMC on dairy herds in a clinical trial like approach. 

Notwithstanding the systematic MMI on the herds that belonged to the intervention group, no 

differences in udder health, milk quality and AMC were identified with the herds in the control group, 

except for the somewhat surprising higher percentage new IMI, discussed later. Multiple explanations 

for the lack of differences can be given. First, dairy farmers of the intervention and control groups were 

not selected randomly and rather recruited by volunteer selection, although certain selection criteria 

had to be met (Stevens et al., 2016b). The latter implied that the farmers of these 56 herds were most 

likely more motivated to improve udder health and reduce AMC than the average dairy farmer in 

Flanders at that time. This approach also resulted in a selection towards better managed dairy herds 

as can be derived from the lower BMSCC, BC and CC on herds of the intervention and control group 

compared with the so-called external group. Second explanation for the unexpected low effect of the 

MMI might be found in the fact that herds in the control group could, of course, not be prevented from 

adapting their mastitis management and treatment behavior during the study which might have 

affected the estimations of the true impact of MMI on the herds’ udder health status and AMC. 

Although on average and though to a lower extend than the intervention herds, control herds indeed 

improved their mastitis management during the study. Obviously, the latter has narrowed the gap 

between the control and intervention herds and eventually has resulted in an underestimation of the 

true impact of MMI on the udder health. Third, as to keep the farmers of the control herds motivated, 

a number of more general meetings were organized for them and this might eventually have had an 

influence on their behavior towards mastitis management. Fourth, the MMS varied strongly between 

intervention herds and not all herds of the intervention group actually improved their mastitis 

management during the study. In fact, some intervention herds even downturned their mastitis 

management between the two study periods as evidenced by the negative MMCS. Fifth, herds 

belonging to the intervention group received MMI since the first herd visit starting in January 2012. 
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The latter might imply that some herds in the intervention group already started improving their 

mastitis management during the first study year, which is reflected by the substantial increase in MMS 

at the end of study period 1 compared with the beginning of study period 1. As the herd-level IRTM, 

total AMC and the consumption of the critically important antimicrobials were calculated on an annual 

basis [difference between study period 2 (i.e. March 2013 – February 2014) and study period 1 (i.e. 

January 2012 – February 2013)], the differences between the intervention and control group might 

have been underestimated. Still, we should acknowledge that this hypothesis, if true, would be in 

contrast with the findings of Kuipers and co-workers (2016) who concluded that the effect of changes 

in the level of implementation on the herd's performances and AMC should always be considered on 

a long(er) term (Kuipers et al., 2016). Sixth, the establishment of a national center of expertise on 

antimicrobial consumption and resistance in animals in Belgium during the project (AMCRA, 2012) will 

have influenced to some extent the herds management and AMC since it evolved into a number of 

nationwide awareness campaigns targeting farmers and veterinarians along with other projects that 

were initiated during the time our study was executed. The nationwide awareness campaigns in 

combination with the unconscious selection of motivated farmers might also have contributed to the 

lack of association between the intervention and control group for AMC more specifically. 

It is also worthwhile to mention that the IRTM comprised all treated mastitis cases, including both 

clinical and subclinical mastitis as well as new and repeated (S)CM cases. Still, the MM(C)S did not 

include management practices related to treatment protocols of (sub)clinical mastitis, which could 

hypothetically be a reason for the lack of association between MM(C)S and the difference in IRTM; 

differences in treatment strategy may obviously affect the cure rates and thus the incidence of repeat 

cases.  

Although the reduction in critically important antimicrobials was somewhat larger in the herds of 

the intervention group than in the herds in the control group, the difference was not statistically 

different (P = 0.245). Further scrutinizing of the data revealed a large influence of one herd belonging 

the intervention group, that encountered a substantial increase in the use of critically important 
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inframammary tubes because of a Klebsiella spp. outbreak of mastitis in de second year of the study. 

Rerunning this analysis without the data of this herd included at least partly confirmed the latter 

hypothesis (P= 0.085; data not shown).   

Surprisingly, the average percentage of new IMI per month was significantly higher in herds of the 

intervention group compared with herds of the control group. A more detailed analysis of the data 

revealed that part of the high percentage of new IMI in the intervention group could be attributed to 

one herd in particular. It is worth mentioning the increase in % new high IMI on that particular herd 

coincided with a the shift from conventional milking to automatic milking during the study period 

although causality cannot be proven (Hovinen et al., 2009). The percentage new IMI on this herd 

(17.1%) was far higher than the percentage new IMI of all other herds in the intervention group 

(maximum 11.0%).  An analysis without the data of the particular herd resulted in an increased P value 

from 0.012 to 0.049.  

As expected based on the findings of other studies, the BMSCC and CC varied substantially over 

time (Piepers et al., 2014; Testa et al., 2017). Both the MMS and MMCS were negatively associated 

with the total BC which is comprehensible as the BC acts as an indicator of overall hygiene on herds 

(Piepers et al., 2014). As the MM(C)S contained 6 management practices related to hygiene, this 

association was expected. Also, both the MMS and MMCS were negatively associated with the BMSCC 

in study period 2 suggesting that a reduction in BMSCC can be achieved by implementation of the well-

known standard mastitis management practices based on the NMC 10-point prevention and control 

plan.  

 A better management went along with a decrease in consumption of for human health critically 

important antimicrobials. This is in accordance with the findings of Speksnijder et. al (2017) and was 

visualized in figure 2 by simulation. Remarkably, with a MM(C)S below 13 the total AMC decreased 

further but the consumption of for human health critically important antimicrobials was increasing. 

The latter finding suggests that poor management is probably countered on some herds by the 

increased use of critically important antimicrobials. As the goal of appropriate use is not only to reduce 
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total AMC, but also to have a more responsible use of antimicrobials in general, the increase in for 

human health critically important antimicrobials on those herds with an inferior mastitis management 

is an important given. 

 As MM(C)S was associated with the presence of the herd veterinarian during the herd visits, and 

as the MM(C)S were associated with the BMSCC, BC and the use of critically important antimicrobials, 

we hypothesize that the participation of herd veterinarians in udder health management can 

contribute to better milk quality and lower consumption of critically important antimicrobials. Still, it 

could as well be that the herd managers involving their herd veterinarian more often, are better 

managers and see the added value of cooperating with advisors, such as the veterinarian.  

6.6 Conclusions 

Implementation of recommended management measures concerning udder health is higher on 

herds that receive intensive MMI compared with herds without this input. Moreover, within the herds 

that receive such MMI, compliance is better if the herd veterinarian is attending (some) of the herd 

health visits. Further, a good or improved mastitis management is associated with a decreased use of 

for human health critically important antimicrobials, and with a better milk quality. In conclusion, a 

good mastitis management can be helpful towards a lower consumption of for human health critically 

important antimicrobials without negative implications for milk quality and udder health.  
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7.1  Introduction 

Throughout the years, the use of antimicrobials was accepted as an insurance for safeguarding a 

high-level (udder) health status on dairy farms. With the ‘One Health’ concept starting to increase 

focus on applications and approaches to address antimicrobial resistance, antimicrobial consumption 

and acquired antimicrobial resistance have shortly become a major issue in livestock in general as well 

as in the dairy industry.  

Over the last couple of years, the antimicrobial consumption in fattening pigs, poultry, and veal 

calves has been extensively studied worldwide (Dunlop et al., 1998; Vieira et al., 2011; Bos et al., 2013) 

including in Belgium (Callens et al., 2012; Pardon et al., 2012; Persoons et al., 2012; Bokma et al., 2018). 

Studies on antimicrobial consumption in dairy herds have been conducted in several countries (Meek 

et al., 1986; Sawant et al., 2005; Pol and Ruegg, 2007; Saini et al., 2012a; Redding et al., 2014), but data 

regarding antimicrobial use on dairy farms in Belgium was unavailable at the onset of this PhD-work. 

Therefore, we quantified the antimicrobial consumption on a convenience sample of dairy herds 

during a two time period (2012-2013 and 2013-2014). In our work, one of the most striking outcomes 

was the high variation between herds in the total antimicrobial consumption and in the consumption 

of for human health critically important antimicrobials. We were able to explain part of that variability. 

A link between antimicrobial consumption and antimicrobial resistance in animal-associated 

bacteria exists (Chantziaras et al., 2014), although it is very difficult to prove correlation between 

antimicrobial consumption per active substance or route of administration and antimicrobial 

resistance at the level of the different bacterial species. In this thesis, the systemic use of critically 

important beta-lactam antimicrobials was negatively associated with the inhibitory zone diameter of 

non-aureus staphylococci, suggesting a reduction in antimicrobial susceptibility. All things considered, 

further research is necessary to investigate the impact of intramammary administered antimicrobials 

on antimicrobial resistance of mastitis pathogens, indicator bacteria, commensals or other relevant 

bacteria.  
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Data on antimicrobial consumption are a powerful tool for antimicrobial stewardship at farm, 

veterinary, national and international level. By reporting antimicrobial consumption data, a reduced 

and more responsible usage is being stimulated through communication of results and benchmarking 

of farmers’ and veterinarians’ antimicrobial dispensing and prescription behavior. Still, a lot of 

variation exists between existing data collection systems, between methods of calculation and 

between the reporting of antimicrobial consumption although this should improve as practical 

guidelines were, very recently, presented intending to provide support when e.g. designing farm-level 

antimicrobial consumption monitoring systems (AACTING, 2018).  

7.2 Differences in the Methodology for the Quantification of the Antimicrobial Consumption in 

Dairy Cattle 

At the onset of this PhD-thesis, no (inter)nationally accepted standard was available for the 

collection, processing and reporting of antimicrobial use data. This has led to a large variation in studies 

previously conducted on dairy farms focusing on the antimicrobial consumption, as well as in current 

national antimicrobial consumption monitoring programs (Table 5 and Table 6, Chapter 1). At the 

international level (European Union), the European Surveillance of Veterinary Antimicrobial 

Consumption (ESVAC) reports in mg active substance or defined daily dose for animals (DDDvet) and 

defined course dose for animals (DCDvet) per population correction unit (PCU). At the national level, 

Belgium Veterinary Surveillance of Antimicrobial Consumption (BelVet-SAC) reports are yearly 

published for food producing animals as well as for companion animals, although information is 

missing at species or animal group level. This data is available through wholesalers and feed mills and 

the unit is mg active substance per kg biomass. In the upcoming months, a national data collection 

system for dairy herds will be set-up in Flanders (“AB-register”) and Wallonia (“Bigame”) with the aim 

to monitor antimicrobial consumption at the herd and veterinary practice level and to benchmark 

farmers and veterinarians/veterinary practices (see Chapter 7.7).   
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Data Collection  

Source of Data Collection. There is a large variation in the source of antimicrobial consumption 

data between different studies (Table 6 in Chapter 1): electronic veterinary treatment data (Firth et 

al., 2017; Hyde et al., 2017a), invoices of veterinary practices (Kuipers et al., 2016), farmers’ treatment 

records (Meek et al., 1986; Pol and Ruegg, 2007; Redding et al., 2014; Hyde et al., 2017a; Nobrega et 

al., 2017), surveys (Sawant et al., 2005; Pol and Ruegg, 2007), national antimicrobial sales data (Bryan 

and Hea, 2017), wholesalers data (Grave et al., 1999) and garbage can audits (Saini et al., 2012a; 

Redding et al., 2014; Nobrega et al., 2017) have all been used to collect data on antimicrobial 

consumption on dairy herds. Data collection can be performed by veterinarians, farmers, feed-mills 

and pharmacists. A similar variation is noticeable in different national antimicrobial monitoring 

programs in livestock (Table 5 in Chapter 1).  

In our work, data was derived from the so-called “garbage can” method, which has been used 

previously in other studies in (dairy) cattle (Carson et al., 2008; Saini et al., 2012a). This method implies 

that farmers deposited all empty drug vials and tubes they used in large garbage cans, that were 

collected on a regular basis to count and register the total amount of used antimicrobials, resulting in 

the calculation of the total amount of active substance. Although registration of treatments was one 

of the conditions for the dairy herds to participate in this study, treatment records were actually very 

poor. Mostly, only mastitis treatment cases were registered (date of occurrence, identification number 

of animal and quarter position). Other information, such as the product name, treatment duration, 

amount of administered antimicrobials per day or administered dose was scarce. Furthermore, 

according to the legislation at the time, treatments only had to be registered by the farmer if the 

treated animal was slaughtered within 2 months post treatment. Based on the guidelines of the milk 

quality label (IKM-QFL), treatments in dairy cows had to be recorded only if the product had a 

withdrawal time for milk. This reduced the usability of the treatment records of the farmer, for 

example, (long-acting) third generation cephalosporins without withdrawal time for milk did not need 

to be registered, although this active substance was used frequently (Chapter 3 and Chapter 5). Also, 
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antimicrobial consumption data derived from ‘delivered and treatment records’ of the herd 

veterinarian was limited in this study, as it was difficult to obtain this information from the 

veterinarian. Sometimes more veterinarians were involved on one herd which complicated matters 

further more. In addition, stratification of the treated animals into young stock, adult dairy cattle or 

beef were not always made on these ‘delivered and treatment records’ which also complicated a good 

data collection, especially as 25 herds combined dairy cattle with beef or other species. For these 

reasons, collection of data by the garbage can was the most appropriate source of data in our study.  

In the meantime, a new legislation (Royal Decree 21st of July, 2016) was implemented relating to 

the use of (critically important) antimicrobials, the registration of treatments by the farmer and the 

‘delivered and treatment records’ form by the vet (http://www.ejustice.just.fgov.be/wet/wet.htm).  

Each treatment done by the farmer in adult dairy cattle has to be recorded (date, identification of the 

(group of) animal(s), product name and amount of the administered product) by the farmer. If a 

veterinarian administers medicines to an adult dairy cow, the same data must be recorded meaning 

the use of treatment records of the farmer or ‘delivered and treatment records’ of the veterinarian is 

a more useful basis for antimicrobial data collection, although information about the indication for 

which products are used does not have to be included.  

 Although it is labor-intensive, the garbage can method is considered one of the most reliable 

methods for collecting herd-level information on antimicrobial consumption (Redding et al., 2014; 

Nobrega et al., 2017), despite the fact that farmers might not have disposed of all the empty drug 

packages in the receptacles in our study. Surprisingly, the calculation of the antimicrobial consumption 

based on treatment records leads to an underestimation of the antimicrobial consumption compared 

with data obtained by garbage can audits (Redding et al., 2014; Nobrega et al., 2017). Regardless, a 

strong positive correlation was observed between the 2 methods, indicating that garbage can audits 

are the most reliable source of data for qualifying and quantifying antimicrobial consumption on dairy 

herds (Nobrega et al., 2017).  
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Antimicrobials Excluded in Data Collection. Farmers were asked to collect all empty drug vials and 

tubes used to treat adult dairy cattle (i.e. from the first calving) by themselves. Empty recipients of 

antimicrobials used by the herd veterinarian were not allowed in the garbage can. In most cases, when 

a herd veterinarian administers a treatment, only part of a specific antimicrobial package is used. 

Consequently, on those farms where the last dose of that particular vial would have been used by the 

veterinarian and the package would have been disposed of in the garbage receptacle, the antimicrobial 

consumption would have been overestimated, especially in case of large-volume vials. Also, in most 

participating herds, the majority of mastitis treatments and infusions of dry-cow injectors were applied 

by the farmers themselves, antimicrobials administered by veterinarians likely contribute to only a 

very limited part of the overall antimicrobial consumption on a dairy farm. Nevertheless, antimicrobials 

used by herd veterinarians or administered to young stock or beef cattle were collected in the garbage 

cans on 19 of 56 herds. Although products exclusively licensed for young stock were excluded when 

calculating the antimicrobial consumption, and the proportion of treatments performed by the 

veterinarian is small compared with the number of treatments by the farmer, there was a positive 

significant association between the collection of antimicrobials also administered to young stock or 

beef or by the veterinarian and the herd’s antimicrobial consumption (Chapter 3). Therefore, this 

factor was taken into account in the analyses of Chapter 4.  

In this thesis, the antimicrobials for intra-uterine use were classified as ‘other antimicrobials’ and 

were excluded from analyses because farmers admitted that these products are only a small 

proportion of the total amount of antimicrobials used on their farm. This is probably a consequence of 

the fact that intra-uterine antimicrobials are most often used outside the milking parlor, whereas most 

receptacles were placed in the milking parlor. As we do not have complete treatment records, it is 

difficult to estimate the impact of missing intra-uterine antimicrobials in our calculations. Still, the use 

of intra-uterine antimicrobials seems to be very herd-specific and in general low (personal 

communication from the veterinarians; Catry et al., 2016; Turner et al., 2018)  
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Due to the uncertainty on dosing and the negligible amount of products (EMA, 2015a), topical 

antimicrobials were not taken into account in the calculations performed in this thesis. According to a 

recent study in the United Kingdom, the use of topical antimicrobials in dairy cattle is very low (Turner 

et al., 2018). Also, intramammary homeopathic substances were not taken into account in the 

calculation of the antimicrobial treatment incidence in our studies for obvious reasons.  

Duration of Data Collection. The period during which the antimicrobial data are collected might 

also influence the final outcome on a herd. In previous studies, periods of data collection on dairy herds 

ranged from 6 months to 5 years (Meek et al., 1986; Sawant et al., 2005; Pol and Ruegg, 2007; Saini et 

al., 2012a; Redding et al., 2014). As the production cycle of one lactation and one dry-cow period takes 

at least one year, the minimum length of the period of data collection should be one year. When using 

garbage can audits, a shorter collection period includes the risk of missing vials as some might only be 

used partially and will not have been discarded yet. The latter reasoning is confirmed by the non-

significant yet positive association between antimicrobial consumption and the length of the study 

period we found in our work (Chapter 3). It is worthwhile to mention that this effect will be at least 

partially countered by the fact that some vials were already partially used at the beginning of the 

collection period. The opposite reasoning applies to the use of veterinary invoices as data source: if 

the collection period is too short, some products registered on the ‘delivered and treatment records’ 

will not be completely used by the time that the antimicrobial consumption is determined. In case of 

using the ‘delivered and treatment records’ of the vet, the antimicrobial consumption might be 

overestimated, as was confirmed in the study of Hyde and coworkers (2017).  

Methodology for The Calculation and Reporting of Antimicrobial Consumption  

In previous studies and monitoring programs the used indicators are determined by a numerator 

(amount of antimicrobials used, for example mg active substance or defined daily dose animal), a 

denominator (the animal population at risk being treated, for example the number of adult cows), 

and a time unit (for example per year or per 1,000 days) varied substantially (Table 5 and Table 6, 
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Chapter 1). At the onset of this PhD-thesis, no international accepted standard indicator for measuring 

antimicrobial consumption in veterinary medicine was available. Therefore, antimicrobial 

consumption was expressed as the antimicrobial treatment incidence (ATI) with the unit of number of 

defined daily doses animal (DDDA) that is being used per 1,000 cows per day. Saini and coworkers 

(2012) used the “Antimicrobial Drug Use Rate” (ADUR) as an indicator, which is also very similar to the 

antimicrobial treatment incidence. 

ATI = 
Total amount of active substance or combination of active substances (mg)*1,000

DDDA (mg/cow-day)*herd-level cow-days
 

 

Total Amount of Active Substance or Combination of Active Substances. The total amount of active 

substances (mg) was calculated by multiplying the volume per receptacle (ml) by the total number of 

used receptacles and by the concentration of the drug (mg/ml). 

Defined Daily Dose Animal. As the molecular weight varies strongly among antimicrobial 

compounds, the use of a weight parameter such as milligram or kilogram active substance is not 

advisable. Also, highly potent antimicrobials, such as the critically important antimicrobials, are often 

used at a low dose, implying a lower total antimicrobial consumption when using these antimicrobials 

(Mills et al., 2018). Based on the study of Postma and co-workers (2015) in which defined daily dose 

animal (DDDA) as the standard technical unit was suggested in pigs, the consortium of the European 

Surveillance of Veterinary Antimicrobial Consumption (ESVAC) has recently defined the “defined daily 

dose for animals” (DDDvet) and the “defined course dose for animals” (DCDvet) as standard technical 

units for measuring antimicrobial consumption (EMA/224954/2016). These technical units are derived 

from the established method of the defined daily dose (DDD) used in human medicine since 1991 

(WHO, 2013).  

Of the 16 countries for which farm-level antimicrobial consumption data are available by species 

(Chapter 1), dose-based indicators have been applied in 8 of them (Austria, Belgium, Canada, Denmark, 

France, Italy, the Netherlands and Switzerland). At the onset of the study, no defined daily doses were 
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available. The defined daily dose animal used in our study, is the dose as is defined in the summary of 

product characteristics (SPC) for the most common indication in adult dairy cattle.  

In case of long-acting antimicrobials, for systemical or intramammary use, the dose per day for the 

specific active substance and species is calculated by dividing the (single) dose by the number of days 

of duration of the therapeutic effect of the substance (derived from the specifications of product 

characteristics or, if that was not available, from direct information by the pharmaceutical companies). 

In our study, a long-acting formulation of ceftiofur for systemic administration without withdrawal 

time for milk was used frequently, due to its convenience and broad spectrum activity (Chapter 3). If 

the calculations in our study would not have been corrected for its long-acting activity, the total 

antimicrobial consumption would have been lower (Table 1). However, as the use of (not 

intramammary) 3rd and 4th generation cephalosporins has been restricted by law since 2016 and the 

use of for human health critically important antimicrobials has decreased substantially since 

(BelVetSac, 2016).  

One syringe of a long-acting antimicrobial administered intramammary during the dry-cow period 

is taken into account as one defined daily dose. If future research demonstrates that the duration of 

exposure of locally applied antimicrobials such as dry-cow antimicrobials would appear to be 

detrimental in the selection towards antimicrobial resistance, then a weighting factor for the long-

acting activity of dry-cow antimicrobials should be introduced. One dry-cow therapy course of 4 

injectors should then be the equivalent of at least 30 defined daily doses as dry-cow antimicrobials 

claim to exert an antimicrobial activity for at least 30 days (EMA, 2015b). This would increase 

tremendously the overall antimicrobial consumption on dairy herds (Table 1). If this would become 

reality, implementation of selective dry-cow therapy would be the only way that antimicrobial 

consumption could be reduced on dairy herds (Chapter 4). Selective dry-cow therapy means that the 

use of dry-cow antimicrobials is restricted to those cows only, that are truly infected with a (major) 

mastitis pathogen at dry-off and is different from the blanket dry-cow therapy in which all cows, 

irrespective of their infection status at drying off, receive long-acting antimicrobials.  
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Combination products are defined as products in which at least two different antimicrobial 

substances are combined. In our study, all combination products, systemically and intramammary, 

were considered as 1 product (Table 1).  

If the dose had a lower and upper range in the summary of product characteristics for a specific 

indication, the average daily dose was used. Furthermore, the defined daily dose animal is based on 

the doses described in the summary of product characteristics, implying that underdosing or 

overdosing will lead to an underestimation or overestimation defined daily dose animal, respectively. 

We assumed in this PhD-thesis that antimicrobials were used as per direction as there were no precise 

treatment records available on the herds. If we calculate the antimicrobial consumption and assume 

for example an underdosing of 33% in all injectables, the total antimicrobial consumption will increase 

slightly (Table 1). When underdosing is an issue, the real exposure to antimicrobials is higher than 

estimated by the calculations based on the defined daily dose animal. The ratio of the ‘real used dose’ 

(= used daily dose) and the defined daily dose gives an estimate on correctness of dosing. Although 

the used daily dose reflects a more real exposure of antimicrobials, it is often hard to get data from 

veterinarians or famers, and therefore a more standardized defined daily dose is a successful 

alternative, although it implies more assumptions.  

Although in dairy herds individual cow body weight would be the most precise, this data is often 

not available. Based on a recent study conducted in the United Kingdom, the mean weight of dairy 

cows was 617 kg, and varied with breed, number of lactation and days in milk (Schubert et al., 2018). 

In several studies and national monitoring programs, a wide variation of average body weights has 

been described ranging from 425 kg to 680 kg (Table 6, Chapter 1). In our research, the average 

assumed body weight was 600 kg per adult dairy cow, similar to other studies (Jensen et al., 2004; Saini 

et al., 2012a; Gonzalez Pereyra et al., 2015), although this is nowadays most probably an 

underestimation, based on more recent data from The Netherlands and the United Kingdom (Carp-

Van Dijke et al., 2016; Schubert et al., 2018). The average body weight directly affects the defined daily 

dose for antimicrobials for systemic therapy. If we would have used a bodyweight of 650 kg instead of 
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600 kg, the average antimicrobial treatment incidence would have decreased slightly from 20.78 to 

20.31 DDDA/1,000 cow-days (Table 1).  

The Herd-Level Cow-Days was determined by an average total number of adult dairy cows per herd 

and multiplied by the total number of days within the data collection period. As the total number of 

adult dairy cows varied marginally from month to month, an average of the total number of adult dairy 

cows per herd (available through the Dairy Herd Improvement records) was calculated and multiplied 

with the total number of days within the data collection period to determine the herd-level cow-days. 
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Table 1. Hypothetic changes in the calculation of the antimicrobial treatment incidences in our studies 

Changes in the calculation of the ATI1 
DDDA2/1,000 cow-days DDDA2/cow-year3 DDDA2/100 cow-days4 

Period 15 Period 26 Period 15 Period 26 Period 15 Period 26 

ATI1 overall (DDDA2/1,000 cow-days) 20.8 18.7 7.6 6.8 2.1 1.9 

Hypothetical ATI1 overall without correction for the long-acting factor7  19.9 17.5 7.2 6.4 2.0 1.8 

Hypothetical ATI1 overall with defined course dose of dry-cow therapy of 30 days 65.6 62.3 23.9 22.7 6.6 6.2 

Hypothetical ATI1 overall with all systemically and intramammary antimicrobials in 
combination products defined separate as one defined daily dose 24.6 20.7 9.0 7.6 2.5 2.1 

Hypothetical ATI1 overall if underdosing with 1/3th  24.7 22.1 9.0 8.1 2.5 2.2 

Hypothetical ATI1 overall with the average body weight per cow of 656 kg 20.3 18.2 7.4 6.6 2.0 1.8 

 
 
 
 
 
 
 
 
 

1 Antimicrobial treatment incidence 
2 Defined daily dose animal 
3 Defined daily dose animal per cow-year  

4 Defined daily dose animal per 100 cow-days, or the percentage of their lifetime they 

received a daily dose (in Dutch "BD100") 

5 From January 2012 till February 28th 2013 
6 From March 1st 2013 till February 28th 2014 
7 ATI overall not corrected for the long-acting factor of a specific 

long-acting ceftiofur systemic antimicrobial 
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Reporting  

In this thesis, the antimicrobial consumption is reported as the ‘antimicrobial treatment incidence’ 

(ATI), and is expressed as the number of defined daily doses animal that is being used per 1,000 cows 

per day. In the study of Saini et al. (2012) performed on dairy herds in Canada, antimicrobial 

consumption was measured as the Antimicrobial Drug Use Rate (ADUR). Although we prefer to use the 

treatment incidence, similar to other studies whom relied on antimicrobial consumption and 

conducted in Belgium in pigs, broilers and veal calves (Callens et al., 2012; Pardon et al., 2012; Persoons 

et al., 2012; Catry et al., 2016).  

ATI = 
Defined daily doses animal 

1,000 cow-days
 

 

Time Unit of Reporting. In this thesis, the time unit was considered as 1,000 cow-days, similar to 

the work of Saini et al. (2012), Callens et al. (2012), Pardon et al. (2012), and Persoons et al. (2012). 

The antimicrobial consumption can be expressed per cow-year, describing the number of treatment 

days per cow per year (Table 1). This might be more comprehensive for farmers or veterinarians 

compared with the other outcomes. In Belgium, for other species, the antimicrobial consumption is 

often expressed as % of the lifetime or time spent in a production phase that the animal has received 

a defined daily dose (“BD100”, Table 1).  

Classification of Antimicrobials. In our study and in most other studies, the antimicrobial 

consumption of critically important antimicrobials is reported separately from the total antimicrobial 

consumption. Although the list of for human health critically important antimicrobials is defined by the 

World Health Organization, there are some differences in the definition between studies.  In the study 

of Firth et al. (2017), e.g. macrolides were also included in the definition of “critically important 

antimicrobials”, besides (fluoro)quinolones and 3rd and 4th generation cephalosporins.  

In several pioneer studies (Chapter 1, Table 6), as well as in this PhD-thesis (Chapter 3 and Chapter 

5), the classification of the antimicrobial consumption into drug classes differs from the Anatomical 
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Therapeutic Chemical (ATC) Classification, hampering comparison of the use of different antimicrobial 

substances between studies.  

Route of Administration or Indication. Data on specific indications of antimicrobial treatment is not 

always available or can be ambiguous. Therefore, information on the route of administration can 

provide valuable evidence relating to the reasons behind the use of antimicrobials at herd level on 

dairy farms. Knowing why antimicrobials are used (excessively) is the first step towards an efficient 

control and reduction of antimicrobial consumption.  

7.3 Positioning of the Antimicrobial Consumption on Flemish Dairy Herds   

Antimicrobial Consumption on Flemish Dairy Herds compared with Pigs, Broilers and 

Veal Calves in Belgium 

Antimicrobial consumption on dairy herds was quite low compared with pigs (40.29-335.23 

defined daily doses/1,000 animal-days), broilers (131.8 defined daily doses/1,000 animal-days) and 

veal calves (88.50 defined daily doses/1,000 animal-days) in Belgium (Persoons et al., 2012; Postma et 

al., 2017; Bokma et al., 2018). Although it has to be said that if the dry-cow antimicrobials would count 

for 30 days, antimicrobial consumption would equal the before mentioned level of antimicrobials used 

in other species (Table 1, 62.3-65.6 defined daily doses/1,000 cow-days).  

Antimicrobial Consumption on Flemish Dairy Herds Compa red with other Studies in 

Dairy  

Table 6 in Chapter 1 is an overview of the different studies conducted on dairy herds. As these 

studies have differences in the data collection and in the methodology for calculation and reporting, it 

is very difficult to compare results. Comparing the results of Saini et al. (2012), a study that is most 

comparable to ours, the total antimicrobial consumption in our study is high (14.35 versus 20.78-18.73 

defined daily doses per 1,000 cow-days, respectively). Compared to a study performed in Belgium on 

10 dairy farms, the antimicrobial treatment incidence in this study is much higher (5.8 versus 20.78-

18.73 defined daily doses per 1,000 cow-days). Most probably differences in data collection (treatment 
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records and veterinary records) and in the definition of defined daily dose can, partially, declare 

differences between studies (Catry et al., 2016).  

The proportion of critically important antimicrobials is high in our results compared with the use 

in dairy cattle in the United Kingdom (37-41% and 17.8%, respectively; Hyde et al., 2017). In our 

findings, 40% of the antimicrobials used intramammary were critically important, which is somewhat 

lower compared with results of Austria, where critically important antimicrobials were used in about 

half of the antimicrobial treatments due to udder disease (Firth et al., 2017). Although it has to be 

remarked that in the latter study macrolides were also considered as for human health critically 

important products.  

In dairy, most antimicrobials are used for the prevention and control of mastitis worldwide. Similar 

to the results of other studies, in Flanders most antimicrobials are used intramammary (Menéndez 

González et al., 2010; Ivemeyer et al., 2012; Kuipers et al., 2016). In Canada, the United Kingdom and 

New-Zealand, most antimicrobials are administered systemically (Saini et al., 2012a; Bryan and Hea, 

2017; Hyde et al., 2017b; Nobrega et al., 2017).  

7.4 Antimicrobial Consumption Related to Antimicrobial Susceptibility in Staphylococci in Dairy, 

Isolated from Mastitis 

Studies identifying the association between herd-level antimicrobial susceptibility of bacteria such 

as staphylococci and antimicrobial consumption are very scarce. In our study, no association was 

identified between the herd-level susceptibility of Staph. aureus isolates (based on the inhibition zone 

diameter as a proxy for antimicrobial susceptibility) and antimicrobial consumption. This is in contrast 

with the findings of Saini and coworkers (2012) who identified positive associations between 

intramammary penicillin and pirlimycin as well as systemically administered penicillin and florfenicol 

with antimicrobial resistance in Staph.  aureus isolates derived from (sub)clinical mastitis (Saini et al., 

2012b). We hypothesize that the very low use of intramammary pirlimycin in our study, with an 

average antimicrobial treatment incidence of 0.03 defined daily doses/1,000 cow-days for 
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lincosamides (Table 4, chapter 3) and the ban on the use of florfenicol in dairy cattle in Belgium, might 

declare, at least partially, the difference between studies.   

Differences in Statistical Analysis Concerning Antimicrobial Consumption and 

Antimicrobial Susceptibility of Non-aureus Staphylococci  

Because only a limited number of clinical breakpoints (CLSI) and epidemiological cut-off values 

(EUCAST) are available for mastitis causing bacteria, we refrained from using cut-off values to stratify 

isolates into susceptible and resistant populations. Rather, we opted to report inhibition zone 

diameters and use them as a proxy for antimicrobial resistance when looking for associations with 

antimicrobial consumption. Still, for most non-aureus staphylococci antimicrobial active substance 

combinations, a bimodal distribution was observed, indicating the presence of acquired resistance in 

some isolates. As was already observed in the work of Supré et al. (2014), separation of 2 populations 

based on the distribution was also less obvious for the the non-aureus staphylococci-oxacillin 

combination in our study. Although the analyses performed in Chapter 5 were correct from a 

mathematical point of view, transforming data that are basically bimodial in nature into a normal 

distribution is rather awkward from a biological point of view. 

Reasssuring is, however, that the way the statistical analysis was performed did neither bias the 

interpretation of the results nor the conclusions that were drawn. Table 2 gives a comparison of the 

results obtained in our study using a linear mixed regression model with the inhibition zone diameter 

as continuous and normally distributed outcome variable and the results obtained using a logistic 

mixed regression model with a binary outcome variable determined based on a ‘wild type’ and ‘non 

wild type’ population. The cut-off value to distinguish ‘wild type’ and and ‘non wild type’ isolates was 

assessed based on the distribution of our data. Still, it is worthwhile to mention that it was not always 

obvious to precisely determine the cut-off value just based on the visual examination of the observed 

outcome distributions (Table 2 in Chapter 5). A more elegant way to define the ‘wild type’ and ‘non 

wild type’ population could have been the normalized resistance interpretation method as described 

by Kronvall (2010). The method is presented in human medicine as an objective method to define the 
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‘wild type’ population in a bacterial collection, so that eventually a subpopulation of isolates with 

decreased susceptibility (i.e. isolates with decreased inhibition zone diameters) can be identified. 

Basically, the method uses the high zone side of the susceptible peak in a zone diameter histogram as 

an internal calibrator to construct the real standard distribution of susceptible isolates. In veterinary 

medicine, the method has been used once on a dataset of Escherichia coli isolated from clinically 

healthy pigs at slaughter age (Callens et al. 2016). Although the method seems to yield potential, some 

decisive assumptions need to be made and the method appears not being applicable to all disk 

diffusion data (Callens et al., 2016). As there are yet no data available on the applicability of this 

method for non-aureus staphylococci isolated from milk samples, it was decided to maintain the cut-

off values based on the visual examination of the bacterial populations obtained in our study. 

As mentioned above, the results of both statistical approaches are summarized in Table 2. Based 

on the non-aureus staphylococci-ampicillin distribution, it was concluded that no isolates were 

resistant to ampicillin. Also, no logistic mixed regression model was fit for oxacilline as the ‘wild type’ 

and ‘non wild type’ population could not be clearly distinguished from each other. The results of both 

analyses were comparable, although the  significant association between the use of critically important 

β-lactam antibiotics for systemic use  and the inhibition zone diameter of cefquinome disappeared in 

the analysis based on ‘wild type’ and ‘non-wild type’. In turn, some other associations tended to be 

significant in the logistic mixed regression analysis. Still, taking into account the false discovery rate, 

the associations would have been far from significant.  
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Table 2. Associations between the active substance tested in the agar disk diffusion testing and the amount of used antimicrobials per antimicrobial 
drug class and per route of administration for non-aureus staphylococci.  

Antimicrobial1 Antimicrobial drug class2 
No. isolates 
(resistant) 

Threshold4 

Model 

IZD (Chapter 5)5   Binary outcome6 

β Significance   β Significance 

Cefquinome Critically important β-lactam 239 (10) ≤ 25      

       ATI3 overall   - NS7  + NS 

 

      ATI systemically administered 
therapy   

- 
< 0,05  + NS 

 

      ATI intramammary (sub) clinical 
mastitis therapy    

+ 
< 0,05  - NS 

       ATI intramammary dry-cow therapy    - NS  + NS 
Marbofloxacine Critically important non-β-lactam 239 (32) ≤ 26      

       ATI systemically administered 
therapy 

  - 
NS  + NS 

Ampicillin Not critically important β-lactam 239 (98) ≤ 29      
       ATI overall   - NS  + NS 

       ATI systemically administered 
therapy   - NS  + 0,051 

       ATI intramammary (sub) clinical 
mastitis therapy   - NS  + NS 

       ATI intramammary dry-cow therapy   + NS  - NS 
Cephalonium Not critically important β-lactam 239 (96) ≤ 32      
       ATI overall   - NS  + NS 

       ATI systemically administered 
therapy   - NS  + 0,054 

       ATI intramammary (sub) clinical 
mastitis therapy   + NS  + NS 

        ATI intramammary dry-cow therapy     - NS   - NS 
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1Active substance tested in de agar disk diffusion test  
2Critically important β-lactams: third- and fourth- generation cephalosporins 

Critically important non- β-lactams: fluoroquinolones 

Not-critically important β-lactams: aminopenicillins, ainopenicillin-clavulanic acid, aminopenicillin-polymyxin, first-generation cephalosporins, first-

generation cephalosporins-aminoglycoside, penicillins, penicillin-aminopenicillin, penicillin-aminoclycoside.  
3Antmicrobial treatment incidence expressed as defined daily dose animal per 1,000 cow-days  
4The inhibition zone diameter that defines the cut-off between wild type and non-wild type  
5Analysis as is performed in Chapter 5, based in the inhibition zone diameter (IZD) as a continuous normally distributed outcome variable. A positive 

association as indicated by “+” means that a higher antimicrobial consumption is associated with a larger inhibition zone diameter, suggesting a higher 

susceptibility. A negative association as indicated by “-“ means that a higher antimicrobial consumption is associated with a smaller inhibition zone 

diameter, suggesting a lower susceptibility.  
6Analysis based on the inhibition zone diameter as a binary outcome. A positive association as indicated by “+” means that a higher antimicrobial 

consumption is associated with increased likelihood of resistance.  A negative association as indicated by “-“ means that a higher antimicrobial 

consumption is associated with a decreased likelihood of resistance.  
7Non-significant 
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7.5 What is Appropriate Use of Antimicrobials?  

Although the common aim is to strive for “appropriate use” of antimicrobials, there is no precise 

definition of this term. Even in human medicine, this definition is still being discussed (DePestel et al., 

2014). Given the fact that all administered antimicrobials might result in antimicrobial resistance 

selection pressure, the antimicrobial consumption of all antimicrobials used in livestock should decline 

and not only the antimicrobial consumption of for human health critically important antimicrobials. 

Based on data of Figure 5, a decrease of the total antimicrobial consumption does not always go along 

with a decrease in antimicrobial use of critically important antimicrobials, and vice versa. Herds in the 

left lower quadrant (Figure 1) succeeded in reducing their total antimicrobial consumption as well as 

their consumption of critically important antimicrobials, which is ideal, while herds in the left upper 

quadrant reduced their total antimicrobial consumption but the usage of critically important 

antimicrobials increased which is not desirable. This is confirmed by the results in chapter 6, 

demonstrating that an inferior mastitis management, results in a small reduction of the total amount 

of used antimicrobials, but an increase in consumption of critically important antimicrobials. We 

hypothesize that on these herds the usage of critically important antimicrobials was high to 

compensate for management failures. According to the goals setup by the Center of Expertise on 

Antimicrobial Consumption and Resistance in Animals (AMCRA) in 2014, both the total antimicrobial 

consumption and the consumption of critically important antimicrobials (with exception of 

intramammary used antimicrobials) have to be reduced with 50 and 75%, respectively, in  2020 

compared with 2011 across all species (AMCRA, 2014). In line with these guidelines, national legislation 

was published in July 2016 which prohibits the use of critically important antimicrobials (with the 

exception of intramammary antimicrobials) in veal, poultry, swine and cattle unless laboratory 

examination has shown a total lack of in vitro susceptibility for any other antimicrobial compound (at 

least five different pharmacological classes should be tested). In the Belgian BelVetSac report of 2016, 

the total antimicrobial consumption and the consumption of critically important antimicrobials (with 

exception of intramammary used antimicrobials) was reduced by -4.8% and -53.1% in mg substance/kg 
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biomass, respectively, in comparison with 2015 (Belvet-Sac, 2016). Our research has been conducted 

during the first years that AMCRA was established and before the legislation came in place. This 

probably explains why the overall reduction in the use of the critically important antimicrobials in our 

study was limited compared to the decrease displayed in the most recent BelVetSac report (2017).  

 

Figure 1. Scatter plot showing the difference in overall antimicrobial consumption (expressed as the 

antimicrobial treatment incidence or ATI TOT, number of defined daily dose per 1,000 cow-days) and 

the consumption of for human health critically important antimicrobials (ATI CRIT, number of defined 

daily dose per 1,000 cow-days) of the 56 dairy herds included in this thesis between 2012 and 2014.                                                                                        

Herds in the intervention group    ; Herds in the control group 

 

7.6 Does a Good (Mastitis)management Reflect a Low Antimicrobial Consumption?   

Most antimicrobials are being used intramammary (Chapter 3 and Chapter 5) for the treatment of 

mastitis cases and as dry-cow therapy (Chapter 3 and Chapter 4). The number of treated mastitis cases 

is determined by the number of intramammary infections on the one hand and the treatment decision 

(treatment or no treatment) on the other hand. As new intramammary infections can be prevented by 
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improving the mastitis management, it is somewhat remarkable that we could not identify specific 

mastitis management measures directly related to the use of antimicrobials. Several hypotheses can 

explain this lack of association between specific management measures and the antimicrobial 

consumption. First, all management measures were considered to have the same effect on udder 

health (Chapter 4 and Chapter 6) and therefore potentially on the antimicrobial use. It is known that 

some management measures are more important in the control of contagious mastitis and others 

more important in the control of environmental mastitis. This has not been taken into account in the 

analyses. Second, we selected a limited number of management measures (Chapter 4) that have been 

shown to be consistently effective in the prevention of (sub)clinical mastitis (Huijps et al., 2010; 

Hogeveen et al., 2011, Lees en Lievaart, 2013). We possibly missed some management measures in 

our analyses that could potentially have an influence on antimicrobial use. This is supported by the 

conclusion that a good udder health management, based on 26 management measures, is associated 

with a reduction of the bulk milk somatic cell count and with a decrease in the use of the critically 

important antimicrobials (Chapter 6).  

Moreover, we further investigated the influence of these 14 mastitis management and treatment 

strategies on the antimicrobial use of intramammary products for mastitis treatment. Interestingly, we 

identified some other factors to be associated compared with the analysis looking at the total 

antimicrobial use or use of critically important antimcirobials as we did in Chapter 4 (Table 3). Herds 

that used a separate cloth to clean the udder and that participated in veterinary herd health 

management programs appeared to have a higher use of intramammary antimicrobials for treatment 

of (sub)clinical mastitis compared with herds that used one cloth for several cows in the udder 

preparation, or herds that did not participate in veterinary herd health management programs. So 

herds participating in herd health management programs had a lower total antimicrobial consumption 

and a higer use of intramammary antimicrobials for (sub)clinical mastitis therapy. This is probably due 

to the fact that herds participating in such a program do treat subclinical cases of mastitis and/or 

having a more extended treatment protocol compared with herds not participating in such a program.  
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Wearing gloves during milking, keeping cows standing after milking and applying selective dry-cow 

therapy were associated with a lower use of intramammary antimicrobials for mastitis therapy. 

Concerning treatment practices, treatment protocols of less than 3 days for clinical mastitis and no 

treatment of subclinical mastitis were associated with a low use of intramammary antimicrobials for 

mastitis therapy compared with herds that treated clinical mastitis cases at least 3 days or herds that 

treated subclinical mastitis intramammary and systemically. Similar to the findings with total 

antimicrobial consumption, herds that used homeopathic intramammary products had a lower 

antimicrobial use for mastitis therapy compared with herds not applying homeopathic mastitis 

therapy.  
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Table 3. Univariable associations between mastitis prevention and control practices and mastitis treatment strategies and the total antimicrobial treatment 
incidence (ATI total), the ATI of critically important antimicrobials for human health and the ATI intramammary for mastitis treatment on 57 dairy herds in 
Flanders (Belgium) 

Independent variable1 

ATI total ATI critically important antimicrobials2 ATI intramammary mastitis therapy 

No. 
of 

herds 
ß3 SE LSM 

P-
value 

No. 
of 

herds 
ß3 SE LSM 

P-
value 

No. of 
herds 

ß3 SE LSM 
P-

value 

Milking technique                

Use of a separate cloth to 
clean the udder 

    0.57     0.72     0.134a 

    Yes 30 Referent … 20.70  30 Referent   … 9.21  30 Referent   … 6.79  

    No 17 1.50 2.57 22.20  17 -1.11 1.87 8.10  17 -0.14 1.07 6.65  

    Automatic milking system 10 -2.10 3.09 18.60  10 -1.60 2.25 7.61  10 -2.56 1.29 4.23  

Wearing milkers gloves 
during milking 

    0.47     0.85     0.08a 

    Yes 29 Referent  …  20.41  29 Referent …  8.68  29 Referent   …  6.33  

    No 18 2.17 2.53 22.58  18 0.32 1.86 9.00  18 1.07 1.05 7.40  

    Automatic milking system 10 -1.81 3.09 18.60  10 -1.07 2.27 7.61  10 -2.10 1.28 4.23  

Application of postmilking 
teat disinfection  

    0.66     0.57     0.39 

    Yes 51 Referent  …  20.61  51 Referent …  8.43  51 Referent   …  6.44  

    No 6 1.62 3.65 22.23  6 1.52 2.64 9.95  6 -1.36 1.56 5.08  

Rinsing of milking cluster 
after milking cow with CM or 
SCM or milking these cases as 
last 

    0.75     0.34     0.29 

    Yes 14 Referent  …  21.41   14 Referent …  9.95  43 Referent   …  6.59  

    No 43 -0.83 2.56 20.57  43 -1.80 1.88 8.15  14 -1.18 1.11 5.41  
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Table 3. (continued)     

Independent variable1 

ATI total ATI critically important antimicrobials2 ATI intramammary mastitis therapy 

No. 
of 

herds 
ß3 SE LSM 

P-
value 

No. 
of 

herds 
ß3 SE LSM 

P-
value 

No. 
of 

herds 
ß3 SE LSM 

P-
value 

Keeping cows standing after 
milking 

    0.35     0.80     0.058a 

    Yes 22 Referent  …  19.75  22 Referent …  9.18  22 Referent   …  6.03  

    No 25 2.81 2.45 22.56  25 -0.70 1.81 8.47  25 1.33 1.02 7.36  

    Automatic milking system 10 -1.15 3.20 18.60  10 -1.57 2.36 7.61  10 -1.80 1.33 4.23  

Milking machine                

Replacement of teat cup 
liners4 

    0.05a     0.01a     0.37 

    Timely 39 Referent  …  22.37  39 Referent …  10.11  39 Referent   …  6.61  

    Delayed 17 -4.84 2.38 17.53  17 -4.78 1.68 5.33  17 -0.95 1.06 5.66  

Dry-cow management                

Dry-cow strategy     0.05 a     0.26     0.18a 

    Blanket 45 Referent  …  21.89  45 Referent …  9.06  45 Referent   …  6,63  

    Selective 12 -5.29 2.66 16.60  12 -2.24 1.97 6.83  12 -1,58 1,16 5,05  

Dry-cow minerals provided     0.81     0.91     0,97 

    Yes 50 Referent  …  20.88  50 Referent   …  8.63  50 Referent   …  6,29  

    No 7 -0.85 3.42 20.04  7 -2.81 2.48 8.35  7 0,05 1,47 6,34  

Herd health management                

VHHM program     0.01 a     0.52     0,01a 

    In place 26 Referent  …  17.37  26 Referent …  8.02  26 Referent   …  7,40  

    Not in place 31 6.26 2.09 26.63  31 1.05 1.63 9.08  31 -2,43 0,91 4,98  
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Table 3. (continued)    

 Independent variable1 

ATI total ATI critically important antimicrobials2 ATI intramammary mastitis therapy 

No. 
of 

herds 
ß3 SE LSM 

P-
value 

No. 
of 

herds 
ß3 SE LSM 

P-
value 

No. 
of 

herds 
ß3 SE LSM 

P-
value 

Treatment of CM and SCM                

Route of administration for 
treatment CM 

    0.45     0.75     0,38 

     Intramammary and 
systemically 

45 Referent  …  21.37  45 Referent   …  8.71  45 Referent   …  6,16  

     Intramammary or 
systemically 

11 -2.16 2.83 19.21  11 -0.68 2.08 8.03  11 1,08 1,21 7,23  

Treatment duration CM     0.11 a     0.53     0,1a 

    ≥ 3 d 52 Referent  …  21.33  52 Referent …  8.75  52 Referent   …  6.54  

    < 3 d 5 -6.25 3.88 15.08  5 -1.82 2.87 6.94  5 -2.77 1.66 3.77  

Route of administration for 
treatment SCM 

    0.06 a     0.05 a     0.141a 

     Intramammary and 
systemically 

33 Referent  …  22.99  33 Referent …  9.54  33 Referent   …  6.72  

     Intramammary or 
systemically 

8 -2.00 3.19 21.00  8 1.96 2.30 11.50  8 1.06 1.40 7.77  

     No treatment SCM 14 -6.39 2.58 16.61  14 -3.97 1.86 5.57  14 -1.85 1.13 4.87  

Treatment duration SCM      0.02 a     0.01 a     0.22 

    ≥ 5 days 35 Referent … 23.20  35 Referent … 10.59  35 Referent   …  6.65  

    < 5 days 8 -5.72 3.12 17.48  8 -5.46 2.21 5.14  8 0.59 1.40 7.24  

    SCM not treated 14 -6.59 2.52 16.61  14 -5.02 1.78 5.57  14 -1.78 1.13 4.87  
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Table 3. (continued) 
              

 Independent variable1 

ATI total ATI critically important antimicrobials2 ATI intramammary mastitis therapy 

No. 
of 

herds 
ß3 SE LSM 

P-
value 

No. 
of 

herds 
ß3 SE LSM 

P-
value 

No. 
of 

herds 
ß3 SE LSM 

P-
value 

Use of intramammary 
homeopathic substances for 
treatment of CM or SCM  

    0.17 a     1.00     0.188a 

    At least in some cases  3 Referent … 14.28  3 Referent … 8.57  3 Referent … 3.62  

    Never 54 6.86 4.94 21.14  54 0.03 3.65 8.60  54 2.82 2.12 6.45  
 

aStatistically significant variable (P ≤ 0.20) 
1CM = clinical mastitis; SCM = subclinical mastitis; VHHM = veterinary herd health management 
2Critically important antimicrobials for human health (i.e., third- and fourth-generation cephalosporins and fluoroquinolones) 
3Estimate 
4Timely replacement of teat cup liner; that is, replacement on 2,500 and 5,000 milk traits for rubber and silicone teat cup liners, respectively 
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7.7  Can we Lower Antimicrobial Consumption on Dairy Herds through Implementation of the 

Findings of this Thesis?  

To obtain a sustainable reduction in antimicrobial consumption, animal production outcomes must 

be at least maintained or improved. In swine, a reduction of the antimicrobial consumption is feasible 

without a change in production outcomes (Postma et al., 2017).  

Prevalence of Heifers  

The negative association between the antimicrobial consumption and the prevalence of 

primiparous cows (heifers) corresponds well with the fact that younger cows have a lower incidence 

of (sub)clinical mastitis (Ali et al., 2014; Verbeke et al., 2014) and do not receive dry-cow antimicrobials. 

Still, from an economical point of view European dairy farmers typically strive for a low proportion of 

primiparous cows on their herds as a high proportion with a stable number of multiparous cows implies 

a high (and expensive) replacement rate of cows. As the costs of raising young stock are only 

compensated around the 2nd lactation, it is much more profitable to increase the longevity of cows in 

general (Liang and Cabrera, 2015). Furthermore, a high replacement rate means that the farmer needs 

to breed or purchase more heifers, which goes along with additional labor costs and costs for feeding 

and housing as well as sanitary risks in case of purchase (Sarrazin et al., 2014).  

Homeopathic Intramammary Treatment of Mastitis Cases  

In our study (Chapter 4) the homeopathic treatment of (some) of the mastitis cases were 

associated with a low total antimicrobial consumption, potentially because of the numerically lower 

number of cows treated with mastitis (Table 4).  However, the 3 herds that applied intramammary 

homeopathic treatments, actually had a numerically higher antimicrobial consumption of critically 

important antimicrobials (9.55 and 8.54 ADDD/1,000 cow-days, respectively), and a numerically higher 

percentage of chronic intramammary infections resulting in a numerically higher bulk milk somatic cell 

count compared with (the 54 other) herds that never applied intramammary homeopathic treatment 

(Table 4). Based on a recent study, cure of mastitis after treatment with homeopathic products was 

similar to cure without treatment, potentially explaining the high percentage of chronically infected 
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cows due to the non-existing curing effect of homeopathic treatment (Ebert et al., 2017). Also the low 

culling rate might play a role in the high percentage of chronically infected cows (Table 4).  

Incidence Rate of Treated Mastitis Cases  

As the incidence rate of treated mastitis cases is positively associated with antimicrobial use, we 

expected to find associated factors relating to the number of treated mastitis cases and the 

antimicrobial consumption. As discussed previously (Chapter 7.6), the incidence of new intramammary 

infections depends on the mastitis management. On the other hand, not all cows with clinical or 

subclinical mastitis need to be treated with antimicrobials, or require an extended or combination 

therapy. Although we could only identify an association between the antimicrobial consumption of for 

human health critically important antimicrobials and the treatment duration of subclinical mastitis, 

there is little known about the association between the antimicrobial consumption and the length of 

therapy of clinical mastitis cases. It is likely that some mastitis cases are treated longer than necessary. 

According to Lago et al. (2011), the use of on farm-culture systems to guide the strategic treatment of 

mild and moderate clinical mastitis reduces intramammary antibiotic use by half and tends to decrease 

milk withholding times by 1 day, without significant differences in days to clinical cure, bacteriological 

cure risk, new intramammary infection risk, and treatment failure risk within 21 d after the clinical 

mastitis event. This 50% reduction in intramammary antimicrobial use is confirmed by practical results 

obtained on a commercial dairy farm by the author of this thesis.  In the strategic treatment of clinical 

mastitis cases, we propose not to treat mild cases of clinical mastitis (i.e. only local symptoms of 

inflammation) until results of bacteriologic culturing are available. This implies that results of 

bacteriological culturing have to be available as soon as possible. Therefore, herd veterinarians could 

offer this first line bacteriological culturing services in their practice in order to provide specific cow-

level advice within 24 hours after sampling. The advices should be based on the isolated germ, the 

clinical status of the cow, the udder health history of the cow, (the history of) susceptibility testing and 

experience of the veterinarian and can include 1) no antimicrobial treatment (for example in mild cases 

if there is no growth or growth of gram-negative bacteria), 2) antimicrobial treatment, including 
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information on treatment duration and route(s) of administration, 3) resample (for example when the 

cow-level somatic cell count remains high or in case of contaminated samples). In case of severe clinical 

mastitis where therapy has to be started immediately, the therapy can be adjusted based on the results 

of the culture 18 to 24h after sampling if necessary. 

In the United States, a high proportion of dairy farmers is trained to perform on farm-culturing. 

This is not feasible in Belgium as the average dairy herd size in Belgium is too small (70-80 cows), 

making the learning process too long for farmers to build the necessary experience. Furthermore, 

doing bacteriological culturing is one aspect but specific advice about the treatment and interpretation 

of the epidemiology of the isolated bacteria as part of management improvement is another aspect.  

In Belgium, bacteriological culturing is rarely performed by the veterinarian or by the farmers, 

although in The Netherlands most veterinary practices are offering this service (Personal 

communication Animal Health Service, The Netherlands). Veterinarians and farmers need educating 

on this approach with the aim to change their mindset. Veterinarians have to be trained to set up a 

(first line) bacteriological lab in their practice and to take an advisory role to guide their clients towards 

a better (treatment) management; farmers in return have to be trained to sample and record each 

clinical mastitis case before treatment.  

Selective Dry-Cow Therapy 

Selective dry-cow therapy, i.e. not using dry-cow antimicrobials in cows that are likely to be not 

infected with a major pathogen at the end of lactation, significantly increased the incidence rate of 

clinical mastitis as well as somatic cell counts postpartum (Scherpenzeel et al., 2014). However, this is 

in contrast with the work of Wittek and co-workers (2018) reporting that selective dry-cow therapy 

does not increase the incidence of clinical mastitis in the subsequent lactation, which is confirmed by 

Van Werven (2018). The decrease in antimicrobial consumption due to selective dry-cow therapy was 

substantial and was by no means compensated by an increase in antimicrobial consumption due to an 

increased incidence rate of clinical mastitis (Scherpenzeel et al., 2016; Van Werven, 2018). Herds in 

our studies applying selective dry-cow therapy used significantly less antimicrobials and had a non-
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significant lower usage of critically important antimicrobials compared with herds applying blanket 

dry-cow therapy (6.83 and 9.06 DDDA per 1,000 cow-days, respectively). Furthermore, differences in 

udder health, milk quality and production performance parameters between herds applying selective 

dry-cow therapy and blanket dry-cow therapy were very small, except for the coliform count (Table 4). 

Still, some potential long-term negative effects as a consequence of the implementation of selective 

dry-cow therapy have been described. One of them is the increased annual incidence and prevalence 

of Streptococcus agalactiae mastitis described in Denmark (Mweu et al., 2012) where selective dry-

cow therapy has been in place for many years. One of the biggest challenges of selective dry-cow 

therapy is the identification of cows infected by (major) mastitis pathogens. Different selection criteria 

used in different studies to differentiate infected from uninfected cows are most probably part of the 

explanation for the different outcomes in udder health when selective dry-cow therapy is 

implemented. At the herd-level, the average bulk milk somatic cell count, the herd-level incidence of 

treated mastitis cases and the identification of the predominant mastitis pathogens can be used to 

select herds for the implementation of selective dry-cow therapy (Fox, 2018; Van Werven, 2018). Also 

cow-level selection criteria such as teat-end condition, milk yield at drying off, the somatic cell count 

of the last milk recording, the somatic cell count during the whole previous lactation, results of 

bacteriological culture before drying-off and mastitis frequency can be used stand-alone or in 

combination (Scherpenzeel et al., 2016; Fox, 2018; Wittek et al., 2018). Similar, there were large 

differences in selection criteria between farms that applied selective dry-cow therapy in this PhD-

thesis, because at the time, information about selection criteria was scarce. Different cut-off values 

with sufficient diagnostic value for implementation of selective dry-cow therapy have been identified, 

allowing to use them at the herd-level in combination with additional cow-level parameters 

(Scherpenzeel et al., 2016; Wittek et al., 2018). Willingness of the farmer and suitable record keeping 

of clinical mastitis cases are necessary, together with the knowledge of the herd veterinarian to define 

reliable herd- and cow level criteria for the implementation of selective dry-cow therapy.  
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The economic aspects of selective dry-cow therapy have been evaluated in several studies (Huijps 

and Hogeveen, 2007; Lhermie et al., 2018; Scherpenzeel et al., 2018), concluding that it has a moderate 

economic impact at the herd-level, although this depends on factors such as the prevalence of disease, 

prices of culled cows and milk prices (Lhermie et al., 2018). Scherpenzeel and coworkers (2018) 

developed herd-specific models to predict the economic outcome of selective dry-cow therapy. They 

concluded that the optimal percentage of cows to be dried off with antimicrobials depends on the 

udder health situation, expressed as the bulk milk somatic cell count and the incidence of clinical 

mastitis. Economic profits of selective dry-cow therapy are greater if bulk milk somatic cell count and 

clinical mastitis incidence are lower.  

 



Chapter 7. General discussion 
 

188 
 

 

Table 4. Udder health, milk quality, and production performances of 57 Flemish dairy herds from 2012 to 2013, stratified according to the application of 
intramammary homeopathic treatment and the use of selective versus blanket dry-cow therapy 

 Intramammary homeopathic treatment Dry-cow therapy 

Udder health, milk quality and production 
performances 

Herds that never apply 
intramammary homeopathic 
substances for treatment of 

mastitis 

Herds that apply 
intramammary 

homeopathic substances 
for treatment of mastitis  

Herds that apply 
blanket dry-cow 

therapy 

Herds that apply 
selective dry-cow 

therapy 

No. of herds1 54 3 45 12 

Udder health     

   New IMI2  (%)  6.61 6.84 6.72 6.26 

   Chronic IMI2   (%) 9.62 15.7 10.04 9.56 

   Incidence rate of treated mastitis [treated cases of   
(sub)clinical mastitis per 10,000 cow-days at risk] 

9.72 7.64 10.04 9.56 

Milk quality     

   Geometric mean bulk milk SCC3 (cells/mL) 187,919 211,280 188,853 190,260 

   Geometric mean total bacterial count (IBC4/mL) 7,420 7,870 6,714 10,179 

   Geometric mean coliform count (cfu/mL) 17.11 6.53 14.93 22.78 

Production performance     

   No. of lactating and dry cows in the herd 78 57 77 78 

   305-d milk production (kg) 8,871 8,733 8,851 8,914 

   Culling rate (no. of culled animals per 10,000 cow-
days at risk) 

8.07 4.80 7.97 7.65 

1 Number of herds 
2 Intramammary infection  
3 Somatic cell count 
4 Individual bacterial counts  
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Implementation of a Veterinary Herd Health Management Program by the Veterinarian  

Herd veterinarians have an important role in the use of antimicrobials on dairy herds in Belgium, 

as all antimicrobials have to be prescribed, supplied, or administered by them. It is only since very 

recently that publications appear of longitudinal studies in which the impact of herd health 

management on the antimicrobial consumption was investigated. Two studies performed 

independently on dairy herds in The Netherlands evaluated the effect of veterinary herd health 

management support on antimicrobial consumption, udder health, and production parameters 

(Kuipers et al., 2016; Speksnijder et al., 2017). The reduction of antimicrobial consumption was quicker 

(Kuipers et al., 2016) on herds that received support compared with herds not receiving support. 

Furthermore, the reduction of antimicrobial consumption had no negative impact on udder health and 

production parameters (Speksnijder et al., 2017).  

This thesis has clearly demonstrated that there is an important role for the herd veterinarian in 

antimicrobial stewardship: participation of the herds in a veterinary herd health management program 

was associated with a low antimicrobial consumption and involvement of the herd veterinarian in 

mastitis management herd visits resulted in a higher implementation of mastitis management 

measures (Chapter 4 and Chapter 6). Furthermore, other parameters with a significant influence on 

antimicrobial consumption, such as treatment of subclinical mastitis and the use of intramammary 

homeopathic injectors should only be in place in dairy herds when the veterinarian is involved. As the 

use of homeopathic injectors has the risk of inserting mastitispathogens, teat ends have to be 

disinfected very well before insertion. Also, implementation of selective dry-cow therapy and strategic 

treatment of clinical and subclinical mastitis cases can only be performed under guidance of the herd 

veterinarian. It has recently been confirmed that the involvement of the herd veterinarian influenced 

the implementation of selective dry-cow therapy, in a positive or negative way (Poizat et al., 2017). 

Furthermore, when aiming for a low antimicrobial consumption, herd health, animal welfare, and dairy 
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sustainability have to be taken into account as well. Ideally, herd veterinarians should take a leading 

position when striving for an appropriate antimicrobial use.  

7.8  How to Strive for an Appropriate Antimicrobial Consumption on Dairy Herds in the Near 

Future?  

As mentioned before, herd-level antimicrobial consumption data is lacking on dairy herds in 

Belgium today. According to the legislation of July 2016, only data of antimicrobial consumption in 

veal, poultry and pigs have to be collected and forwarded to a central database today (“Sanitel-Med”). 

The dairy Milk Quality Label (IKM-QFL) has, however, recently joined a data collection system (“AB-

register” and “Bigame”, in Flanders and Wallonia, respectively), which is very similar to the current 

data collection system in poultry and pigs, and it is likely that the data collection will start in pilot phase 

October 1st 2018, and on large scale at the beginning of 2019. 

Monitoring of Antimicrobial Consumption  

Data Collection. Although garbage can audits are a reliable reflection of the true antimicrobial 

consumption, this system is for obvious reasons not feasible on a large scale. In our opinion, invoices 

or ‘delivered and treatment records’ of herd veterinarians is the most reliable source for the collection 

of antimicrobial consumption data. It is likely that the veterinarian will have to submit the antimicrobial 

consumption data monthly, based on the ‘delivered and treatment records’ in the so-called “AB-

register” or “Bigame”. Farmers have the opportunity to approve or reject the entered data. The period 

of data collection should at least last for one ‘production cycle’ from calving to the next calving [about 

417 days (i.e. average in-between calving interval in Belgium)]. Especially in herds with a seasonal 

calving, gathering this information over a period shorter than the in-between calving interval could 

lead to an over- or underestimation of the true antimicrobial consumption, as discussed before. In 

contrast with our study, topical antimicrobial sprays, intra-uterine antimicrobials and antimicrobials 

used in young stock will also be included in the data collection system.  
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Methodology for the Calculation and Reporting of Antimicrobial Consumption. All veterinary 

medicines delivered or administered by the veterinarian have to be recorded in ‘delivered and 

treatment records’. The number of vials, injectors or tablets multiplied by the volume (for injectors 

and tablets, the volume is “1”) and by the concentration of the antimicrobial results in the total amount 

of active substance, which is comparable with the calculation in this thesis.  

The defined daily dose Belgium (DDDbel) is defined for each antimicrobial registered for dairy 

cattle and is the daily dose (mg active substance) per kg bodyweight that has to be administered within 

24h, based on the summary of product characteristics. A long-acting factor is defined for all long-acting 

products based on the interval of administration defined by the summary of product characteristics or 

on the pharmacokinetic properties of the product. The latter approach differs from the calculation of 

the long-acting factor in our studies. The long-acting factor for intramammary dry-cow injectors and 

intra-uterine products is standardized as 1, similar to calculations in our study. Analogous to our 

methodology, the average dose  is used if the product is registered in different dosages. In contrast 

with our work, the average dose is calculated across the different indications, although indications for 

young stock and adult dairy cattle is kept separate. For combination products, the defined daily dose 

is calculated for each active substance separately. In our study, all combination products were 

considered as one product. Antimicrobials used in adult dairy cattle will be processed separately from 

antimicrobials used in young stock, and within the category of young stock, different classes of age will 

be maintained. Until now, no information about the assigned body weight is available. We suggest to 

base the body weight data on average body weight data, measured in practice and not the proposed 

body weight by the ESVAC, which is 500kg for an adult dairy cow. For adult dairy cows, body weight 

data could, for example, be obtained on some farms with automatic milking systems with an integrated 

scale. Even so for the average body weight in young stock, a relevant number of heifers should be 

weighed to assign averages per age category.  
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In our study, the number of herd-level cow-days was determined by the average of the total 

number of adult dairy cows per herd, retrieved from Dairy Herd Improvement records, and multiplied 

by the total number of days within the data collection period.  Roughly half of the Flemish dairy herds 

participate in such a program, which is not useful at national level. Therefore, the herd-level cow-days 

will be calculated by the average number of animals (per age category) present during one month, 

multiplied by 30 days. The average number of animals will probably be derived from the national 

identification and registration system (‘Sanitel’).  

Reporting. With high probability, the indicator used to compare herds and veterinarians is going to 

be the number of daily dose animals (DDDbel) per 100 cow-days (‘BD100’), rather than the DDDA per 

1,000 cow-days as is used in this PhD-thesis, or than the DDDA per cow-year as is used in The 

Netherlands (Table 1). As dairy cows have a higher life expectation compared with broilers and pigs, it 

is somewhat more comprehensive for farmers and vets to use defined daily doses per year instead of 

per 100 days, in my opinion. 

Given the importance of for human health critically important antimicrobials, it would be useful 

not only to calculate the total antimicrobial consumption but also to report on the proportion of the 

use of for human health critically important antimicrobials. According to the Belgian legislation, 3rd and 

4th generation cephalosporins and fluoroquinolones used intramammary for treatment of mastitis 

therapy or for dry-cow therapy are not included in the definition of ‘critically important antimicrobials’, 

which is highly debatable. This is a major difference with the classification used in this PhD-thesis and 

in many other countries, where all 3rd and 4th generation cephalosporins and fluoroquinolones were 

considered as critically important, regardless of the route of administration.  

As we do not have production groups in dairy cattle, it would be obvious to report antimicrobial 

consumption in adult dairy cattle as a function of the route of administration or indication. At least 3 

categories should be provided: systemic therapy, intramammary use for mastitis therapy and 
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intramammary use for dry-cow therapy. For young stock, at least two differences between 

antimicrobials for oral use and antimicrobials for systemic therapy should be provided.  

Once the indicator is calculated, each farmer and/or veterinarian will be benchmarked. To 

benchmark, thresholds need to be defined. If the thresholds will be the same as in the current system 

for pigs and poultry, the median and the 90th percentile will be the upper limit for the ‘low- and average 

users’. Once above the 90th percentile, the farmer  or veterinary practice will be classified as a ‘high 

user’.  

Farm-specific Approach to Reduce Antimicrobial Consumption. Similar to the approach of udder 

health problems, described by Barkema and co-workers (2013), a five point plan can be put in place to 

reduce antimicrobial consumption (Figure 2). Obviously, this approach is based on a veterinary herd 

health program led by the herd veterinarian.  First, as described above, the antimicrobial consumption 

has to be defined at herd-level. Second, the cause of the (high) antimicrobial consumption has to be 

identified. Data about the indications for treatment are most useful in that respect but often not 

available. Therefore, the route of administration can provide some more information. Based on 

information regarding the route of administration, the use of antimicrobials for udder health (i.e. 

intramammary injectors for mastitis treatment or for dry-cow therapy) can be distinguished from the 

use of antimicrobials for endometritis (i.e. intra-uterine devices) and from systemically administered 

antimicrobials for other pathologies. Third, short and long-term goals have to be defined, which means 

the reduction of total and of critically important antimicrobials that is aimed for has to be defined. The 

next step is to formulate and implement the herd management plan. As on an average dairy herd, 

about 1/3rd of total antimicrobial consumption is used for intramammary therapy of clinical and 

subclinical mastitis, about 1/3rd for dry-cow therapy and about 1/3rd for systemic therapy, this 

distribution can be considered as the standard. If more than a 1/3rd of the total antimicrobial 

consumption are systemically administered products, further identification of the indication is needed. 

If more than 2/3rd of the total antimicrobial consumption is due to intramammary use of antimicrobials, 
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the udder health status of the herds needs to be explored. If more than a 1/3rd of the total antimicrobial 

consumption are intramammary tubes for the treatment of mastitis, udder health management should 

be analyzed on the one hand to identify management measures to prevent intramammary infections, 

and on the other hand the application of strategic treatment should be considered. Based on the 

available herd- specific information, such as somatic cell count data, results of bacteriological culturing 

of mastitis cases, and evaluation of the management, critical points in mastitis management can be 

identified to prevent new intramammary infections. The initial advice should contain no more than 

three management adaptations to ensure its achievable for the farmer. If more than one third of the 

total antimicrobial consumption are intramammary tubes for dry-cow therapy, selective dry-cow 

therapy should be considered on the condition of a good udder health status. The fifth and final step 

is the evaluation of the veterinary herd health management program.  

 Figure 2. Farm-specific approach to reduce antimicrobial consumption  
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7.9 Future research  

Similar to other studies (Meek et al., 1986; Redding et al., 2014), a large variation in antimicrobial 

consumption was observed between the herds in this thesis. This suggests that some farmers are able 

to manage their herds with limited use of antimicrobials. Nevertheless, we only identified very limited 

number of mastitis management measures and treatment factors associated with antimicrobial 

consumption (Chapter 4 and Chapter 6). Further research is necessary to have a precise picture of the 

management on dairy farms with a low antimicrobial consumption as a basis for improvement on other 

herds with a higher antimicrobial consumption.  

To implement a successful selective-dry cow strategy, specific herd and cow-level criteria should 

be defined. Until now, empirical criteria were used in a Flemish pilot study (“Verantwoord gebruik van 

antibiotica in de melkveehouderij”) and general recommendations at herd and cow-level are 

formulated by the Centre for Antimicrobial Consumption and Resistance in Belgium, although there is 

a need for more specific recommendations. Drs. Zyncke Lipkens (M-team Ghent University) is currently 

defining these criteria of selective dry-cow therapy using data collected on Flemish dairy herds, and 

results should be available on the short term. Additionally, for implementing selective dry-cow 

therapy, dry-cow and transition management needs to be fine-tuned in order to minimize the risk of 

new intramammary infection during the dry-cow period. Farmers need to be aware that the protection 

exerted by dry-cow antimicrobials should be replaced by improved management.   

Further research is essential to increase awareness on antimicrobial consumption in famers, 

veterinarians and other stakeholders. Several strategies can be used to motivate people to strive to a 

more appropriate use of antimicrobials. The more scientific based profiles will only be convinced with 

peer reviewed studies, such as this thesis. Others will be convinced if practical tools are provided to 

help in order to support them changing things. Some others will take responsibility for their potential 

role in the chain of antimicrobial resistance in human medicine or might be convinced by economical 

aspects, related to the appropriate use of antimicrobials. Each profile requires another approach, 
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described by Lam and coworkers (2017). As the dairy industry is an economical driven sector, research 

about the economic impact of (the reduction of) antimicrobial consumption on Belgian dairy herds is 

necessary. As an example, no studies about the effect of reduced antimicrobial consumption on 

longevity of cows are available up till now. 

7.10  Conclusions   

An important step towards an appropriate use of antimicrobials in dairy industry is the uniformed 

collection of antimicrobial consumption data at herd and veterinary practice level. Thereafter, 

benchmark systems have to be designed to identify high antimicrobial consumption at the herd- 

and/or veterinary practice-level. At the ’high using’ herds, critical points of attention in herd 

management that are responsible have to be identified by the veterinarian in collaboration with the 

farmer and other stakeholders. The ‘low using’ herds can be an example of how to manage dairy cattle 

with a low antimicrobial consumption. As the majority of antimicrobials are used intramammary, 

general reduction in antimicrobial use can be obtained by improvement of the mastitis management 

therefore less cows will have an intramammary infection, by strategic treatment of (sub)clinical (mild) 

mastitis cases, and by implementing selective dry-cow therapy.
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The use of antimicrobials in livestock has been under scrutiny during the last decades because of 

the potential role in the public health crisis of emerging antimicrobial resistance (AMR). The 

development and spread of antimicrobial resistance is diverse what complexes the quantification of 

the effect of antimicrobial consumption (AMC) on antimicrobial resistance. For that reason, action 

should be undertaken in human medicine as well as in veterinary medicine to halt the increasing 

burden of antimicrobial resistance. In the dairy industry, the antimicrobial consumption is low 

compared with other livestock species and most antimicrobials are used in the prevention and control 

of udder health problems.  

Chapter 1 starts by quoting a number of actual challenges in dairy industry with an influence on 

the antimicrobial consumption and udder health. Thereafter, milk quality and udder health are 

touched upon in more detail, discussing the etiology as well as prevention and control measures of 

mastitis. Further, the importance of antimicrobial resistance in humans and animals and its evolution 

is described. Based on several studies, antimicrobial resistance in staphylococci originating from milk 

in the dairy seems to be relatively rare and stable overtime, especially so for Staphylococcus aureus. 

Next, the evolution of antimicrobial consumption in livestock and dairy specifically is highlighted. To 

control and reduce antimicrobial consumption in livestock, several (inter)national monitoring 

programs have been setup through time. These programs are essential towards a more prudent use 

of antimicrobials, yet regrettably a lot of variation exists between these programs which makes it hard 

to compare results. Also, the route of administration and the choice of the active substance are 

discussed, because both potentially influence the development of antimicrobial resistance. From these 

studies it can be concluded that there is a lot of variation between countries when it comes down to 

the most common routes of administration in the treatment of mastitis, namely systemically or 

intramammary. Finally, the association between antimicrobial resistance and antimicrobial 

consumption in dairy is highlighted.  
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In Chapter 2, the aims of the thesis are introduced. The overall goal of this thesis is to picture the 

antimicrobial consumption on dairy herds in Flanders, to identify factors that influence antimicrobial 

usage and to explore whether antimicrobial use can be modulated by intensive follow up of these dairy 

herds. Moreover, the association between antimicrobial consumption and the antimicrobial 

susceptibility of Staph. aureus and non-aureus staphylococci is investigated.   

In Chapter 3, the antimicrobial consumption is quantified on 57 Flemish dairy herds. Between dairy 

herds, a large variation in antimicrobial use is present, in the total use as well as in the use of for human 

health critically important antimicrobials. Moreover, the use of these critically important 

antimicrobials is quite high as almost half of the total amount of used antimicrobials is critically 

important. About two third of the total antimicrobials are used intramammary, the remaining third are 

antimicrobials for systemic use. Still, variation exists between dairy herds: on herds with a low total 

antimicrobial consumption, the majority of antimicrobials are used intramammary for dry-cow therapy 

while on herds with a high total antimicrobial consumption mainly intramammary antimicrobials for 

mastitis therapy or (long acting) systemic products (without withdrawal time for milk) are being used. 

Low use of antimicrobials is associated with a low incidence rate of treated mastitis cases, with a high 

prevalence of heifers and, to a lesser extent, with selective dry-cow therapy.  

In Chapter 4 factors related to mastitis management and treatment practices explaining the 

variation in antimicrobial consumption between dairy herds were looked for. Strikingly, the 

implementation of efficient preventive mastitis management measures is not necessary associated 

with a low antimicrobial use and vice versa. Out of 9 preventive management measures and 5 

treatment strategies, 4 were identified as being associated with antimicrobial consumption. The trend 

perceived in the previous chapter concerning the association between a low antimicrobial 

consumption and application of selective dry-cow therapy is confirmed in this part of the study. 

Moreover, herds where (some) mastitis cases are treated with homeopathic intramammary products 

have a lower antimicrobial consumption compared with herds not treating with homeopathic 
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substances although further research is needed seen the lack of evidence of efficacy of this type of 

products. Besides, herds participating in veterinary herd health management programs have a lower 

antimicrobial consumption compared with herds not participating in such programs. Concerning the 

use of for human health critically important antimicrobials, only the treatment of subclinical mastitis 

for at least 5 subsequent days was associated with a high antimicrobial consumption. Most probably 

some other factors, not included in this study, influence the use of critically important antimicrobials 

underlining the need for further research.  

In Chapter 5, the use of antimicrobials during the study period following the one described in the 

previous chapter is quantified. The use of for human health critically important antimicrobials during 

this period is decreased to somewhat more than one third of the total antimicrobial consumption. 

Besides, the association between antimicrobial use on the one hand and inhibition zone diameters 

(IZD), a proxy for antimicrobial susceptibility, of non-aureus staphylococci and Staph. aureus on the 

other hand was examined. The inhibition zone diameters of non-aureus staphylococci for cefquinome 

are negatively associated with the antimicrobial consumption of critically important beta-lactam 

antimicrobials for systemic use. This suggests a decrease of antimicrobial susceptibility when using 

these systemic beta-lactam antimicrobials. Also, the inhibition zone diameters of non-aureus 

staphylococci for cefquinome is positively associated with the antimicrobial consumption of critically 

important beta-lactam for intramammary use, suggesting that intramammary antimicrobials have only 

a limited influence on the susceptibility of intramammary non-aureus staphylococci. Besides, a positive 

association was found between the inhibition zone diameters of non-aureus staphylococci and Staph. 

aureus for neomycin, suggesting a horizontal spread of antimicrobial resistance between non-aureus 

staphylococci and Staph. aureus within the same herd.  

In Chapter 6 it was evaluated to what extent intensive udder health monitoring and advising 

influences udder health, milk quality and antimicrobial consumption. Implementation of management 

measures concerning udder health is higher on herds that receive intensive mastitis management 
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input compared with herds without this input. Moreover, within the herds that receive intensive 

mastitis management input, compliance is better if the herd veterinarian is attending (some of) the 

herd health visits. Further, a good or improved mastitis management is associated with a decrease in 

the use of for human health critically important antimicrobials. In conclusion, a good udder health 

management can be helpful towards a more responsible use of antimicrobials without negative 

implications for milk quality and udder health.  

Chapter 7 is a synthesis of the obtained results, integrated and compared with the current scientific 

knowledge. Moreover, suggestions are given to strive to a more responsible use of antimicrobials in 

the dairy industry.   
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Het gebruik van antimicrobiële middelen in de (landbouw)huisdierensector staat de laatste 

decennia ter discussie omwille van de potentiële bijdrage aan de ontwikkeling van antimicrobiële 

resistentie (AMR) in de humane geneeskunde. Er zijn verschillende manieren waarop bacteriële 

resistentie ontstaat en zich verspreidt, wat het verband tussen antimicrobiële consumptie (AMC) en 

antimicrobiële resistentie vaak complex maakt, hoewel het verband tussen het gebruik van 

antibiotioca en antimicrobiële resistentie wel al aangetoond werd. Daarom moet er zowel in de 

humane als in de veterinaire sector actie ondernomen worden om de toenemende antimicrobiële 

resistentie een halt toe te roepen. In de melkveehouderij is consumptie van antimicrobiële middelen 

beperkt vergeleken met andere diersectoren en worden deze middelen voornamelijk gebruikt ter 

preventie en controle van uiergezondheidsproblemen.  

In Hoofdstuk 1 beginnen we met het aanhalen van enkele actuele uitdagingen voor de 

melkveehouderij met een invloed op het gebruik van antimicrobiële middelen en de uiergezondheid. 

Vervolgens wordt dieper ingegaan op de melkkwaliteit en uiergezondheid waarbij voor dat laatste 

zowel de etiologie als de preventie- en controlemaatregelen behandeld worden. Daarna wordt het 

belang van antimicrobiële resistentie bij mens en dier beschreven en wordt de evolutie van 

antimicrobiële resistentie geschetst. Uit de meeste studies blijkt dat het voorkomen van resistentie bij 

stafylokokken uit melk stabiel blijft doorheen de tijd en dat deze, in het bijzonder voor Staphylococcus 

aureus, relatief laag is in de melkveehouderij. Verder wordt de evolutie van de consumptie van 

antimicrobiële middelen in de landbouwhuisdierensector en in de melkveehouderij specifiek 

toegelicht. Om het veterinaire gebruik van antimicrobiële middelen te controleren en te reduceren, 

zijn er doorheen de tijd diverse (inter)nationale monitoringsprogramma’s opgezet. Dit is een goede 

stap richting een meer verantwoord gebruik van antimicrobiële middelen maar helaas zijn deze 

programma’s tussen landen zeer uiteenlopend wat een onderlinge vergelijking quasi onmogelijk 

maakt. Aangezien zowel de toedieningsweg van een behandeling als de actieve substantie de 

ontwikkeling van antimicrobiële resistentie kunnen beïnvloeden, worden ook deze 2 aspecten 

besproken. Hieruit blijkt dat er tussen landen veel verschil zit inzake de meest toegepaste 
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toedieningswegen ter behandeling van mastitis, namelijk de systemische en de intramammaire 

toedieningswegen. 

In Hoofdstuk 2 worden de doelstellingen van de thesis voorgesteld. Het overkoepelende doel van 

dit werk is het in kaart brengen van het gebruik van antimicrobiële middelen op Vlaamse 

melkveebedrijven, het identificeren van factoren die de consumptie van antimicrobiële middelen 

beïnvloeden en het nagaan of het gebruik van antimicrobiële middelen gestuurd kan worden door 

intensieve opvolging van deze melkveebedrijven. Daarnaast werd ook de relatie tussen de consumptie 

van antimicrobiële middelen en de antimicrobiële gevoeligheid van Staph. aureus en niet-aureus 

stafylokokken onderzocht.  

In Hoofdstuk 3 wordt het antibioticagebruik gekwantificeerd op 57 Vlaamse melkveebedrijven. Uit 

de resultaten blijkt dat er veel variatie zit in de consumptie van antimicrobiële middelen tussen de 

bedrijven, voor zowel het totale gebruik als het gebruik van de voor de humane gezondheid kritische 

antimicrobiële middelen. Ook blijkt dat kritische antibiotica nog veel gebruikt worden: iets minder dan 

de helft van het totale gebruik van bestaat uit deze producten. Ongeveer twee derde van het totale 

gebruik van antimicrobiële middelen zijn producten die intramammair gebruikt worden, het overige 

derde zijn systemisch toe te dienen producten. Toch bestaat er ook op dit vlak een verschil tussen 

bedrijven: op bedrijven met een laag totaal gebruik van antimicrobiële middelen nemen de 

antimicrobiële droogzetinjectoren het grootste deel van het antibioticagebruik in terwijl op bedrijven 

met een hoog antibioticagebruik voornamelijk mastitisinjectoren of (langwerkende) inspuitbare 

producten (zonder wachttijd voor de melk) het antibioticagebruik bepalen. Een laag totaal gebruik van 

antimicrobiële middelen is geassocieerd met een laag aantal behandelde mastitis gevallen, een hoge 

prevalentie van vaarzen en, in mindere mate, het toepassen van selectief droogzetten. 

In Hoofdstuk 4 wordt onderzocht welke factoren met betrekking tot mastitismanagement en 

behandelingen de verschillen in antibioticagebruik tussen melkveebedrijven kunnen verklaren. 

Opvallend is dat het toepassen van efficiënte managementmaatregelen ter preventie van mastitis niet 
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noodzakelijk gepaard gaat met een laag gebruik van antimicrobiële middelen en omgekeerd. Uit de 9 

preventieve managementmaatregelen en 5 behandelingsstrategieën werden er 4 geïdentificeerd die 

geassocieerd zijn met het gebruik van antimicrobiële middelen. De trend die reeds werd waargenomen 

in het vorige hoofdstuk tussen een laag gebruik van antimicrobiële middelen en het toepassen van 

selectieve droogzettherapie wordt in dit hoofdstuk bevestigd. Bovendien hebben bedrijven die 

(enkele) mastitisgevallen behandelen met homeopathische intramammaire producten een lager 

gebruik van antimicrobiële middelen in vergelijking met bedrijven die dit niet doen, hoewel hierover 

verder onderzoek noodzakelijk is gezien het gebrek aan bewijs van efficaciteit en het effect op het 

percentage herhalingsgevallen niet werd onderzocht. Daarnaast is ook deelname aan routinematige 

bedrijfsbegeleiding een positieve factor: bedrijven die deelnemen aan dergelijke begeleiding 

gebruiken minder antimicrobiële middelen. Met betrekking tot het gebruik van de voor de humane 

gezondheid kritische antimicrobiële middelen werd enkel de behandeling van subklinische 

mastitisgevallen voor minstens 5 dagen geassocieerd met een hoog gebruik. Waarschijnlijk zijn er nog 

andere sturende factoren dan degene opgenomen in deze studie die het gebruik van de kritische 

antimicrobiële middelen beïnvloeden. Ook hierover is verder onderzoek nodig.  

In Hoofdstuk 5 wordt het gebruik van antimicrobiële middelen in de studieperiode volgend op deze 

beschreven in hoofdstuk 4 gekwantificeerd. In deze studieperiode maakt het gebruik van kritische 

antimicrobiële middelen ruim een derde uit van het totale gebruik van antimicrobiële middelen. 

Daarnaast wordt ook de associatie tussen het gebruik van antimicrobiële middelen enerzijds en de 

inhibitie zone diameters (IZD), als een indicator voor antimicrobiële gevoeligheid, van non-aureus 

stafylokokken en Staph. aureus anderzijds onderzocht. De inhibitie zone diameters van non-aureus 

stafylokokken voor cefquinome zijn negatief geassocieerd met de hoeveelheid systemisch gebruikte 

kritische beta-lactam antibiotica. Dit is indicatief voor een daling van de antimicrobiële gevoeligheid 

bij een hoog systemisch gebruik van deze producten. Ook is er een positieve associatie gevonden 

tussen de inhibitie zone diameters van non-aureus stafylokokken voor cefquinome en de hoeveelheid 

intramammair gebruikte kritische betalactam antibiotica, wat suggereert dat intramammaire 



Samenvatting 

214 

antibiotica weinig invloed hebben op de gevoeligheid van intramammaire non-aureus stafylokokken. 

Daarnaast blijkt ook een positieve associatie te bestaan tussen de inhibitie zone diameters van non-

aureus stafylokokken en Staph. aureus voor neomycine, wat suggestief is voor een horizontale 

spreiding van antimicrobiële resistentie tussen non-aureus stafylokokken en Staph. aureus binnen 

eenzelfde bedrijf.  

In Hoofdstuk 6 wordt nagegaan of intensieve begeleiding en advisering inzake het 

uiergezondheidsmanagement een invloed heeft op de uiergezondheid, de melkkwaliteit en het 

gebruik van antimicrobiële middelen op melkveebedrijven. De implementatie van 

managementmaatregelen inzake uiergezondheid is meer uitgesproken op bedrijven die actief begeleid 

worden in vergelijking met de bedrijven zonder actieve begeleiding. Bovendien blijkt binnen de 

bedrijven die adviezen kregen de implementatie beter als de bedrijfsdierenarts aanwezig was tijdens 

(enkele) bedrijfsbezoeken. Verder blijkt ook dat een goed uiergezondheidsmanagement of een 

verbetering ervan is geassocieerd met een daling in het gebruik van de voor de humane gezondheid 

kritische antimicrobiële middelen. Samengevat kunnen we stellen dat een goed 

uiergezondheidsmanagement ons kan helpen naar een meer verantwoord gebruik van antimicrobiële 

middelen zonder negatieve effecten op melkkwaliteit en uiergezondheid.  

Hoofdstuk 7 is tenslotte een synthese van de verkregen onderzoeksresultaten, waarin deze 

geïntegreerd en afgetoetst worden aan de bestaande wetenschappelijke kennis. Bovendien worden 

ook suggesties gegeven om in de melkveehouderij tot een meer verantwoord gebruik van 

antimicrobiële middelen te komen.  
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Ik wil al beginnen met me te verontschuldigen voor iedereen die ik vergeten vermelden ben… 7 jaar is 

een hele poos, dat in combinatie met de ‘zwangerschapsdementie’ (sorry Stafke, dat is het enige wat 

ik op jou zal schuiven ) vind ik voldoende argumentatie dat je het zeker niet persoonlijk moet nemen 

als ik iemand vergeten zou zijn…   

Eerst en vooral wil ik de partners van het project ‘Duurzame melkveehouderij door verantwoord 

gebruik van diergeneesmiddelen’ bedanken (Boerenbond, het Melk Controle Centrum Vlaanderen, de 

Belgische Confederatie van de Zuivelindustrie en de integrale Kwaliteitzorg Melk; en dan in het 

bijzonder Guy VandePoel, Karlien Supré, Renaat Landuyt en Katrien Vandermeulen). Het project werd 

door hen ondersteund, bijgestuurd en bovendien werd me de kans gegeven er een mooie thesis van 

te maken. Karlien, bedankt om te helpen met de bedrijfsbezoeken van de controlebedrijven en het 

begeleiden van ‘het derde artikel’.  

Daarnaast ook een groot woord van dank voor alle deelnemende veehouders en dierenartsen: zonder 

jullie was er geen project. Ik denk nu nog steeds terug aan de warme ontvangst die ik kreeg en de 

aangename samenwerking die er was. Zelfs in de aanloop naar deze verdediging, toch een aantal jaren 

na het laatste bedrijfsbezoek in 2014, waren er de aanmoedigingen voor ‘de laatste loodjes’ … 

hartverwarmend! Elisabeth en Sylvie, ik hoop dat we nog lang contact blijven houden.  

Prof. De Vliegher en Dr. Piepers, Sarne en Sofie. Wie had er ooit gedacht dat we dergelijke mooie 

resultaten zouden krijgen, en dat er zo een mooi doctoraat uit het project had kunnen voortkomen… 

Ok Sarne, je hebt het altijd in je achterhoofd gehouden, maar jouw steun hierin heeft zeker een grote 

rol gespeeld. Sofie, bedankt voor alle hulp met analyseren en statistiek. Het ‘modelletjes draaien’ zit 

me niet echt in m’n bloed, maar dankzij uw kennis en kunde hierin hebben we het toch maar tot een 

goed einde gebracht. Het was met ups en downs, maar we zijn er geraakt: een mooi doctoraat waar 

we met z’n allen terecht fier op zijn.  

Ik wil ook graag alle leden van de examencommissie willen bedanken. Jullie bijdrage heeft bijgedragen 

aan dit mooie resultaat. Bedankt.  
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Sam, my lovely collegue from the UK… Thank you very much to read my general introduction and 

discussion. You deserve a golden medal for having the courage doing it (and sorry again for the very 

thight shedule!). I owe you big time! Keep the good job up there in the UK, you’re doing great!  

I would also like to thank Kirsten for reading my general introduction. It must have been a tough coukie 

to go trough it, but you did it and I really appreciate it. We are going to have a drink on it next time 

you’re in Belgium. I whish you all the best with Wim, Lorelai and the little boy that’s coming!  

Het M-team, in al die jaren zijn er veel nieuwe gezichten bij gekomen, ook jullie wil ik bedanken voor 

alle hulp vandaag en nog veel succes wensen bij jullie onderzoek! Maar ik ben ‘de oude garde’ zeker 

niet vergeten: Joren, Dimitri, Lars, Sofie, Anneleen en Kristien: bedankt om me te helpen met de 

bedrijfsbezoeken van de ‘controlebedrijven’, jullie namen het er toch maar mooi even bij, waarvoor 

nogmaals dank!  

Bert, onze wegen hebben elkaar maar even gekruist op de bureau, maar we zaten direct op dezelfde 

golflengte. Dankzij jou heb ik leren paard rijden op Louise, waarvoor ontzettend veel dank! Ik hoop er 

stiekem op dat ik nu wat meer tijd ga hebben, ideaal om de ‘Wild feestjes’ terug leven in te blazen  

Verder wens ik je nog heel veel geluk met je mooie gezinnetje!  

Als redder in nood kwam je me helpen met het ‘tellen van alle tubes en flesjes van de garbage cans’. 

Dankjewel Valerie, voor je hulp. Ook je enthousiasme en leergierigheid tijdens de bedrijfsbezoeken 

vond ik geweldig. Maar eigenlijk, van ‘boerendochter tot boerendochter’, dat kon niet anders dan goed 

klikken . Ik wens je nog heel veel succes tussen de koeien.  

Al was het maar in mijn prille carrière, ook jullie, De Buitenpraktijk en Verloskunde, ben ik niet 

vergeten. Jef, Marcel, Jan, Cyriel, Iris, Miel, Vanessa, Jenne en Mieke, bedankt allemaal voor de fijne 

samenwerking, ik heb enorm veel van jullie bijgeleerd. Ria, altijd stond je klaar, zowel om me te helpen 

met praktische zaken als voor een babbeltje. Bedankt, ik hoop dat we elkaar nog regelmatig blijven 

horen.  
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Kim, hoewel ik je eigenlijk bij de Buitenpraktijk moet plakken, krijg je toch een aparte alinea . Jij 

intern en ik 1e jaar van mijn doctoraat, wat hebben we gelachen (vooral met de stoten die we 

uitgehaald hebben)!! Ik moet er nog steeds mee lachen als ik eraan terug denk… en sindsdien zijn we 

dikke maatjes gebleven (of om het met hippe woorden te zeggen: my BFF ). Kim, je bent een top-

veeartse, nog heel veel succes in je verdere carrière en blijf vooral de zotte doos die je bent!  

Pikkert en Lena, jullie dachten toch niet dat het bij die vermelding hierboven ging blijven? Bij de eerste 

kennismaking met Lena klikte het direct en toen een beetje later de Pikkert erbij kwam waren we 

voltallig, de drie musketiers. Avonden hebben we op de bureau versleten, regelmatig dubbel van het 

lachen…wat was het een mooie tijd! Maar ook voor een babbeltje (oftewel ‘ventileren’ ) stonden en 

staan jullie altijd klaar. Ook nu, in de laatste weken, hebben jullie schouderklopjes me enorm vooruit 

geduwd. Lena, nog veel succes met ‘jouw CNSen’, maar geniet vooral van jullie gezinnetje… Pikkert, 

ook professionele duizendpoot, nog veel succes op het ILVO, en zorg maar eens voor een 

speelgenootje voor Loopy (een mensje of een diertje, dat maken jullie maar zelf uit ). Bedankt Lena 

en Pikkert, en ook al wonen we niet vlakbij elkaar, ik ben er zeker van dat we op ons 70ste nog 

regelmatig afspreken.  

Ook een woord van dank aan mijn Vetoquinol collega’s: ik ben met m’n gat in de boter gevallen, wat 

een toffe bende zijn jullie! Dankjewel voor alle steun en begrip, in het bijzonder deze laatste weken. 

Katrien, binnenkort ook eens ne foto van ons twee met ons twee ‘kleintjes’ eh (hoewel jij dan 

waarschijnlijk toch meer moet gaan dragen dan ik ). Stijn, Ruth, Derek, Katrien, Bruno, Rudi, Nadia, 

Carolien, Patricia, Peter, Marlike, Kirsten, Thierry, Michel, Chloë, Hans en Ilse, merci allemaal! Maxim, 

Thierry K. en Anne-Lynn, welkom aan boord en veel succes gewenst!  

Familie Maes, Stefan, Eliane, Stijn en Evelien, zeker jullie verdienen ook een woordje van dank. Een 

dikke 3 jaren geleden kwam ik bij jullie om de uiergezondheid op te volgen, de motivatie waarmee 

jullie elk probleem aanpakken is op z’n zachtst uitgedrukt bewonderenswaardig, de mooie resultaten 

die jullie hebben bekomen zijn dan ook om trots op te zijn. Bedankt voor deze hele aangename 
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samenwerking en de mooie vriendschap die hieruit voortgekomen is. Maar hiernaast is er nog ‘iets’ bij 

jullie op het bedrijf begonnen waar ik nooit dankbaar genoeg voor kan zijn...de match met de man van 

m’n leven . Doe zo verder, jullie zijn een top-team en top-familie!  

Jan en Ilse, nog een kaliber veehouders om ‘U’ tegen te zeggen, zowel op professioneel als op privé 

gebied. Vanaf het begin hebben jullie me gesteund, en ik wil jullie dan ook graag bedanken voor de 

aangename samenwerking in de voorbije jaren. Keep up the good job, jullie zijn goed bezig! 

Ook wil ik mijn vrienden nog even bedanken, dankzij jullie heb ik regelmatig m’n kopje kunnen 

leegmaken, zodat ik daarna weer met een frisse kop verder kon. Bud, Melanie, Tom, Karen, Jeng, Jill, 

Benny, Sofie, Luc en Karolien: hou jullie maar vast, de nummerkerskoers zal dit jaar nog niet lukken, 

maar met carnaval gaan we er nog eens goed tegenaan!  

‘De tussers forever’, ik denk dat de naam van ons whats’app groepje de nagel op de kop slaat. Ik ga 

het even niet in jaren uitdrukken hoelang we al vriendinnen zijn (dan lijken we ineens zo oud), maar 

we gaan het houden bij ‘al heeeeeeel erg lang’. Merci, Tine, Kim, Gwen, Kristel Natalie en Sofie, ik hoop 

dat we nog vele gezellige avondjes met memorabele verhalen mogen hebben.  

Family isn’t important, it’s everything…  

Arno, Gillaine, Lennard en Annelien, ook jullie bedankt voor alle hulp wanneer we weer eens een 

handje tekort schoten…. Lennard, je gaat dat goed doen als peter van ons Stafke!  

Mama en papa, dankjulliewel… ik ben mogen opgroeien in een warm nest, ik kon me geen mooiere 

jeugd voorstellen, we hebben de kans gekregen om ons eigen te zijn, om zotte dingen te doen, en 

dankzij jullie weten we wat er echt toe doet in het leven: gezond zijn, je best doen, gelukkig zijn en 

genieten van de kleine dingen in het leven die vaak als vanzelfsprekend beschouwd worden… maar we 

hebben ook geleerd om door te zetten, ook als het eens wat minder vlot gaat, er is maar 1 weg en dat 

is die van de vooruit… ook in deze laatste weken waren het de laatste loodjes die het zwaarst 

doorwogen, en heb ik er nog vaak aan terug gedacht. Papa, bedankt voor het eindeloze vertrouwen 
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dat je in ons had, ik denk er nog vaak aan terug, en begrijp het soms nog niet dat je ons als 10-jarige 

ukkepukken wel vertrouwde om een zotte koe vast te houden, en dat ‘vreemden’ dan maar even een 

stapje aan de kant moesten doen… Maar het was dat wederzijdse respect en vertrouwen wat maakte 

dat we altijd zo graag met je mee gingen en hielpen op stal. Je was zo trots toen ik aan het studeren 

was voor dierenarts, dat je zomaar even een rij vaarzen kocht, alleen maar om mij te laten oefenen 

voor rectaal onderzoek… het kon bijna niet gekker .  Ik ben blij dat ik zoveel op je lijk, en zal Stafke 

honderduit vertellen over die lieve, straffe en gekke opi. Mama, bedankt voor alle hulp, zeker de laatste 

maanden was een helpende hand meer dan welkom, en zonder te vragen sta jij er dan om een handje 

toe te steken. Bedankt!  

‘De zussen’… iedereen die mij een beetje kent, kent ook ‘onze San, Son en Cin’, mijn zussen maar ook 

mijn allerbeste maatjes. Bedankt, voor al die keren dat jullie klaar stonden als ik weer eens helemaal 

klaar was met mijn doctoraat…  Schouderklopje of shot onder m’n kont en dan kon ik weer verder. 

Regelmatig liggen we wel eens in een deuk van het lachen, ik denk dat het wel helpt dat we af en toe 

dezelfde (domme) humor hebben (hoewel Cin, tegen de roltrap omhoog lopen was toch vooral voor 

ons heel grappig ). Zeker niet te vergeten zijn de hele resem nichtjes en neefjes die me altijd gelukkig 

maken: Amber, Mirthe, Benthe, Senne en Robbe, ook jullie wil ik bedanken… hoewel jullie het 

misschien niet altijd beseft hebben, vond ik het altijd genieten om samen met jullie te spelen. Benthe 

en Senne, jullie zijn mijn 2 schattebol-metekinderen! Ook de ‘schone broers’ Kurt en Jan vergeet ik 

zeker niet, eigenlijk zijn jullie al zodanig in de familie opgeslorpt dat jullie al ‘echte broers’ zijn 

geworden.  Jan, we hebben er het volste vertrouwen in dat je een goede peter gaat zijn voor ons Stafke, 

we zullen hem/haar nog vaak van de boerderij mogen komen plukken denk ik zo…  Bedankt allemaal, 

jullie staan altijd klaar en dat koester ik enorm, en ik ben er zeker van dat we nog vele zaterdagavonden 

of zondagen gezellig gaan doorbrengen met elkaar.  

Jos en Li, Jan en Cindy (nog eens), ook jullie bedankt dat ik (intussen 8 jaar geleden!!) mijn masterproef 

over uiergezondheid bij jullie mocht doen. De domste stoten heb ik bij jullie kunnen en mogen uithalen, 



Acknowledgements - Dankwoord 
 

228 

toch wel een hele gerustelling dat ik deze ervaring al had voor ik aan de advisering van 30 andere 

melkveebedrijven begon… Bedankt voor het vertrouwen!  

Save the best for last… Lieve schat, je dacht toch niet dat ik je vergeten was zeker? Een drietal jaren 

geleden kwamen we elkaar tegen tussen de koeien, en onder het motto ‘waarom wachten als alles 

goed zit’ waren we al snel verloofd en getrouwd, zitten we intussen al een jaar in ons eigen stekje en 

zijn we in blijde verwachting van ons Stafke! Ondanks het feit dat het me 7 jaar gekost heeft om mijn 

doctoraat af te krijgen, lukt het me blijkbaar wel om andere dingen op een vlotter tempo in te vullen 

. Maar dat heb ik toch wel voor een heel groot deel aan jou te danken… De periode waarin we elkaar 

leerden kennen was voor mij (dus dan automatisch ook voor jou ) niet de gemakkelijkste tijd: hele 

dagen schrijven en analyseren, het kostte me enorm veel moeite. Maar gelukkig was jij er dan, om me 

nog eens een zetje te geven, of om alles te relativeren als ik er even helemaal gek van werd.  Ook de 

laatste weken waren behoorlijk stresserend, maar dat werd goed gebufferd door jouw kalmte en 

relativeringsvermogen. Lieve schat, dankjewel voor alle aanmoedigende berichtjes, knuffels en 

duwtjes in de rug,  dankjewel voor je begrip als ik in de weekends weer eens alleen maar achter m’n 

computer zat... dat gaat veranderen nu, ik kijk er alvast enorm naar uit dat we ons Stafke in onze armen 

kunnen houden. Je bent al een top-echtgenoot, en je zal een super papa zijn! Ik zie je graag, dikke kus 

X 


