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Preface

Mastitis has been one of the most studied diseases in the dairy industry in recent decades. 
The reasons for this interest are obvious. Mastitis affects the health of dairy cows. A large 
proportion of cows suffer from mastitis and it is one of the most important reasons for culling. 
Mastitis is thus responsible for a decrease in farm profitability, a decline in animal welfare 
and a reduction in the farmer’s job satisfaction. Moreover, mastitis negatively influences milk 
quality and this affects dairy processing.

Since 2005 a great number of mastitis research projects have been started in the Netherlands. 
The scope of each of these projects is different but they have one thing in common, they are 
all directed towards the improvement of on-farm udder health: from science to practice. And 
that is why the Dutch dairy industry took the initiative to organise an International Conference 
on Mastitis Control with this ‘science to practice’ theme. 

This book reflects the latest knowledge on mastitis control. Out of more than 120 abstracts, 
the Scientific Committee selected 42 oral presentations. This book contains the six-page 
papers of each oral presentation given during the conference and the abstracts of each poster 
presentation.

Because we believe that scientific evidence is an important foundation for effective mastitis 
control, the conference was aimed at science that is useful in practice. The International 
Conference entitled ‘Mastitis Control: From science to practice’, was held from 30 September 
to 2 October, 2008. Approximately 350 people attended the conference. 

Finally, we would like to acknowledge all the people that have been involved in the organisation 
of the conference. 

The Organising Committee
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Improving udder health on well managed farms: mitigating the 
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Abstract

Udder health on dairy farms is a multi-faceted phenomenon where both, subclinical mastitis 
and clinical mastitis are important components. In this review we describe a generic mastitis 
control program. While describing this control program, it becomes clear that many gaps in 
our knowledge exist. Progress and gaps in our knowledge in the areas of bacterial pathogens, 
management and motivation, and host response are discussed. We finally argue that it is 
important to maintain a connection between on-farm control programs and the direction of 
research in mastitis. Ultimately the research will need to be applied on farms and lead to an 
increase in milk quality, reduction in incidence of clinical disease and improvement of animal 
well-being and farm profitability. In this review we have tried to show this link and identify 
important areas for future research.

Keywords: epidemiology, management, milk quality, motivation

Introduction

Udder health remains one of the key concerns on the well managed dairy farms throughout 
the world. Although much progress has been made, milk quality can still be improved upon 
and on many farms clinical mastitis remains the most important and debilitating disease of 
the dairy production animals. In recent years not only product quality (such as extended shelf 
life) but also product safety has become of increasing importance for the consumer of dairy 
products. In addition, clinical mastitis in cows is more and more recognised as a concern 
for animal welfare and as such a concern to consumers of dairy products. To improve the 
udder health, milk quality and food safety situation on dairy farms, continuous research and 
extension activities and many new initiatives are being pursued. Throughout the world these 
initiatives have shown important progress towards a goal of improved udder health, milk 
quality and food safety. In recent years, the efficiency of resource utilisation has become an 
important issue to secure supply of the world population with sufficient nutrients. Improving 
milk quality is an excellent way to provide more nutrients from the same or less resources. A 
well described example of a successful control program is the preventative program that has 
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been implemented in the Norwegian cattle population. As described by Østerås et al. (2007), 
both subclinical and clinical mastitis increased in the population from 1975 to 1990 (Figure 1A, 
1B), but showed an important decrease thereafter. The 3 main reasons for the large decrease 
in mastitis were described by the authors as effects of preventative management programs, 
improvements due to genetic changes and an effect of changing the attitude of the dairy 
producers towards treatment. The authors also argue that many of the actions taken to bring 
about improvements would not have been possible without a functioning and practical disease 
recording system. Although many individual farms record diseases, the Nordic countries are 
still the only ones using a National disease recording database.

The specific prevention program used in Norway was not described in full detail in the 
paper by Østerås et al. (2007). However the usual 10-point NMC udder health program was 
generally advised with the exception of the standard use of dry-cow therapy. A lot of credit 
has been given to the introduction of a strong genetic selection for udder health (Steine et al., 
2008), as the introduction of this program coincided with the start of the decreasing trend in 
both clinical and subclinical mastitis (Heringstad et al., 2003). The availability of Nation wide 

Figure 1. Incidence rate of Clinical (A) and Subclinical (B) mastitis in Norwegian dairy cows 
(from Østerås et al., 2007).

A

B
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data lend a lot of credibility to the observed patterns and this is further strengthened by a 
reduction in intramammary antibiotic sales coinciding with the reduction in clinical mastitis 
cases (Østerås et al., 2007).

Other milk quality improvement programs are in operation throughout the world. Some of 
the well publicised programs include the Dutch Udder Health Center (UGCN), the Australian 
‘Count-down down under’ program, the Canadian Bovine Mastitis Research Network, the 
Milk money program in Wisconsin, the Quality count$ in Minnesota and the Quality Milk 
Production Services in New York State. This list is by no means complete and several other 
programs exist throughout the world. Some of these programs are temporary in nature and a 
response to increasing udder health problems, others are more permanent and aim to provide 
long-term services to the dairy industry. The general premise of these programs is to promote 
excellent milk quality and to support the dairy farmers to reach this goal. Most, if not all of 
these programs work with a generic format for problem solving. This format, known as the 
herd health circle consists of goal setting, risk assessment & problem analysis, execution and 
finally evaluation & monitoring (see Figure 2). Often this herd health circle is preceded by 
an effort to immediately resolve the problem at hand using some short term relief measures. 
Briefly, the steps involved in improvement of udder health and production of high quality milk 
will be explained. This will also provide a framework to discuss the important outstanding 
questions in milk quality research.

Step 1. Resolve udder health issues to acceptable levels with (usually) short term solutions. 
This often involves treatment of selected cows with subclinical mastitis, dumping milk of the 
worst quality offenders or culling of some problem cows. Rapid identification of cows with 
poor milk quality remains an issue. Tests like the California Mastitis Test (CMT) or somatic 
cell count (SCC) are valuable but not easy for daily use. Further research into automated 
detection system of milk of poor quality would be of great value. 

Step 2. Goal setting involves identifying realistic goals with the herd owner, the manager 
and the staff. Although this appears to be straightforward given that milk is the preeminent 
product that leaves the dairy, this is often neglected and motivating the herd owner and staff 
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to improve is at times very difficult. The processes underlying the motivation of the herd 
owner and staff are complex and not well understood. Using existing knowledge on mastitis 
control, an average reduction of 20% in mastitis incidence and prevalence can be achieved but 
the success of control programs depends on the level of adoption by dairy producers (Green 
et al., 2007b).Research into motivational aspects of udder health programs is expected to be 
of great value for future success of udder health programs. Both economic incentive policies 
and producer motivation are important areas of research (Valeeva et al., 2007; Jansen et al., 
2008; Nightingale et al., 2008).

Step 3. Actual problem investigation and Risk assessment. Problem investigation obviously 
depends on the herd problem. We will focus here on two main issues: high incidence of 
clinical mastitis and SCC that are higher than the established herd goal. Often problem 
analysis depends on the availability of udder health data (Bulk milk quality data, data from 
Dairy Health Improvement Association (DHIA) or similar schemes, clinical disease records), 
conduct of on-farm risk assessment using questionnaire data, scoring results (hygiene scoring, 
teat end scoring, body condition scoring), on-farm measurements (e.g. milk flow patterns, 
milking equipment vacuum testing, equipment washing analysis, timing of parlor routines) 
and farm observations. 

A. High incidence of clinical mastitis. Incidence of clinical mastitis is to some extent farm 
specific. This is the case because diagnostic efficacy may differ between farms depending on 
the diagnostic tools and diagnostic procedures used. Milking procedures that include fore 
stripping will likely detect more cases than procedures that rely on other detection methods. 
Use of automated in-line diagnostic tools such as conductivity or enzymatic measurement 
will increase diagnostic accuracy if their specificity is acceptable. A schematic protocol for 
analysis of clinical mastitis problems is shown in Figure 3. Clinical mastitis problems can be 
divided into two main areas: high incidence of first cases and high rate of reoccurrence of 
clinical symptoms.

A1. High incidence of first cases. An incidence of less than 20% of cows getting a first case of 
clinical mastitis is a realistic goal on most farms. To investigate first cases of clinical mastitis, it 
is necessary to describe the patterns of disease occurrence: high post partum incidence or high 
mid lactation incidence (pointing at dry cow versus lactating cow problems), a high incidence 
in a single parity (particularly first lactation heifers versus cows), evaluating whether there is 
evidence for point source outbreaks, evidence of seasonality, or any other discernable pattern. 
The distribution of pathogens associated with first clinical cases is very valuable as well as the 
presence of a high proportion of culture negative cases. Further research into prevention of 
first clinical mastitis cases through improving management, improved treatment protocols, 
genetic selection or vaccination will be necessary. Particularly the very high incidence of first 
cases of clinical mastitis in heifers in early lactation is an area in need of further development 
(Svensson et al., 2006).
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A2. High incidence of repeat cases. When the incidence of repeat cases, i.e. subsequent clinical 
cases in cows that already had a first case of clinical mastitis, is twice as high as the incidence 
of first cases among all cows in the herd, a more detailed investigation of the causes underlying 
the occurrence of repeat cases should be performed. Key areas of investigation include the 
pathogen distribution of repeat cases, antimicrobial sensitivity patterns, presence of dominant 
strains within a bacterial species in repeat cases using strain typing techniques (Zadoks and 
Schukken, 2006), and the presence of specific risk factors for cows experiencing multiple cases 
of mastitis. Investigation of the recommended treatment protocols and the protocols executed 
on the farm is of great importance. A formal treatment evaluation may be valuable in order to 
obtain quantitative cure data for each treatment protocol used on the farm. Further research 
into the biology of bacterial host adaptation, more successful treatment strategies and the 
underlying reasons for susceptibility to repeat cases will need to be conducted (Steeneveld 
et al., 2008).

B. High somatic cell counts. High SCC issues can generally be split into three main areas: high 
new intra-mammary infection (IMI) risk in lactation, high prevalence of chronic infections 
and high post partum infection prevalence. In all these cases ‘infection’ is defined as a SCC 
value above the threshold for normal milk SCC concentration. Generally this threshold is set 
at 200,000 cells per ml. A schematic protocol for analysis of high SCC problems is shown in 
Figure 4.
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B1. High new ‘infection’ risk in lactation. Herds that aim to have a bulk milk SCC of approximately 
150,000 cells/ml should aim for <5% new infection risk per month, at 250,000 this would 
approximately be <8%. Investigation of high new IMI risks that exceed targets would focus 
on milking parlor hygiene and milking procedures, quality of post milking teat disinfection, 
hygiene in stalls and walkways, transmission of infection between cows (no segregation 
of cows infected with contagious pathogens), purchasing of cows without testing and an 
increased susceptibility of cows to infection due to other infectious diseases or metabolic 
disorders. Further research into cow susceptibility to infection, management associated with 
reduced exposure and (emerging) bacterial pathogens responsible for high new infections 
risk is needed.

B2. High prevalence of chronic infections. When high milk quality is the objective of the dairy, 
less than 5% of cows should have persistent high SCC. For a bulk milk SCC around 250,000 
cells/ml the objective should be less than 10% of cows with persistent high SCC. Investigation 
into persistent high SCC will need to identify parity groups with high risk, seasonal effects, 
time of start of persistent infections (dry period, early lactation, late lactation), pathogen 
distribution and when necessary strain typing of identified pathogens. Evaluation of treatment 
protocols of subclinical mastitis during lactation is valuable. Percentage contribution to the 
bulk tank may be calculated for the persistent high SCC cows. Evaluation of culling strategies 
is of importance for the group of animals with persistent high SCC. Further research into 
host adaptation of strains within bacterial species, targeted clinical and sub-clinical treatment 
strategies, and the importance of so called ‘minor pathogens’ is of value to better understand 
the dynamics of persistent high SCC cows.
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B3. High prevalence of postpartum infections. For high milk quality, 10% or less of cows should 
have an increased SCC post partum. For bulk milk SCC values around 250,000, a goal of less 
than 15% of cows with high SCC post partum should be the objective. Further investigation into 
parity specific problems, dry cow treatment and teat seal protocols, transition management, 
and dry cow hygiene are warranted. Further research into pre-calving treatment of cows and 
heifers (De Vliegher et al., 2004), the patho-biology of teatsealants, the immune response in 
the dry period and optimal vaccination strategies is warranted.

Step 4. Execution of proposed solutions. Training of individuals involved in execution 
of the proposed solutions is of great importance. In many countries non-native speakers 
perform many of the repetitive but important tasks in harvesting milk. Pictorial displays 
of best management practices may be essential for proper execution. Again, understanding 
motivation of herd owners, managers and staff will turn out to be of great value for adequate 
implementation and continuation of suggested best management practices. Given the large 
variation of mastitis patterns between farms (Olde Riekerink et al., 2008), farm specific 
solutions are anticipated.

Step 5. Evaluation and monitoring. Several evaluation and monitoring options exits. Bulk milk 
monitoring can be a good starting point as it is relatively cheap and includes most of the milk 
produced in the dairy (Lievaart et al., 2007). Other parameters that are important to monitor 
include clinical mastitis incidence, monitoring new and chronic subclinical infections, and 
monitoring culling due to udder health reasons. Monitoring programs can work at herd level 
(Schukken et al., 2003), regional level or national level (Østerås et al., 2007).

Recent developments in mastitis research

Bacterial pathogens

Many of the recent developments in our understanding of the bacterial pathogens involved 
in IMI come from the emergence of molecular epidemiology. This discipline has provided 
many tools for more precise study of pathogens. A recent review (Zadoks and Schukken, 
2006) summarised the most frequently used methods and applications. With the tools 
provided by molecular typing, the epidemiology of bacterial pathogens causing IMI has 
radically changed. Our classic concept of environmental and contagious mastitis pathogens 
has been challenged by several publications showing that some strains of previously defined 
environmental organisms behave in a contagious manner while some strains of previously 
defined contagious organisms do not show any signs of cow-to-cow transmission (Zadoks et al., 
2003; Munoz et al., 2007; Haveri et al., 2007; Fournier et al., 2008). For this reason, the terms 
host-adapted as it refers to strains that easily transmit between cows and opportunistic IMI 
that cause single more severe infections have been introduced. It has become clear that this 
terminology should be used for individual strains and describe their behavior in the host and 
that these definitions are not adequate to describe bacterial species. The use of comparative 
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genomic analyses allows us to identify a set of molecular genetic features that distinguish 
clones of host adapted bovine-associated strains optimised for mastitis pathogenesis from 
those that infect other hosts or are only infrequently recovered from bovine mastitis cases. 
It is expected that in the next few years many of the genes associated with host adaptation 
to the bovine mammary gland will be identified, as is already being done for Staphylococcus 
aureus (Herron-Olson et al., 2007). Obviously, these genes would be of value as potential 
vaccine targets. Host adaptation of bacterial pathogens to the bovine mammary gland has 
now been described for numerous bacterial pathogens. This includes Escherichia coli (Blum 
et al., 2008; Dogan et al., 2006), Staphylococcus aureus (Herron-Olson et al., 2007), Klebsiella 
spp. (Munoz et al., 2007), Streptococcus uberis (Zadoks, 2007) and Streptococcus agalactiae 
(Bisharat et al., 2004). As indicated above, host-adapted strains would be more likely to be 
involved in mastitis outbreaks and more likely result in persistent infections and repeated 
cases of clinical mastitis. It is now recognised that repeated cases of clinical mastitis form a 
major component of clinical mastitis events on many dairy farms (Steeneveld et al., 2008). 
For an example, see Figure 5. Hence our increased understanding of the genomic correlates 
of host-adaptation may have an important impact on reduction of clinical and sub-clinical 
mastitis on dairy farms.

The developments in bacterial genomics and molecular diagnostic technology will also result 
in an increased use of molecular diagnostics for rapid and accurate detection of mastitis 

Figure 5. A farm with a predominance of repeated cases of mastitis.
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pathogens (Lee et al., 2008). It is likely that some of these technologies will be implemented 
in the next few years in routine diagnostics of bovine IMI. 

An increasing number of pathogens is gaining recognition as emerging causes of mastitis. 
In some situations pathogens capable of causing IMI are described that were not recognised 
before, as in the case of Coxiella burnetii (Barlow et al., 2008). In other situations, bacterial 
pathogens emerge as a more frequent cause of mastitis as in the case of Klebsiella spp. (Munoz 
et al., 2007) or are now recognised as a more important contributor to herd problems as in 
the case of coagulase negative staphylococci (Sampimon et al., 2007; Taponen et al., 2007). 

Producer, management and environment

A highly underestimated field in mastitis research is the field of communication sciences. In 
many situations the biology and management factors resulting in mastitis and milk quality 
problems on a dairy farm are well known and can be relatively easily resolved. The main 
problem on such dairies is communication to the herd owner and motivation of the herd 
owner to implement known successful strategies. This area of motivational research is now 
developing and showing great promise. It will be necessary to understand the important 
motivators of dairy farmers to be able to successfully bring knowledge and technology to the 
dairy farm (Jansen et al., 2008). In a recent study by Valeeva et al. (2007), it was observed that 
factors that are internal to the farm performance and the individual farmer provided more 
motivation than external factors related to esteem and recognition within the dairy sector. The 
authors identified 3 distinct clusters that were driving motivation of dairy farmers with regard 
to mastitis management: milk price premium ‑ or penalty ‑ oriented motivation, motivation to 
have an efficient (well-organised) farm that easily complies with regulatory requirements, and 
basic economic motivation. Nightingale et al. (2007) recently also established the importance 
of premium programs in reducing bulk milk SCC. As to the basic economic motivation, the 
total economic losses of mastitis (subclinical and clinical) per cow present on the farm were 
recently estimated between 65 and 182 Euro per cow per year depending on the bulk tank 
SCC (Huijps et al., 2008). However, the authors also showed that most farmers expected their 
economic losses to be lower than those calculated from their actual data. Underestimating the 
economic losses of mastitis appears to be a problem and it may be important to more accurately 
provide economic data to dairy farmers to increase their motivation for implementation of 
control procedures (Huijps et al., 2008). 

An important control procedure for both clinical and subclinical mastitis is the rational use 
of antimicrobial therapy for these two types of mastitis. A number of recent papers addressed 
the efficacy and economic value of subclinical mastitis treatment (Steeneveld et al., 2007; 
Swinkels et al., 2005a,b). Their research indicated that profitability of treatment of chronic 
subclinical S. aureus and S. uberis mastitis depended on farm-specific factors such as average 
cure rate and the value of discarded milk and cow-specific factors such as duration of infection 
and the likelihood of transmission to other cows. It was shown by Swinkels et al. (2005a,b) 
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that treatment of subclinical mastitis is particularly valuable to reduce duration of infection. 
Treatment of IMI with long durations may have an important impact on the risk of new 
infections in the herd. Quantification of the direct and indirect effects of treatment of IMI 
is important to provide economic motivation for the use of rational antimicrobial treatment 
protocols. Furthermore, adequate treatment of the initial case of clinical mastitis may reduce 
the incidence and related costs of repeated cases (Bar et al., 2008).

Cows

In the last years, major advances in host genetics and genomics have had an important impact 
on bovine mastitis. Mastitis has an unfavourable genetic correlation with milk production 
(Heringstad et al., 2003), and selection for increased milk production is therefore expected to 
increase the incidence of the disease. In observational studies high producing herds typically 
shower higher rates of clinical mastitis (Sato et al., 2008). However, it was shown that if 
selection against mastitis is included in a total merit index, the genetic level of mastitis may 
be kept constant or even improved (Heringstad et al., 2003). Selection can be either direct 
using clinical mastitis (CM) records, or indirect via information on traits that are genetically 
correlated to mastitis, such as SCC, or both. Denmark, Finland, Norway, and Sweden are the 
only countries having national recording systems for CM (Østerås et al., 2007), whereas SCC 
is routinely recorded in many countries. In the latter, genetic improvement of udder health 
relies mainly on selection for reduced SCC. It was argued that direct selection for reduced 
incidence of CM would be 23 to 43% more efficient in terms of reducing incidence of clinical 
mastitis among second-crop daughters, than indirect selection using linear somatic cell score. 
However, De Haas et al. (2008) recently argued that indirect selection using SCC peak patterns 
would be equally efficient in reducing incidence of clinical mastitis when compared to direct 
selection against clinical mastitis.

More detailed analysis of the bovine genome has become available since the publication 
of the full bovine genome (Miller et al., 2007). With the completion of the bovine genome 
sequence assembly, single nucleotide polymorphism (SNP) assays spanning the whole bovine 
genome has become possible. It is expected that relating the bovine genome to observed 
data on clinical and subclinical mastitis will result in identification of specific genes or gene 
mutations that relate to a higher or lower mastitis incidence. Recent work by Sugimoto et 
al. (2006) is a good example of this. They observed that cows that were more susceptible to 
mastitis had a three-base insertion in the forebrain embryonic zinc finger-like (FEZL) gene. 
Recognition of this mutation provides an opportunity for directed genetic selection against 
mastitis susceptibility. The combination of quantitative genetics with full utilisation of the 
bovine genome will provide major tools for genetic improvement with regard to mastitis 
susceptibility if genetic and genomic data can be correlated to phenotypic data on disease, 
i.e. data on clinical and subclinical mastitis. This is expected to have an important impact on 
clinical mastitis incidence and the risk of new IMI on dairy farms world wide.
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The innate immune response to bacterial penetration of the mammary gland is evoked within 
hours of infection and the rapidity and magnitude of this response have been demonstrated to 
influence the resolution of this disease (Bannerman et al., 2004a). Pathogen specific recognition 
is accomplished by a series of receptors known as Toll-like receptors (Yang et al., 2008). These 
receptors recognise bacterial signals and their activation regulates cytokine expression in the 
host immune cells. Cytokines and other mediators of inflammation are known to play critical 
roles in the innate immune response to intramammary infection. The ability of bacteria to 
establish infection is determined, in part, by the nature and rapidity of the corresponding 
host innate immune response. Over the past decade, understanding of the innate immune 
response to intramammary infection has increased, and there is mounting evidence that 
suggests that immune modulators (e.g. recombinant cytokines) that influence the innate 
immune response may be therapeutically beneficial (Bannerman et al., 2004a,b,c). Cytokines 
also may be useful biomarkers of disease severity and outcome. For example, the highest 
concentrations of milk C5a were detected in cows infected with strains of K. pneumoniae and 
S. uberis that induced very severe clinical mastitis (Bannerman et al., 2004b,c). In contrast, 
IMI with pathogens that induced less severe symptoms of clinical mastitis were accompanied 
by lower milk concentrations of C5a (Bannerman et al., 2004a). Hence early information on 
cytokine response may prove to be useful as an early prognostic indicator, and it may guide 
the selection of treatment of clinical bovine mastitis.

A particularly interesting period with regard to the risk factors for IMI and the cow’s immune 
response to IMI is the dry period. Several studies have now established the late dry period 
as an important period of new IMI as shown in Figure 6, although the host does not show a 
visible response to these IMI (Green et al., 2007a; Bradley and Green, 2004). Further studies on 
the immune response to IMI in the dry period are necessary to develop prevention strategies 
that will eventually lead to a reduced incidence of clinical mastitis and a lower prevalence of 
increased SCC at the first test post-partum. 

The impact of nutrition during the dry period and transition to lactation is expected to be large. 
Energy intake, trace element and vitamin intake and fiber in the diet appear of importance to 
reduce clinical disease post partum (Beever, 2006). More information is becoming available 
about other factors affecting the cow’s immune response. In a recent study it was shown that 
herds that became free of Bovine Virus Diarrhea Virus infection had a reduced incidence of 
clinical mastitis compared to infected control herds (Berends et al., 2008). Similarly, a Danish 
study recently showed a relationship between lameness and an increased risk of clinical 
mastitis (Sato et al., 2008). These studies are helpful in the development of integrated control 
programs to reduce the incidence of clinical mastitis.

Very little is known about cow well-being, pain and pain relief as it related to mastitis, but 
its importance is increasingly recognised (Anil et al., 2005). Detection of pain in dairy cows 
as an objective measurable parameter is in its infancy (Fitzpatrick et al., 1998). Without 
objective parameters the impact of mastitis on animal well-being and the potential use of 
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pain relieving and anti-inflammatory drugs remain difficult to study. Clearly, more work in 
this area will be needed.

Future perspectives

Milk quality is manageable. Knowledge and tools are available to produce milk of high quality. 
In contrast, knowledge and tools for reduction of incidence of clinical mastitis on dairy farms 
are lacking. In fact, the components for a ‘perfect storm’ of escalating mastitis incidence are 
in place: first, bacterial pathogens increasingly show an adaptation to the bovine host; second, 
host susceptibility to clinical mastitis is increasing due to a positive correlation with milk 
production; and third, producer motivation to implement mastitis control programs appears 
to be decreasing. To mitigate the occurrence of this ‘perfect clinical mastitis storm’, progress 
needs to be made in research and on-farm application of knowledge in these three areas. A 
key issue is to steer producer motivation such that our increased knowledge and improved 
tools are applied in day-to-day management. Research on the success of implementation of 
comprehensive milk quality programs is needed to better understand producer motivation. 
A successful clinical mastitis reduction program will undoubtedly include a genetic selection 
component. Bacterial mammary pathogen research is now making full use of the molecular 
genetic tools that have become available. Further research into host or niche adaptation of 
mastitis pathogens will likely provide opportunities for early diagnosis, vaccination, treatment 
and prevention programs. Host response to mastitis pathogens has been studied in great detail 
in the last years. Particularly the pathogen specific innate immune response was elucidated 
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on the immune response to IMI in the dry period are necessary to develop prevention 
strategies that will eventually lead to a reduced incidence of clinical mastitis and a lower 
prevalence of increased SCC at the first test post-partum.  
 
Figure 5. Incidence of new IMI during dry period and lactation (adjusted from Burvenich et 
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development of integrated control programs to reduce the incidence of clinical mastitis. 
Very little is known about cow well-being, pain and pain relief as it related to mastitis, but its 
importance is increasingly recognized (Anil et al., 2005). Detection of pain in dairy cows as 
an objective measurable parameter is in its infancy (Fitzpatrick et al., 1998). Without 
objective parameters the impact of mastitis on animal well-being and the potential use of pain 
relieving and anti-inflammatory drugs remain difficult to study. Clearly, more work in this 
area will be needed. 
 
Future perspectives 
 
Milk quality is manageable. Knowledge and tools are available to produce milk of high 
quality. In contrast, knowledge and tools for reduction of incidence of clinical mastitis on 
dairy farms are lacking. In fact, the components for a ‘perfect storm’ of escalating mastitis 
incidence are in place: first, bacterial pathogens increasingly show an adaptation to the 
bovine host; second, host susceptibility to clinical mastitis is increasing due to a positive 
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Figure 6. Incidence of new IMI during dry period and lactation (adjusted from Burvenich et 
al., 2008).
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for many bacterial IMI. These studies will likely lead to developments in early detection, 
prognostic indicators and symptomatic treatment. A better understanding of host response 
during the dry period will be needed to implement control programs for IMI during this 
crucial period. The cellular immune response to IMI remains poorly understood and more 
research in this area is needed.

Above all, it is important to maintain a connection between on-farm control programs and the 
direction of research in mastitis. Ultimately the research will need to be applied on farms and 
lead to an increase in milk quality, reduction in clinical disease and improvement of animal 
well-being and farm efficiency and profitability. 
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Abstract

A changing distribution of mastitis pathogens over time and an increasing herd size may have 
an effect on the execution and effect of udder health management practices in dairy farms. 
In this study 200 herds were visited to study the prevalence and distribution of subclinical 
mastitis pathogens and estimate the adoption of udder health management practices. A total 
of 11,225 quarters of 2,873 cows were sampled and cultured. Cows with increased SCC were 
selected for sampling based on Dutch DHI data. Of the sampled quarters, 4,612 had a high SCC 
(≥200,000 cells/ml). Bacterial growth occurred in 1,691 (3%) of these milk samples. Coagulase-
negative staphylococci and Staphylococcus aureus were the most prevalent pathogens and 
were isolated in 566 (12%) and 411 (8.6%) milk samples, respectively. Staphylococcus aureus 
was found to be penicillin-resistant in 68 (1.5%) milk samples. Management practices were 
divided in six categories, general management, housing conditions, young stock management, 
nutrition, milking procedures and therapy. In this study, 22% of the farmers wore gloves during 
milking. Checking the first streams of milk before attaching the milking unit was carried out 
by 49% of the milkers. Post milking teat disinfection was performed by 81% of the farmers. 
Antibiotic treatment for all cows at drying-off, treatment of the first symptoms of clinical 
mastitis, and treatment of high SCC was done by 87%, 69%, and 47% of farmers, respectively. 
Coagulase-negative staphylococci, and Staph. aureus were most frequently isolated pathogens 
in subclinical mastitis. Most recommended management practices were used on most farms, 
but there is room for improvement.

Keywords: management, pathogens, subclinical mastitis

Introduction

Mastitis is one of the most important diseases in dairy cattle, resulting in significant economic 
losses for dairy farmers (Halasa et al., 2007). It is a multifactorial disease which is a challenge to 
manage, and in which numerous management factors are involved, such as housing facilities, 
milking procedures, feeding programmes, treatment regimes and others. More than 100 
bacterial species can cause bovine mastitis (Smith and Hogan, 2001). At the herd level it is 
important to know which pathogens are involved in clinical and subclinical mastitis, to be 
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able to implement the correct management practices in case of an udder health problem. Also 
at the population level, it is important to know which pathogens are most frequently causing 
mastitis and what their antimicrobial sensitivity pattern is. 

The prevalence of intramammary infection (IMI) and distribution of mastitis pathogens 
were determined in The Netherlands in 1973, 1975, 1980 and in 1985 (Vecht et al., 1989). 
In the 70’s, Streptococcus agalactiae was the predominant mastitis pathogen (6.9% infected 
quarters), while in the 80’s Staph. aureus became the most frequently isolated pathogen (3.7% 
infected quarters). Average BMSCC in The Netherlands decreased from 331,000 cells/ml in 
1985 to 219,000 cells/ml in 2007. A decrease in prevalence of subclinical mastitis and a shift 
in pathogen distribution involved in IMI can therefore be expected.

The objectives of this study were to determine the prevalence of subclinical mastitis pathogens 
and the pathogens involved, and the adoption of udder health management practices on 200 
randomly selected Dutch dairy farms.

Materials and methods

Herd and cow selection

A total of 400 herds were selected of which 210 participated in the study. In total 10 herds 
decided not to participate in the study, reasons for not participating were lack of time (9 
herds) and no DHIA available (1 herd). All herds were sampled between August 2007 and 
February 2008. Based on the currently used cut-off levels in the Netherlands by the Dutch 
DHI, all quarters of cows (SCC>250,000 cells/ml) and heifers (SCC>150,000 cells/ml) were 
sampled once. The milk samples were collected within one week after arrival of the milk 
recording results on the farm. Selected cows were sampled immediately before milking. Dry 
and treated cows were excluded from sampling. All samples were collected according to the 
NMC guidelines by trained personnel of the GD Animal Health Service (GD) in Deventer, 
the Netherlands. The milk samples were transported on ice to the GD and stored frozen for 
culture and SCC.

Laboratory analyses

At arrival at the GD laboratory milk samples were split. In the first sample SCC was determined 
using a Fossomatic cell counter (Foss Electric, Hillerød, Denmark). If the SCC was above 
200,000 cells/ml bacteriological culturing was carried out according to NMC guidelines 
(Harmon et al., 1990). A milk sample was considered culture-positive if ≥100 cfu/ml of a major 
pathogen (i.e. Staph. aureus, Streptococcus uberis, Strep. agalactiae, Streptococcus dysgalactiae 
and E. coli) or ≥500 cfu/ml of a minor pathogen (i.e. CNS, Bacillus spp. and Corynebacterium 
bovis) were cultured. Milk samples that were culture-positive for more than two bacteria 
species were considered to be contaminated.
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Questionnaire

A questionnaire was conducted on farm by GD staff to obtain information on management 
factors of the farms such as housing facilities, milking procedures, feeding and treatment 
regimes. The questionnaire was tested before use at 2 dairy farms. The questions were aimed 
at the year preceding the sampling date. 

Results

In total, 11,225 quarter milk samples were collected of 2,873 cows. Of the sampled quarters, 
4,612 had a high SCC (≥200,000 cells/ml). Bacterial growth occurred in 1,691 (37%) of these 
milk samples. Coagulase-negative staphylococci and Staph. aureus were the most prevalent 
pathogens and were isolated in 566 (12%) and 411 (8.6%) milk samples respectively (Table 1). 
Penicillin-resistant Staph. aureus was found in 68 (1.4%) milk samples. Mean herd size was 
72 lactating cows (ranging from 20 to 267).

The most common barn types was the free-stall barns (95%). Herringbone milking parlors 
(75%) were most frequently used followed by side-by-side (8%) and rotary parlors (6%). 
An automatic milking system was used on 4% of the farms. A number of relevant udder 
health management parameters that were surveyed in the questionnaire are summarised in 
Table 2. 

Table 1. Distribution of the pathogens from 200 random selected dairy farms.

Pathogen n Of all samples 
(n=4,612)

Of all isolates 
(n=1,691)

Coagulase-negative staphylococci 566 11.9 30.5
Staphylococcus aureus 411 8.6 22.2

Penicillin sensitive (343) (7.2) (18.5)
Penicillin resistant (68) (1.4) (3.7)

Streptococcus uberis 272 5.7 14.7
Streptococcus dysgalactiae 239 5.0 12.9
Corynebacterium spp. 171 3.6 9.2
Other streptococci 119 2.5 6.4
Coliform 51 1.1 2.8
Yeast 20 0.4 1.1
Streptococcus agalactiae 17 0.4 0.9
Arcanobacterium pyogenes 8 0.2 0.4
Culture negative 2,914 61.1 -
Contaminated 7 0.2 -
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Table 2. Udder health management factors in 200 random selected Dutch dairy farms.

Management factor % of herds

Bedding in stalls rubber mats 38%
mattresses 31%

Separate calving area available 78%
Cleaning calving area after each calving 17%
Calving area also used as sick-pen 71%
Drinking water indoor season water well 62%

tap water 34%
ditch water 2%

Cows pastured in summer day and night 21%
daytime only 55%
not at all 21%

Wearing gloves during milking 21%
Fore-stripping 49%
Wiping before attachment dry cloths 43%

paper towel 40%
wet disinfecting wipes 6%
not at all 4%

Flushing liners with water after every cow 13%
after high SCC cow 63%

Bacteriology on a regular base clinical cases 26%
high SCC cows 17%

Postmilking teat disinfection practiced 82%
Clinical mastitis treatment at first signs 69%

postponed 31%
Change therapy after unsuccessful treatment 74%
Treatment subclinical mastitis 47%
Dry cow treatment with antibiotics blanket (all cows) 87%

selective 11%
no antibiotics 2%

Milk containing antibiotic residues fed to calves 48%
Dry cows managed in two groups 44%
Teat disinfection dry cows 11%
Heifers precalving housed with dry cows 47%

housed with lactating cows 31%
separate group 20%

Teat disinfection heifers precalving 8%



Mastitis control - From science to practice � 43

Rubber mats and mattresses were most common base for bedding in the stalls, sand boxes 
were not present. Mattresses and use of lime or bedding sanitizers were associated with Staph. 
aureus prevalence (P=0.03 and P<0.01, respectively). Drinking water sources other than tap 
water tended to be associated with Strep. uberis prevalence.

Stripping teats to detect clinical mastitis and to increase milk let down was practiced by 
49% of the farmers, with a minority of them wearing milkers’ gloves. Wiping udders before 
milking cluster attachment was most of the times carried out with cloths or paper towels. 
Only a minority did not wipe the udder before attachment. It was not possible to inventory 
the time between pretreatment and attachment in the questionnaire.

Clinical mastitis, clots in the milk and or a swollen quarter, was treated with antibiotics as soon 
as the first symptoms were observed in most of the farms (69%). In all other cases, farmers 
postponed treatment until the next milking, discarded milk a few times during daytime or 
used homeopathic treatment. If in cases of clinical mastitis, antibiotic treatment was not 
successful, most of the farmers (74%) changed to a different treatment. In our study, 8% of 
the farms had one or more sucklers in the group of heifers last year.

Discussion

In our study, all quarters of lactating cows with an elevated SCC were sampled. Coagulase-
negative staphylococci, Staph. aureus, and Strep. uberis were most frequently isolated. Most 
recommended management practices were used on most farms. Ideally, every lactating animal 
in the participating herds should be sampled, as was done in earlier Dutch studies (Vecht et al., 
1989), and in some international studies (González et al., 1988; Pitkälä et al., 2004). However, 
by selecting cows we were able to reduce costs of the survey, as was done in other studies in 
Norway and in England and Wales (Østerås et al., 2006, Bradley et al., 2007). 

Vecht et al. (1989) did not mention CNS as a distinct group of bacteria and named them 
‘other bacteria’. Coagulase-negative staphylococci were the most frequently isolated group of 
organisms isolated in most recent mastitis surveys (Pitkälä et al., 2004; Bradley et al., 2007). 
Prevalence of Strep. agalactiae IMI has decreased considerably in the last 30 years coinciding 
with the introduction of a penalty system for elevated bulk milk SCC in The Netherlands. 
Subsequently, the bulk milk SCC decreases in the same period (Nightingale et al., 2008), 
probably as a result of an increased adoption of udder health management practices. Sol 
(2002) also found a decreased prevalence of Strep. agalactiae and Staph. aureus IMI and an 
increase of Strep. uberis IMI between 1975 and 2000 in milk samples submitted to the GD. Milk 
samples submitted to the GD were mainly samples of cows with an elevated SCC, therefore 
these results were not comparable with the survey results of Vecht et al. (1989). 

Some other factors may also influence udder health. Hygiene can be measured by doing 
a hygiene score of cows and environment. Given the peak of clinical mastitis cases in the 
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early lactation period, cleanliness of the maternity pen is assumed to be of great importance 
(Barkema et al., 1998). In our study only 17% of farms cleaned the maternity pen after each 
calving. Drinking water from another source than tap water during the indoor season increased 
prevalence of CNS IMI (Sampimon et al., 2008). In our study 66% used another water source 
than tap water. These ‘other’ water sources may increase the exposure to dirt which seems 
to be associated with Strep. uberis prevalence on these farms. Summer is the time when flies 
are most active. In our study fly control was practiced in some way on 86% of the farms. Flies, 
especially the hornfly Haematobia irritans which is very common in the Netherlands, can 
transmit Staph. aureus (Owens et al., 1998). 

Transmission of Staph. aureus and especially Strep. agalactiae can be influenced by milking 
procedures and the milking machine. In the Netherlands, the number of automatic milking 
systems and the size of milking parlors are increasing. Udder preparation is time consuming 
and some farmers in growing farms stopped practicing it. Wearing gloves, in our study 21% 
of the farmers, decreases bacterial load on hands and will reduce the exposure of bacteria on 
teats (Olde Riekerink et al., 2008). Wet udder preparation was not practiced on a large scale in 
our study, 14%, but can increase clinical cases of E. coli (Schukken et al., 1990). Post-milking 
teat disinfection is an important procedure to prevent IMI, which is practiced by 82% of our 
farms. The percentage of post milking teat disinfection in 1985 was considerably lower, namely 
60% (Vecht et al., 1989).

In our study, 17% of the farms collected milk samples for culturing. Culturing milk samples 
from cows with an elevated SCC is necessary to select the correct quarter for treatment. 
Additionally regular sampling of quarter milk samples of cows with an elevated SCC in a dairy 
herd is also useful to evaluate the distribution of pathogens on a herd-level. Mastitis control 
programs can subsequently be adjusted accordingly.

Drying off cows with antibiotics is meant to prevent new IMI and to cure existing IMI during 
the dry period. In our study more than 80% of the farmers used blanket dry cow therapy. In 
1985 this was 58% (Vecht et al., 1989). Forming two groups of dry cows, far-off and close-up, 
is necessary to avoid problems with milk leaking and to support a better feeding program 
(Barkema et al., 1999). When farms manage dry cows as a single group, in our study 56% of 
the farms, heifers and close-up cows were often housed in the lactating group for several 
weeks before parturition. This may increase prevalence of milk leaking, and may increase 
incidence of udder edema due to high protein intake. This may have an unfavourable effect on 
udder health, because heifers with udder edema are 1.65 times more likely to develop clinical 
mastitis (Waage et al., 2001). 

Coagulase-negative staphylococci, Staph. aureus, and Strep. uberis were most frequently 
isolated pathogens in subclinical mastitis. Most recommended management practices were 
used on most farms, but there is room for improvement.
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Abstract

Prevalence of contagious and environmental etiologic agents of bovine mastitis was obtained 
from 15,046 milk samples of subclinical and clinical mastitis submitted for bacteriologic culture. 
Milk samples were obtained between January 2005 and January 2008 in the Northwest Portugal 
from 373 dairy farms. Environmental agents were the most prevalent (69.4%) compared to 
contagious agents (30.3%). Streptococcus spp. non-agalactiae (16.5%) were the most frequent 
agent followed by coagulase-negative Staphylococcus (12.9%). On the other hand, the most 
frequent contagious agents found were Corynebacterium spp. (16.2%), followed by Staphyloccus 
aureus (12.6%), and Streptococcus agalactiae (0.9%). No growth and contaminated samples 
represented, respectively, 10.6% and 11.6% of the total samples. Comparisons between dairy 
farms enrolled or not, in milk quality programs were made. We conclude that the development 
and implementation of milk quality programs to control both environmental and contagious 
organisms should be mandatory in this region of the country.

Keywords: aetiology, pathogens, prevalence

Introduction

Mastitis is the most frequent and costly disease in dairy production and is associated with 
both direct (e.g. veterinary treatments, increased labour, loss of production), and indirect costs 
(e.g. premature culling, reduced milk price due to increased bulk milk SCC) (Fetrow, 2000; 
Ruegg, 2001; Ødegård, 2006). This disease is primarily caused by organisms, such as bacteria, 
yeasts, algae and mycoplasma. However, from the total 137 different organisms that has been 
identified as possible aetiological agents of mastitis, the majority of infections are caused by 
staphylococci, streptococci, and gram-negative bacteria (Bradley, 2002). Bacterial pathogens 
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that cause mastitis are generally classified as either contagious or environmental based upon 
their primary reservoir and mode of transmission. Contagious mastitis pathogens are found in 
the udder of the cow, and they are commonly transmitted among cows by contact with infected 
milk. The most important contagious mastitis pathogens include Streptococcus agalactiae, 
Staphylococcus aureus, Corynebacterium bovis, and Mycoplasma spp. On the other hand, cows 
are continuously exposed to environmental mastitis pathogens because the primary route of 
exposure is contact with moisture, mud, and manure. Unlike mastitis caused by contagious 
pathogens, environmental mastitis cannot be eradicated from a dairy herd. 

Since the implementation of the Five-Point Plan in the 1960s (Neave et al., 1966), there has 
been a dramatic decrease in bulk milk somatic cell counts, clinical mastitis and the importance 
of the contagious mastitis pathogens. However, the absolute as well relative incidence of 
environmental pathogens has increased over the same period of time. S. aureus continues 
to be a major cause of sub-clinical mastitis though there appears to be some evidence that 
pathogens previously considered to be purely environmental may also be capable of causing 
persistent infections (Bradley, 2002; Ruegg, 2001).

Prevalence and seasonal trends have been examined in different studies, and different trends 
were identified for various pathogens (Wilson et al., 1997; Myllys et al., 1998; Makovec and 
Ruegg, 2003; Tenhagen et al., 2006; Østerås et al, 2006). Information about the prevalence 
of mastitis pathogens in Portugal is scarce, and the last epidemiological survey showed that 
more than 50% of the total infected quarters were caused by subclinical infections due to 
S. aureus and Streptococcus uberis (Louzã et al., 1986). For the last years, the somatic cell 
count has decreased in Portuguese dairy herds but the relationship with mastitis pathogens 
was not studied. 

The objective of this study was to determine the prevalence of the mastitis pathogens organisms 
in dairy herds from Northwest Portugal, in milk samples from dairy cows submitted to a 
veterinary laboratory between January 2005 and January 2008. 

Material and methods

Submitted samples belonged to 373 farms and were obtained from January 2005 to January 
2008. Milk samples were cultured using standard microbiologic methods as described by 
the National Mastitis Council (1999). Briefly, 0.01 ml of milk was streaked on a portion of 
a blood agar plate (Biomérieux, Portugal), MacConkey plate (Biomérieux, Portugal), and 
Sabouraud-dextrose-agar plate (Biomérieux, Portugal) and incubated at 37 °C overnight. Plates 
were examined for growth at 24 and 48 h. Bacteria were identified by colony morphology 
and growth, and Gram stain. For gram-positive cocci, catalase tests were performed to 
distinguish catalase-negative Streptococcus spp. from catalase-positive Staphylococcus spp. 
The CAMP test and growth on Edwards modified agar (Luis Esteve Nuez, Spain) were used 
to differentiate S. agalactiae from other streptococci. Catalase-positive gram-positive cocci 
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were further identified using a coagulase test, hemolysis patterns, and observation under 
optic microscope. Gram-positive bacilli were further identified using the catalase test and 
biochemical reactions as needed. Gram-negative bacilli were identified by the oxidase test 
(Biomérieux, Portugal), motility test, triple sugar-iron agar, and Simmons citrate (Luis Esteve 
Nuez, Spain). Contaminated samples were defined as a mixture of more than two different 
species of organisms. Samples were classified as No Growth when no colonies were observed 
at 48 h of incubation. 

Results

Milk samples submitted for microbiological diagnostic (n=15,046) were characterised as 
No growth (n=2,009), contaminated (n=2,209), or with the presence of mastitis pathogens 
(n=10,828). Twenty three farms were part of a mastitis control program during the same period 
of study. The number of isolates per year ranged from 3,178 to 6,735 (Figure 1). 

As expected, no growth or contaminated samples represented 22.2% of the total submitted 
samples. Environmental agents were the most prevalent (69.4%) compared to contagious agents 
(30.3%). Streptococcus spp. non-agalactiae (20.7%) were more frequently isolated followed 
by coagulase-negative Staphylococcus (14.7%), coliforms (14.3%), yeast (9.4%), Enterococcus 
spp. (4.3%), Bacillus spp. (3.5%) and fungi (0.2%). Contagious agents most frequently found 
were Corynebacterium spp. (16.5%), followed by S. aureus (12.9%), and S. agalactiae (0.9%) 
(Table 1). 

Pure samples (n=8,472) and multiple samples (n=2,356) yielded the total number of bacterial 
results (n=14,761). A higher percentage of milk samples with no microbiologic results (19.2%) 
and a lower percentage of contaminated samples (9.9%) were found in milk samples originated 
from dairy farms enrolled in a milk quality program when compared to the total samples 
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Figure 1. Number of isolates per year from January to December.  
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analysed. Corynebacterium spp. was the contagious pathogen most frequently found (17.5%), 
while Streptococcus spp. was the environmental agent with a higher number of isolates. When 
comparing milk samples from the milk quality program to the total submitted samples, no 
significant differences were observed in the percentage of environmental pathogens (68.1%) 
as well as in the percentage of contagious agents (31.8%) (Table 2). 

Discussion

Milk samples analysed in this study were originated from clinical and subclinical cases of 
mastitis, whole herd checks and from surveillance programs. Samples submitted to the 
laboratory tend to be biased towards problem cows and herds, thus the results may only 
transmit a part of the region reality. The short period of the study (January 2005 to January 
2008) was not sufficient to take conclusions about trends of mastitis pathogens. The lack 
of information regarding parity, days in milk and farm management practices may affect 
negatively the significance of the results implying the need of further studies.

Table 1. Results of submitted milk samples.

Isolate Number of 
isolates

% of results % of positive 
culture samples

No growth 2,009 10.59 -
Contaminated 2,209 11.64 -
Streptococcus spp.1 3,053 16.09 20.68
Corynebacterium spp. 2,438 12.85 16.52
Staphylococcus coagulase-negative 2,208 11.63 14.96
Coliformes 2,112 11.13 14.31
Staphylococcus aureus 1,899 10.01 12.86
Yeast 1,391 7.33 9.42
Enterococcus spp. 631 3.32 4.27
Bacillus spp. 514 2.71 3.48
Prototheca spp. 155 0.82 1.05
Arcanobacterium pyogenes 145 0.76 0.98
Streptococcus agalactiae 138 0.73 0.93
Others 40 0.21 0.27
Fungi 37 0.19 0.25

1 Not including Strep. agalactiae.
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Samples with no microbiologic results represented a small percentage of the total results when 
compared to other identical studies (Bradley, 2002; Makovec and Ruegg, 2003). This fact may 
be explained by improper hygiene measures when collecting milk samples. Moreover, the 
clinician’s perception is that the majority of samples are usually submitted to the laboratory only 
after failure of the first therapy, which may mask the original cause of mastitis. Therefore, results 
from this study may differ from reality emphasising more the microbiological environment 
at the time of sampling.

Growth inhibitors were not evaluated in samples with no growth which may introduce 
some bias in the results. In addition, some of the samples characterised as no growth may be 
attributed to Mycoplasma spp. or to other fastidious microorganisms, which have specific 
growth requirements, and were out of the scope of this work. The real importance of these 
agents as a cause of mastitis in the country is not yet known and will be the objective of 
further studies.

The results showed that environmental pathogens were the predominant group of 
microorganisms isolated from milk samples which is in agreement with other authors (Bradley, 

Table 2. Results of milk samples from dairy farms enrolled in a milk quality program.

Isolate Number of 
isolates

% of results % of positive 
culture samples

No growth 742 19.25 -
Contaminated 381 9.89 -
Streptococcus spp.1 658 17.07 24.09
Corynebacterium spp. 477 12.38 17.47
Staphylococcus coagulase-negative 412 10.69 15.09
Staphylococcus aureus 356 9.24 13.04
Coliformes 348 9.03 12.74
Yeast 256 6.64 9.37
Enterococcus spp. 110 2.85 4.03
Bacillus spp. 38 0.99 1.39
Streptococcus agalactiae 36 0.93 1.32
Arcanobacterium pyogenes 24 0.62 0.88
Prototheca spp. 9 0.23 0.33
Fungi 5 0.13 0.18
Others 2 0.05 0.07

1 Not including Strep. agalactiae.
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2002; Pitkälä et al., 2004; Makovec and Ruegg, 2003). This study revealed a higher number 
of coliforms when compared with other studies (Bradley, 2002; Pitkälä et al., 2004; Makovec 
and Ruegg, 2003; Tenhagen et al., 2006). There is a high animal density in this region that 
contributes to the existence of a microbiologic pressure in the environment and this may be 
a reason to the observed contamination of superficial water and animal facilities. Sawdust 
is used as bedding material in the vast majority of dairy farms in this region which may also 
increase the risk of coliform mastitis. On the other hand, the high prevalence of environmental 
pathogens in samples from dairy farms enrolled in milk quality programs may be explained, 
at least in part, by the implementation of successful control strategies for contagious agents 
leaving space for the increase of environmental mastitis.

It has been found that some herds that maintain low somatic cell counts may experience a 
higher incidence of environmental mastitis (Bradley, 2002). One can question if this fact is 
more related to a lack of time or capacity to reduce environmental challenge in the modern 
farming conditions or instead, by a more complex interaction between the immune system 
of the mammary gland and the surrounding environment. In other countries such as U.S.A., 
E. coli J5 core antigen vaccines have been widely used for mastitis control and the efficacy of 
such vaccines in reducing the incidence and severity of clinical signs has been demonstrated 
(Hogan et al., 1992). The efficiency of these vaccines should also be tested in mastitis control 
programs in Portugal.

Corynebacterium spp was the predominant contagious agent isolated which may reflect teat 
end problems and lack of biossecurity measures, such as proper post-milking teat disinfection, 
in the management practices of dairy farms in northwest Portugal. The second contagious agent 
most frequently found was S. aureus and its prevalence was similar to the results described 
elsewhere (Makovec and Ruegg, 2003). Nevertheless, the impact of this agent (toxins and 
Methicillin-resistent S. aureus) on human health should be taken into account when developing 
milk quality programs for the region. 

When comparing the totality of samples with those originated from dairy farms enrolled 
in milk quality programs, no differences on the numbers of contagious pathogens (mainly, 
S. aureus and S. agalactiae) were observed. Intermittent shedding of S. aureus may be an 
important reason for the lower prevalence of this agent. This aspect should be taken in to 
account when evaluating prospective results from mastitis surveillance programs. As we would 
expect, the higher percentage of no growth results and the lower percentage of contaminated 
samples from such dairy farms, may be explained by the fact that these samples were mainly 
collected by trained personnel. 

Conclusion

Environmental pathogens were the predominant agents observed. Contagious agents 
found more frequently were Corynebacterium spp. followed by S. aureus. Development and 
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implementation of milk quality programs to control both environmental and contagious 
organisms is mandatory in this region of Portugal.
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Abstract

Accurate estimates of the occurrence of mastitis in either heifers or multiparous cows are 
important to set goals and to select animals to focus on in a mastitis control program, both at 
the farm and national level. Because no recent estimates were available in the Netherlands, the 
goal of this study was to determine (sub)clinical mastitis prevalence and incidence in Dutch 
primi- and multiparous cows. A study on 396 dairy farms with 45,322 cows was conducted 
from July 2004 till June 2005. Composite somatic cell counts (CSCC) were gathered from 
the test day recording to calculate subclinical mastitis (SCM) prevalence as the proportion 
animals with a CSCC >200,000 cells/ml. SCM incidence rate was calculated as the number of 
new infections divided by the number of cow days at risk. Additionally, clinical mastitis (CM) 
was recorded by a subset of 205 farmers on 25,879 cows. CM incidence rate was calculated 
similarly to SCM. Negative binomial models were used separately for primi- and multiparous 
cows to correct for overdispersion. Average SCM prevalence was 13.2% for primi- and 27.6% 
for multiparous cows. SCM prevalence was the highest in August 2004 and the lowest in 
February 2005 for both primi- and multiparous cows. SCM incidence rate was higher in 
multiparous cows (1.17/365 days at risk) compared to primiparous cows (0.81/365 days at 
risk). Additionally, CM incidence rate was also higher in multiparous cows (0.41/365 days at 
risk) compared to primiparous cows (0.20/365 days at risk). This study gives insight in the 
current prevalence and incidence rate of mastitis in Dutch primi- and multiparous cows. It 
is a good starting point for further research, to set goals for mastitis control and to monitor 
the influence of control measures.

Keywords: clinical mastitis, monitoring, parity, subclinical mastitis

Introduction

Mastitis causes economic losses due a decreased milk production, usage of antibiotics, 
discarded milk, increased culling and extra labour (Halasa et al., 2007). Furthermore, mastitis 
decreases animal welfare and frustrates the farmer’s routine during milking. 
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Parity is an important factor for the occurrence of both subclinical and clinical mastitis, 
besides other cow associated risk factors such as milk production, stage of lactation and 
breed. A higher occurrence of (sub)clinical mastitis is generally seen in multiparous cows, 
but a higher incidence is seen in early lactation in primiparous cows. Barkema et al. (1998) 
estimated the incidence rate of clinical mastitis (CM) in Dutch primiparous cows to be 0.16 
(/365 days at risk) while increasing incidence rates of (+/-) 0.22 to 0.51 (/365 days at risk) were 
observed in multiparous cows with increasing parity. However, these estimates are based on 
data collected in 1993 and 1994 and no recent estimates on the occurrence of clinical mastitis 
in the Netherlands are available.

A study has therefore been conducted to determine the current (sub)clinical mastitis prevalence 
and incidence rate in both primi- and multiparous cows in the Netherlands. With these 
estimates, goals can be set in a mastitis control program for primi- and multiparous cows, 
both at the farm and national level. 

Material and methods

An extensive survey on 408 randomly selected dairy farms was performed from July 1st, 2004 
till June 30th, 2005 to collect data on (sub)clinical mastitis occurrence. To focus on farms that 
were expected to stay in business the next five years, farms had to have more than 50 dairy 
cows, had to participate in the Dutch test day recording with intervals from three to six weeks 
and the age of the farmer had to be below 57 years of age.

Composite somatic cell counts (CSCC) were gathered from the regular test day recording 
from all 396 participating dairy herds to calculate prevalence and incidence rate of subclinical 
mastitis (SCM). Additionally, 205 farmers recorded date of mastitis and the infected quarter 
of all CM cases in their herds. A CM case was diagnosed by the farmer as a cow with visual 
abnormalities in the milk and/or quarter. Farms with five or less test day recordings (n=8) 
and with no clinical mastitis occurring in the study period (n=4) were excluded from the 
analysis.

Mastitis indicators

CSCC are commonly used as a reflection of the udder health status of a cow as they reflect 
an inflammatory response, although they do not truly identify an intramammary infection 
(Schukken et al., 2003). Nevertheless, a cow was assumed to have subclinical mastitis (SCM) 
in this study when it had an elevated CSCC. SCM prevalence was therefore calculated as 
the proportion animals at a test day with a CSCC above a certain threshold. The threshold 
of 200,000 cells/ml was chosen as the default because this threshold is commonly used 
internationally. But, as sensitivity and specificity differ for different thresholds and different 
thresholds do exist worldwide, the thresholds of 250,000 cells/ml, 150,000 cells/ml and 100,000 
cells/ml were also evaluated to observe differences between thresholds. 
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SCM prevalence was calculated as the proportion of animals with a CSCC above the threshold 
at a certain test day. SCM incidence rate was calculated as the number of new cases of SCM 
divided by the number of days at risk. SCM prevalence and incidence rate were both calculated 
at the herd level. A new case of SCM at cow level was defined to be an elevation in CSCC 
above a certain threshold after two consecutive CSCC measurements below that threshold, 
regardless of the dry period. The number of cow (or heifer) days at risk was defined at cow 
level as the number of days with a CSCC below the threshold, as illustrated in Figure 1. The 
days between calving and the first CSCC measurement after calving were also considered to 
be at risk if the first CSCC measurement after calving was below the threshold, as were the 
days between the last CSCC measurement before drying off and the first expected test day 
record in the dry period, assessed at the herd level, if the CSCC was below the threshold. 
The remaining days during the dry period were not considered to be at risk for increased 
CSCC. The number of new SCM cases and the number of days at risk within a herd were 
added up to calculate herd level SCM incidence rate. SCM incidence was expressed as the 
number of CSCC elevations in 365 cow (or heifer) days at risk when calculated at the herd 
level. The four different thresholds were used to define new SCM cases and time at risk in 
four separate analyses. Incidence rate of CM was similarly calculated as the number of quarter 
cases of mastitis divided by the number of cow (or heifer) days at risk, both assessed at farm 
level. Every CM case diagnosed by the farmer was assigned to be a new case of CM with the 
exception of clinical mastitis events occurring within 14 days in the same quarter. Those 
were not considered a new case and were therefore deleted. The number of days at risk was 
assessed as the number of days an animal was present at the farm during the study period, 
with the exception for heifers, who became at risk at their first calving. 

Statistical analysis

To estimate SCM prevalence at herd level, negative binomial models with repeated measures 
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Figure 1. A visualization of the cow-days at risk in lactation for the definition of subclinical 
mastitis incidence rate for one individual animal.          = At risk    = Infected 
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Figure 1. A visualisation of the cow-days at risk in lactation for the definition of subclinical mastitis 
incidence rate for one individual animal. Straight arrow = infected, dotted arrow = at risk
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Results

The dataset for subclinical mastitis compromised 396 dairy herds with 16,571 primiparous 
and 28,751 multiparous cows, while records on 205 herds with 9,850 primiparous and 16,029 
multiparous cows were available for analysis of clinical mastitis. In the total dataset (n=396) 
the average herd size was 77.4 (SD=25.0) cows and the average bulk milk SCC was 190,000 
(SD=78,000) cells/ml. Because animals calved and were culled throughout the study period, 
the median time primi- and multiparous cows were in the one year study period was 184 
(min=1; max=365) and 340 (min=1; max=365) days respectively. 

Prevalence of subclinical mastitis

Herd level SCM prevalence at the default threshold (200,000 cells/ml) was estimated to be 
13.2% and 27.6% for primi- and multiparous cows (Table 1). SCM prevalence increased with 
a decreasing threshold for both primi- and multiparous cows, to about 30% and 50% at the 
threshold of 100,000 cells/ml. SCM prevalence was the highest in August 2004 and the lowest 
in February 2005 at the default threshold (Figure 2). 

Incidence rate of subclinical mastitis

In the default situation (threshold of 200,000 cells/ml), herd level SCM incidence rate is 0.81 
(/365 days at risk) in primiparous cows compared to 1.17 (/365 days at risk) in multiparous 
cows (Table 2). To illustrate SCM incidence rate; if a multiparous cow theoretically would be in 
lactation for 365 days continuously it would have on average 1.17 new SCM cases during that 
lactation. From Table 2, an increasing SCM incidence rate can be observed with a decreasing 
threshold for both primi- and multiparous cows. Similar variation is observed between herds 
in SCM incidence rates for both primi- and multiparous cows (Figure 3). 

Table 1. Estimated herd level subclinical mastitis prevalence with 95%-confidence interval 
according to four different thresholds from July 1st, 2004 till June 30th 2005 in Dutch primi- and 
multiparous cows, based on a negative binomial model with a repeated herd effect. 

Threshold (cells/ml) Subclinical mastitis prevalence (%) 

primiparous cows multiparous cows

250,000 9.9% [9.3-10.4] 21.9% [21.1-22.7]
200,000 13.2% [12.6-13.9] 27.6% [26.7-28.6]
150,000 19.1% [18.2-19.9] 36.5% [35.3-37.7]
100,000 30.6% [29.6-31.8] 50.5% [49.0-52.0]
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Incidence rate of clinical mastitis

CM incidence rate was 0.20 [0.18-0.22] and 0.41 [0.39-0.44] (/365 days at risk) for primi- and 
multiparous cows respectively from July 1st 2004 till 30th June 2004, while overall CM incidence 
rate was 0.31 [0.29-0.34]. Variation in CM incidence rate, for both primi- and multiparous 
cows, was seen between herds (Figure 4), although more variation between herds was observed 
in multiparous cows compared to primiparous cows. 
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Figure 2. Mean herd level subclinical mastitis prevalence per month at the threshold of 200,000 
cells/ml from July 1st, 2004 till June 30th 2005 in Dutch primi- (____) and multiparous (–––) cows. 

Table 2. Estimated herd level subclinical mastitis incidence rate with 95%-confidence interval, 
expressed as the number of new cases per 365 days at risk, according to four different thresholds 
from July 1st, 2004 till June 30th 2005 in Dutch primi- and multiparous cows, based on a 
negative binomial model. 

Threshold (cells/ml) Subclinical mastitis incidence rate (/365 days at risk)

primiparous cows multiparous cows

250,000 0.58 [0.56-0.62] 0.98 [0.94-1.01]
200,000 0.81 [0.77-0.85] 1.17 [1.13-1.21]
150,000 1.10 [1.05-1.15] 1.45 [1.41-1.50]
100,000 1.75 [1.68-1.83] 1.92 [1.86-1.98]
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Discussion

CSCC are commonly used as an indication for subclinical mastitis although they may not truly 
reflect an intramammary infection. Sensitivity and specificity vary between thresholds used, 
with specificity being high (0.92) for the default threshold (Dohoo and Leslie, 1991), indicating 
few false positive animals above this threshold. Additionally, CSCC are easily available from 
the test day recording, making them very suitable for monitoring purposes. To observe the 
effect of the used thresholds, several were evaluated. An increasing prevalence and incidence 
rate were observed with a decreasing threshold as expected. 

Between herd variation was observed in the incidence rates for SCM and CM, with variation 
being the highest in multiparous cows for CM. Some herds had a CM or SCM incidence rate 
twice the average, leaving room for improvement. Mastitis control programs should therefore 
focus on these herds, as the most gain is to be expected in the age groups of these herds. 

Figure 3. Histograms showing the distribution of herd level subclinical mastitis incidence rate 
(/365 days at risk) on 396 dairy farms, according to the threshold of 200,000 cells/ml,  from July 
1st, 2004 till June 30th 2005 in Dutch primi- (left) and multiparous (right) cows. 

Figure 4. Histograms showing the distribution of herd level clinical mastitis incidence rate (/365 
days at risk) on 205 dairy farms,  from July 1st, 2004 till June 30th 2005 in Dutch primi- (left) and 
multiparous (right) cows. 
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Incidence rates of CM in primi- and multiparous cows from this study are comparable with the 
estimates from Barkema et al. (1998), indicating little change in the occurrence of CM in the 
Netherlands in the last decade. Estimates of CM from this study are higher compared to the 
number of veterinary-treated clinical cases in Sweden in 2006, being 0.10 (/365 days at risk) in 
primiparous cows and 0.15 to 0.25 (/365 days at risk) in multiparous cows with an increasing 
parity (Persson Waller et al., 2007). The Dutch overall (regardless parity) CM incidence rate 
(0.31/365 days at risk) is in between recent (overall) estimates from other countries worldwide: 
Olde Riekerink et al. (2008) reported 0.23 cases (/365 days at risk) in Canada, Valde et al. (2005) 
observed 0.36 cases (/365 days at risk) in Norway, while Bradley et al. (2007) found 0.47 cases 
(/365 days at risk) in England and Wales. Because no confidence intervals were reported in 
the other studies, true differences between countries can not be established. 

Conclusion

The estimates on prevalence and incidence rates of (sub)clinical mastitis from this study did 
not seem to differ from the estimates of Barkema and co-workers (1998). Large differences 
in occurrence of mastitis between farms are observed, leaving room for improvement and 
therefore justifying a mastitis control program. Using these estimates, focus areas can be 
identified for research, parity- and herd specific goals can be set for a mastitis control program 
and the effect of control measures on mastitis can be monitored. 
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Abstract

Prevalence of mastitis pathogens in milk samples from dairy cows and heifers was studied 
over a period of one year (Aug 2005 to Aug 2006) in ten dairy herds in Germany. Milk samples 
(n=8240) were collected from heifers without clinical mastitis at parturition (n=6915), from 
primiparous cows with clinical mastitis (n=751) and from older cows with clinical mastitis 
(n=574). Coagulase negative staphylococci (CNS) were the predominant group of bacteria 
isolated (46.8 % of samples) from clinically healthy quarters of primiparous cows around 
parturition, followed by streptococci (12.6%), E. coli (4.7%) and S. aureus (4.0%). 33.0 % of 
samples were negative on culture (Range on farm level 12.0 to 46.4 %). In cases of clinical 
mastitis in primiparous and older cows, streptococci were the predominant finding (32.1 and 
39.2 %), followed by CNS (27.4 and 16.4%), coliforms (10.3 and 13.1%) and S. aureus (10.0 and 
11.7%). Negative results were obtained from 21.3 % (range 0.0 to 30.6 %) and 19.5 % (range 
0.0 to 32.6 %) of these samples. Results indicated substantial differences in the prevalence of 
pathogens between herds. There was a positive within herd correlation between the monthly 
prevalences for S. dysgalactiae in the three groups of samples. This correlation was also found 
between clinical samples of primiparous and older cows for S. aureus. Other pathogens were 
not correlated. Besides herd, prevalence of pathogens was influenced by parity, type of sample 
and season. 

Keywords: heifers, multiparous, prevalence, primiparous

Introduction

A lot of research has been conducted to study risk factors for clinical mastitis and intramammary 
infection at first parturition, on the prevalence of pathogens in heifers, and on the pathogens 
associated with clinical mastitis in dairy heifers and primiparous cows (Kalmus et al., 2006; 
Parker et al., 2007; Compton et al., 2007b). However, the relationsship of intramammary 
infection, clinical mastitis and the associated pathogens in primiparous and older cows within 
the same herd has not been studied intensively. 

Some studies have reported such a relationsship, without reference to the pathogens involved 
(Waage et al., 1998; Parker et al., 2007). It was the purpose of this study to analyse patterns 
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of clinical mastitis and intramammary infection in primiparous dairy cows in comparison to 
their older herdmates.

Material and methods

The study was conducted on 10 commercial dairy farms in north eastern Germany. The herds 
had on average 700 cows with a milk quota of 6,200 tons per year. All herds used their own 
replacement exclusively. 

Collection of milk samples

Quarter milk samples were collected between August 2005 and August 2006. Farms were 
advised to sample any case of clinical mastitis during the first month of lactation prior to 
treatment and a maximum of 5 heifers per week within 48 hours of parturition. Two types of 
samples were differentiated: (1) ‘Clinical samples’ were from quarters with clinical mastitis. 
These were further characterised by the age of the cows (primiparous vs. multiparous) and 
the time relative to parturition when they were collected. (2) ‘Non-clinical samples’ were 
colostrum samples from clinically healthy quarters of primiparous cows.

Samples were collected by trained farm personnel. After cleaning of the teats and discarding 
the first streaks of milk teats were wiped with commercial towels for teat disinfection as 
provided together with intramammary drugs by the pharmaceutical companies. Samples 
were collected in sterile vials and stored in a refrigerator at about 4 °C until transportation 
to the laboratory and analysis. 

Laboratory analysis

In the laboratory 0.01 ml of milk were streaked out on one half of an agar dish (Blood Agar 
Base Nr. 2, Oxoid, Wesel, supplemented with 5% sheep blood and 0.1% aesculin). After 48 
hours of incubation growth was evaluated and preliminary identification by colony morphology 
and hemolysis was carried out. 

Staphylococcus aureus was differentiated from coagulase negative staphylococci (CNS) using 
a commercial tube coagulase test (BBL Coagulase Plasma, Rabbit; Becton, Dickinson and 
Company, Heidelberg, Germany). Streptococci were differentiated using the CAMP Test 
and a commercial test to define Lancefield groups (Streptococcal grouping kit; Oxoid, Wesel, 
Germany). Streptococci were differentiated into Streptococcus agalactiae (positive CAMP test 
and Lancefield group B), S. dysgalactiae (esculin negative, Lancefield C), S. uberis (esculin 
pos., no growth on salt, non Lancefield D) and other streptococci. 

Coliforms, yeasts and Arcanobacterium pyogenes were identified by colony morphology and 
gram staining. All other bacteria were summarised as ‘others’ for the purpose of this study. 
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Samples with growth of two pathogens were regarded positive for both pathogens. Samples 
with growth of more than two pathogens were classified as contaminated and withdrawn from 
the analysis. For S. aureus and A. pyogenes single colonies (i.e. 100 cfu/ml) were regarded as 
positive. For all other pathogens a minimum of 300 cfu/ml was required.

Statistical analysis

Analysis was based on quarters. Proportions are given as proportions of samples that could 
be analysed. Contaminated samples were withdrawn from the analysis. Factors influencing 
the outcome of the milk sample were studied using separate binary logistic regression for the 
six most prevalent pathogens. The outcome variable was presence of the respective pathogen. 
The independent factors were herd, season, location of quarter, type of sample and parity. As 
location of quarter had no significant effect, it was dropped from the final model.

The relationship between the prevalence of pathogens in the three groups of samples 
(primiparous colostrum, primiparous mastitis, multiparous mastitis) was analysed using 
Spearmans correlation coefficient for each pair based on the prevalence of the pathogen 
stratified by herd and month. All analyses were carried out using SPSS Version. 12.0 (SPSS 
Inc. München, Germany).

Results

The prevalence of pathogens in the different types of milk samples is presented in Figure 1. 
Herd influenced the prevalence of all pathogens in the samples. Primiparous cows were more 
likely to harbour CNS (OR 2.08 95% CI 1.57-2.75) and Sc. dysgalactiae (1.74 95% CI 1.14-2.65). 
On the other hand, their mammary glands were less likely to be infected with Streptococcus 
species other than Sc. agalactiae, Sc. uberis and Sc. dysgalactiae. (OR 0.60, 95% CI 0.46-0.79). 
As expected, major pathogens were more often found in clinical samples than in non clinical 
samples (OR between 2.16 for S. aureus and 4.83 for Sc. uberis). CNS were more prevalent 
in non clinical samples than in clinical samples (OR 2.18, 95% CI 1.82-2.60). CNS, S. aureus 
and coliforms were more prevalent in summer while all Streptococcus species were more 
prevalent in winter.

The prevalence of S. aureus in mastitis samples from older cows was significantly related to the 
prevalence in of S. aureus in mastitis samples of primiparous cows in the same herd (ρ=0.92, 
P<0.01). However, both were not related to the prevalence in non-clinical colostral samples. 
The prevalence of S. dysgalactiae in clinical mastitis samples was also correlated between the 
different age groups (ρ=0.95, P<0.01). For S. dysgalactiae there was also a significant correlation 
of the prevalence in non-clinical samples with the prevalence in clinical mastitis samples from 
primiparous (ρ=0.67, P<0.05) and multiparous cows (ρ=0.75, P<0.05). All other prevalences 
were not significantly correlated between the three groups of samples.



66 � Mastitis control - From science to practice

Discussion

It was the objective of this study to analyse the relationship of the prevalence of pathogens in 
milk samples of heifers at parturition, in samples from clinical mastitis quarters in primiparous 
cows and in samples from clinical mastitis quarters in older cows. Results of the study 
demonstrate that this relationship differs between pathogens. 

Coagulase negative staphylococci are the predominant pathogen isolated from heifers at 
parturition in countries with intensive milk production(Borm et al., 2006; Tenhagen et al., 
2006; Compton et al., 2007a). With respect to udder health in primiparous cows they have 
received considerable attention. It has been demonstrated that intramammary infection (IMI) 
at parturition was associated with higher cell counts and lower milk yield in first lactation 
(Timms und Schultz, 1987). CNS were the group of bacteria with the highest prevalence in 
non-clinical samples in all of the 10 herds studied. However, their contribution to samples 
with mastitis was lower than to the non-clinical samples. This is a substantial difference to 
all other pathogens included in this study. In line with this observation, it has recently been 
reported that the presence of S. chromogenes, one of the most prevalent CNS on the teat apex 
prior to parturition, was associated with a lower risk of high somatic cell counts post partum 
(De Vliegher et al., 2003). 

 
Figure 1: Prevalence of pathogens in quarter milk samples from heifers at parturition without 
clinical mastitis (n=6915), and from cases of clinical mastitis in primiparous cows (n=751) † 
and multiparous cows (n=574). Samples do not add up to 100% because of mixed infections. 
‡excluding S. agalactiae, S. dysgalactiae and S. uberis 
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Figure 1. Prevalence of pathogens in quarter milk samples from heifers at parturition without 
clinical mastitis (n=6,915), and from cases of clinical mastitis in primiparous cows (n=751)‡ 
and multiparous cows (n=574). Samples do not add up to 100% because of mixed infections.
‡excluding S. agalactiae, S. dysgalactiae and S. uberis.
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Statistically, the lower prevalence in mastitis samples indicates a protective effect of CNS. 
However, as CNS are part of the normal skin flora, they might also have been derived from 
colonised streak canals or colonisation of the teat cistern. Colonisation of the streak canal could 
explain the substantial reduction of CNS in quarters sampled a couple of days into lactation 
(Aarestrup and Jensen, 1997; Edinger et al., 2000; Calvinho et al., 2007). Such a reduction was 
also reported for other pathogens (Compton et al., 2007a). 

Staphylococcus aureus is still one of the most prevalent major mastitis pathogens in dairy 
herds (Tenhagen et al., 2006; Osteras et al., 2006). Although it is predominantly spread during 
the milking process, it has also been isolated from heifers and primiparous cows prior to and 
at parturition (Roberson et al., 1998; Edinger et al., 2000). In this study the prevalence of S. 
aureus was higher in mastitis samples than in non-clinical samples. While in primiparous 
cows it was found more often in summer than in winter, the opposite was observed for the 
older cows with clinical mastitis. In a recent survey from Norway, the prevalence of S. aureus 
was higher in summer (Osteras et al., 2006). The prevalence of S. aureus in mastitis samples 
from older cows did not differ significantly from those of primiparous cows. In contrast, we 
have reported that the prevalence of S. aureus in samples from clinically healthy cows was 
higher in older than in younger cows in our region (Tenhagen et al., 2006). However, this was 
observed in later lactation, while early in lactation, the difference was not significant. This is 
in accordance with the data of this study that focussed on the beginning of lactation. From 
Norway it was reported that the prevalence of S. aureus in primiparous and older cows did 
not differ significantly (Osteras et al., 2006).

Non-agalactiae streptococci are one of the major groups of environmental pathogens associated 
with mastitis. As a group, their prevalence in samples from cases of clinical mastitis in cows 
was highest. Likewise, in heifers streptococci had a high prevalence in clinical mastitis samples. 
Their prevalence in non-clinical samples was substantially lower. The higher prevalence of 
environmental streptococci in older cows, compared to heifers, is supported by recent data 
from large dairy herds in Germany (Tenhagen et al., 2006). 

Streptococcus dysgalactiae showed some differences to the other streptococci. The major 
difference was the strong correlation of the prevalence of S. dysgalactiae in non-clinical samples 
from primiparous cows, clinical samples from primiparous cows and clinical samples from 
multiparous cows. S. dysgalactiae was the only pathogen that showed these strong correlations. 
The reasons for these correlations are not clear. Besides for S. dysgalactiae these correlations 
were only partly observed for S. aureus. The relationship may be a typical feature indicating a 
contagious nature of a pathogen, because the feature was not observed in other streptococci 
and in coliforms. Streptococcus dysgalactiae has been reported to invade into epithelial cells 
and survive there for a longer period without damaging the cells (Calvinho und Oliver, 1998). 
This may explain the comparatively high proportion of positive colostral samples. 
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Furthermore, S. dysgalactiae was more prevalent in primiparous than in older cows, which is 
in contrast to two other recently published studies (Tenhagen et al., 2006; Osteras et al., 2006). 
However, these studies dealt with non-clinical samples. This indicates that pathogenicity of 
S. dysgalactiae may be higher for primiparous cows than for older cows. In line with this, S. 
dysgalactiae has been associated with cases of summer mastitis in heifers, a condition that is 
commonly attributed to A. pyogenes (Madsen et al., 1992).

Strains of S. dysgalactiae that were isolated from heifers in the week prior to parturition were 
observed in the same quarter after parturition (Aarestrup und Jensen, 1997). The prevalence 
of S. dysgalactiae in Scandinavian studies on heifers was higher than that of other streptococci 
(Aarestrup und Jensen, 1997; Waage et al., 1999).

In contrast to the Norwegian investigation, in our study S. dysgalactiae was more prevalent in 
winter than in summer, just like the other streptococci. In the Norwegian survey, S. dysgalactiae 
and S. uberis, were more prevalent in summer than in winter. The reason for the difference is not 
clear. However, there are substantial differences in herd sizes and climatic conditions between 
the Norwegian herds (15 cows) and the herds that we included in the study (700 cows).

As expected, Streptococcus uberis was far more prevalent in clinical than in non-clinical 
samples (Compton et al., 2007a). Unlike in studies from North America (Todhunter et al., 
1995), S. uberis was more prevalent in winter than in summer. 

In our study herds, coliforms were isolated from 10% of mastitis samples from primiparous 
cows and from 13% of mastitis samples from older cows. However, as with all pathogens, 
the contribution of coliforms varied substantially between herds ranging from 5 to 25% in 
primiparous and from 7 to 43% in older cows. As in other studies, coliforms were found 
more often in summer than in winter. In non-clinical samples the prevalence of coliforms 
was significantly lower. 

Conclusion

Our data indicate that mastitis in primiparous and older cows differs with respect to pathogen 
pattern. Furthermore, pathogens isolated from clinically healthy quarters of primiparous cows 
at parturition differ from those isolated from clinical mastitis. Reports on the reduction of 
peripartum intrammammary infections in heifers by management have to differentiate between 
the various pathogens. Further research will be needed to increase our understanding of the 
role of the different CNS in heifer mastitis and to understand the mechanisms of spontaneous 
elimination of bacteria from the mammary gland early postpartum. 
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Abstract

Staphylococcus aureus is a frequent cause of mastitis in cows and heifers. Recently, the presence 
of methicillin-resistant Staphylococcus aureus (MRSA) has been demonstrated in clinical 
and subclinical mastitis in dairy cows. The strains isolated were similar to those found in 
pigs and other animal species, including humans (Animal-Associated MRSA). To estimate 
the spread of these strains in farms, we determined the prevalence of MRSA-infected cows 
within a previously proven positive herd. Likewise the burden of this strain on udder health 
can be estimated. In this study, all lactating cows from 5 herds (1 located in the Netherlands, 
4 in Belgium), previously proven MRSA positive, were sampled at quarter level using a 
standardised method. The same day, milk samples were inoculated on agar plates with 5% 
sheep’s blood (CSA-plates) and MRSA-ID plates. Colonies showing the typical morphology 
for S. aureus on the MRSA-ID-plates were tested by triplex PCR (mecA gene for methicillin 
resistance, part of the 16S rRNA gene for the Staphylococcus genus and the nucA gene for the 
speciation into S. aureus). Additionally, strains were typed by multi locus sequence typing 
(MLST) and spa typing. The percentages of MRSA positive cows for herds 1, 2, 3, 4 and 5 are 
9.5, 14.3, 7.4, 3.9 and 0, respectively. Strains were submitted to spa-typing and this revealed 
spa-type t011. Multi Locus Sequence Typing showed them to be ST398. In conclusion, the 
spread of MRSA in positive farms is limited to less than 15% of the cows in the herd. Culling 
of infected animals is advisable seen the thread of this strain and the problematic treatment 
due to multiple resistances.

Keywords: antimicrobial susceptibility, diagnosis, Staphylococcus aureus

Introduction

Since its first identification, nearly half a century ago, Methicillin-resitant Staphylococcus 
aureus (MRSA) constitutes a major public health problem in many countries due to their 
multiple antibiotic resistance properties and rapid spread in the community (Deresinski, 
2005). MRSA were recently found to have also an animal reservoir and these strains, named 
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‘animal associated MRSA’ (AA-MRSA) were shown to be able to colonise also humans. An 
increase in detection of these strains in humans from 0% in 2002 to 21% in 2007 was reported 
(Van Loo et al., 2007, Van Rijen et al., 2008). It should be noted that meanwhile the detection 
methodology has changed and this might have influenced the increase substantially. This 
AA-MRSA clone is typically non-typable MRSA by use of PFGE with SmaI, the international 
standard for MRSA typing (Bens et al., 2006). All AA-MRSA belong to one clonal complex, 
being the multilocus sequence type 398 (ST398) (Van Loo et al., 2007). However, different 
spa types were recovered. 

Meanwhile ST398 has been recovered in several European countries, e.g. Belgium, the 
Netherlands, Germany, Italy, Spain and Denmark and also in Canada and Singapore (Wulf and 
Voss, 2008). It appears to be an international spreading of the strain, as has been demonstrated 
for other MRSA (both hospital and community acquired MRSA). MRSA ST398 is unfortunately 
capable of colonising several animal species, such as pigs, cattle, sheep, horses, dogs, cats and 
chicken (Middleton et al., 2005; Leonard and Markey, 2008). In horses, it has been shown to 
be pathogenic (Van den Eede et al., 2007). First isolations of MRSA in animals were from a 
mastitic cow. However, this strain was supposed to be human contamination since it had the 
typical human biotype profile (Devriese et al., 1972; Devrieze and Hommez, 1975). Recently 
MRSA ST 398 has been shown to be implicated in clinical and subclinical mastitis (P. Butaye, 
unpublished data).

Staphylococcus aureus is frequently isolated from dairy cows with clinical and subclinical 
mastitis. These infections have high economic consequences due to difficulties in the treatment 
(Nickerson et al., 1995; Akineden et al., 2001; Zschock et al., 2005; Piepers et al., 2007). MRSA 
has been previously associated with mastitis in dairy (P. Butaye, unpublished data; Kwon et al., 
2005; Middleton et al., 2005; Monecke et al., 2007), but there is a lack in data describing the 
prevalence of MRSA within herds. Therefore, the present study aimed to estimate the spread 
of MRSA strains within dairy herds previously proven to be MRSA-positive. 

Material and methods

Herd selection and sampling

In a previous research, conducted in 2006, control milk samples from clinical and subclinical 
mastitis were found to be MRSA positive. The related herds were contacted and consecutively, 
all lactating cows were sampled at quarter level using a standardised method of cleaning, 
disinfecting and milking the udder quarters. 

Bacteriology and MRSA typing

The same day, milk samples were inoculated on agar plates with 5% sheep’s blood (CSA-plates) 
and MRSA-ID plates. Typical colonies from MRSA-ID were purified on CSA-plates for control 
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on the typical morphology. Strains compiling with the typical S. aureus morphology were 
subsequently confirmed by 16S rRNA-mecA-nuc triplex PCR as previously described (Maes 
et al., 2002). Determination of the Staphylococcal Chromosome Cassette (SCCmec) type was 
performed by multiplex PCR (Oliveira and De Lencastre, 2002). A subset of MRSA strains 
were subjected to Multi-Locus Sequence Typing (MLST) (Enright et al., 2000). Spa-types 
were determined as previously described (n=112) (Harmsen et al., 2003).

Results and discussion

Intra-herd prevalence of MRSA positive cows did differ considerably, 0-14.3% (Table 1). The 
reason for this variation between dairy herds remains unclear. Milking techniques have been 
shown to influence prevalence of S. aureus in herds, as did some housing aspects (Barkema et 
al., 1999). Pigs were kept at herds 1 and 4 of our study. These herds vary considerably in MRSA 
prevalence, 9.5 and 3.9%, respectively. It is unclear what the role of this mixed farms is in the 
prevalence of MRSA in bovines. Further studies analysing the risk factors are necessary. 

Hygienic measures taken by the farmer when visiting one groups of animals after the other will 
play a primordial role in the possible spread of MRSA. The infection pressure of Staphylococcus 
aureus on the herd and the antibiotic use in general, specifically to treat mastitis, and as 
prevention in dry cows, will strongly influence the prevalence of MRSA at the herd. 

MRSA strains from farm 1, 3 and 4 were further analysed by spa typing, strains from farm 1 
and 4 by MLST, and strains from farm 4 were analysed by SCCmec typing. Strains from farm 
2 could not be further analysed due to laboratory circumstances. Typing showed that the 
strains isolated in this study were ST398 associated with animals, and were of spa type t011, 
the type most prevalent in pigs in Belgium (Willems et al., 2007). This type has also been found 
in the previous study in bovines (P. Butaye, unpublished data). The strains of farm 4 were all 

Table 1. Overview of number of lactating cows per sampled herd, percentage of MRSA positive 
cows and typing of the isolated bacteria.

Herd Number of 
lactating cows

% of MRSA 
positive cows

MLST1 spa-typing

1 63 9.5 ST398 t011
2 77 14.3 ND ND
3 68 7.4 ND t011
4 77 3.9 ST398 t011
5 51 0 NA NA

1 Multi Locus Sequence Typing.
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of SCCmec type IV, a type also found back in other ST398 strains. Since only few data are 
available, further investigations on the prevalence of the SCCmec types are necessary. 

It is important to have an idea of MRSA prevalence in cattle in order to estimate the risk for 
the animals and also for persons in close contact with the animals. As has been demonstrated 
previously, farmers, veterinarians and slaughterhouse personnel are at higher risk to get 
colonised with MRSA (Vandenbroucke-Grauls and Beaujean, 2006; Moodley et al., 2008). 
Since the spread of MRSA in positive farms is limited to less than 15% of the cows in the herd, 
it is reasonable to consider culling of the infected animals. This is rectifiable seen the thread 
of MRSA strains and the problematic treatment due to multiple resistances.

In conclusion, MRSA has been shown to be at dairy farms. The spread within the farms is 
rather limited with a large variation between farms. The types found were all types previously 
described in pigs in Belgium and also in other animal species in other countries.
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Abstract

Milking parlor hygiene has been propagated by many veterinarians, extension specialists, and 
researchers. Research has shown that producers that work clean and precise have in general 
lower incidence rates of clinical mastitis and lower bulk milk somatic cell counts. Part of the 
recommended milking procedures is wearing milkers gloves during milking. Some studies 
have shown that similar strains of mastitis pathogens can be found in milk samples, udder 
skin, and on milkers’ hands, suggesting that mastitis pathogens can be transmitted from cow 
to cow via hands. The goal of the present study was to conduct a quantitative comparison of 
bacterial counts on bare hands, disinfected hands, gloves, and disinfected gloves. The glove-
juice method (50 ml 0.9% NaCl) was used to quantify bacterial presence on 27 milkers’ hands. 
The milkers were asked, after milking a full parlor of cows (8 to 36 stalls), to rinse off his hands 
and wipe them dry using a cloth or paper towel before the bare or gloved hand was sampled. 
After sampling the bare or gloved hand, the milker was asked to disinfect his hand or glove with 
alcohol-impregnated udder wipes (TeaterClean®) before sampling the disinfected hand or glove 
again. Disinfecting bare hands reduced bacterial load with 85%. Wearing gloves and disinfected 
gloves reduced bacterial loads compared with bare hands with 75% and 98%, respectively. 
This method only evaluated the total bacterial load on milkers’ hands. The vast majority of 
the isolated bacteria are most likely harmless. This study showed, however, that using gloves 
during milking will reduce the exposure of teats to bacteria through milkers’ hands.

Keywords: disinfection gloves, hands, milking

Introduction

Mastitis still is an important disease to the dairy industry. Infected cow’s udders are an important 
reservoir of mastitis pathogens. Transmission from cow to cow mostly occurs during milking. 
Prior to causing an intramammary infection (IMI), contagious bacteria will most likely colonise 
the teat canal or teat skin (Fox and Gay, 1993). Milking time hygiene and prevention of cow-
to-cow transmission is effective in reducing new IMI (Neave et al., 1969). Post-milking teat 
disinfection has been shown to be an effective measure to reduce new IMI since it reduces 
bacterial loads on teat skin (Pankey et al., 1984; Lam et al., 1996). It seems logical that reducing 
bacterial loads on teat skin reduces the probability of IMI (Fox and Gay, 1993). 
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Because many IMI are established during milking, fomites that contact the teat skin during 
milking are most likely an important vector in transmitting bacteria from cow to cow. Liners, 
udder cloths, and milkers’ hands do come in contact with teat skin. Early studies suggest 
that humans can be the source of IMI caused by methicillin-resistant Staphylococcus aureus 
(Devriese and Hommez, 1975) or a possible mutual human-animal transfer of Staphylococcus 
strains (Swartz et al., 1985). Thorberg et al. (2006) suggested in a more recent study that IMI 
caused by Staph. epidermidis might be a zoonosis emanating from man.

Wearing milkers’ gloves is recommended by many dairy extension specialists and is often part 
of a mastitis control programme. It is general accepted that milkers’ hands often have many 
cracks that can harbor plenty of bacteria. Gloves, either made from nitrile or latex, have a 
smooth surface which is easy to clean and will harbor less dirt and bacteria. 

The Dutch Udder Health Center, planned a national campaign to raise farmers’ awareness of 
the importance of wearing milkers’ gloves. However, to-date, there is no scientific support that 
wearing gloves will reduce incidence of mastitis. The objective of this study was to compare 
bacterial loads on bare hands with bacterial loads on disinfected hands, gloved hands, and 
disinfected gloved hands during milking. 

Materials and methods

Farm selection

In total, 27 farms were selected by convenience, some were participating in other research, 
some were selected because of their proximity to GD Animal Health Service. Farmers were 
asked to have their dominating hand tested 4 times during milking. The dominating hand was 
the right hand for right-handed farmers and the left for left-handed farmers. 

Sampling strategy

At the beginning of milking time, farmers were asked to routinely milk 1 round of cows 
with bare hands. The sampling hand was wiped off with an available udder paper or cloth to 
remove excess manure if present. The hand was sampled using the method described below. 
After the bare hand was sampled, the farmer was asked to disinfect the hand with disposable 
pre-moistened teat wipes (Teater Clean®, Ingenieursbureau Heemskerk b.v., Hilvarenbeek, 
the Netherlands). These wipes were chosen for disinfection to mimic a realistic and practical 
method in the milking parlor. The disinfected bare hand was sampled using the same method 
and immediately after sampling the farmer put on clean nitrile gloves. The farmer would 
continue milking with gloves on. After 1 round of milking the sampling strategy was repeated 
with the milkers’ gloves on.
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Sampling method

The glove juice method was used for sampling. This method was selected because it is a 
quantitative method and is least sensitive for contamination under milking parlor circumstances. 
The glove juice technique (Michaud et al., 1976) has become widely accepted by industry and 
the American Society for Testing Materials in the development and testing of antimicrobial 
hand wash products (Mahl, 1989). In short, the tested hand was gloved with a new, clean (non-
sterile) latex glove containing 50 ml of a sterile 0.9% saline solution. The gloved hand with 
solution was massaged for 60 seconds. The solution was consequently poured into a sample 
bottle. Standard plate counts were determined in serial dilutions of the sampling fluids.

Statistical analyses 

A linear mixed model with herd as a random effect was used to estimate the effect of wearing 
gloves and disinfection. Effects of parlor size, herd size, previous glove use, stripping, and all 
possible and epidemiological reasonable interactions, such as the interaction between glove 
use and disinfection, were checked and removed if their effect was not significant (P<0.05) or 
had a tendency of significance (0.05<P≤ 0.10). To approximate a normal distribution a natural 
logarithm transformation of colony counts (cfu/ml) was used. The resulting model for the 
natural logarithm of colony count was as follows:

log(cfu/ml) = β0 + β1disinfect + β2glove + β3strip + β4glove*strip + u + ε

where β0 is the intercept, β1-4 the regressions coefficients for disinfection, wearing gloves, 
stripping, and the interaction between wearing gloves and stripping, respectively, u is the 
herd random effect, and ε the error term. All statistical calculations were carried out using 
Stata software (Stata SE for Windows, version 10; Stata Corporation, College Station, Texas, 
USA). 

Results

In total, 27 herds were involved, all located in the eastern part of the Netherlands. Mean 
herd size was 80 milking cows, ranging from 25 to 158 cows. A herringbone milking parlor 
was used on 21 farms, followed by a rapid exit (2), tie-stall barn (2), open tandem (1), and a 
rotary parlor (1). Mean parlor size was 14 milking stalls, ranging from 8 to 36 milking stalls. 
Wearing gloves during milking and stripping teats before cluster attachment was carried out 
on 16 (59%) and 15 (56%) farms, respectively. In total, 107 samples were examined, 1 bottle 
was lost during transport. 

Farmers that stripped teats had larger bacterial loads on their hands and gloves than farmers 
that did not strip, 447,000 cfu/ml and 178,000 cfu/ml on bare hands and 62,000 and 52,000 
cfu/ml on gloves, respectively (Table 1; Figure 1).The difference in bacterial load between 
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stripping and not stripping on a gloved hand tended (P=0.06) to be smaller than on a bare 
hand (Table 1; Figure 1). Disinfecting bare hands reduced bacterial load with 85%. Wearing 
gloves and disinfected gloves reduced bacterial loads compared with bare hands with 75% 
and 98%, respectively.

Discussion

This study showed that using gloves and disinfecting hands and gloves during milking will 
reduce the exposure of teats to bacteria through milkers’ hands. However, we counted the 
total bacterial loads on hands and gloves. We did not make the distinction between pathogenic 

Table 1. Linear mixed model of the natural logarithm of colony forming units per ml.

Coefficient β SE P-value

Intercept 12.09 0.31 < 0.01
Gloves -1.23 0.31 < 0.01
Disinfected -2.14 0.20 < 0.01
Strip 0.92 0.39 0.02
Gloves*Strip -0.75 0.41 0.06
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Figure 1. Bacterial load on bare hands, disinfected hands, gloves, and disinfected gloves by 
practice of stripping.  
 

Figure 1. Bacterial load on bare hands, disinfected hands, gloves, and disinfected gloves by 
practice of stripping. 
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and non-pathogenic bacteria, but assumed that the effect of wearing gloves and disinfecting 
hands and gloves would be the same for pathogenic and non-pathogenic bacteria. Reducing 
bacterial loads on hands will reduce the exposure of teats to bacteria on hands. An association 
between bacterial loads on teat skin and incidence rate of new IMI (Galton et al., 1988) is 
the basis for the success of reducing new IMI by application of teat disinfectants. In more 
recent epidemiologic studies in the UK wearing gloves during milking was associated with an 
increased incidence rate of clinical mastitis (Peeler et al., 2000; O’Reilly et al., 2006). However, 
the latter two studies did not show a causal relation between wearing gloves and incidence of 
clinical mastitis. A higher incidence of clinical mastitis could have motivated the farmer to 
wear gloves, or farmers that wear gloves more frequently strip and detect more clinical mastitis. 
On the other hand, farmers that work clean and accurate will have more likely a lower bulk 
milk SCC (Barkema et al., 1999). Although this study did not include wearing milkers’ gloves 
in the analyses it did find an association with cleanliness of farmers’ hands. 

Bare hands of farmers that checked foremilk before attaching the milking cluster (stripping) 
had larger bacterial loads on their hands than farmers that did not practice this. Bacterial 
loads could increase because of the frequent touching of dirty teats. The difference in bacterial 
loads of gloved hands was not as large as on bare hands. This finding supports the suggestion 
that if a farmer strips teats before attachment, he should wear gloves. 

The glove juice method seemed to be a practical and reliable method to measure bacterial loads 
on milkers’ hands. The gloves that were used were not sterile gloves and contained cornstarch 
powder. We assumed that because we used new, clean gloves every test, non-sterility and 
powder would not affect the effect of wearing gloves and disinfecting hands. 

Hands and gloves were disinfected and measured immediately after the hands and gloves had 
contact with the testing juice. Bacterial counts could be reduced by contact with the juice 
alone. This would reduce the effect of the disinfection. However, the glove juice method is an 
approved method for testing disinfecting soaps and solutions (Michaud et al., 1976).

Conclusion

Wearing gloves and regularly disinfecting hands or gloves result in considerable smaller 
bacterial loads on hands or gloves. This reduction is larger for farmers that strip the teats 
before they attach the milking cluster. Thus, wearing gloves and regularly disinfect them, 
especially if stripping is practiced, will attribute to reduction of IMI by reduction of exposure 
to potential pathogenic bacteria. 
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Changes of mastitis pathogen spectrum in dairy herds of Latvia
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The objective of the current study was to investigate spectrum of the mastitis pathogens in 
the dairy farms in Latvia of the last years compared with those 25-30 years backwards. In 
total, 577 subclinical and clinical mastitis secretion samples from the different dairy farms in 
Latvia were analysed. Samples were inoculated on 5% sheep blood agar and different selective 
culture media. Isolated microorganisms were further identified to species level using gram-
positive and gram-negative kits of BBL Crystal Identification System. Staphylococcus aureus 
and coagulase negative staphylococci prevail in subclinically (72.7%; n=440) and clinically 
(46.7%; n=137) diseased cows’ udder secretion samples. Staphylococcus aureus were isolated 
from 41.1% of subclinically and 24.1% of clinically diseased cows’ udder secretion samples, 
but coagulase negative staphylococci from 27.0% and 20.4%, respectively. The most frequently 
isolated coagulase negative staphylococci were Staphylococcus haemolyticus in both cases of 
mastitis. Streptococcus spp. were isolated from 5.9% of subclinically and 33.6% of clinically 
diseased cows’ udder secretion samples. The genus Streptococcus species were mastitis agents 
in 65.5% of subclinical and 64.8% of clinical mastitis cases in the 1980s. Our studies revealed 
that replacement of predominating agents of mastitis from the genus Streptococcus to the genus 
Staphylococcus has been occurred in Latvia. Staphylococcus aureus antigen is developed and 
experimentally tested at the research Institute of Biotechnology and Veterinary Medicine ‘Sigra’. 
The results established that the number of cows, the milk of which contains Staphylococcus 
aureus, after the 1st vaccination diminished 1.5 times.

Keywords: diagnosis, prevalence
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Molecular testing, epidemiological aspects, prevalence and distribution 
of mastitis pathogens in dairy bovine, caprine and ovine herds
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Mastitis is a disease of major economic importance in dairy herds resulting in reduced milk 
yield and loss of income. The objective of this study was to investigate the prevalence and 
the distribution of mastitis pathogens in different dairy bovine, caprine and ovine herds, 
located in Italy. Milk samples from 355 cows, 296 goats, and 63 ewes were collected for 
bacteriological examination and molecular testing (PCR, multiplex-PCR, array diagnostic 
kit) for the detection of the main pathogens involved in mastitis. The prevalence of infection 
in bovine herds was 41.9% with isolation of Staphylococcus aureus (7.6%), Streptococcus spp. 
(1.4%), other Staphylococcus spp. (30.4%), and Mycoplasma bovis (1.1%), Escherichia coli (0.8%); 
the prevalence of infection in goat herds was 52.0% with isolation of Staphylococcus aureus 
(33.4%), Streptococcus spp. (0.3%), other Staphylococcus spp. (18.2%); the prevalence of infection 
in ovine herds was 96.8% with isolation of Staphylococcus aureus (77.7%), Streptococcus spp. 
(7.9%), other Staphylococcus spp. (4.7%), and Mycoplasma agalactiae (1.3%). We conclude that 
rapid, sensitive and specific diagnostic method can be performed within hours and represents 
an innovative diagnostic tool for the detection and analysis of epidemiological distribution 
of milk pathogens in dairy herds.

Keywords: diagnosis, small ruminants
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Prevalence of bovine mastitis and causal agents in the state of 
Jalisco, Mexico

H. Castañeda1, W. Wolter2, S.P. Jäger2, M. Szchöck2, M.A. Castañeda1, G. Perez1 and 
C. Bedolla1
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Aim of the present work was to prove the occurrence of subclinic and clinic disturbances of 
udder health in 33 herds of dairy cattle in Jalisco, Mexico. 1996 (66.9%) out of 2937 udder 
quarters examined by CMT showed a positive reaction. 1087 (37%) of these reactions were from 
clearly up to significantly positive reactions. Compared to the bacteriological examinations 
the prevalence of subclinical mastitis came up to 43.7%. On the other hand clinical mastitis 
could be proven in 2.5 %. In 53.8% of the examined quarter milk samples there was not 
bacteriological pathogen content. From the rest of the samples we could isolate CNS (15.4%), 
Corynebacterium spp. (13.9%) S. agalactiae (6.6%), S. aureus (5.8%) coliform pathogens (3.6%) 
and others (Bacillus spp., Nocardia spp, Candida spp.) (1.7%). These results demonstrate a 
significant share of minor pathogens beside contagious mastitis pathogens as S. aureus and 
S. agalactiae in mastitis incidents in Jalisco. By means of pulse field gel electrophoresis we 
proved that in each of those farms where S. aureus had been isolated, only one genotype 
was responsible for mastitis incidents. The farm specific genotypes mostly showed a close 
relationship to the genotypes of other farms. Therefore the contagious character of mastitis 
pathogens and the dominating occurrence of certain S. aureus clones could be proved.

Keywords: diagnosis, prevalence
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Etiology of subclinic mastitis in Patzcuaro Michoacan
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J.C. Serratos2 and W. Wolter3
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The objective of this study was to determine the etiology of subclinic mastitis in Patzcuaro, 
Michoacan, Mexico. The study was conducted from September to November of 2007. Eight 
barns with dairy cattle of the race Holstein Friesian were sampled, which had 10 cows in 
average raised under the system of production in small scale cattle barns. A total of 347 milk 
samples was collected aseptically in disposable tubes of single udder quarters of the mammary 
gland of 88 cows in lactation and transported to the laboratory at low temperatures (4 °C). The 
samples were inoculated in both blood agar with esculin and McConkey agar, and incubated at 
37 °C, and observed 24 h and 48 h after inoculation to assess colony growth. The staphylococci 
isolations were again inoculated in agar with lamb blood, isolated, in order to observe colonial 
morphology, haemolysis as well as Gram stain, catalase tests, coagulase, manitol and gelatinase. 
The negative pathogens were identified according to colonial morphology, and biochemical 
tests. The results of the bacteriological examination of the milk samples were that 64 (18.44%) 
corresponded to Staphylococcus aureus, 85 (24.49%) to coagulase negative staphylococci, 24 
(6.91%) to esculin positive streptococci, 2 (0.57%) to Escherichia coli, whereas the rest 122 
(35.46%) corresponded to other pathogenic causes of mastitis. We concluded that coagulase 
negative staphylococci were the main pathogen agents found in the subclinic mastitis, and that 
Staphylococcus aureus was the main causal agent of contagious bovine mastitis in this study.

Keywords: diagnosis, subclinical mastitis
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If ten points are no longer sufficient: an observational study on 
factors related to udder health and milk quality in Flanders, Belgium
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In Flanders, a shift of the distribution of mastitis pathogens towards coagulase-negative 
staphylococci (CNS) and coliforms has been observed and this may be the cause of the 
recent problems of increasing bulk milk somatic cell counts and/or decreasing milk quality. 
Ten randomly selected cows are monitored during one year on 6 Flemish dairy herds. For 
comparison, three farms with and three without specific coliform problems are included in 
the study. Milk samples are cultured for presence of mastitis bacteria and somatic cell counts 
are measured. Monthly climate variations (temperature, humidity, gas concentrations, dust) 
are investigated with innovative techniques. At the cow level, zootechnical information is 
complemented with recording of cleanliness, body condition, gait and milking characteristics, 
and at the quarter level teat conformation, teat apex condition and teat cleanliness are observed 
with recently developed digital image-analysis technology. These monthly observations will 
contribute to the clarification of the complex relationships between different factors explaining 
the mastitis status of cows and quarters and its evolution over time.

Keywords: monitoring, risk factors
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Protocol for evaluation of teat dips efficacy on mastitis prevention

H. Charier and R. Alasri
Cid Lines NV, Waterpoostraat 2, 8900 Ieper, Belgium
Corresponding author: helene.charier@cidlines.com

Teat dips are now recognised in Europe as veterinary medicinal products for mastitis 
prevention. The efficacy of those products is evaluated in farm, in real conditions. The only 
recognised protocol allowing the efficacy evaluation of teat dips has been published by the 
NMC on the US referential. In Europe, such protocol doesn’t exist. This void is partly filled 
by a general guideline on clinical trials ‘Good Clinical Guidelines’ published by the EMEA. 
The aim of this article is to propose a protocol for European evaluation of teat dips as part of 
mastitis prevention hygiene program, combining NMC and GCP guidelines. A clinical teat 
dip trial is preferably a multicentric trial with randomised blocked design versus a positive 
control, with blinding. The treatment is compared to a positive control: a registered veterinary 
medicinal product in the test country. At least 2 farms, preferably in different countries if a 
mutual recognition procedure is intended to be followed, must be involved in the study and 
each product must be tested on at least 60 cows each. The trial must last at least 12 months 
in order to test the efficacy of the treatment during all seasons. The teat dip is applied with a 
dip cup or a sprayer after each milking. Teat condition and mastitis results must be collected 
once a month during all trial period; teat condition results are analysed by ANOVA (analysis 
of variance) and mastitis results of the tested treatment is compared to the positive control 
results by Student test. If there is no significant difference or if the number of mastitis per 
cow per time unit, is significantly lower for the tested treatment, the tested teat dip can 
be considered efficient for mastitis prevention. This is the basis of the efficacy protocol. If 
necessary, others parameters can be analysed, as cell count, to support and/or to enlarge the 
medicinal indication.

Keywords: hygiene, teat disinfection
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Good hygiene practice on dairy farms
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Good hygiene practice on dairy farms is essential to obtain good quality milk with low 
bulk bacteria count (BBC) and somatic cell counts (SCC). The FAO (Food and Agriculture 
Organisation) writes guideline on: Milking, milk production hygiene and udder health. The aim 
of our study is to make a critical understanding of the FAO’s guideline and to lay the emphasis 
on the best way to apply it in order to be cost effective. General preventive measures should 
be established for feeding, housing, milking and managing cattle. The farmer must be aware 
of the importance of management and hygiene prevention. Equipment must be correctly 
tested, maintained, cleaned and renewed if necessary in order to avoid contamination of milk 
and teats. Housing is a reservoir of pathogens potentially responsible of mastitis. Clean and 
disinfect the sleeping area, control the area available per cow. Use insecticide. Teats must be in 
good condition. Several teat dips with varied qualities are available on the market. Choose teat 
dips with field trials led with a recognised protocol. Several parameters should be tested: teat 
condition improvement, bulk somatic cell count and of course the number of new infection 
cases. In Europe these parameters are usually controlled during the medicinal registration 
process. Therefore Registered Medicinal teat dips for mastitis prevention should be preferred 
for their certified efficacy. A method of detection of clinical mastitis must be established. The 
treatment must be done in a reasoned way: treat with antibiotic preparation under veterinary 
supervision and use hygienic measures before application. Preventive or curative habits must be 
taken during drying off. The poster gives figures, norms and limits to choose the best scheme 
of mastitis prevention and all the steps are detailed. Good preventative habits are useful if they 
are well understood and in that case, users can reap the benefits of their application.

Keywords: hygiene, prevention



90 � Mastitis control - From science to practice

Coagulase-negative staphylococci: a matter of lesser concern?
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In many European dairy farms that have adopted the 10-point mastitis prevention program, 
coagulase-negative staphylococci (CNS) have become the predominant pathogens found in 
milk samples. The fact that CNS are found as protective commensals on teat apices but also in 
milk samples from cows with or without elevated somatic cell counts (SCC) or clinical mastitis, 
emphasises that it is a heterogeneous group of bacteria, of which some are presumably clinically 
important and others are not. Epidemiological studies to elucidate the importance of CNS 
have already been conducted using phenotypic identification methods which lack accuracy. 
In order to clarify the epidemiology and importance of different CNS species as cause of rise 
in SCC or of clinical mastitis, or as protective organisms we conduct a longitudinal study on 
3 Flemish dairy herds. Milk samples are collected monthly during an 18 month period for 
bacteriological culture and SCC determination at the quarter level. Relevant information 
on body condition score, parity, teat skin and apex condition, and presence of teat lesions is 
gathered in order to determine risk factors at the cow and quarter level for infection with the 
biologically most relevant species. Additional milk samples are taken at special events (clinical 
mastitis, drying-off, calving, culling). CNS species are differentiated by tDNAintergenic spacer 
PCR. Identification of cow and quarter level risk factors of the biologically most relevant 
species will give insight in the epidemiology of CNS and will help to formulate preventive 
strategies against CNS-infections, if, at all, necessary.

Keywords: CNS, risk factors
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In Flanders, a shift of the distribution of mastitis pathogens towards coagulase-negative 
staphylococci (CNS) and coliforms has been observed and this may be the cause of the recent 
problems of increasing bulk milk somatic cell counts and/or decreasing milk quality. An 
observational study is being conducted to study different aspects of the observed phenomena. 
Therefore, the diversity of microorganisms from teat apices of lactating cows will be pictured. 
For comparison, three farms with and three without specific coliform problems are included 
in the study and on each farm, ten randomly selected cows are monitored during one 
year. Identification of microorganism from teats consists of both culture-dependent and 
-independent methodologies. Culture-dependent identification uses rep-PCR, based on a 
(GTG) 5 primer. For typing of CNS, identification is done using a reference library (isolates 
originating from culture collections, milk and teat apices, which have been identified using 
rpoB sequencing). The culture-independent method is based on Denaturing Gradient Gel 
Electrophoresis (DGGE) profiles of PCR amplicons targeting the V3 region of 16S rRNA. 
Preliminary results show presence of Aerococcus, Lactobacillus and Staphylococcus spp. 
Results from the current project will help to elucidate the actual role of microorganisms 
present on teats from dairy cows.

Keywords: CNS, PCR
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Abstract

Polymorphonuclear neutrophilic leukocytes (PMN) play an important role in the first line 
immune defence of the mammary gland. Reduced blood and/or milk PMN viability around 
parturition may therefore at least partly explain the high prevalence of intramammary infections 
(IMI) in fresh dairy heifers. The present study is the first to identify both heifer and quarter 
characteristics associated with the viability of blood and milk PMN in periparturient dairy 
heifers. A total of 82 heifers from 19 dairy herds were included in the study. Polymorphonuclear 
neutrophilic leukocyte viability in blood (at 1 week before calving and at 1 to 4 days in milk 
(DIM)) and in milk (at 1 to 4 DIM) was estimated by determining the proportion of apoptotic 
cells using flow cytometry. Information on heifer and quarter characteristics was collected 
in early lactation. Data were analysed using multivariable, multilevel regression analysis. 
Supplementation of minerals/vitamins was associated with a higher blood and milk PMN 
viability (less apoptosis) around calving. Both blood and milk PMN viability showed a seasonal 
variation with the highest proportion of apoptotic cells between April and June. Heifers 
losing condition (>0.5 points on a 5 point scale) between one week before expected calving 
date and 1 to 4 DIM had a higher proportion of apoptotic blood PMN in early lactation. The 
variation in PMN viability mainly resided at the heifer and quarter level rather than at the 
herd level, indicating that measures to optimise the non-specific immunity around calving 
should focus at these levels. Knowledge of the here described risk factors can be helpful in 
improving the innate immunity of the mammary gland around calving in dairy heifers, and 
so in the resistance against IMI and/or in their clearance. 

Keywords: periparturient, flow cytometry, heifers, immunology, leukocytes, risk factors

Introduction

A high proportion of heifers freshens with one or more subclinically infected quarters (Fox 
et al., 1995). Clinical mastitis in dairy heifers is not uncommon either (Barkema et al., 1998). 
The impact of subclinical intramammary infections (IMI) on the heifers’ future performances 
is most likely related to the persistence of the infection when milk production has started (De 
Vliegher et al., 2005). Some heifers eliminate IMI at calving within a short time span whereas 
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others do not. This difference is most likely due to variation in the pathogen virulence and its 
capability of persisting, but also due to the immune status of the host (Taponen et al., 2007). 

The available number of polymorphonuclear neutrophilic leukocytes (PMN) and their 
functionality contribute to a considerable extent to the first line of immune defence of the 
mammary gland (Rainard et al., 2006). Differences in the number and viability of PMN at the 
heifer and quarter level could therefore, at least partly, explain why an IMI occurs and why it 
persists or not in a specific heifer/quarter rather than in others. After all, apoptosis of bovine 
PMN is closely related to their activity (Mehrzad et al., 2004).

Genetic variation in the innate immunity of the mammary gland has been demonstrated 
(Detilleux, 2002), but very little is known about other potential risk factors affecting the 
immunity of the heifers in early lactation. Moreover, most epidemiological studies identifying 
risk factors associated with bovine PMN viability focussed on blood PMN features, and only 
to a very limited extent on milk PMN activity. Compared to blood, milk is a difficult matrix to 
analyse and because an accurate technique allowing the quantification of milk PMN viability 
on a larger number of milk samples was lacking until now. Knowledge of factors associated 
with the viability of both heifers’ blood and milk PMN around calving could be helpful to 
open up new perspectives in how to prevent and control heifer mastitis.

The aims of the present study were (1) to identify heifer and quarter characteristics associated 
with periparturient blood and milk PMN viability, and (2) to determine the contribution of 
herd, heifer and quarter to the total variance of blood and milk PMN viability. 

Materials and methods

Herds, animals and data

Nineteen dairy herds were randomly selected from a database (n=241) of the Flemish Cattle 
Breeding Association (Oosterzele, Belgium) including all dairy herds within the vicinity 
(30 km radius) of the Faculty of Veterinary Medicine. The selected herds were not allowed 
to treat their heifers with antibiotics before calving. Teat apex swabs were collected at one 
week before expected calving date. Blood PMN viability from 82 clinically healthy dairy 
heifers belonging to the 19 dairy herds (on average 4 heifers per herd, ranging from 1 to 7) 
was determined twice, at one week before expected calving date, and at 1 to 4 DIM. Milk 
PMN viability, quarter milk somatic cell count SCC (qSCC), and bacteriological status were 
determined by collecting quarter foremilk samples (n=328) between 1 and 4 DIM. Heifer and 
quarter characteristics were recorded at sampling (Table 1) and were included as independent 
variables in the modelling process.
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Laboratory procedures 

Bacteriological culturing of both milk (Animal Health Service Flanders, Torhout, Belgium) 
and swabs (Faculty of Veterinary Medicine, Merelbeke, Belgium) were done as previously 

Table 1. Multivariable associations between heifer and quarter level characteristics and blood 
and milk PMN1 apoptosis of 82 dairy heifers from 19 dairy herds.

Independent variables Proportion of apoptotic PMN1

milk after 
calving

blood before 
calving

blood after 
calving

Heifer characteristics
Admittance to pasture before calving ns2 ns ns
Age at calving ns ns ns
Body condition loss3 ns ns +++
Breed4 ns ns ns
Heifer dirty before calving5 ns nt nt
Contact with lactating cows before calving ns ns ns
Excessive udder oedema between 1 and 4 DIM ns nt nt
Calving in April to June +++ ++ ++
Supplementation with minerals/vitamins - - ns

Quarter characteristics
Infection status between 1 and 4 DIM6 ns nt nt
Front quarter ns nt nt
Teat apex colonisation with non-aureus 
staphylococci

-- nt nt

Teat end lesions ns nt nt
Teat skin lesions ns nt nt

1 Polymorphonuclear neutrophilic leukocytes. 
2 Multivariable model: +(-) = more (less) apoptosis if factor is present (P<0.05); ++ (--) = P<0.01; +++ 
(---) = P<0.001; ns = not significant; nt = not tested.
3 Body condition loss of at least 0.5 point from 1 week before expected calving date to 1-4 days after 
calving. Based on the visual body condition scoring system of Edmondson et al. (1989). 
4 Holstein-Friesian, Red Holstein and Red Holstein crossbreds. 
5 Based on the visual cleanliness scoring system of Hughes (2001). 
6 (1) culture-negative, (2) non-aureus staphylococci, Corynebacterium bovis, (3) Staphylococcus 
aureus, aesculin-positive cocci, aesculin-negative cocci. 
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described (De Vliegher et al., 2003; Piepers et al., 2007). A teat apex was classified as colonised 
with non-aureus staphylococci (NAS) when at least 50 CFU were isolated on a blood agar 
plate. Additional quarter milk samples for somatic cell counting were stored at 4 °C and were 
immediately transported to the laboratory of the Milk Control Centre Flanders (Lier, Belgium) 
for electronic counting (Fossomatic 5000™, Foss Electric, Hillerød, Denmark).

Isolation of the blood leukocytes was performed by centrifugation (300×g), removal of plasma 
and buffy coat, hypotonic lyses of erythrocytes, and two washing steps. For milk, the initial 
volume of quarter foremilk was divided equally over two 50-ml Falcon-tubes, diluted 50% 
vol/vol with cold Phosphate Buffered Saline (PBS), and centrifuged (300×g) during 15 minutes. 
After carefully removing the cream layer, the pellet was suspended into 10 ml PBS, centrifuged 
at 200×g for 10 min, and washed two more times. Blood PMN were discriminated from other 
blood cells based on their size and internal complexity in a forward-side scatter dot plot. As 
this approach is not feasible for milk, differentiation between milk PMN and other milk cells 
was done as described previously (Piepers, unpublished data). The proportion of apoptotic 
blood and milk PMN were identified and differentiated from the necrotic subpopulation using 
a double fluorescein isothiocyanate (FITC)-annexin-V and propidium iodide (PI) staining. 
As apoptosis does not occur in circulation, the blood cell pellet was first incubated for 18h at 
37 °C before PMN viability was determined. All analyses were performed on a double-laser, 
bench-top flow cytometer (BD FACSCanto II). Data were acquired and processed using 
FacsDiva Software (Becton Dickinson, Belgium). 

Data handling and statistical analysis

The PMN viability was represented by the proportion of apopotic PMN. A square-root 
transformation was used to normalise the data. The regression-model building process involved 
several steps as described by De Vliegher et al. (2004) using MlwiN 2.02 (Centre for Multilevel 
Modelling, Bristol, UK). The difference in the Ln-transformed qSCC between the quarters of 
which the teat apex was colonised with non-aureus staphylococci and those which were not, 
was analysed by an independent samples t-test using SPSS 16.0 (Chicago, USA).

Results 

Descriptive analysis

Average bulk milk SCC on the 19 dairy herds was 278,736 cells/ml [Interquartile Range (IQR) 
192,500-343,500 cells/ml]. The average yearly milk production was 8,368 kg milk per year 
(±1469 kg milk/year), and the herd size consisted on average of 48 cows (±16 cows) (range 
24 to 77 cows). 

Thirty-three percent (n=27) of the heifers were Holstein Friesian, 40% were Red-Holstein 
(n=33), and 27% were Red Holstein crossbreds (n=22). The average milk yield at the first test-
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day after calving i.e. within 35 DIM, was 24.9 kg (SD ±5.21 kg). Nearly eighty-eight percent of 
the heifers had at least one culture-positive quarter. Geometric mean SCC of the 328 quarter 
milk samples was 315,422 cells/ml (IQR 97,250-935,000 cells/ml). Sixty-three percent of the 
teat apices were colonised with NAS. The qLnSCC in early lactation was significantly higher 
if the teat apex was colonised with NAS before calving (P<0.05). Just over fifty percent of the 
milk samples were culture-positive. Non-aureus staphylococci and C. bovis were isolated 
from 84.4% of the culture-positive quarters, whereas S. aureus and aesculin-positive cocci 
were isolated from 15.6% of the culture-positive quarters. 

The proportion of apoptotic blood and milk PMN at the herd, heifer and quarter level is 
presented in Table 2. Only taking into consideration the culture-negative quarters per heifer, 
the difference in the proportion of apoptotic milk PMN varied between 0.1 and 36.4%.

Multivariable, multilevel analysis 

Overall, blood and milk PMN apoptosis around calving showed a seasonal variation with the 
highest number of apoptotic PMN occurring in April to June (Table 1; Figure 1). Apoptosis 
of blood PMN in the first days after calving was more pronounced in heifers losing condition 
(threshold of 0.5 points on a 5-points scale) around calving compared to heifers not losing 
condition during that period. Supplementation of minerals/vitamins before calving was 

Table 2. Descriptive statistics of the proportion of apoptotic blood and milk PMN1 around 
calving of 82 dairy heifers from 19 dairy herds in Flanders (Belgium).

Data N Mean Median IQR2

Apoptotic blood PMN1 before calving (%)
Herd 19 20.3 18.2 11.4-26.7
Heifer 82 20.7 16.7 7.7-30.3
Quarter 328

Apoptotic blood PMN after calving (%)
Herd 19 19.7 19.8 13.4-24.6
Heifer 82 19.8 14.8 8.3-26.0
Quarter 328

Apoptotic milk PMN (%)
Herd 19 22.6 20.9 18.2-25.0
Heifer 82 23.4 21.0 13.9-31.6
Quarter 328 24.9 21.9 14.1-34.4

1 Polymorphonuclear neutrophilic leukocytes.
2 Interquartile range.
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significantly related with a lower proportion of apoptotic blood PMN before calving and a 
lower proportion of apoptotic milk PMN (Table 1). Overall, 71.4% and 98.4% of the variation 
in the proportion of apoptotic blood PMN before and after calving, respectively, occurred 
at the heifer level. For the proportion of apoptotic milk PMN, 8.8%, 45.7% and 45.5% of the 
variation resided at the herd, heifer and quarter level, respectively. 

Discussion and conclusions

The present study is, to the best of our knowledge, the first one that deals with heifer and 
quarter level characteristics related to the viability of both blood and milk PMN in recently 
freshened heifers. The variation in PMN viability mainly resides at the heifer and quarter 
level indicating that measures to optimise the innate immunity around calving should focus 
at these levels rather than at the herd level. Heifers freshening in April to June may have a less 
optimised systemic and/or local immune system. In Flanders, heifers calving during these 
months were indeed at a higher risk to suffer from an elevated SCC in early lactation (De 
Vliegher et al., 2004). 

The beneficial impact of supplementing minerals and vitamins on the udder health and immune 
cell activity has been previously demonstrated in multiparous cows (Persson-Waller, 2000). 

1 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Seasonal variation in the proportion of apoptotic blood polymorphonuclear 
neutrophilic leukocytes (PMN) before ( ) and after calving ( ), and in the proportion of 
apoptotic milk PMN after calving ( ). 

Figure 1. Seasonal variation in the proportion of apoptotic blood polymorphonuclear neutrophilic 
leukocytes (PMN) before (––n––) and after calving (--u--), and in the proportion of apoptotic 
milk PMN after calving (. .p. . ).
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Supplementation with vitamins and minerals and other risk factors related to the feeding and 
management of dairy heifers around calving should be evaluated more in depth as they could 
be valuable in optimising the first line of defence of the mammary gland around calving, and 
in enhancing the natural resistance or the bacterial clearance during this period of immune 
suppression. 

A slightly increased quarter milk SCC due to IMI with non-aureus staphylococci may contribute 
to the protective effect of those pathogens against IMI with major pathogens (Green et al., 
2004). In the present study, quarters from which the teat apex was colonised with NAS had a 
substantially higher SCC and significantly less apoptotic milk PMN compared to those from 
which the teat apex was not colonised. Delayed apoptosis of PMN is known as an important 
mechanism for PMN accumulation in many bacterial inflammatory diseases (Dibbert et al., 
1999). Teat apex colonisation with NAS may therefore generate new hypotheses in protecting 
the mammary gland against IMI. Overall, only a small amount of the total variation in the 
blood PMN viability before and after calving (19.1 and 25.0, respectively) and milk PMN 
viability (22.1%) was explained by the examined factors. Still, some potentially important 
risk factors, e.g. the genetic background of the heifers, were not included in the study, but 
definitely warrant further research.
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Abstract

Natural disease resistance of the cow is one of the factors that can play a role in preventing 
and combating mastitis. It is well documented how immune parameters change following an 
experimental mammary infection with different pathogens. However, knowledge of the role 
of natural resistance to infection and parameters to best measure natural resistance in an 
uninfected animal, is scarce. The hypothesis of this project is that such parameters of natural 
resistance in milk do correlate with the cow’s capacity to resist mastitis. Identification of such 
parameters can enable the development of tests to monitor the level of natural resistance to 
mastitis on the dairy farm in a non-invasive way. Monitoring of natural resistance supports 
the farmer in managing the herd. For this project milk and blood samples were taken from 
cows without clinical signs of diseases to study: (1) the repeatability of the selected parameters 
within cows; (2) variation of these parameters between cows; and (3) the relation between 
these parameters in milk and blood. The humoral parameters that were measured included 
cytokines, like TNFα (pro-inflammatory) and IFNγ (cell mediated immunity), and (naturally 
occurring) antibodies against different pathogen associated molecular patterns (PAMPs). The 
(natural) antibody titres and to a lesser extend the cytokine levels, showed repeatability within 
and variation between cows. These selected parameters are being measured in milk samples of 
nearly 2000 heifers of the Dutch Milk Genomics project with known mastitis history to study 
their relation with natural resistance to mastitis and heritability of measured parameters.

Keywords: genomics, immunology, natural resistance

Introduction

The natural disease resistance of the cow can, among many other factors, play a role in 
preventing and fighting mastitis. Several immune parameters have been investigated following 
experimental infection of the mammary gland with different pathogens. Among others, several 
cytokines like TNFα and IFNγ (expression) were measured following experimental infection 
with Staphylococcus aureus and/or Escherichia coli (Bannerman et al., 2004; Lee et al., 2006; 
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Shuster et al., 1997). However, knowledge about the relationship between different immune 
parameters in an uninfected animal and its natural resistance to infection, is scarce. Natural 
antibodies of cows are mentioned (Rainard and Riollet, 2006), but not much studied in relation 
to natural resistance. Van Knegsel et al. (2007) measured antibodies against lipopolysaccharide 
(LPS) from E. coli and hemocyanin from Keyhole Limpet (KLH, from Megathura crenulata), 
but did not fully relate them to resistance yet. The hypothesis of this project is that certain 
immune parameters in milk do correlate with the cow’s ability to resist mastitis. Identification 
of such parameters can enable the development of tests to monitor objectively in a non-invasive 
way the level of natural resistance to mastitis. Monitoring of natural resistance supports the 
farmer in managing the herd. Based on literature, parameters were selected that might be 
correlated with resistance to bacterial infections. 

Before testing these parameters on a large number of samples, the levels were first determined 
in milk and blood plasma samples taken during the course of nearly 3 weeks on 20 cows without 
clinical signs of diseases. This was done to study: (1) variation of these parameters between 
cows; (2) the repeatability of the selected parameters within cows; and (3) the relation between 
these parameters in milk and blood plasma. The relation between milk and blood is of interest 
because the goal is to measure parameters in milk, and it is useful to know to what extend 
(local) levels in the milk correlate with (systemic) levels in the blood. The (humoral) parameters 
that were measured included cytokines, like TNFα (induction of inflammation) and IFNγ (cell 
mediated immunity), and (naturally occurring) antibodies against several pathogen associated 
molecular patterns (PAMPs), like lipoteichoic acid (LTA) and peptidoglycan (PGN) from S. 
aureus, and LPS from E. coli. Furthermore, natural antibody titres against a naïve antigen, 
KLH from Megathura crenulata, were determined. A parameter needs to show variability 
between different animals, otherwise it can never be related to variations in or mastitis 
susceptibility. Furthermore, a parameter has to show good repeatability when measured a 
number of times during a relatively short time-span (nearly three weeks). If this is not the 
case a single measurement of the parameter will most likely not be a good indicator for 
the cow’s natural resistance. In this study it is shown that all the tested parameters showed 
enough variation between cows and repeatability within a cow to warrant further testing on 
milk samples of nearly 2000 heifers with known mastitis history. In this way the relation of 
the parameters with mastitis incidence can be determined. The design of that study enables 
us to study the heritability of the parameters. This is of interest to evaluate the opportunities 
to select dairy cows with improved natural resistance to mastitis. 

Materials and methods

The observational experiment, mentioned in the introduction, was performed at one farm, 
using 20 Holstein Friesian dairy cows. Milk and blood samples were obtained from these cows 
during a period of nearly 3 weeks. At days 1 and 3 samples were taken in the morning only, 
and at days 8, 10, 15 and 17 in the morning and the afternoon. In total 10 milk and 10 blood 
samples were collected from each cow, which received no other treatments. 
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Milk was sampled during routine milking. Just after milking blood samples were taken using 
vacutainers with K2EDTA (BD, Plymouth, PL67BP, United Kingdom). Milk and plasma samples 
were aliquoted at the day of collection and stored at -20 °C. In milk and plasma samples of 
all 20 cows, the cytokines TNFα and IFNγ and total (natural) antibody titres against E. coli-
derived LPS (L2880, serotype O55:B5) and S. aureus-derived LTA (L2515) from Sigma-Aldrich 

Inc. (St. Louis, MO), S. aureus-derived PGN from Sigma-Aldrich Inc. ((Fluka) Buchs, CH) 
and M. crenulata-derived KLH from MP Biomedicals (Solon, Ohio), were determined. The 
natural antibody titres were determined essentially as described before (Van Knegsel et al., 
2007) and the cytokine detection was performed with capture ELISAs that were developed 
in-house. Repeatability in time was tested by calculating correlation coefficients in Statistical 
Analysis Software (SAS) 9.1. Variation between cows was tested using the mixed model in 
SAS with repeated measurements.

Results

Natural antibody levels against LPS, LTA, PGN and KLH were determined in milk and plasma 
samples of 20 cows to determine variability between cows, repeatability within a cow, and 
relation between milk and blood plasma. As an example Figure 1 shows the antibody titres 
against LPS per cow in plasma and in milk over time. The dots connected by a line represent 
the average of all cows over time, the others show individual cows. Figure 2 shows the antibody 
titres against LPS in milk per cow. The titres are represented as the average titre of a cow 

Figure 1. Antibody titres against LPS in plasma (upper lines) and milk (lower lines) of all cows 
per moment (day of experiment with m=morning and a=afternoon). Dots connected by a line 
show the averages of all cows, others are separate cows to show variation between cows.
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during the 3-weeks test period. Error bars represent the standard deviation for the different 
time points. Antibody titres showed significant differences between individual cows (P<0.01). 
Titres are quite stable over time (Figure 1). The repeatability coefficients for the antibody titres 
against LPS, LTA, KLH and PGN in time ranges from 0.72 to 0.87 (Table 1). Similar results 
were found for parameters measured in milk and in plasma. Repeatability coefficients for 
TNFα and IFNγ were even higher than the ones of antibody titres (Table 1). However, this is 
probably due to one cow which showed extreme values. When the observations of that cow 
were eliminated from the analysis, the correlation decreased to 0.66 (IFNγ in plasma), 0.61 
(IFNγ in milk), 0.57 (TNFα in plasma), and 0.05 (TNFα in milk), of which TNFα in milk was 
very low. Table 2 shows the relation of antibody titres between milk and blood plasma by the 
correlation coefficients between them. Correlations varied between 0.49 and 0.76 with the 
lowest level for the antibody titres against the naïve antigen KLH.

Discussion

The overall aim of this project is to identify (immune) parameters in milk that correlate with 
resistance to mastitis in dairy cows. Based on literature, potentially useful parameters were 
selected. Before testing milk samples of nearly 2000 heifers with known mastitis history, 
six of these parameters (antibody titres to LTA and PGN from S. aureus, LPS from E. coli 
and KLH from M. crenulata, and TNFα and IFNγ levels) were tested in milk samples of 20 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Antibody titres against LPS of all 20 cows in milk, averages over time. Error bars show 
standard deviations. 
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Figure 1. Antibody titres against LPS in plasma (upper lines) and milk (lower lines) of all cows per 
moment (day of experiment with m=morning and a=afternoon). Dots connected by a line show the 
averages of all cows, others are separate cows to show variation between cows. 

Figure 2. Antibody titres against LPS of all 20 cows in milk, averages over time. Error bars show 
standard deviations.
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cows to determine variability between cows, repeatability within a cow, and the relation 
between milk and blood plasma. The differences between cows in antibody and cytokine levels 
demonstrate the existence of variation between cows. This is important, because if there is no 
variation between cows the parameter can not be used as indicator for resistance to mastitis. 
A number of factors contribute to this variation including the variation in age and stage of 
lactation between cows. Repeatability estimates for the (natural) antibodies, measured as 
correlation between observations on the same cows over time, were in general high (Table 
1). These results reveal that these immune parameters show a good degree of repeatability, 
but they are not equal to one, which would reflect a situation of complete repeatability. Our 
repeatability estimates for immune parameters are similar to estimates for repeatability of 
milk production (Mayeres et al., 2004; Olori et al., 1999). Especially Mayeres et al. (2004) 
show that test day milk records are predictive for future milk production. This implies that 
in our situation, with similar repeatability’s, a single measurement of immune parameters 
gives a good indication of immune status of the cow. Repeatability for TNFα and IFNγ in 
the entire dataset was very high. This high repeatability found in the entire data set reduced 
considerably when observations on a single cow were eliminated from the analysis. They were 

Table 1. Estimates of repeatability of antibody titres and TNFα and IFNγ levels in milk and 
plasma. Estimates as correlation between observations at different times during a 3 weeks 
period. 

Parameter Plasma Milk

LPS 0.79 0.72
KLH 0.70 0.87
LTA 0.81 0.83
PGN 0.93 0.86
TNFα 0.99 0.84
IFNγ 0.99 0.99

Table 2. Estimates for correlation of antibody titres between milk and blood plasma.

Parameter Correlation

LPS 0.60
KLH 0.49
LTA 0.76
PGN 0.69
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still reasonable, except for repeatability of TNFα in milk, which was very low. The reason for 
this is yet unknown.

Although values in blood were higher than in milk, the values of the antibody titres in milk 
were considerably representative for the ones in blood, except for KLH titres which had a 
lower correlation coefficient between milk and blood. This implies that to a certain extent 
antibody titres in milk reflect antibody titres in blood plasma. The repeatability coefficients 
for the antibody titres and cytokine levels, and the significant variation of these parameters 
between cows, warrant further evaluation on a large number of milk samples, to determine 
their relationship with mastitis incidence.

Future work

The cytokine and natural antibody levels are being tested on milk samples of nearly 2000 
heifers collected for the ‘Milk Genomics’ (MG) project. The aim of the MG project was to 
identify genetic variation and heritability for milk fat and protein composition (Dutch Milk 
Genomics Initiative, 2008). From these cows genetic (e.g. known pedigree) and phenotypic 
information (e.g. SCC, mastitis incidence) is available. Although the MG project was not set 
up for research concerning natural resistance to mastitis, it can be used for it because of the 
available information and the observational origin. Parameters indicative for natural resistance 
will be analysed for their heritability. This will reveal if they can be used as parameters for 
selective breeding.

Conclusion

Antibodies against LPS, LTA, KLH and PGN were found to be variable between cows and 
consistent within cows when measured repeatedly within a short period of time. This makes 
them suitable for further evaluation on milk samples of the nearly 2000 heifers with known 
mastitis incidence, to determine if they are useful parameters for natural resistance or 
susceptibility to mastitis. Furthermore, to a certain extent antibody titres in milk reflect the 
ones in blood plasma. Initial repeatability’s of TNFα and IFNγ were very high. After deletion 
of one extreme cow from the dataset the repeatability’s decreased, but were still reasonable, 
except for TNFα in milk. Despite of this, they will all be measured in the MG milk samples, 
because of their key functions in regulation of immune responses. The data will be used to 
determine the degree of heritability of the parameters and to study the predictive value for 
mastitis. This will make clear if they can be used as indicators for natural resistance and as 
parameters in the selective breeding of cows with increased resistance to mastitis.
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Abstract

Staphylococcus aureus is one of the most common causes of bovine mastitis and often associated 
with persistent infection. Persistent infection may relate to the ability of this pathogen to 
transform into a variant subpopulation termed small colony variant (SCV) that have the 
potential to survive intracellularly. Internalisation within host cells appears to shield SCV from 
antibiotics and host responses. S. aureus SCVs have been described in human medicine yet are 
not well described in cattle. The objective of the current research is to characterise the immune 
responses associated with bovine S. aureus strains both phenotypically and genetically. A 
bovine SCV (confirmed by biochemical and genetic analyses) was isolated from the University 
of Guelph dairy herd. This isolate (SCV Heba3231) had a slow growth rate and prolonged lag 
phase compared to its parent strain 3231 and Newbould 305. The SCV Heba3231 persisted 
longer within cultured endothelial cells (BAEC) and a bovine mammary epithelial cell line 
(MAC-T) without deleterious cell damage compared to its parent strain and Newbould 305. 
Subsequently, 4 groups of clinically healthy cows, 5 cows/treatment groups were infected 
intramammary with either SCV Heba3231, its parent strain, a hem B mutant or Newbould 
305. Cows infected with the SCVs established mild clinical mastitis compared to those cows 
infected with the wild type strains. There were also differences in cell-mediated immune 
responses as assessed by cutaneous delayed-type hypersensitivity among infected cows. Further 
characterisation of immune response including innate recognition genes, proinflammatory 
chemokines/cytokines genes, type I and II cytokines and regulatory immune response genes 
in blood and milk mononuclear cells is ongoing. Analysis of immune response genes should 
provide insight into the host transcriptomic profiles following interaction with persistent 
strains of S. aureus mastitis and should provide better understanding of the pathophysiology 
of bovine mastitis following infection with persistent strains of S. aureus. 

Keywords: blood mononuclear cells, host defense, immunology, persistent infection, 
Staphylococcus aureus

Introduction

Staphylococcus aureus mastitis continues to be a serious disease of dairy cattle. Herd level 
prevalence in North America and Europe varies between 31% and 100% (Olde Riekerink et al., 
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2006), with a significant detriment to the dairy industry. Antibiotic treatment often results in 
relapsing infection and efficacious vaccines are currently not available (Barkema et al., 2006). 
Persistent or difficult-to-treat infections may relate to the ability of this pathogen to form a slow 
growing population termed small colony variants (SCVs) that can survive within professional 
and non-professional phagocytic cells and subsequently modulate immune responses (Sinha 
and Herrmann, 2005). While S. aureus SCVs have been described in human medicine, they 
have been overlooked in veterinary medicine. 

Traditionally, S. aureus has been regarded as extracellular pathogen. However, the ability 
of this pathogen to survive within phagocytes (Voyich et al., 2005, Hébert et al., 2000) and 
nonprofessional phagocytic cells including cultured bovine aortic endothelial cells (BAEC) 
(Vann and Proctor, 1987) and a bovine mammary epithelial cell line (MAC-T) (Bayles et al., 
1998) has been documented. Internalisation within host cells appears to shield persistent 
strains of S. aureus from host defence and antibiotic treatment (Van Belkum, 2006). In 
addition, the intracellular milieu appeared to favour the selection and/or survival of small 
colony variants (SCVs) (Atalla et al., 2008), which seem to survive within the host for long 
periods of time without triggering a cell-mediated immune response (CMIR). However, 
the association between specific strains of S. aureus especially those of the SCV phenotype 
and persistent infection of the bovine mammary gland is unknown. Therefore, the current 
objectives are to: (1) test the hypothesis that S. aureus strains associated with chronic mastitis 
are of the SCV phenotype, (2) test the hypothesis that bovine S. aureus SCV establish a mild 
intramammary infection and different in vivo local and systemic clinical signs compared 
to its parent strain 3231 and other genetically characterised strains, including a Newbould 
hemB SCV mutant and Newbould 305, (3) evaluate delayed-type hypersensitivity (DTH) as an 
indication of cell mediated immune response in vivo and (4) characterise innate and adaptive 
host response gene expression to bovine S. aureus SCV Heba3231 and its isogenic wild type 
parental strain. Unraveling the complex interaction between a microbial pathogen and the 
host is the fundamental basis of understanding microbial pathogenesis. While regulation 
of virulence genes of S. aureus strains has been extensively studied in vitro, there is a need 
to understand how specific microbial virulence factors influence the host response and the 
outcome of infection. 

Materials and methods

Isolation of S. aureus small colony variant (SCV) from milk

Foremilk samples were collected from Canadian Holstein cows identified with persistent 
and recurrent S. aureus mastitis. Quarter milk samples were cultured on Columbia agar 
supplemented with 5% sheep blood (CBA, Difco) and MacConkey agar plates (Difco). 
Identification of positive S. aureus colonies was based on morphological (large highly hemolytic 
colonies on CBA), biochemical (catalase and positive, rapid coagulase production with 18 hr 
incubation) and genetic characterisation (nuc gene, Brakstad et al., 1992). Enrichment of SCVs 
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from the population of S. aureus isolates was done as described previously (Sadowska et al., 
2002). Briefly, overnight fresh cultures of the typical S. aureus strains in brain heart infusion 
(BHI, Difco) broth were adjusted to 5×106 or 5×107 cfu/ml and each dilution was incubated 
overnight (ON) with 0.25, 0.5 or 1.0 µg/ml gentamicin sulfate (Sigma).

Phenotypic and genetic characterisation of S. aureus SCV

The SCV isolate that was identified as S. aureus was analysed for growth curve characteristics 
compared to its wild type parent strain and the prototype Newbould 305 as described 
previously (Atalla et al., 2008). Auxotrophy for hemin, menadione and thymidine was done 
by plating on chemically defined medium (CDM) (Van de Rijn and Kessler, 1980) and Mueller 
Hinton agar (MH, BBL), supplemented with 1, 2, and 5 µg/ml of hemin (Sigma), 1, 2, 5, and 
10 µg/ml of menadione (Sigma) and 100 µg/ml of thymidine (Sigma) (Kahl et al., 1998). 
Antimicrobial susceptibility for S. aureus SCV isolates, their parent strains and the prototypic 
strain Newbould 305 was determined by identifying the minimal inhibitory concentrations 
(MICs) of gentamicin, erythromycin, oxacillin, rifampicin, vancomycin and trimethoprim 
/sulfamethoxazole (TMP/SMX) (Atalla et al., 2008). An intracellular persistence assay was 
performed using a primary culture of bovine aortic endothelial cells (BAEC) and bovine 
mammary epithelia cell line (MAC-T cells) (Bayles et al., 1998, Vann and Proctor, 1987).

Comparative genomic hybridisation using microarray was used to determine the genome 
relatedness of the parental 3231 isolate and its derivative SCV Heba3231 (Atalla et al., 2008). 
Gene expression analysis of the SCV Heba3231 and the parent strain 3231 was performed as 
described previously (Moisan et al., 2006). 

Experimental intramammary infection (IMI)

Twenty lactating Holstein dairy cows with no previous history of mastitis (5 cows/treatment 
group) at the University of Guelph herd were selected for the study. Selection of each group 
of cows was based on low somatic cell count (SCC) and negative bacterial culture. Following 
afternoon milking the teat end was swabbed with 70% ethanol. Cows were challenged with 
~5×103 cfu/ml bacteria (3 quarters/cow) and infused with 5 ml pyrogen-free PBS, pH 7.4 (left 
hind quarter) followed by teat dipping in 1% iodine. Each group of infected cows was monitored 
and given a clinical score for the first 5 days post-infection based on rectal temperature, 
appetite, udder uniformity, milk appearance, bacterial culture, and somatic cell counts (SCC). 
A clinical scoring system was used following a modified format of Wenz et al. (2001). Cows 
with a total score of 0-2, 3-5, or 6-10 were classified as having mild, moderate or severe IMI, 
respectively. All cows were examined for chronic infection up to day 36 post-infection.
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Delayed type hypersensitivity (DTH)

On day 24 post-infection each group of cows was injected intradermally with 0.1 ml of 5×108 

cfu∕ml UV killed homologous S. aureus strain, 0.1 ml of 2.5 mg∕ml of PHA, and 0.1 ml sterile 
pyrogen-free PBS in the neck region. Double skin-fold thickness measurements were made 
at 0, 6 and 24 h as described previously (Hernández et al., 2005).

Genetic characterisation of host response

Total RNA was extracted from blood mononuclear cells using Trizol reagent (Invitrogen) 
according to the manufacture’s instruction. Reverse transcription of total RNA was done 
using oligo primer and Superscript III Reverse Transcriptase (Invitrogen) according to the 
manufacture’s instructions. Each cDNA was analysed for innate recognition, proinflammatory 
cytokines and chemokines, type I and II immune response and regulatory genes. Real time 
quantification was performed in the lightCycler 000 instrument (Roche Diagnostics) using 
the SYBR green dye. 

Results

Isolation of S. aureus small colony variant (SCV) from milk

Stable SCV phenotype (SCV Heba3231) was recovered after single passage of 5×106 cfu/ml 
in BHI broth containing 1 µg/ml gentamicin. The SCV Heba3231 had atypical phenotypic 
characteristics including slow growth, pin point and non-hemolytic colonies on CBA, delayed 
coagulase reaction. Antimicrobial susceptibility testing showed that the SCV Heba3231 was 
resistant to gentamicin (≥16 times) relative to its parent strain 3231 but was almost as sensitive 
as its parent strain and the prototype Newbould 305 to erythromycin, oxacillin, rifampicin, 
vancomycin and TMP/SMX. Supplementation of MH plates with 1 µg/ml hemin enhanced the 
growth of SCV after 18 hr of incubation. Although the two wild types hemolytic strains 3231 
and Newbould 305 were internalised by cultured BAEC as was SCV Heba3231, the number of 
internalised SCV was as much as 40-fold higher than the number of the parent strain. Infection 
of BAEC or MAC-T cells with ~2×107 cfu SCV Heba3231 showed slight detachment from the 
monolayers after 3.5 hr. In contrast, co-incubation with strains Newbould 305 and the parent 
strain 3231 resulted in massive damage to the BAEC, demonstrated by rounding, detachment 
of monolayer cells and densely mottled cell membranes. Genetic characterisation showed 
strong similarities between strain 3231 and SCV Heba3231 supporting that both strains are 
derivates of the same clone (Atalla et al., 2008). Transcription profiling showed reduced gene 
expression of hla (α-toxin) and coa (coagulase). This reduced expression correlated well with 
the non-hemolytic nature of SCV Heba3231 and the slow development of the coagulase test 
(Atalla et al., 2008). 
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Experimental intramammary infection (IMI)

Intramammary challenge with the SCV Heba3231 induced mild clinical mastitis indicated by 
mild localised signs and virtual absence of systemic response. Similar observation was seen 
among those cows infected with the Newbould hemB mutant. On the other hand, IMI of cows 
with both 3231 and Newbould 305 wild type strains induced systemic and localised clinical 
signs and were classified as severe and moderate clinical mastitis, respectively, as determined 
by the disease severity scoring system.

Bacterial shedding of SCV Heba3231 was generally low throughout the study compared 
to other S. aureus strains. Milk samples from cows infected with both SCV Heba3231 and 
Newbould hemB had low SCS compared to their wild type parental strains. However, SCS of 
all treatment groups were significantly (P<0.05) higher during the first week post-infection 
and the chronic phase of infection compared to day 0 before challenge.

Delayed-type hypersensitivity (DTH)

Cows tested with SCV Heba3231 and its parent strain 3231 developed significant DTH 
compared with the prototypic strain Newbould 305. Cows tested with hemB induced immediate 
cutaneous hypersensitivity that stayed the same for 24 hr. Cows tested with the Newbould 
305 failed to induce DTH. 

Genetic characterisation of host response using QRT-PCR

Genetic characterisation of innate and adaptive immune response gene expression is ongoing. 
Expression levels for each gene of interest is normalised to B2-microglobulin gene at each 
time point (day 0 before IMI, day 2 and day 36 post-infection) which is used as the internal 
control house keeping gene. 

Discussion 

Persistent intramammary infection may be related to the ability of SCVs to survive within host 
cells and to cause minimal perturbation in cell physiology and minimal stimulation of host 
defences. Internalisation of S. aureus SCV within host cells provides protection against both 
host defence and antibiotic treatment. Slow growing bacteria may release small amounts of 
antigens that are insufficient to induce appropriate immune responses, thereby aiding SCV 
of S. aureus to establish persistent infection within its host. Slow growth rate, reduced or 
no hemolytic activity, slow coagulase production, presence of mixed culture with the wild 
phenotype and the high tendency to exhibit unstable phenotype explains why SCV are often 
misidentified and overlooked in diagnostic settings. This necessitates more attention to milk 
samples from herds with recurrent mastitis. The persistence of SCV within BAEC may explain 
why an antibody-mediated immune response alone is not always effective and emphasises 
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the necessity of combined cell-mediated immune response and antibody against persistent 
strains of this pathogen (Tao and Mallard, 2007). Challenging cows with the naturally occurring 
S. aureus SCV Heba3231 and the disrupted mutant Newbould hemB elicited mild clinical 
mastitis and mild increase of milk SCC compared to their isogenic wild type parental strains. 
Mild clinical mastitis in response to both SCVs is mainly related to their phenotypic and 
genetic properties (Atalla et al., 2008). Phenotypic DTH responses were greatly varied among 
cows infected with the persistent strain 3231 and SCVHeba3231 compared to the prototype 
Newbould 305 and hemB. The capacity of specific strains of S. aureus for intracellular survival 
seem to have a role in the observed cell-mediated immune response at day 24 post-infection 
in those cows infected with 3231 and SCV Heba3231. Transcriptional analysis of innate 
and adaptive host response genes is expected to be different in response to SCV Heba3231 
compared to 3231. In conclusion, understanding innate and adaptive host response at the 
molecular and phenotypic level should provide better understanding of the pathophysiology 
of bovine mastitis following infection with persistent strains of S. aureus. 
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Abstract

Use of a Staphylococcus aureus bacterin to prevent intramammary infections (IMI) in dairy 
heifers was evaluated. At 6 to 18 months of age, Holstein heifers were processed for vaccination 
and collection of mammary secretions. Fifty-three heifers were immunised with a commercial 
bacterin and 53 heifers served as unimmunised controls. The vaccine was a lysed culture of 
polyvalent S. aureus somatic antigens of 5 phage types in an aluminum hydroxide base. Two 
weeks after processing and at 6-month intervals until calving, vaccinates were processed for 
boosting. At 2-month intervals after trial initiation and through calving, mammary secretion 
samples were collected for bacteriological culture and somatic cell counts (SCC). Efficacy data 
showed that the percentage of heifers with S. aureus IMI at calving was lower in vaccinates 
(13.3%) compared with controls (34.0%); a reduction of 60.9%. The SCC in samples collected 
at calving from uninfected heifers for vaccinates and controls were 66,095 and 132,754/ml, 
and for infected heifers, SCC were 441,764 and 892,176/ml; reductions of approximately 
50%. Likewise, average first lactation SCC were lower in vaccinates than controls (49,000 
vs. 60,000/ml). The 305-day lactation milk yield for the first lactation demonstrated an 8.6% 
increase in vaccinates vs. controls (11,217 vs. 10,332 kg). In addition, the 305-day lactation 
kilograms of fat and protein were higher in vaccinates than controls (fat: 408.04 vs. 338.96 kg; 
protein: 329.77 vs. 315.23 kg). Evaluation of the number of days in milk for the first lactation 
demonstrated that vaccinates persisted 13 days longer than unvaccinated controls (349 vs. 
336 days), and culling was reduced by one-third in vaccinates (16.9%: vaccinates, 24.5%: 
controls). Results demonstrated that administration of a commercial bacterin to breeding 
age and pregnant heifers reduced prevalence of S. aureus mastitis and SCC at calving, and 
increased first lactation performance.

Keywords: milk production, somatic cell count, vaccination

Introduction

Staphylococcus aureus mastitis continues to be a major challenge for the dairy industry because 
this disease is difficult to treat with antimicrobial drugs, especially during lactation. In some 
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herds, S. aureus mastitis is prevalent in unbred and bred heifers, which serve as sources for 
infecting the milking herd. Such intramammary infections (IMI) in young dairy animals are 
associated with local inflammation, induration, and extremely high somatic cell counts (SCC), 
and have been found in heifers as early as 6 months of age (Boddie et al., 1987). Likewise, 
histological analyses have shown that S. aureus infections adversely affect the development 
of milk-producing tissues of heifers (Trinidad et al., 1990a). 

Although intramammary therapy during gestation (Owens et al., 1994; Trinidad et al., 1990b) 
and during the immediate prepartum period (Oliver et al., 1992, 2004) has been successful, the 
most efficient means of controlling mastitis is to prevent this disease in young dairy animals. 
Vaccination has been attempted to increase adult cows’ immunity to S. aureus and to prevent 
establishment of these bacteria in the bovine mammary gland. Early vaccine formulations were 
shown to increase the spontaneous cure rates of S. aureus IMI in cows as well as to lessen the 
severity of infection but did not prevent new cases of mastitis (Adlam et al., 1981; Brock et al., 
1975). More recently, various toxoids and adjuvants have been incorporated into experimental 
pseudocapsular vaccine formulations, and have been shown to be effective in preventing new 
S. aureus IMI when administered to dairy heifers (Giraudo et al., 1997; Nickerson et al., 1999; 
Nordhaug et al., 1994; Sears et al., 1990). In view of these successes, the present study was 
designed to evaluate a commercial S. aureus bacterin when administered to Holstein heifers 
as a primary immunisation at 6 to 18 months of age.

Materials and methods

One hundred six Holstein heifers from the James River Correctional Center dairy herd 
Goochland, VA, USA were used. This herd had a 9,979-kg rolling herd average milk production 
with an average SCC of ~200,000/ml. Previous microbiological culture of heifer mammary 
secretions indicated that approximately 35% of animals were infected with S. aureus. 

At approximately 6 to 18 months of age, heifers were processed through a restraining chute 
to collect aseptic quarter mammary secretion samples for microbiological analyses following 
procedures outlined by the National Mastitis Council (Hogan et al., 1999). Fifty-three heifers 
were vaccinated with Lysigin® (Boehringer Ingelheim Vetmedica, Inc., St. Joseph, MO, USA) 
using a dose of 5 ml intramuscularly that was administered in the semimembranosus muscle 
of the rear leg, and the other 53 heifers served as unvaccinated controls. The vaccine was 
a lysed culture of polyvalent S. aureus somatic antigens representing 5 phage types in an 
aluminum hydroxide adjuvant base, including serotypes 5, 8, and 336, the most common S. 
aureus serotypes associated with clinical mastitis. Fourteen days after the initial processing, 
the vaccinated group was again processed through the chute and boosted with Lysigin®. All 
animals were maintained on pasture and rotated by age group through calving. At 6-month 
intervals after the initiation of the trial and through time of calving, the vaccinated group was 
again processed through the chute for boosting. 
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At 2-month intervals after the trial initiation and through calving, mammary secretion samples 
were collected for bacteriological culture and for the determination of electronic SCC (A/SN 
Foss, Hillerod, Denmark). Microbiological examination of quarter samples collected from 
bred heifers over gestation demonstrated that 19.8% of heifers (9.4% of quarters) were infected 
with S. aureus, 68.9% of heifers (34.3% of quarters) were infected with coagulase-negative 
staphylococci (CNS), 6.6% of heifers (2.3% of quarters) were infected with environmental 
streptococci, and 1% of heifers (0.3% of quarters) were infected with coliforms.

At time of calving, heifers were enrolled in the Dairy Herd Improvement Program (DHIA) 
and data were recorded for milk yield, percentages and actual pounds fat and protein, days 
in milk, and SCC. Data on vaccine efficacy were examined in terms of mean percentage 
reduction in rate of new S. aureus or CNS IMI achieved among immunised heifers compared 
with the rate among unimmunised controls at the time of calving; differences between the 
percentage of heifers becoming infected among treatments was tested with the standard 
normal approximation (Steel and Torrie, 1980).

Results and discussion

Immunisation with Lysigin® did not cause any adverse reactions at the injection site or 
systemically. Minimal swelling (<2.5 cm) was occasionally observed, which disappeared 
within 48 hours of administration. Vaccine efficacy data showed that the percentage of 
heifers with S. aureus IMI at freshening was lower in vaccinates (13.3%) compared with 
controls (34.0%); a reduction of 60.9% (P<0.01). Likewise, an examination of health records 
showed that the percentage of heifers that were culled or died during the trial was reduced by 
approximately one-third by vaccination: 16.9% in vaccinates and 24.5% in controls (P>0.05). 
The vaccinated group also experienced a slight, insignificant reduction in mastitis caused by 
CNS. At freshening, IMI with CNS were lower in vaccinates (64.2%) compared with controls 
(69.8%); a reduction of 8.1%.

Somatic cell counts in samples collected during first week of lactation irrespective of infection 
status were 45% lower in vaccinates compared with controls (287,317 vs. 522,345/ml). Somatic 
cell counts in samples collected during first week of lactation from uninfected heifers for 
vaccinates and controls were 66,095 and 132,754/ml, respectively; a 50.2% reduction; and for 
infected heifers, SCC were 441,764 and 892,176/ml, respectively; a 50.5% reduction. Somatic 
cell counts in samples collected during the prepartum period were highest for S. aureus 
(6.730x103), followed by the environmental streptococci (3.850x103), and CNS (3.510x103).

An examination of the 305-day lactation milk yield for the 1st lactation of both vaccinated 
and unvaccinated control heifers demonstrated an approximate 8.6% increase in vaccinates vs. 
control (11,217 vs. 10,332 kg, respectively) or a difference of 886 kg. On a complete lactation 
basis, vaccinated animals produced 839 kg more milk than controls (12,537 vs. 11,698 kg, 
respectively); an increase of 7.3%. 
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The percentage of 305-day lactation fat was higher in vaccinates than controls (3.64 vs. 3.27%, 
respectively); however, the percentage of 305-day lactation protein was slightly higher in 
controls than vaccinates (3.06 vs. 2.95, respectively). Actual 305-day kilograms of both fat 
and protein were higher in vaccinates than controls (fat: 408 vs. 339 kg, respectively; protein: 
330 vs. 315 kg, respectively). Likewise, on a complete lactation basis, actual kilograms of both 
fat and protein were higher in vaccinates than controls (fat: 460 vs. 393, respectively; protein: 
370 vs. 353, respectively).

An examination of the number of days in milk for the first lactation demonstrated that 
vaccinates persisted 13 days longer than the unvaccinated controls (349 vs. 336 days). In 
addition, average first lactation SCC were 11,000 cells/ml lower in vaccinates compared with 
controls (49,000 vs. 60,000/ml. 

Conclusions

Results of this investigation demonstrated that vaccinating dairy heifers according to the 
prescribed protocol with a commercial USDA licensed S. aureus bacterin, Lysigin®, reduced 
the number of new S. aureus IMI at time of calving by 60.9%, lowered the SCC by 50%, 
and decreased the culling rate by approximately one-third. In addition, overall milk yield, 
production of fat and protein, and number of days in milk were greater in vaccinated heifers 
compared with controls. 

The decrease in frequency of new S. aureus IMI at calving (60.9%) in vaccinates using Holstein 
heifers is higher than the 44.7% reduction observed in a Louisiana trial using the same vaccine 
in Jersey heifers (Nickerson et al., 1999). In both trials, SCC at calving were reduced by 
approximately 50%. The 60.9% efficacy found in the present trial is also higher than the 40.2% 
efficacy observed by Giraudo et al. (1989), the 46% efficacy observed by Nordhaug et al. (1994), 
and the 52% efficacy observed by Sears et al. (1990). However, it is difficult to compare among 
the latter three trials as the vaccine formulations were all quite different. 

The question becomes: Is it economically feasible to use this vaccination protocol on young 
dairy heifers? Based on an average of 1,864 more lb milk per vaccinated heifer, which translates 
to 18.64 hundredweights (cwt) of milk (1,864/100), at the current price of US$ 25.00/cwt, an 
increased income of US$ 466.00/heifer would be realised (18.64 cwt x US$ 25.00/cwt = US$ 
466.00). If each heifer was vaccinated beginning at 6 months of age until calving, this would 
entail vaccinations at (1) 6 months, (2) a booster 2-weeks later, and subsequently at (3) 12 
months, (4)18 months, and (5) 24 months, or a total of 5 immunisations through calving. At 
$1.50/dose, this cost would total $7.50, which when subtracted from the increased income 
from milk production, would yield a net income of US$ 458.50 per heifer (US$ 466.00 - US$ 
7.50). This figure does not include the costs of labour involved in the immunisation process; 
however, it is evident that vaccination is well worth the cost of the vaccine. Not only does it 



Mastitis control - From science to practice � 123

reduce new infections in first calf heifers at parturition, it may also reduce the introduction 
of S. aureus to the milking herd. 
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Abstract

Soils in many regions of the world have low selenium (Se) content. Consequently, forages and 
crops grown on these soils may provide inadequate dietary Se for grazing animals and humans. 
Results of recent surveys in different countries reported a significant proportion of cattle 
appear to receive inadequate dietary Se, and that deficiency has been associated with several 
economically important diseases, such as mastitis. Selenium supplementation has been used 
to enhance Se status but results are still controversial. Milk Se concentration is an indicator 
of animal/herd Se status, and reflects the responsiveness to supplementation. A systematic 
review and meta-analysis were performed on 42 studies published between 1977 and 2007 
to summarise all available scientific evidence of the effect of oral Se supplementation on milk 
Se concentration in cattle. The literature search was based on electronic and non-electronic 
databases. Fixed- and random-effects models of meta-analysis were performed, and a meta-
regression was carried out to evaluate the heterogeneity among studies. The overall effect 
of oral Se supplementation was an increase of milk Se concentration in 0.16 (95% CI: 0.117, 
0.207) µmol/l (P<0.05). Separate analyses for two sources of Se indicated that Se yeast had a 
larger effect as compared to sodium selenite/selenate. On average, cows supplemented with 
Se-yeast had a milk Se concentration of 0.33 (95% CI: 0.190, 0.476) µmol/l higher than in cows 
supplemented with sodium selenite/selenate. Dose of Se had a quadratic association to milk 
Se concentration, and dose explained 74% of the between study variance. Begg’s (P<0.01) test 
and visual analysis suggested a weak evidence of publication bias. This information provides 
a basis for tailoring daily requirements of Se for lactating cattle.

Keywords: nutrition, minerals, selenium, systematic reviews

Introduction

Soils in many regions of the world have low Se content; consequently, feedstuffs grown on these 
soils may provide inadequate dietary Se for grazing animals and humans. Selenium nutritional 
requirements for beef and dairy cattle have been set at 0.1 ppm and 0.3 ppm, respectively (NRC 
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2000, 2001). Thus, feeding systems to increase milk Se content have been developed (Guyot 
et al., 2007) but variable results are still found. After using different sources of Se, doses of Se 
and routes of administration, studies have described either non significant effects (Stowe et 
al., 1988) or increased milk Se concentrations by as much as sevenfold (Guyot et al., 2007).

Studies in the 1970s indicated that a relatively small proportion of Se was transferred into 
milk after feeding inorganic forms of Se such as sodium selenite. Supplementation with 
inorganic forms increased milk Se content when cows were fed rations low in naturally 
occurring Se forms, but there was less impact when cows were fed rations higher in naturally 
occurring Se (Conrad and Moxon, 1979). Even though many experiments have shown that 
Se supplementation results in an increase in Se content of milk, not all attempts have been 
successful (Stowe et al., 1988; Gierus et al., 2003).

A low milk Se concentration has been linked to decreased expression of selenoproteins that 
have a pivotal role in the antioxidant and immune defence of the mammary tissue (Bruzelius 
et al., 2007; Sordillo et al., 2007), and the consumption of animal products derived from 
animals grazing on low-Se areas can influence the Se status of entire human communities, 
putting humans at risk of overt deficiency (WHO/FAO, 2004). Accordingly, there is a need to 
summarise the response to different sources of supplementary Se, and its transfer into milk 
to assist in the design of effective supplementation programs. Clear guidelines as to how Se 
supplements should be administered to cattle, in particular to enhance milk Se concentration, 
have not been available.

Narrative reviews have indicated a beneficial effect of Se supplementation on milk Se 
concentration (Conrad and Moxon, 1980; Weiss, 2005). However, traditional narrative reviews, 
which have been widely used in veterinary literature, do not use either a systematic or statistical 
method to identify, assess, and synthesise the information they are gathering, and are prone to 
bias (Sargeant et al., 2006). Systematic reviews appraise critically, summarise and attempt to 
reconcile all published evidence concerning to a particular intervention, minimise systematic 
and random errors, and may or may not include a quantitative statistical analysis (meta-
analysis) of the results of two or more studies (Jadad et al., 1997). The objective of this study 
was to summarise, through a systematic review and a meta-analysis, all available scientific 
evidence related to the effect of oral Se supplementation on milk Se concentration in cattle.

Material and methods

An electronic and non-electronic literature search was conducted to identify primary studies 
carried out between January of 1970 and March of 2008. The databases AGRICOLA, CAB 
abstracts, MEDLINE, PubMed, Science Direct, Web of Science, and WorldCat Basic Search 
were covered. Primary studies published in English, French, Italian, Portuguese, Spanish and 
German, were included. There was no restriction to peer-reviewed journals, and the eligible 
publications included abstracts, conference proceedings, book chapters and theses. Proceedings 
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of the most relevant meetings concerning animal science were also scanned for references. In 
addition, different groups of investigators were emailed asking for unpublished studies related 
to the intervention of interest, and finally, the potential studies were combined with a set of 
studies recovered from the trial database of Alltech Inc (Nicholasville, KY, USA).

Manuscripts were excluded if the title or abstract had an indication of pertaining to species 
different than cattle, or pertaining to supplementation trials enrolling animals other than 
first-calving heifers or multiparous cows, or if the milk Se concentration was not evaluated. 
Additionally, studies were excluded if cows were supplemented with sources other than 
sodium selenite, sodium selenate or Se yeast, since these forms are the most widely used for 
oral supplementation in cattle (Weiss, 2005).

The mean difference in milk Se concentration between Se-supplemented and unsupplemented 
cows was the outcome of interest. The precision of the estimate was based on its standard error 
(SE) or standard deviations (SD) of treated and control groups. Milk Se concentration data 
between 28 and 170 days were considered for the meta-analysis. All results were transformed 
to µmol/l. For unit standardisation, 78.96 g/mol was considered for Se molecular weight, 
and 1,030 g/l for milk density. Clinical trials were included regardless of whether they were 
conducted in a randomised fashion.

When an exact calculation of the SD was not possible, missing SD was imputed as pooled SD 
(SDp) from all the other available studies included in the meta-analysis (Furukawa et al., 2006). 
Two independent investigators extracted the information using a structured data-collection 
form, and the first author solved the discrepancies after re-reviewing the manuscript.

Meta-analyses and meta-regression

The effect of Se supplementation on milk Se concentration in cattle was evaluated carrying out 
fixed and random-effects meta-analyses. Random-effects meta-analysis was reported given 
the observed heterogeneity amongst studies. Meta-analysis was presented graphically using 
a forest plot (Egger et al., 2001). Statistical (Begg’s and Egger’s tests) and graphical methods 
(funnel plot) were used to evaluate possible publication bias. The ‘Trim and Fill’ method was 
used to estimate and correct for an eventual publication bias (Egger et al., 2001).

A meta-regression analysis was conducted to estimate the extent to which one or more 
covariates explained heterogeneity in the treatment effects. Meta-regression of factors related 
to study quality and study design on the factor of interest was performed using the method-of-
moments estimation (Egger et al., 2001). Unconditional analyses of trial precision, continent 
where the study was performed, study population, parity, type of production, source and dose 
of Se, stage of lactation, and frequency of administration, were evaluated. Analyses were carried 
out in Stata Statistical Software, release 10 (StataCorp, College Station, TX, USA).
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Results

The search identified 139 potential references containing the keyword combination either in 
their titles or abstracts. Twenty-three manuscripts could not be recovered. From the remaining 
116 references, 77 were excluded from the analysis because of the following reasons: 12 were 
not clinical trials; 24 did not report the outcome of interest; 9 had reported duplicate data of 
other studies; 11 described results of parenteral Se supplementation; 19 manuscripts compared 
two sources or different doses of Se, therefore, the control group was no unsupplemented; one 
report described the results of administering two sources of Se to the same animal; and one 
report described the results of oral and parenteral administration of Se to the same animal.

Three manuscripts reported the outcome of interest but no data were recorded because 
supranutritional doses of Se were used. Three manuscripts did not report milk Se concentration 
for the period between 28 and 170 days from treatment, and were excluded from the analyses. 
Consequently, 33 manuscripts containing the results of 42 studies provided data that fulfilled 
all criteria and were used to perform the meta-analyses. Twenty-eight manuscripts were 
published in peer-reviewed journals, three published as abstracts, one appeared in conference 
proceedings, and one was published as book chapter. Studies were categorised according to 
the continent where they were performed: 15 in America, 13 in Europe, and 5 in Australia/
New Zealand.

Out of the 33 references, 25 reported a positive effect of Se supplementation (Hidiroglou et 
al., 1985, 1987b; Salih et al., 1987; Hidiroglou and Proulx, 1988; Aspila, 1991; Charmley et al., 
1993; Cuesta et al., 1993; Grace et al., 1997; Hemken et al., 1998; Knowles et al., 1999; Ortman 
and Pehrson, 1999; Batchelor, 2002; Gierus et al., 2002; McDowell et al., 2002; McIntosh and 
Royle; 2002; Bis Wencel, 2003; Wiewiora et al., 2003; Brzoska and Brzoska, 2004; Waldron et 
al., 2004; Muniz-Naveiro et al., 2005; Juniper et al., 2006; Guyot, et al., 2007; Heard et al., 2007; 
Paschoal et al., 2007; Phipps et al., 2007), four did not show a significant effect (Ammerman 
et al., 1980; Hidiroglou et al., 1987a; Stowe et al., 1988; Gierus, et al., 2003), and four did 
not report the significance of the effect (Perry et al., 1977; Conrad and Moxon, 1979; Syrjala 
Qvist and Aspila, 1993; Malbe et al., 1995). All these four manuscripts reported, however, a 
numerically positive effect of Se supplementation on milk Se concentration.

Meta-analysis and meta-regression

The average treatment effect obtained was 0.16 µmol/l (95% CI: 0.117, 0.207). The results from 
each trial, the average effect of treatment, its 95% CI, and the prediction interval are shown in 
Figure 1. Begg’s test for publication bias was significant (P<0.001), while the Egger’s test did 
not suggest a significant bias (P=0.28). However, the ‘Trim and Fill’ method did not impute 
any study, and the overall estimate of the effect remained the same.
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None of the variables related to study quality and study design showed a significant association 
with the outcome of interest. However, the effect of Se supplementation on milk Se concentration 
was less when cows were part of a randomised clinical trial (P=0.15). A significant (P<0.01) 
association with the outcome of interest was found for the continent where the study was 
performed, source of Se and dose of Se (Table 1). Studies that administered Se yeast (6 mg/
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Figure 1. Forest plot of the effect of oral selenium supplementation on milk selenium 
concentration (µmol/L) difference in cattle. The average estimate of the effect was derived 
from the random-effects meta-analysis. The length of the horizontal line represents the 95% 
confidence interval (CI) for the effect size from each study, the center of the square (�) 
represents the point estimate from that study, and the area of the square is proportional to the 
weight assigned to the study. The dashed line is the average effect of treatment (0.16 µmol/L) 
obtained from the analysis, while the solid vertical line marks the value where Se 
supplementation would have no effect. The diamond (�) at the bottom of the dashed line 
shows the 95% CI for the overall effect (0.117, 0.207), and the horizontal line beside the 
diamond represents the prediction interval (95%: -0.17, 0.50 µmol/L) for the milk Se 
difference in future studies. 

Figure 1. Forest plot of the effect of oral selenium supplementation on milk selenium concentration 
(µmol/l) difference in cattle. The average estimate of the effect was derived from the random-
effects meta-analysis. The length of the horizontal line represents the 95% confidence interval 
(CI) for the effect size from each study, the center of the square (®) represents the point estimate 
from that study, and the area of the square is proportional to the weight assigned to the study. 
The dashed line is the average effect of treatment (0.16 µmol/l) obtained from the analysis, 
while the solid vertical line marks the value where Se supplementation would have no effect. 
The diamond (◊) at the bottom of the dashed line shows the 95% CI for the overall effect (0.117, 
0.207), and the horizontal line beside the diamond represents the prediction interval (95%: 
-0.17, 0.50 µmol/l) for the milk Se difference in future studies.



130 � Mastitis control - From science to practice

head/day) had, on average, a milk Se concentration of 0.11 µmol/l higher than unsupplemented 
cows. Dose of Se accounted for a large proportion of the between-study variance (74%).

Discussion

A meta-analysis based on the results of the 42 studies meeting all selected criteria estimated an 
average increase in milk Se concentration of 0.16 µmol/l in response to oral Se supplementation 
(Figure 1). Results varied considerably among studies: continent, source of Se and dose of Se 
were significant contributors to this variation.

The critical examination for the presence of publication bias, or other bias types, is an 
integral part of the meta-analysis process. In this case, Begg’s test indicated weak evidence 

Table 1. Meta-regression based on 42 studies of Se supplementation in cattle. Coefficients (β), 
95% confidence interval (95% CI), P-values, and the method-of-moments estimator of the 
between-study variance (τ2) are presented.

Factor β 95% CI P τ2

Null model 0.162 0.083, 0.241 <0.01 0.019
Random allocation -0.115 -0.276, 0.045 0.15 0.019
Continent <0.01 0.019

America Baseline
Europe 0.100 -0.051, 0.253 0.19
Australia/New Zealanda 0.379 0.167, 0.591 <0.01

Stage of lactation 0.011
Dry periodb Baseline 0.13
Early lactation (<100 DIM) 0.133 -0.047, 0.314 0.14
Late lactation (>100 DIM) 0.168 -0.004, 0.339 0.06

Milk yield (n=9c) -0.035 -0.094, 0.025 0.21 0.038
Source 0.027

Sodium selenite/selenate Baseline
Selenium yeast 0.333 0.190, 0.476 <0.01

Dose -0.087 -0.160, -0.015 0.02 0.005
Quadratic term 0.012 0.006, 0.017 <0.01

a Only studies performed in Australia/New Zealand were reported.
b Dry period corresponds to starting Se supplementation before calving.
c Milk production was reported only in 9 studies.
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of publication bias, but Egger’s test was not significant, and the ‘Trim and Fill’ test did not 
impute any study.

Supplementation with Se yeast resulted in a higher milk Se concentration compared to 
using inorganic forms. The effect of Se yeast decreased about 41% but remained positive 
after controlling for dose of Se. Studies where Se yeast was used tended to supplement at 
higher doses than did studies where inorganic sources were given, and studies performed 
in Australia/New Zealand used even higher doses of both sources than did in American or 
European studies. Particular characteristics of soils, forages, and cattle production in America 
and Europe compared to Australia/New Zealand, and Se yeast characteristics, may account 
for the different strategies used in the design of trials on Se supplementation. Recently, a 
narrative review suggested that Se concentration was increased by 90% when cattle were 
fed Se yeast compared to an inorganic source (Weiss, 2005). The biological properties of Se 
yeast may also account for the observed response in milk Se concentration. Moreover, Se 
yeast is better transferred to milk than inorganic Se sources, probably because of the amino 
acid composition of milk proteins. Milk has approximately two times higher methionine 
concentration when compared to blood protein; therefore, it is two times more likely that 
Se-met will be incorporated into milk protein than blood protein (Weiss, 2005).

Conclusion

An increase of 0.16 µmol/l in milk Se concentration might be expected, on average, after oral 
Se supplementation in cattle. The mean difference might be expected to lie between -0.17 
and 0.50 µmol/l (95% certainty) if future clinical trials are conducted to evaluate the effect of 
oral Se supplementation on milk Se concentration.

High variation between studies was observed due in part to geographic factors, and 
characteristics of the study design such as Se source, and dose of Se. A weak evidence of 
publication bias was observed. Higher doses of Se are required to achieve an adequate milk 
Se concentration to enhance antioxidant and immune defence of the mammary gland. Seleno-
amino acids from Se yeast are metabolised by mechanisms distinct from those of inorganic 
forms and may be the form of choice for enhancing milk Se concentration.
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Abstract

The relationship between oxidative damage and vitamin E in blood, milk and liver and the 
mammary gland health in periparturient heifers were investigated. Eight Holstein Friesian 
heifers received a daily vitamin E supplement of 3,000 international units from two months 
before calving; eight heifers were not supplemented. Oxidative damage was determined with 
malondialdehyde (MDA). Blood was sampled nine times prepartum, on calving day and twice 
postpartum. Liver biopsies were taken at week -5, -1, and 2 relative to calving day. Milk was 
sampled directly after calving, the first two milkings, on days 3, 7 and 14 at 6 am. Serum and 
liver tissue were analysed for vitamin E, cholesterol and MDA. Milk was analysed for vitamin 
E, MDA, fat, protein and somatic cell count. Supplementation resulted in increased vitamin E 
and the ratio vitamin E:cholesterol in blood and liver tissue. Vitamin E concentration in milk 
tended to be higher in the supplemented group. In both groups, MDA blood concentrations 
rises at calving, so periparturient heifers seem to experience oxidative stress. Vitamin E 
could not prevent this rise, but the significantly lower MDA blood concentrations in the 
supplemented group in the two weeks after calving suggest vitamin E has a role in recovery 
from parturition-related oxidative stress. Vitamin E reduced oxidative damage in liver, while 
no obvious effect was found in milk. In the supplemented group, fewer SCC fluctuations 
were observed and SCC tended to be lower. The results show that the relationship between 
oxidative damage and vitamin E differs within blood, liver tissue and milk and that vitamin E 
supplementation seems to influence mammary gland health in a positive way.

Keywords: nutrition, oxidative stress, transition, vitamin E

Introduction

During the transition period (late gestation and early lactation) dairy cows experience drastic 
physiological changes critical for their health and subsequent performance. Vitamin E (α-
tocopherol) supplementation around calving is associated with enhanced mammary gland 
health of dairy cows (Smith et al., 1997). 

Oxidative stress develops when free radical generation exceeds antioxidant capacity. Increases 
in lipid peroxidation (Bernabucci et al., 2005) indicate a higher level of oxidative stress which, 
in cattle, can lead to reduced health (Miller et al., 1993). Vitamin E, the primary lipid-soluble 
antioxidant, is important for the body’s defence against oxidative stress. Particularly in the 
transition period, blood concentrations of both vitamin E and certain oxidative stress products 
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change. For example, the plasma concentration of α-tocopherol decreases during the last 
month prepartum (Goff and Stabel, 1990) and oxidative stress increases around parturition 
(Bernabucci et al., 2002). Given its importance as an antioxidant, one could expect that the 
concentration of vitamin E in tissues undergoing great change would influence the local degree 
of oxidative stress. However, to our knowledge, there are no reports on oxidative damage 
products in liver and mammary gland, nor studies of correlations between the concentrations 
in these organs and blood. The aim of this study was to investigate the relationship between 
vitamin E and oxidative damage measured in blood, mammary gland and liver tissue in 
periparturient Holstein Friesian Heifers.

Materials and methods

Animals

The experiment, carried out from March until June 2006, used sixteen pregnant Holstein 
heifers. The control group and the vitamin E group both comprising 8 cows. Vitamin E (3,000 
IU/day) was supplied on a corn-based carrier (100 grams/day) mixed through the corn silage 
every afternoon. The vitamin E supplementation was provided at a high 3,000 IU per animal 
per day to try to prevent the expected decrease in vitamin E blood concentration just before 
calving. The control group received an equal portion of this carrier (100 grams/day) without 
vitamin E, also mixed through the corn silage every afternoon. Supplementation started 8 
weeks before predicted calving date and lasted until 2 weeks after calving. 

Sampling procedures

During the experiment, heifers were sampled weekly except for the two weeks before expected 
calving date, when they were sampled twice weekly. Samples were collected with BD vacutainer 
systems and SST™ II Advance tubes (Plymouth, UK) at 8 am and kept at 6-10 °C before 
they arrived at the laboratory. Blood samples were centrifuged for 15 minutes at 4465 RPM 
(3500 g), at 4 °C. Sera were frozen at -80 °C until analysis. Serum was analysed for vitamin 
E, cholesterol and MDA. Liver biopsies were taken at weeks -5 and -1 relative to expected 
calving day and week 2 of lactation. Blood samples and milk samples (after calving) were 
obtained simultaneously for correlation analysis. The biopsy areas (80 cm2) between the 
11th and 12th costae and at the level of the greater trochanter were clipped, scrubbed with 
an antiseptic solution and disinfected. A local anesthetic was given subcutaneously (7 ml 
Lidocaïne-HCL 2% with adrenaline, Alfasan Nederland b.v., Woerden) before a stab incision 
was made. Approximately 400 mg liver tissue (wet weight) was collected with a 17Gx200mm 
biopsy needle. This was immediately frozen in liquid nitrogen (-196 °C). After thawing, PBS 
was added to biopsy material (5:1) and this was homogenised. Homogenised samples were 
then centrifuged at 15,800 G and refrozen at -80 °C until analysis. Samples were analysed for 
vitamin E, cholesterol, MDA and total protein content. Liver concentrations were corrected 
for differences due to the homogenisation process by calculating all concentrations per mg 



Mastitis control - From science to practice � 137

protein. Milk was obtained from all heifers immediately after calving, the first two milkings 
after calving and at day 3, 7 and 14 at 6 am. A blood sample was collected simultaneously 
directly after calving and on days 7 and 14 for correlation with milk analysis. Milk samples 
were stored at -80 °C until analysed for vitamin E, MDA and somatic cell count.

Laboratory analysis

Vitamin E (α-tocopherol) was measured with HPLC with both UV and fluorescence detection 
using a kit from Chromsystems, Munich, Germany. Cholesterol and total protein concentration 
were determined routinely on a clinical autoanalyzer (Hitachi 912, Roche Diagnostics, Almere, 
Netherlands) using kits from Roche Diagnostics, Almere, Netherlands. MDA was measured 
with an isocratic HPLC system of Varian Ass. using a kit from Chromsystems, Munich, 
Germany. A 10 cm C18 cartridge was used (Varian Ass.) with a flow rate of 1.0 ml/min at 
ambient temperature (25 °C). Fluorescence detection (Jasco) occurred with excitation at 
515 nm and emission at 553 nm. All analyses were done at The National Institute for Public 
Health and the Environment (RIVM), Bilthoven, The Netherlands. The somatic cell count 
was determined with flow cytometry according to the standard method ISO 13366-2 148-2 of 
International Organisation for Standardisation/International Dairy Federation version 2006. 
These analyses were done at Milk Control Station (Zutphen, The Netherlands).

Statistical analysis

To find trends in time and differences between treatments, vitamin E and oxidative damage 
in blood, liver tissue and milk were studied in mixed models, with group and group × time 
interaction as fixed effects and cow as random effect. Blood samples were divided into 6 
time intervals related to calving date. Time interval 1 is the start of supplementation, time 
interval 2 is two weeks later, time interval 4 was defined as the mean concentration of week 
-2, -1.5, -1 and -0.5, time interval 5 was at calving and time interval 6 was defined as the mean 
concentration of week 1 and 2 after parturition. Group × time interaction in blood was tested 
against the base line (time interval 3), defined as the mean concentration of week -5, -4 and 
-3. Group × time interaction in liver and milk was tested against the final measurement at day 
14 after parturition. To investigate the relationship between MDA and vitamin E in blood, 
liver and milk, partial correlation coefficients were calculated between MDA and vitamin E at 
compartment level, corrected for group and repeated measures. Data were log10 transformed 
to create normally distributed concentrations. For all analyses significance was set at P≤0.05, 
and all analyses were carried out in SPSS 12.0.1 for Windows.
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Results

Group and group x time interaction 

The results of differences between treatments and time trends are summarised in Table 1 and 
Figure 1, 2 and 3. The vitamin E concentration and the vitamin E: cholesterol ratio in blood 
were higher in the supplemented group (P<0.01). In the control group vitamin E concentrations 
start to decrease in the two weeks before parturition (P=0.029). In both groups, vitamin E 
concentrations decreased at calving (control group P=0.044, vitamin E group P = 0.036) and 
increased after calving (control group P=0.007, vitamin E group P=0.016). The vitamin E: 
cholesterol ratio increased two weeks before calving in the supplemented group (P=0.024) 
and remained steady after parturition, while in the same period this ratio decreased in the 
non-supplemented group and increased (P<0.01) after parturition. In both groups, MDA 
concentrations increased (control group P=0.039, vitamin E group P<0.01) at calving, but only 
in the supplemented group did they decrease after parturition (P<0.01).Vitamin E concentration 
and the ratio of vitamin E to cholesterol in liver tissue were higher in the supplemented group 
(P<0.01 resp. P=0.02). MDA concentrations decreased in the supplemented group (P=0.003) 
and tended to increase in the control group. Vitamin E concentrations in milk tended to be 
higher in the supplemented group. MDA concentrations in both groups were high in the first 

Table 1. Results (P values) of linear mixed models. 

Blood time x group group

Vitamin E(μmol/l) 0.001 0.002
Cholesterol (mmol/l) 0.001 0.202
Ratio vitamin E: cholesterol (mmol/l) 0.001 0.001
Malondialdehyde (μg/l) 0.001 0.542

Liver tissue time x group group

Vitamin E (nmol/gP) 0.780 0.001
Cholesterol (mmol/gP) 0.111 0.418
Ratio vitamin E: cholesterol (mmol/gP) 0.319 0.020
Malondialdehyde (μg/gP) 0.026 0.869

Milk time x group group

Vitamin E (μmol/l) 0.146 0.117
Malondialdehyde (μg/l) 0.000 0.570
Somatic cell count 0.029 0.228
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three milkings (P<0.01) and decreased in the following period. SCC in the control group was 
high in the first three milkings and decreased afterwards. In the supplemented group, fewer 
SCC fluctuations were observed and SCC tended to be lower. 
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Figure 1. Blood vitamin E, the ratio vitamin 
E:cholesterol (vitE:chol) and malondialdehyde (MDA)  
in control and vitamin E group during experimental 
period. Displayed are medians and quartiles.  
*Significant groupxtime interaction compared to the 
base line (P < 0.05) 

*

Figure 1. Blood vitamin E, the ratio vitamin E: cholesterol (vitE:chol) and malondialdehyde 
(MDA) in control and vitamin E group during experimental period. Displayed are medians 
and quartiles. 
*Significant group x time interaction compared to the base line (P<0.05).
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Correlations of Vitamin E, ratios and MDA within blood, liver tissue and milk

The results of correlations within blood, liver tissue and milk are summarised in Table 2. 
For blood, vitamin E was strongly correlated to cholesterol (r=0.725, P<0.01), which means 
higher cholesterol often co-existed with higher vitamin E concentrations. In the liver, MDA 
was weakly correlated positively with cholesterol, (r=0.327, P=0.028) and weakly correlated 
negatively with the ratio vitamin E: cholesterol (r=-0.392, P=0.008). Higher concentrations of 
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Figure 2. Liver vitamin E, the ratio vitamin 
E:cholesterol (vitE:chol) and malondialdehyde (MDA)  
in control and vitamin E group during experimental 
period. Displayed are medians and quartiles.  
*Significant groupxtime interaction compared to the 
final measurement (P < 0.05) 

Figure 2. Liver vitamin E, the ratio vitamin E: cholesterol (vitE:chol) and malondialdehyde 
(MDA) in control and vitamin E group during experimental period. Displayed are medians 
and quartiles. 
*Significant group x time interaction compared to the final measurement (P <0.05).
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vitamin E tended to co-exist with lower concentrations of MDA. (r=-0.286, P=0.057). In milk, 
MDA correlated weakly positive with the ratio vitamin E: fat % (r=0.223, P=0.038).

Discussion

Vitamin E supplementation resulted in increases in vitamin E blood concentrations and in 
the ratio vitamin E: cholesterol. This is in agreement with other research (Goff and Stabel, 
1990). Supplementation of 3,000 IU/day was almost high enough to prevent a decrease in 
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Figure 3. Milk vitamin E, malondialdehyde (MDA) and 
somatic cell count in control and vitamin E group during 
experimental period. Displayed are medians and 
quartiles.  
*Significant groupxtime interaction compared to the 
final measurement (P < 0.05) 

Figure 3. Milk vitamin E, malondialdehyde (MDA) and somatic cell count in control and 
vitamin E group during experimental period. Displayed are medians and quartiles. 
*Significant group x time interaction compared to the final measurement (P<0.05).
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blood vitamin E concentration prepartum; other research, with 1,000 IU/day, found lower 
concentrations in prepartum supplemented cows (Smith et al., 1997).Vitamin E supplementation 
in our study also resulted in higher vitamin E concentrations in liver tissue, which has also 
been reported in cattle, mice and rats (Ferre et al., 2001). The ratio vitamin E:cholesterol is a 
commonly used as blood value. In liver tissue, the ratio was also higher in the supplemented 
group, and the results show less individual variation in comparison with absolute vitamin E 
concentrations in liver tissue. No reports are available on the usefulness of this ratio in liver 
tissue. Absolute vitamin E concentration in milk tended to be higher in supplemented cows. 

Table 2. Results of partial correlation corrected for group and repeated measures. Displayed 
are the correlation coefficients (r) between different parameters within blood, liver and milk.

Blood Vitamin E Cholesterol MDA

Vitamin E (μmol/l) x
Cholesterol (mmol/l) 0.725a x
MDA1(μg/l) -0.033 -0.048 x
Ratio vitE: chol2(mmol/l) x x -0.004

Liver tissue Vitamin E Cholesterol MDA

Vitamin E (nmol/gP) x
Cholesterol(mmol/gP) -0.214 x
MDA(μg/gP) -0.286d 0.327c x
Ratio vitE: chol (mmol/gP) x x -0.392b

Milk Vitamin E Fat% MDA Ratio vitE: fat%

Vitamin E (μmol/l) x
Fat percentage (%) -0.197 x
MDA(μg/l) 0.176 -0.085 x
Ratio vitE: fat%3 (μmol/%) x x 0.223c x
SCC4 0.003 0.313b -0.036 -0.102

a (P<0.001); b (P<0.01); c (P<0.05); d (P<0.10).
1 Malondialdehyde.
2 Ratio vitamin E: cholesterol.
3 Ratio vitamin E: fat percentage.
4 Somatic cell count.



Mastitis control - From science to practice � 143

MDA is one of the lipid-peroxidation products and is thus often used as indicator of oxidative 
damage. In previous studies, increased blood concentrations of MDA or precursors of MDA 
(TBARS) have also been found in periparturient cows (Bernabucci et al., 2005). The data 
of this study confirmed that, based on MDA blood concentrations, periparturient heifers 
experience oxidative stress, and that the effect of vitamin E on MDA differs between the 
blood, liver and the mammary gland. Vitamin E supplementation could not prevent the rise 
in blood MDA at calving, but the lower MDA blood concentrations of supplemented cows in 
the two weeks after calving suggest a role of vitamin E in recovering from parturition related 
oxidative stress. Given the important role of the liver in dealing with metabolic changes, 
oxidative damage and the influence of vitamin E at liver level could be more important than 
concentrations measured in blood. Our data confirm this; vitamin E supplementation reduced 
oxidative damage in liver, while no obvious effects of supplementation were found in milk and 
blood MDA concentrations. MDA concentration in the liver was not correlated to absolute 
vitamin E concentrations, but was correlated to the ratio vitamin E: cholesterol. A rise in ratio 
vitamin E: cholesterol also implies a decrease in lipid peroxidation in liver tissue. This ratio 
may then be a better value for evaluating the anti-oxidant capacity of vitamin E in liver tissue. 
The importance of MDA in milk is even more difficult to evaluate. The question is whether 
it is formed or excreted in the mammary gland. The high concentrations at the beginning 
of lactation could support either theory. The MDA from blood might be excreted in the 
mammary gland and the high blood concentrations at calving may cause high concentrations 
of MDA in milk. But the change from non-lactating to lactating could also cause high levels 
of oxidative damage products in the mammary gland. We did not find that vitamin E had a 
positive effect on MDA concentrations in milk. This is explainable if milk MDA is a reflection 
of values in blood, because no effect of vitamin E on MDA was found in blood, either. In milk, 
the somatic cell count (SCC) group × time interaction was different, due to two cows with 
SCC>1,000,000 in the control group. SCC is an indicator of mastitis, and a low SCC generally 
represents good mammary health (Smith et al., 1997). Higher SCC in cows with low dietary 
vitamin E concentration compared to cows with high dietary vitamin E has also been reported 
by various other authors.

Conclusion

We concluded that periparturient dairy heifers experience oxidative stress. Overall, we found 
that the influence of vitamin E supplementation on oxidative damage differ in the blood, liver 
and mammary gland. Vitamin E supplementation reduces oxidative damage in the liver, but 
has no obvious effect on milk and blood MDA concentrations. And vitamin E supplementation 
seems to influence mammary gland health in a positive way. 
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Abstract

Genetic selection for udder health in the Netherlands is currently based on indirect traits 
combined in an udder health index. This index has an accuracy of 0.74 for young unproven 
bulls. Genetic trends of udder health over the years are horizontal despite a strong selection 
on milk yield and the negative genetic correlation with udder health. Although this indicates 
that the unfavourable effect of selection on milk yield on udder health is counteracted, there is 
room for improvement by constructing a better udder health index. A new index is proposed 
to reduce both clinical and subclinical mastitis in equal proportions that consists of (1) 
average SCC in early lactation (5-150 days), (2) average SCC in late lactation (151-400 days), 
(3) absence or presence of a test-day SCC above 150,000 cells/ml, (4) proportion of test-day 
SCC above 150,000 cells/ml and (5) number of patterns of peaks in SCC. This index results 
in an accuracy of 91% for young unproven bulls, which implies more distinction between the 
best and worst sires with respect to their udder health breeding values. With the new index 
udder health breeding values are estimated for bulls and cows using the national database for 
a test run. Average breeding vales of bulls and cows vary from -9 to +6% for bulls and from 
-4 to +6% for cows. Both the higher accuracy and the presence of genetic variation improves 
possibilities to select sires and dams that improve udder health genetics, and to realise a 
favourable genetic trend in the future. 

Keywords: breeding, clinical mastitis, selection index, somatic cell count

Introduction

Mastitis is one of the most frequent and costly diseases in the dairy industry. Beside 
management, breeding is an important tool to reduce the incidence of clinical mastitis (CM). 
The advantage of reducing CM by breeding is that it results in a permanent change in the 
genetic composition of the dairy herd (Shook, 1989). Several studies have shown that selection 
for production alone causes negative effects on udder health (Heringstad et al., 2003). This 
caused a growing interest in broadening national selection indices to include functional traits 
such as health and reproduction (Miglior et al., 2005). In most national indices summarised by 
Miglior et al. (2005) log-transformed somatic cell count (SCS) was the main trait contributing 
to udder health. The current Dutch udder health index consists of this SCS, completed with 
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milking speed and conformation traits (De Jong and Lansbergen, 1996). This index has an 
accuracy of 0.74 for young unproven bulls, indicating that there is still room for improvement. 
The aim of this study was firstly to define alternative traits for somatic cell count (SCC) and 
to link them genetically to cases of clinical and subclinical mastitis (SCM). This research has 
been described in detail by De Haas et al. (2008). Secondly, it is examined which combination 
of SCC-traits can be used best for a new udder health index. Thirdly, breeding values (BV) 
for CM and SCM are estimated based on this proposed index to determine genetic variation 
and genetic trends.

Alternative SCC-traits

Several studies have shown that the frequency of cases of CM is much higher in the first 
part of the lactation than in the second part (Emanuelson et al., 1988; Barkema et al., 1998). 
Therefore, the hypothesis was that SCC in the first half of the lactation is more informative 
as a mastitis-indicator, than SCC including the second half of the lactation. It is beneficial for 
genetic selection as well to reduce the period of collecting sufficient data, because information 
becomes available sooner and reliable genetic selection can occur at an earlier age. The first 
group of SCC-traits consisted of test-day SCC averaged over different lengths of lactations. 
Cell counts were averaged per lactation over the test-day records up to 400, 350, 300, 250, 
200, 150, and 100 days (De Haas et al., 2008; Ouweltjes, unpublished data). 

However, an average does not do fully describe the dynamic variation in SCC. The most 
desirable cow would respond very quickly to an intramammary infection (IMI) and then 
return to normal levels of SCC. Such a picture is not reflected in an average. Therefore, SCC 
was summarised in a more biologically intuitive way by taking patterns of peaks in SCC into 
account in the second group of SCC-traits (De Haas et al., 2008; Ouweltjes, unpublished 
data). Patterns of peaks in SCC distinguish between lactations with short or long periods of 
increased SCC on the basis of recovery within two test-day records. The first pattern was a 
quick rise in SCC followed by an immediate decrease in SCC. This pattern is often associated 
with cases of CM caused by environmental pathogens (Smith and Hogan, 1993), and was 
therefore referred to as ‘environmental pattern’ (P_ENV). The second pattern captured longer 
periods of increased SCC, and can often be associated with cases of CM caused by contagious 
pathogens (Fox and Gay, 1993). Therefore it was referred to as ‘contagious pattern’ (P_CONT). 
The patterns were analysed both individually and combined into all patterns of peaks (P_ALL), 
without specification of the exact peak. 

The third group of SCC-traits were defined based on excessive cell counts. Excessive test-
day SCC was assumed as it was originated from an IMI. Each test-day SCC was classified 
individually as a binary trait. A test-day SCC above 150,000 cells/ml was registered as 1; 
otherwise it was registered as 0. Four SCC-traits were defined based on excessive test-days to 
describe the dynamics of SCC during lactation (De Haas et al., 2008; Ouweltjes, unpublished 
data). The hypothesis was that the dynamics differ between healthy and mastitic cows. 
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‘Suspicion of IMI’ distinguished between presence (1) or absence (0) of a test-day SCC above 
150,000 cells/ml in a lactation. ‘Extent of IMI’ was calculated as the proportion of all recorded 
test-days in a lactation that excess 150,000 cells/ml. ‘Severity of IMI’ was only calculated for 
the ‘suspected’ group. It expressed whether the cell count was moderately (0) or severely (1) 
increased, with a threshold at 250,000 cells/ml. ‘Length of IMI’ and was also calculated only 
within the ‘suspected’ group, and was defined as the number of test-day recordings during 
the longest streak of consecutive cell counts above 150,000 cells/ml.

Data 

Three different datasets (A, B and C) were available with different ways of recording CM (De 
Haas et al., 2008; Ouweltjes, unpublished data). After editing, dataset A contained 28,688 
lactations from 21,673 cows in 394 herds. Dataset B contained 56,726 lactations of 30,145 cows 
in 272 herds and dataset C contained 70,216 lactations from 39,769 cows in 404 farms. For 
dataset A, information on CM was collected by NRS (Arnhem, the Netherlands) during the 
monthly milk recording. The milk-recording officers asked the farmers if a cow was mastitic 
on the day of milk recording, or if she experienced a case of CM in the period between the 
previous and current milk recording. For dataset B, data of cases of CM were recorded in 
on-farm PC management information systems. The farmers themselves collected information 
on (treatments of ) CM and allowed us to upload and use these data. For dataset C, data from 
bacteriological culturing programs of GD Animal Health Service were used. All datasets 
contained farmer-diagnosed CM.

Statistical analyses

(Co)variance components were estimated with a generalised linear mixed model using 
ASREML (Gilmour et al., 2006). Univariate analyses were carried out for CM, SCM and 
SCC-traits using a linear model. The model included random effects for sire and MGS and 
for cow (to account for the permanent animal effects across repeated lactations). Fixed effects 
included were an interaction between herd and year of calving, parity (with three classes) and 
month of calving (with twelve classes). Linear polynomials were included for age at calving 
and days at risk. Bivariate analyses were carried out to estimate correlations between CM, 
SCM and SCC-traits, using a linear model for all traits. 

Results

Estimated heritabilities for all mastitis-traits were around 0.03. Heritabilities for SCC-traits 
ranged from 0.01, for patterns of peaks in SCC, to 0.13 for lactation-average SCC. Genetic 
correlations between SCC-traits and CM or SCM ranged from 0.55 to 0.99 for CM and from 
0.55 to 0.98 for SCM (Table 1). Genetic correlations of CM were high with lactation-average 
SCC, and also with the patterns of peaks in SCC. Genetic correlations with lactation-average 
SCC over longer periods (i.e. >300 days) were higher for SCM (>0.85) than for CM (>0.66). 
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Correlations with traits describing the dynamics of SCC were also higher for SCM than for 
CM except for ‘severity of IMI’. For P_ENV, genetic correlations were lower with SCM than 
with CM. Generally, if a genetic correlation with CM was relatively high, it was relatively low 
with SCM and vice versa. 

Selection indices

To determine the optimal combination of SCC-traits selection index theory was used. In 
selection index theory, the selection goal (H) is defined as consisting of multiple traits weighted 
by their (economic) importance, e.g. H = v1x1 + v2x2 + … + vnxn with x is a trait and v is its 
weight. Here H was defined as 50% CM and 50% SCM, e.g. H = 0.5 CM + 0.5 SCM. 

In selection index theory, the objective is to find an index (I) consisting of several observed 
indirect traits, e.g. I = b1x1 + b2x2 + … + bnxn with x is a trait and b is its weight, so that the 
correlation between the selection goal and index (rH,I) is maximised. The optimum weight 
to maximise rH,I is given by b = P-1Gv where P is the genetic variance/covariance matrix of 

Table 1. Genetic correlations between udder health traits (clinical mastitis (CM) and subclinical 
mastitis (SCM)) and several alternative somatic cell count traits in three different datasets 
(dataset A, B and C).

CM SCM

A B C A B C

SCS100 0.77 0.71 0.89 0.70 0.67 0.66
SCS150 0.82 0.73 0.92 0.77 0.75 0.70
SCS200 0.84 0.72 0.92 0.84 0.81 0.74
SCS250 0.87 0.69 0.89 0.88 0.87 0.79
SCS300 0.86 0.67 0.87 0.91 0.89 0.85
SCS350 0.86 0.66 0.87 0.93 0.90 0.88
SCS400 0.85 0.66 0.86 0.94 0.91 0.89
SCS151-400 0.79 0.55 0.75 0.98 0.95 0.96
Suspicion 0.75 0.66 0.80 0.98 0.94 0.97
Extent 0.61 0.64 0.86 0.79 0.85 0.92
Severity 0.62 0.88 0.92 0.73 0.70 0.76
Length 0.69 0.62 0.82 0.89 0.88 0.83
P_ALL 0.80 0.89 0.96 0.72 0.73 0.74
P_ENV 0.66 0.93 0.86 0.55 0.68 0.64
P_CONT 0.83 0.88 0.99 0.77 0.76 0.79
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the observed traits and G is the genetic variance/covariance matrix of the traits forming 
the selection goal. The efficiency of two indices consisting of a different set of traits can be 
compared by calculating their rH,I’s.

Statistical analyses

Two selection indices were used as benchmarks for comparisons with different combinations 
of SCC-traits. The first benchmark was a selection index with only direct observations on 
SCM, e.g. the minimal number of observed SCC-traits. The second benchmark was an index 
with the maximum number of SCC-traits possible. This consisted of a combination SCC5-400 
and all other SCC-traits in the second and third group of SCC-traits, except P_ALL. Only 
one trait out of the first group of SCC-traits was used to avoid using non-independent traits 
containing partly the same information. For the same reason P_ALL was not used in the 
benchmark because this trait is a combination of P_ENV and P_CONT. 

To select the best combination of traits, rHI of different combinations were calculated. Because 
the number of possible combinations of the 15 traits is too large to analyse a stepwise approach 
was used. First, each trait was compared separately to the minimum and maximum benchmark. 
Second, combinations within the three groups of SCC-traits were analysed. Finally, promising 
combinations from the within set analyses were combined to find the optimum index. 

Selection indices were calculated using the average of the genetic variance/covariance matrices 
of the three datasets. This reflects probably best the actual (co-)variances between the traits. 
For each trait, except CM, observations on 120 offspring were assumed. The most promising 
combinations selected on the basis of the average G were also evaluated using the G’s of the 
separate datasets, to avoid selecting an inappropriate index for one of the datasets.

Results

The accuracy indicates how well the selection index predicts the breeding value of a young 
bull for the breeding goal. If only information on SCM was used to compose the index, its 
accuracy was 64% (Table 2). Combining SCM with SCC early and SCC late in lactation (i.e. 
between 5 and 150 days and between 151 and 400 days, respectively) considerably improved 
the accuracy to 85%. Further improvement came from the addition of ‘suspicion of IMI’ and 
‘extent of IMI’. The addition of the presence of peaks added another 1% to the accuracy of the 
index. All other traits had hardly any influence on the accuracy. If all traits except CM were 
used to compose the index the accuracy was 91%. 

Addition of CM information further improved the index. However, improvement was relatively 
small for indices with four or more SCC-traits (Table 2). The accuracy of an index composed 
of SCM, early SCC, late SCC, suspicion of IMI, extent of IMI and any pattern of peaks in SCC 
improved by only 1.5% if all offspring had information on CM. Thus setting up an information 
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system for CM of all cows in the Netherlands will improve breeding for mastitis resistance 
only slightly.

Breeding values

Breeding values of udder health (i.e. both CM and SCM) in parity 1, 2 and 3 separately for 
bulls and cows were estimated using the national database. In total, 4,212,745 animals were 
included in the analyses. 

Genetic variation in BVs of bulls and cows is present. For parity 1, the BVs for CM of bulls 
range from -5% to +5% around the population mean. For parities 2 and 3, the BVs range from 
-9% to +6% around the population mean. This indicates that an efficient selection against 
mastitis is possible. Slightly less genetic variation is shown for the BVs for CM of cows. Their 
estimated BVs are closer to the population mean, due to the lower reliability of their BVs 
caused by less offspring per cow.

For parity 1, the BVs for SCM of bulls range from -13% to +13% around the population mean. 
For parity 2, the BVs range from -14% to +12% around the population mean, and for parity 3 
from -20 to +19%. Slightly less genetic variation is shown for the BVs for SCM of cows, but 
still in the range between -15 and +15%, especially in parity 3. 

No clear trend in average BVs for CM of cows is shown, with only small differences between 
parities (Figure 1A). Genetic trends of udder health over the years are horizontal despite a 
strong selection on milk yield and the negative genetic correlation with udder health. This 
indicates that the unfavourable effect of selection on milk is counteracted, probably even most 

Table 2. Accuracy of breeding values predicted by udder health indices composed of different 
sets of SCC-traits. The accuracy is for a bull with 120 offspring with data on all traits, except 
for CM which varied in number of offspring with information.

No Data used No. of offspring with data on CM Gain relative to no CM

0 30 60 120 30 60 120

1 Only SCM 0.64 0.68 0.72 0.76 6.7% 11.9% 18.8%
2 1 + Early and Late SCC 0.85 0.89 0.89 0.91 4.2% 4.9% 5.9%
3 2 + Suspicion and Extent 0.90 0.91 0.91 0.92 0.6% 1.1% 1.9%
4 3 + Peaks 0.91 0.91 0.92 0.92 0.5% 0.9% 1.5%

Full set 0.91 0.92 0.92 0.93 0.4% 0.8% 1.4%
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in parity 1. The estimated BVs for CM of bulls show many fluctuations between the years 
(Figure 1B), and no clear trend was present in any of the parities.

Average BVs for SCM of bulls and cows are slightly higher than the average BVs for CM. 
However, similar curves are shown for all parities, and no clear trend seems to be present. This 
absence of a real clear trend indicates that the current breeding strategy did counteract the 
negative effect of selection for higher milk production on the udder health status. However, 
a decreasing trend was not seen either, indicating that there is room for improvement for the 
future. For example by a more efficient mastitis index, as proposed in this study.

Conclusions

A new udder health index is proposed including (1) average SCC in early lactation (5-150 
days), (2) average SCC in late lactation (151-400 days), (3) absence or presence of a test-day 
SCC above 150,000 cells/ml, (4) proportion of test-day SCC above 150,000 cells/ml and (5) 
number of patterns of peaks in SCC. This index results in an accuracy of 91% for young 
unproven bulls, implying that a better distinction can be made between the best and worst 
sires with respect to their genetics of udder health. Improved genetic selection for a better 
udder health is possible with the proposed new index.
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Figure 1a and 1b. Trend in average breeding value (BV) for clinical mastitis (CM) in parity 
1 to 3 of Holstein-Friesian cows (a) and bulls (b). The average estimated BV for sires born in 
a certain year, with at least 100 offspring in milk, is shown. The average estimated BV for 
cows with records in the national milk recording, born in a certain year, is shown. 
 
 

Figure 1. Trend in average breeding value (BV) for clinical mastitis (CM) in parity 1 to 3 of (A) 
Holstein-Friesian cows and (B) bulls. The average estimated BV for sires born in a certain year, 
with at least 100 offspring in milk, is shown. The average estimated BV for cows with records 
in the national milk recording, born in a certain year, is shown.
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counts

J.J. Windig1, G. de Jong2, W. Ouweltjes1, J. ten Napel1 and Y. de Haas2

1Animal Sciences Group, Wageningen UR, Animal Breeding and Genomics Centre, P.O. Box 
65, 8200 AB Lelystad, the Netherlands
2CRV, P.O. Box 454, 6800 AL Arnhem, theNetherlands
Corresponding author: jack.windig@wur.nl

Breeding is an important tool to decrease mastitis incidence. Efficient breeding will result in 
a permanent change in the cows ability to resist and recover from mastitis infections, despite 
a high milk production. Information for breeding against mastitis can come directly from 
registration of mastitis, and indirectly from related traits such as SCC. Here we evaluate the 
efficiency of breeding against both clinical mastitis (CM) and subclinical mastitis (SCM) 
based on new traits derived from somatic cell counts (SCC). We also evaluate the gain in 
efficiency if direct information on CM is used. We looked at 10 SCC traits in three sets: 
SCC over a restricted lactation period (early vs. late), SCC-traits evaluating excessive SCC 
(e.g. number of SCC test days above threshold) and patterns of peaks in SCC. For different 
combinations of SCC-traits the accuracy (indicating how well the breeding goal is predicted) 
was determined. The breeding goal in our case was defined as reducing both SCM and CM 
in equal amounts. A combination of 5 SCC traits plus SCM resulted in an accuracy of 0.94. 
Adding information on CM improved the accuracy only slightly. Efficient breeding is thus 
possible by creative use of SCC only.

Keywords: breeding, somatic cell count
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A dual purpose breed guarantees not a higher resistance against 
mastitis

K. Barth and K. Aulrich
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Trenthorst 32, 23847 Westerau, Germany
Corresponding author: kerstin.barth@vti.bund.de

The standards of organic farming recommend using adopted breeds in animal production. 
Local breeds are supposed to be more resistant against production diseases due to their 
lower milk yield. Since December 2004 two breeds are kept in the same cowshed under 
equal management conditions on our experimental farm. In a long-term experiment the 
dual purpose breed Red-and-White-Holsteins (RW) and the milk oriented breed of Holstein-
Friesian (HF) shall be compared with regard to their suitability for organic dairy farming. 
Animals are sampled at regular intervals and each case of disease is recorded. The results of 
cyto-bacteriological analyses and the monthly carried out California Mastitis Test (CMT) as 
well as the measurement of electrical conductivity (EC) are used for the decision about the 
antibiotic dry cow therapy (DCT). A first analysis evaluated the data of 28 HF and 21 RW 
cows. This evaluation revealed that the animals of the dual purpose breed were treated more 
often with antibiotics at drying off than the HF cows. On quarter level 73.3% and 58.4% of 
the RW and HF quarters, respectively, were treated. As expected, the quarters receiving DCT 
had higher EC readings and higher CMT scores. But we also observed differences between 
the breeds. The healthy and the treated quarters of RW showed significant higher readings 
of EC of foremilk and higher CMT scores than the HF: 6.0 and 6.3 mS/cm and 0.2 and 0.6, 
respectively. One explanation of our findings might be that the animals of the dual purpose 
breed lacked the udder form of a breed oriented to milk yield and higher milk flows. However, 
our findings do not support the popular (and maybe to simple) assumption that it is better to 
use older breeds in organic farming.

Keywords: breeding, resistance
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Effect of selenium supplementation on somatic cell count around 
calving and in lactating dairy cows

A. Ceballos1, J. Neumann2, A. Mella2, J. Kruze2, H.W. Barkema3, J. Wichtel1 and F. Wittwer2
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2UACH, Isla Teja S/N, Valdivia, Chile
3University of Calgary, 3330 Hosp Dr NW, Calgary, AB T2N4N1, Canada
Corresponding author: aceballos@upei.ca

Mastitis remains the most costly disease in dairy cattle. It induces economic losses, mainly 
consisting of discarded milk, increased health costs and reduced milk quality. Several risk 
factors, including sub-optimal nutrition, contribute to mastitis. Thus, supplementing dairy 
cattle with specific micronutrients (e.g. selenium) and its effect on udder health has already 
described. However, it is unknown how organic oral supplements compare to long-acting 
inorganic supplements regarding to somatic cell counts (SCC) in milk around calving and in 
lactating cows. Two studies were conducted to investigate the effects of two commercial Se 
supplements on the SCC around calving, and across lactation in dairy cows. One hundred 
and forty heifers and 48 cows were fed a suboptimal Se diet. Two groups of heifers were 
supplemented using either oral or long-acting Se forms before calving, and a group of cows 
received a single injection of a long-acting Se form 45 days before calving. In the first group, 
milk samples from individual quarters were collected on a weekly basis until 28 DIM, and 
milk composite samples were monthly collected for the entire lactation from the second 
group of cows to evaluate SCC. Data were analysed using a multilevel mixed-effects model 
adding random-slopes for time. SCC around calving were lower in Se-supplemented groups 
(P<0.05), but SCC patterns were depending on milk production across lactation (P=0.06), 
suggesting a reduction of SCC in those cows with high milk production. The effects on 
intramammary infections and milk production are currently underway, and will be presented 
at the conference.

Keywords: selenium, supplements
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RRR-a-tocopheryl acetate provides protection against mastitis in 
transition cows

M.R. Peisker and Y. Dersjant-Li
ADM Specialty Ingredients (Europe) B.V., Stationsstraat 76, 1541 LJ Koog aan de Zaan, the 
Netherlands
Corresponding author: Ydersjantli@admworld.com

Nutritional management is one of the strategies for mastitis prevention. Supplementation 
of vitamin E can provide adequate amounts of antioxidants for neutrophils that assist in 
killing pathogens and provide protection against mastitis. Vitamin E supplementation around 
calving is associated with enhanced functionality of blood macrophages and neutrophils, and 
decreased incidence of placental retention and other reproductive disorders. In transition cows, 
plasma concentration of α-tocopherol should exceed 3 to 3.5 mg/l at calving. Lower plasma 
α-tocopherol concentrations are considered a significant risk factor for mastitis. Vitamin E can 
be supplemented as either natural source vitamin E (100% RRR-a-tocopherol) or as synthetic 
vitamin E (all-rac-a-tocopherol - 12.5% of RRR-stereoisomer). When all-rac-a-tocopheryl 
acetate is supplemented to cow’s feed, RRR-a-tocopherol stereoisomer is the absolutely 
dominating form retained in cows` plasma (96%) and milk (86%). Plasma and neutrophil a-
tocopherol concentration is significantly improved with RRR-a-tocopheryl acetate compared 
to all-rac-a-tocopheryl acetate supplementation during calving, indicating improvement of the 
immune system for protection against mastitis. Practical experiences have substantiated the 
positive effect of RRR-a-tocopherol in transition cows revealing improved cow health at and 
after calving and reduced occurrences of placenta retention, milk cell count and mastitis. The 
current recommendation for dietary supplementation of RRR-a-tocopheryl acetate is 2000 
mg/cow/d ‑ 30 days before calving and 1000 mg/cow/d ‑ 30 days after calving.

Keywords: transition, vitamin E
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Lymphocyte apoptosis during experimentally induced mastitis

P. Slama1,2, Z. Sladek1,2, D. Rysanek2, T. Langrova1,2 and M. Zouharova2

1Mendel University of Agriculture and Forestry in Brno, Department of Animal Morphology, 
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The aim of our study was to determine if apoptosis of lymphocytes is modulated by infections 
of Staphylococcus aureus and Streptococcus uberis. For this purpose, apoptosis of lymphocytes 
was studied in model of acute response of the bovine mammary gland caused by experimentally 
induced S. aureus and S. uberis mastitis of virgin mammary gland. The experiments were 
carried out in twenty mammary glands of five virgin Holstein × Bohemian Red Pied crossbred 
heifers. Before the experimental infection with S. aureus and S. uberis, the mammary glands 
were treated with phosphate buffered saline (PBS) as a control. The samples of leukocytes 
were obtained by lavages of the mammary glands in four intervals (24, 48, 72 and 168 hours) 
after the PBS application and after the experimental infections. Flow cytometry was used 
to determine apoptotic lymphocytes. After PBS instillation, the percentage of apoptotic 
lymphocytes increased within 24 hours. There was the highest proportion of apoptosis in that 
time point. Proportion of apoptotic lyphocytes subsequently return to the initial condition. The 
percentage of apoptotic lymphocytes was increasing gradually after stimulation of mammary 
glands with S. aureus and S. uberis and it was persisting at approximately equal level after 48 
hours after the experimental infections. The results of this study demonstrate that the apoptosis 
of lymphocytes is modulated during experimental infections of the mammary gland with S. 
aureus and S. uberis. This study was supported by the Ministry of Agriculture of the Czech 
Republic (MZE 0002716201).
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The resident leukocytes from bovine mammary gland: proportion of 
functional and dead cells

Z. Sladek and D. Rysanek
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Corresponding author: sladekz@seznam.cz

The resident cells play an important role in immunological defense of the mammary gland. 
The presence of a high number of death cells may significantly compromise the functional 
capacity of these cells to mount an adequate immune response upon infection. We used a 
model of virgin mammary gland as a source of the resident leukocytes. The cell death was 
detected using Annexin V (An) and propidium iodide (PI) positivity in flow cytometry. 
The resident leukocytes were presented by neutrophils (12.9%), macrophages (50.1%) and 
lymphocytes (37.0%). The highest proportion of apoptotic cells (An+/PI-) was observed in 
macrophages (15.8%), followed by neutrophils (13.9%) and lymphocytes (1%). Moreover, the 
highest proportion of necrotic cells (An+/PI+) was observed in neutrophils (22.5%), followed 
by macrophages (11.4%) and lymphocytes (0.8%). These results indicated that all types of 
resident leukocytes displayed the higher proportion of living cells. It assumed that the resident 
cells have the great functional potential in reaction to invading pathogens. This study was 
supported by the Ministry of Agriculture (MZE 0002716201).

Keywords: immunology, leukocytes
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The bacterial cellular wall components are able to affect the 
apoptosis and the expression of surface receptors on heifer 
mammary gland neutrophils

T. Langrova1,2, Z. Sladek1,2, D. Rysanek2 and P. Slama1,2

1Mendel University of Agriculture and Forestry in Brno, Zemedelska 1, 613 00 Brno, Czech 
Republic
2Veterinary Research Institute, Hudcova 70, 621 00 Brno, Czech Republic
Corresponding author: xlangrov@node.mendelu.cz

The present thesis studied apoptosis and expression of CD14 and CD44, surface receptors on 
neutrophils, which are important during inflammatory response. The aim of the experiment 
was to prove the effect of muramyldipeptide (MDP) and lipopolysaccharide (LPS) on the 
apoptosis and the expression of CD14 and CD44. During the incubation, a progressive 
increase in number of apoptotic neutrophils was observed. Incubation with MDP and LPS 
was accompanied with more gradual increase. A statistically significant higher proportion of 
CD14+ neutrophils were observed after 30 and 120 minutes of incubation with MDP. There 
were not detected statistically significant differences during incubation with LPS. After 30 
and 120 minutes of incubation with MDP and 30 and 60 minutes of incubation with LPS were 
detected a statistically significant higher proportion of CD44+ neutrophils. The proportion of 
apoptotic neutrophils was the greatest after incubation without components of cellular wall, 
whereas after incubation with MDP and LPS it was manifested with more gradual increase. 
The results of this study indicate that the MDP and LPS may prolong the duration of an 
acute inflammation. Higher proportion of CD14+ and CD44+ neutrophils after 30 minutes 
of incubation with MDP indicates that reaction of neutrophils to LPS is slower than reaction 
to MDP. This progress of apoptosis and expression of CD14 and CD44 during incubation 
indicates that components of bacterial cellular wall have an ability to affect an expression 
of surface receptors on neutrophils under study. This study was supported by Ministry of 
Agriculture of the Czech Republic (MZE 0002716201).

Keywords: immunology, leukocytes



160 � Mastitis control - From science to practice

Effect of intramammary injection of liposomal RbGM-CSF on 
milk and peripheral blood mononuclear cells of subpopulation in 
Holstein cows with naturally infected subclinical mastitis

Y. Kiku1, T. Ozawa1, S. Inumaru1, S. Kushibiki2, T. Hayashi1,3 and H. Takahashi1

1National Institute of Animal Health, Tsukuba, Ibaraki, 305-0856, Japan
2National Institute of Livestock and Grassland Science, Tsukuba, Ibaraki, 305-0901, Japan
3Tokyo University of Science, Noda, Chiba, 278-8510, Japan
Corresponding author: yokiku@affrc.go.jp

Although the liposomal recombinant bovine granulocyte-macrophage colony-stimulating 
factor (rbGM-CSF) has a potential as the therapeutic agent for Staphylococcus aureus infection 
causing subclinical mastitis of dairy cows, the contribution of mononuclear cells in milk and 
blood to this treatment remains unclear. The present study was designed to investigate the 
effect of the intramammary injection of rbGM-CSF on milk and blood levels of mononuclear 
cells subpopulation and shedding pattern of total bacterial count in an udder infected with 
subclinical mastitis. Six Holstein cows were used. Seven days after the injections of the control 
solution, 0.4 mg/5ml saline of rbGM-CSF was injected into the cistern. Blood samples, and 
milk samples from injected quarters were collected before injection and for 2 weeks after 
injection. Using flow cytometry, we determined the expression of specific antigens on the 
surface of mononuclear leukocytes in milk and blood. The CMT score and total bacterial 
count in milk were decreased on day 7 and 14 after rbGM-CSF injection. The percentage 
of CD14+ cells in milk were increased on day 1 after the cytokine injection. Following an 
increase of the percentage of CD14+ cells, CD4+ and CD8+ cells were increased. In contrast, 
the percentages of CD3+, CD8+ and CD14+ cells in blood were increased on day 3 or 7. Our 
study demonstrates that the intramammary injection of rbGM-CSF accelerates the trafficking 
of CD14+ cells in an udder infected with subclinical mastitis, and these cells induce the 
enhancement of cellular immunity in the mammary gland.

Keywords: immunology, subclinical mastitis
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Effect of intramammary injection of RbGM-CSF on neutrophils 
function of blood and milk in Holstein cows with subclinical 
mastitis

T. Ozawa1, Y. Kiku1, S. Inumaru1, S. Hasegawa2, S. Kushibiki2, T. Hayashi3 and 
H. Takahashi1

1National Institute of Animal Health, Tsukuba, Ibaraki, 305-0856, Japan
2National Institute of Livestock and Grassland Science, Tsukuba, Ibaraki, 305-0901, Japan
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Corresponding author: ozatomo@affrc.go.jp

The aim of this study was to examine the effect of intramammary injected recombinant bovine 
granulocyte-macrophage colony-stimulating factor (rbGM-CSF, 400 μg/5 ml) on the expression 
of L-selectin (CD62L) and Mac-1 (CD11b) at the surface of blood and milk neutrophils using 
five Holstein cows of subclinical mastitis naturally infected with Staphylococcus aureus. The 
adhesion molecules were stained at the cell surface and analysed flow cytometrically. In 
addition, somatic cell count (SCC), blood leukocyte count, blood neutrophil count and milk 
S. aureus count were measured. The injection of rbGM-CSF caused the changes in CD62L 
and CD11b expression were opposed to each other, with a decrease of CD62L expression 
and an increase CD11b expression on milk neutrophils at 6 h, days 1 and 2 after injection. 
The expression of CD62L and CD11b of blood neutrophils changed with no significance. 
The milk S. aureus count decreased significantly at 6 h afterinjection, but increased back to 
preinjection levels on day 14 after injection. On the other hand, SCC markedly increased at 6 
h, but decreased back to preinjection levels on day 1 and was lower on day 14 than preinjection 
levels. These results suggest that the intramammary injection of rbGM-CSF to the cows of 
subclinical mastitis induces the enhancement of function of milk neutrophils.

Keywords: immunology, subclinical mastitis
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Phenotypic and genotypic variation of bovine immune responses in 
cohort dairy herds across Canada

K.A. Thompson and B.A. Mallard
University of Guelph, Pathobiology, Ontario Veterinary College, 50 Stone Road East, N1G 
2W1, Guelph, Canada
Corresponding author: kthomp02@uoguelph.ca

Mastitis contributes economic loss to the dairy industry with human and animal health 
implications. Selection solely for production negatively impacts disease incidence. The immune 
system is tightly genetically regulated and controls response to infectious disease. Including 
estimated breeding values (EBVs) of immune response traits in a selection index has the 
potential to improve inherent animal health. Recently, cows ranked as high responders in a large 
US commercial dairy were shown to have lower disease scores. The objective here is to evaluate 
antibody-mediated (AMIR) and cell-mediated immune responses (CMIR) in 80 commercial 
cohort herds across Canada in order to determine effects on health and performance. In 
collaboration with the Canadian Bovine Mastitis Network (CBMRN) ~500 Holsteins were 
immunised with test antigens designed to stimulate AMIR and CMIR, respectively. To classify 
cows as high (H) or low (L) responders, serum antibody is measured by ELISA and skin-fold 
thickness measurements are taken to evaluate delayed-type hypersensitivity, a measure of 
CMIR. Genome scan is performed to provide insight into the genes associated with these 
phenotypes. Health and production records are available for correlation with IR classification 
on a country-wide scale. Preliminary results show measurable differences in response between 
cows, herds, and provinces, making it possible to identify H and L responders. Identifying H 
and L responders (both phenotypically and based on EBVs) and understanding the genetic 
diversity of these phenotypes may make it feasible to include immune response in breeding 
indices to improve health.

Keywords: breeding, immunology
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Cis-urocanic acid protects against mammary tissue injury during 
intramammary Escherichia coli infection

D.D. Bannerman1, M. Rinaldi1, B.T. Vinyard1, J. Laihia2 and L. Leino2
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Corresponding author: douglas.bannerman@ars.usda.gov

Cis-urocanic acid (cis-UCA), which is formed in response to ultraviolet radiation-induced 
photoisomerisation of the trans isomer that is naturally found in skin, is a potent anti-
inflammatory molecule. In a previous in vitro study, cis-UCA has been demonstrated to 
downregulate bovine neutrophil generation of reactive oxygen species, which are known to 
induce tissue injury. The objective of the current study was to evaluate the in vivo effect of 
intramammary infusion of cis-UCA on inflammation and tissue injury during acute clinical 
mastitis, a disease characterised by the influx of large numbers of neutrophils. Immediately 
prior to and at various time points after experimental infection with Escherichia coli and 
subsequent treatment, milk samples were aseptically collected and analysed for various 
markers of inflammation and injury. A major finding of the current study was that two 
markers of mammary tissue injury, N-acetyl-beta-D-glucosaminidase (NAGase) activity and 
lactate dehydrogenase (LDH) concentration, were lower in cis-UCA treated quarters than in 
those treated with saline. Further, cis-UCA had no adverse effect on bacterial clearance, as 
demonstrated by the equivalent milk colony forming units of E. coli across treatment groups. 
These findings suggest that cis-UCA is able to reduce mastitis-associated tissue damage 
without compromising host immune defenses against bacterial infection.

Keywords: cis-urocanic acid, prevention
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Epidemiologic association of Staphylococcus aureus virulence 
markers with intramammary infection chronicity
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Abstract

Despite effective techniques for controlling Staphylococcus aureus intramammary infection 
(IMI), it is still one of the most predominant causes of IMI in many dairy populations. The 
pathogen has an advantage due to many strains’ ability to infect chronically and persistently 
without severe clinical signs. We hypothesised that the genetic profile of IMI-causing strains 
of S. aureus is associated with the likelihood of causing a chronic IMI versus an acute clinical 
IMI. To test this hypothesis, a prospective case-control study of 91 Canadian commercial dairy 
farms was initiated. The profiles of specific target genes are determined by multiplex PCR 
reactions on S. aureus isolated from chronic IMI (detected at the end of lactation [cases]) and 
from clinical IMI (controls) in the cohort. The preliminary analyses presented in this paper 
are of association of cases and controls with phenotypic expressions of haemolysis and biofilm 
formation, which are hypothesised to be related to expression of genes that are important in 
promoting subclinical chronic IMI. Isolates from 164 subclinical cases at the end of lactation 
and 82 clinical controls during lactation were studied. Expression of beta-haemolysis or weak 
beta-haemolysis was associated with subclinical infection (Odds ratio 2.1, 95% confidence 
interval 1.1 to 4.0). Isolates from subclinical IMI formed more biofilm than isolates from 
clinical IMI (P<0.01). Further examination of the S. aureus virulence genes and genotypes that 
are involved in controlling biofilm formation and beta-haemolysis is warranted in order to 
gain a more thorough understanding of how S. aureus establishes subclinical, and presumably 
chronic, infections. Knowing genetic markers for strains more likely to cause chronic IMI 
could enable targeted diagnostics, treatments or vaccination. 

Keywords: beta-haemolysis, biofilm, genotyping, persistent infection, Staphylococcus aureus

Introduction

Staphylococcus aureus is one of the major pathogens causing bovine mastitis. Intramammary 
infection (IMI) by S. aureus is contagious and causes substantial financial losses. The pathogen 
has an advantage due to many strains’ ability to infect chronically and persistently without severe 
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clinical signs. It is known that some chronic S. aureus infections in humans are attributable to 
certain genetic virulence markers (Moisan et al., 2006). A number of studies on S. aureus IMI 
have concentrated on the presence and role of different virulence factors (Aerestrup, 1995; 
Fitzgerald et al., 1997; Middleton et al., 2002) and the virulence factor relationship with the 
host (Zecconi et al., 2005, 2006). We hypothesise that the likelihood of an S. aureus isolate 
causing a subclinical chronic IMI versus an acute clinical IMI is associated with its genetic 
profile and phenotypic expression of haemolysis and biofilm production. 

Materials and methods

A case-control study of 91 farms participating in the National Cohort of Dairy Farms (NCDF) 
of the Canadian Bovine Mastitis Research Network during 2007 was conducted. These farms 
were from Ontario, Quebec, Alberta and the Atlantic provinces. Cases were those quarters 
with S. aureus IMI (≥100 colony forming units (cfu) per ml of milk in pure or mixed growth) 
within 30 days of dry-off with normal appearing milk. Controls were those quarters with 
S. aureus IMI (≥100 cfu per ml of milk in pure or mixed growth [2 colony types or more]) 
accompanied by abnormal milk, swollen quarters or fevers. Case and control IMI were enrolled 
sequentially as isolates and data became available through the CBMRN database and mastitis 
pathogen culture collection. 

Mammary quarter milk samples were taken by study technicians using sterile technique and 
following a uniform protocol. Samples were frozen at -20 °C, submitted frozen to one of three 
milk bacteriology laboratories and kept frozen until bacteriological analysis. Bacteriological 
analyses were conducted following a uniform protocol for culture, identification and 
conservation of isolates. Culture and identification protocols were based on NMC guidelines. 
Haemolysis pattern of S. aureus on primary culture was recorded as alpha, beta, weak beta, 
or double zones of haemolysis or as non-haemolytic. Isolates were conserved in duplicate 
in the CBMRN Mastitis Pathogen Culture Collection at -80 °C in 1.5 ml of trypticase soy 
broth and 15% glycerol until further manipulations. All sampling, analysis, data capture and 
archiving, and isolate conservation procedures are documented in the CBMRN National 
Cohort Reference Manual (v. 10.9.07, CBMRN, St-Hyacinthe, QC).

The isolates available to date from case and control IMI selected via the NCDF database 
were sub-cultured from the culture collection vials, were inoculated on individual Columbia 
agar with 5% sheep blood plates and incubated for 18 hours at 35 °C. Two or three cfu were 
removed from these plates for biofilm formation testing and the plates transported under 
refrigeration to a collaborating laboratory for genetic analyses. The profiles of case and control 
S. aureus IMI isolates with respect to specific target genes will be determined by multiplex 
PCR reactions. The target genes were selected by earlier comparative genomic hybridisation 
studies of prototype and field S. aureus IMI strains that had been obtained from documented 
severe clinical IMI and chronic IMI cases (Jacob, 2008). 
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The cfu selected for biofilm formation testing were inoculated into BHI broth with 0.25% 
glucose and incubated for 18 to 24 hours at 35 °C. The broth culture was diluted 1:40 in BHI 
with 0.25 % glucose and 200µL replicates inoculated in four wells of a 96 well flat bottom 
tissue culture treated polystyrene microplate (353072, BD FalconTM Clear 96-well MicrotestTM 
Plate). The microplates were incubated 24 hours at 35 °C, washed 3 times with PBS 1x, air-
dried at room temperature for 30 min., stained with 200 μl of crystal violet (0.1% in water) 
for 30 min. at room temperature, washed 3 times with water and allowed to dry at room 
temperature for 30 min. 150 μl of 95 % ethanol was added to each well, and the microplates 
were allowed to sit at room temperature for one hour and agitated occasionally to discolour 
the well contents. After discarding the ethanol, the optical density (OD) was determined at 
570 nm wavelength by a 96 well automatic plate reader (EL800, Universal Microplate Reader 
– Bio-tek Instrument, Inc.) Each 96 well plate contained four replicates of 14 S. aureus case 
and control field isolates and four replicates of three reference bacterial strains: S. epidermidis 
ATCC35984, as a positive control for biofilm formation (Fox et al, 2005), S. epidermidis 
ATCC12228, as a negative control for biolilm formation (Fox et al, 2005), and S. aureus 
Newbold 305 as a known chronic IMI strain. Furthermore, each field isolate was assayed on 
two microplates. Any micro-well producing an OD beyond the microplate reader’s maximum 
readable value of 3.0 was eliminated from calculations and statistical analyses. The average OD 
of replicates within microplate were calculated and the ratio of the field isolates’ plate-average 
OD to the reference strains’ plate-average OD were calculated. The ratios of the field isolates’ 
plate-average OD to the respective reference strains’ plate-average OD were averaged across 
the two microplate replications to obtain total average ratios of the field isolates to positive 
control, negative control, and Newbold 305. 

Analyses of the associations between case or control status and the isolates’ haemolysis 
expression and biofilm formation were carried out. Random effects of herd or quarter were 
not taken into consideration in these preliminary analyses. Plots of plate-average positive 
control and negative control pairs were examined to verify that positive control plate-average 
OD exceeded the corresponding negative control values. The differences between case and 
control field isolates’ ratios to the three respective reference strains were tested by two sample 
t-tests for groups with unequal variances (Systat 10.0, SPSS Science Marketing Department, 
Chicago, IL.). Equality of the distribution of case and control isolates over all haemolysis 
patterns were tested by a χ2 test of homogeneity with exact errors (StatXact 3.0. Cytel Software 
Corporation, Cambridge, MA). Case and control isolates’ association with the presence of 
specific haemolysis patterns were analysed by estimated odds ratios and evaluating 95% mid-p 
exact confidence intervals. 

Results

Phenotypic haemolysis differed between cases and controls (χ2 = 11.29, exact P=0.02 with 4 
degrees of freedom [df ]). Alpha haemolysis occurred only among control isolates (2.4%) beta 
or weak-beta haemolysis was observed more frequently among case isolates (24% and 9.2%, 
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respectively) than among control isolates (18% and 1.2%, respectively). Non-haemolysis was 
identically distributed between cases and controls (3.7%). Beta and weak beta haemolysis 
together were associated with case status, being two times more likely to occur in subclinical 
IMI at the end of lactation than in clinical IMI at any time during lactation (Table 1). 

Biofilm formation by the positive control strain was greater than by the negative control 
strain bacteria or Newbold 305. Because a subjectively large number of negative control total 
average biofilm OD values were greater than their corresponding positive control values, our 
negative control was judged to be inappropriate negative control in this study. The ratio of 
biofilm formed by the case and control IMI S. aureus isolates to their corresponding positive 
controls (range = 0.90 to 1.63) and Newbold 305 references were moderately skewed (mean 
= 0.51, median = 0.40, and mean = 1.16 and median = 0.96, respectively), suggesting non-
normal distribution of the biofilm ratios. Nevertheless, because non-parametric statistical 
analyses were quantitatively equivalent to the two-sample t-tests; only the latter t-test results 
are presented. The case group isolates’ positive control biofilm ratios were distributed over a 
wider range and had a higher mean than the control group isolates’ positive control biofilm 
ratios (Figure 1). Similarly, the case group isolates’ biofilm formation relative to Newbold305 
was also wider ranging and on average higher than that of the control group (Figure 1). Both 
of these differences were statistically significant (Table 2). 

Table 1. Estimated odds ratios and confidence intervals of association of phenotypic haemolysis 
expression of S. aureus isolated from intramammary infections with presentation as subclinical 
infection at end-of-lactation versus acute clinical infection at any time during lactation. 

Haemolysis Frequency Odds ratio 95% confidence 
interval3

Phenotype Present Cases1 Controls2

Alpha Yes 0 2 0.0 0.0, 1.7
No 164 80

Beta Yes 40 15 1.4 0.8, 2.9
No 124 67

Beta and weak beta Yes 55 16 2.1 1.1, 4.0
No 109 66

Double zone Yes 103 61 0.6 0.3, 1.0
No 61 21

1 Cases: Apparently subclinical S. aureus intramammary infection within 30 days of dry-off.
2 Controls: Clinical S. aureus intramammary infection at any time during lactation with visible 
abnormality to the infected quarter or systemic abnormality. 
3 Mid-p exact confidence limits.
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Discussion

The objective of the analyses presented here were to explore the hypothesis that strains of 
S. aureus that cause bovine IMI vary in their tendency to cause subclinical, and presumably 
persistent, IMI, and that there exists phenotypic and genotypic markers these tendencies. An 
understanding of the molecular mechanisms for such a tendency and the ability to identify 
bacteria these bacteria or to preferentially prevent IMI by these bacteria would aid in the 

 
  
 

Fig. 1.  Biofilm formation as a ratio to positive control (plot A) and to Newbold 305 (plot B) 
of Staphylococcus aureus isolates from subclinical (cases) and clinical (controls) 
intramammary infections.    
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Figure1. Biofilm formation as a ratio to positive control (A) and to Newbold 305 (B) of 
Staphylococcus aureus isolates from subclinical (cases) and clinical (controls) intramammary 
infections. 

Table 2. Differences in biofilm formation of S. aureus isolated from subclinical intramammary 
infections (IMI) before dry-off (cases) or from clinical IMI during lactation (controls)as a ratio 
to a positive control biofilm-forming bacteria1 and to Staphylococcus aureus Neubold 305. 

Biofilm ratio 
denominator

Mean (SD) 95% C.I. 
of mean 
differences

T–statistic2 
(df)

P

Cases 
(n=164)

Controls 
(n=82)

Positive control1 0.56 (0.33) 0.39 (0.26) 0.10, 0.25 4.46 (203.5) <0.01
Newbold 305 1.36 (0.94) 0.79 (0.36) 0.41, 0.74 6.85 (232.8) <0.01

1 Staphylococcus epidermidis (ATCC35984).
2 Two-sample t-test with separate group variances. 
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targeted reduction of chronic S. aureus IMI and a diminution of chronic subclinical IMI 
as a reservoir of the agent within herds. The present results are preliminary analyses of 
two phenotypic characteristics of the bacteria isolated from subclinical and clinical IMI 
occurrences. Although clustering of IMI within cows and within herds have not been taken 
into consideration in the analyses, the number of herds relative to the number of IMI suggest 
that a group effect of herd is not likely to qualitatively alter statistical results. Moreover, the 
sampling design eliminated repeat infections and multiple quarter IMI per cow was not 
substantial (data not shown). 

The low level of alpha haemolysis among our isolates is different than reported elsewhere. 
Matsunaga et al. (1993), for example, observed 74% of 58 clinical S. aureus isolates producing 
alpha haemolysis after 18 hours of incubation on blood agar. The low proportion expressing 
alpha haemolysis means that the gene coding for alpha-haemolysin, hla, was infrequently 
present or was not expressed at primary culture. Haveri et al. (2007) found that 96% of isolates 
in a population of clinical IMI in Finland possessed hla. It was at one time suggested that 
alpha-haemolysin is a risk factor of gangrenous S. aureus mastitis (Anderson, 1983), but it is 
certainly not a necessary cause for clinical mastitis (Akineden et al., 2001). 

The beta haemolysis we observed was also lower than others’ observations. Larsen et al. (2005) 
observed that 52% to 98% S. aureus isolated from mastitis in ten countries expressed beta-
haemolysis, although case definitions from which the isolates were obtained were not presented. 
Assuming comparability between those populations studied and our study population, there 
is either more geographic variation to phenotypic beta-haemolysis expression than previously 
believed, phenotypic beta-haemolysin expression is influenced by in-vitro methodology, or hlb 
expression is quite variable. Our observation that phenotypic beta-haemolysis differs among 
our subclinical and clinical IMI isolates suggests a role for beta-haemolysin in establishing 
subclinical IMI or that beta-haemolysin expression is an incidental result of the expression of 
other virulence genes that render a strain more likely to cause subclinical. One might assume 
that a larger proportion of our pre-dry-off subclinical IMI are chronic than of our clinical IMI. 
In contrast to our results, Matsunaga et al. (1993) found 61% beta-haemolysis in isolates from 
acute and chronic cases, with no difference between the two. The role of beta-haemolysin 
in S. aureus mastitis pathogenesis is still not well elucidated, but our data make it clear that 
it is neither a necessary or sufficient cause for chronic S. aureus IMI. Under the conditions 
of our milk sampling regimen and milk bacteriology methods, beta-haemolysin production 
either increases the chance that the infection will be chronic and perhaps persistent, or it is 
incidental to gene expression controls that do play a role in establishing subclinical IMI. This 
might suggest activation of the agr complex in a particular way. Our phenotypic data do not 
permit distinguishing between differences in presence of hlb, the beta-haemolysin gene, or 
in control of the hlb expression. 

Biofilm formation has often been suspected to play a role in S. aureus’ ability to cause chronic 
IMI. Genetic control of biofilm formation involves a complex of genes (Oliviera et al., 2006). 



Mastitis control - From science to practice � 173

Our data show that the amount of biofilm formation is associated with S. aureus IMI being 
subclinical versus having a moderate to severe clinical presentation. Because many isolates 
from subclinical infections produced an amount of biofilm equivalent to the clinical isolates, 
it is clear that elevated biofilm production is not strictly essential for an infection to become 
chronic. It is also not clear to what extent in-vivo biofilm formation after cryopreservation 
and subculturing represents in-vitro biofilm formation. Further examination of the S. aureus 
virulence genes and genotypes that are involved in controlling biofilm formation is warranted 
in order to gain a more thorough understanding of how S. aureus establishes subclinical, and 
presumably chronic, infections. This understanding would also provide targets for strain-
specific diagnosis of IMI by problematic strains and will provide a basis for exploring the 
host’s role in S. aureus IMI presenting subclinically and becoming chronic. 
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Abstract

The presence of bacteria associated with poor farm hygiene and bovine mastitis was determined 
in farm tank milk using DNA-based methods. Random samples of raw farm (bulk) tank milk 
with high somatic cell counts (HSCC >400,000 cells/ml; n=25), high total bacterial counts 
(HTBC >100,000 cells/ml; n=25) and low (L)TBC (<10,000 cells/ml; n=42) were analysed. 
Sixteen samples tested positive with one or more quantitative real-time PCR assays targeting 
six groups of bacteria. Three positive test results were obtained from samples with HTBC. 
Thirteen positive tests were obtained from samples with HSCC. SCC is a key indicator of 
milk quality and is often used as an indirect measure of the overall amount of mastitis that a 
herd is experiencing. The three samples with HTBC tested PCR-positive for Pseudomonas, 
Escherichia coli, and Enterococcus. All LTBC samples tested negative. The thirteen PCR 
positive samples with HSCC all tested positive for Pseudomonas. In addition, these samples 
tested positive for bacteria that can be associated with mastitis and/or poor hygiene; two 
samples for Staphylococcus aureus, six samples for Streptococcus uberis, three samples for E. 
coli, and finally three samples for Enterococcus. In one sample S. uberis and E. coli were found. 
No samples were tested positive for Streptococcus agalactiae. In conclusion, bacterial flora 
associated with poor hygiene or mastitis was identified in 16 samples of raw farm tank milk. 
This supports the suitability of the use of DNA markers in a real-time PCR assay for specific 
analysis of the microbiological quality of raw milk. The high incidence of Pseudomonas in 
samples with HSCC indicates that these bacteria may be involved in a (secondary) infection 
of mastitis.

Keywords: diagnosis, monitoring, pathogens, PCR, Pseudomonas

Introduction

The aim of this study was to evaluate DNA markers in real time PCR assays, which target 
micro-organisms in raw milk, for rapid identification of the cause of increased bacterial counts 
in raw farm tank milk. Cows with mastitis may shed large numbers of bacteria whereas herds 
suspected of incling cows with clinical mastitis are usually identified by a high somatic cell 
count (HSCC). Fast identification of causes of increased bacterial numbers would offer new 
opportunities for accurate control measures and optimisation of farm management. Bacteria 
known to be associated with poor cattle housing hygiene (the genus Pseudomonas, Enterococcus 



176 � Mastitis control - From science to practice

and Escherichia coli) as well as micro-organisms associated with mastitis (Staphylococcus 
aureus, Streptococcus agalactiae and Streptococcus uberis) were therefore selected to be used 
as targets in real-time PCR assays. 

Material and methods 

Milk samples and DNA extraction 

Random anonymous samples of raw farm (bulk) tank milk with a high somatic cell count 
(HSCC >400,000 cells/ml; n=25 encoded HSCC001-HSCC25), high total bacterial counts 
(HTBC >100,000 cells/ml; n=25 encoded HTBC001-HTBC025) and LTBC (<10.000 cells/
ml; n=42), obtained from QLIP (earlier known as Melk Controle Station; Zutphen, the 
Netherlands), were analysed. From these samples, DNA was extracted from 1 ml milk that 
was cleared with 200 µl sterile 18% sodium citrate solution. After centrifugation and removal 
of the supernatant and fat layer, 200 µl Instagene was added to the pellet and treated according 
to the manufacturer’s recommendation.

Real-time PCR tests

Six quantitative real-time PCR-tests based on literature were set up in our laboratory using 
an Applied Biosystems 7500 Fast Real-time PCR System in ‘9600 emulation mode’ using 
TaqMan Universal PCR Master Mix (Applied Biosystems part number 5304437), primers at 
200 nM and probes at 100 nM.
•	 Pseudomonas: A 65-bp fragment of the Pseudomonas SSU rRNA gene was amplified 

using a forward primer Pf (5’-GGGTGGTGGAATTTCCTGTGT), a reverse 
primer Pr (5’-GAAGCGGTGACCACAAGGAA) and an MGB-probe Pp (5’-
GTGAAATGCGTAGATATAG) described earlier (Lloyd-Jones et al., 2005). The applied 
temperature profile was: 2 min at 50 °C, 10 min at 95 °C, followed by 40 cycles of 15 s at 
95 °C and 1 min at 60 °C.

•	 Enterococcus: A circa 130-bp fragment of the LSU rDNA, described as generic 
for all described species of the genus Enterococcus, was amplified using the 
forward primer ECST748F (5’-AGAAATTCCAAACGAACTTG), reverse primer 
ENC854R (5’-CAGTGCTCTACCTCCATCATT) and probe GPL813TQ (5’-6FAM-
TGGTTCTCTCCGAAATAGCTTTAGGGCTA-TAMRA) as reported earlier (Haugland 
et al., 2005). The applied temperature profile was: 2 min at 50 °C, 10 min at 95 °C, followed 
by 40 cycles of 15 s at 95 °C and 1 min at 60 °C.

•	 Escherichia coli: An E. coli specific fragment of the SSU rRNA gene was amplified using 
the forward primer EcoliFW (5’-CATGCCGCGTGTATGAAGAA), and the reverse primer 
EcoliRV (5’-CGGGTAACGTCAATGAGCAAA) and detected with the probe EcoliFAM 
(5’-6FAM-TATTAACTTTACTCCCTTCCTCCCCGCTGAA-TAMRA) as described 
earlier (Huisdens et al., 2002). The applied temperature profile was: 2 min at 50 °C, 10 min 
at 95 °C, followed by 40 cycles of 15 s at 95 °C and 1 min at 60 °C.
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Described below are three quantitative real-time PCR tests, specific for mastitis-causing 
pathogens, carried out simultaneously in one multiplex PCR-reaction. The applied temperature 
profile was: 2 min at 50 °C, 10 min at 95 °C, followed by 40 cycles of 15 s at 95 °C and 1 min 
at 60 °C as described earlier (Gillespie and Oliver, 2005):
•	 Staphylococcus aureus: A S. aureus specific genetic marker was detected using 

StaphAu-fwd primer (5’-TCAACGATATTCTTCACGACTAA), StaphAu-rev 
primer (5’-CCAGCTTCGGTACTACTAAAG) and probe StaphAu-probe (5’-6FAM-
TCAAGACGGCTTTTACATACAGAACACA-BHQ2) as described earlier (Gillespie 
and Oliver, 2005).

•	 Streptococcus agalactiae: A fragment of the cfb gene encoding the Christie-Atkins-
Munch-Petersen factor specific for S. agalactiae was detected using forward primer 
StrepAgal-fwd (5’-AGCTCTATTAGAAGTACATGCT), reverse primer StrepAgal-
rev (5’-CATTTGCTGGGCTTGATTATT) and probe StrepAgal-probe (5’-TexasRed-
ATCAAGTGACAACTCCACAAGTGGTAA-BHQ1) as described earlier (Gillespie and 
Oliver, 2005).

•	 Streptococcus uberis: The plasminogen activator gene of S. uberis was detected using forward 
primer StrepUberis-fwd (5’-AGAGGAATTCATCATGTTTTAACA), reverse primer 
StrepUberis-rev (5’-AATTGTAGAAGAACCATTTGATGT), and probe StrepUberis-probe 
(5’-Cy5-AGCGTCTAACAACTCGGCCTTTG-BHQ2), as described earlier (Gillespie and 
Oliver, 2005).

Reference cultures 

From the NIZO culture collection 30 strains were selected (see Table 1) as positive and 
negative controls for the real-time PCR methods. A volume of 100 µl from fully-grown 
cultures of these strains was used for the DNA extraction using 200 µl Instagene according 
to the manufacturer’s instructions.

PCR test detection limit and conversion to colony forming units per ml

The detection limit was determined using a dilution series of freshly cultured Pseudomonas 
fluorescens NIZO1372 cells. The concentration in colony forming units (cfu) per ml was 
determined using a plate count method. Based on these results the detection limits of the 
other bacteria (groups) were estimated. The detection limit of the different PCR tests is circa 
102-103 cfu/ml. 

Results and discussion

Six quantitative real-time PCR-tests targeting Pseudomonas, E. coli, Enterococcus, S. aureus, 
S. uberis en S. agalactiae were evaluated for specificity using 30 reference strains. All PCR 
tests showed a high specificity and no cross-reaction (Table 1), with the exception of the S. 
aureus and S. uberis PCR tests that showed a low cross-reaction with S. agalactiae DNA. All 
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six PCR tests were applied to random samples of raw farm tank milk. The analysis resulted 
in 16 PCR positive samples, three with a HTBC and 13 with a HSCC (Table 2). 

The three samples with a HTBC tested PCR-positive for Pseudomonas, E. coli and Enterococcus 
(Figure 1). E. coli and Enterococcus are commonly associated with poor hygiene, and 
pseudomonads with insufficient refrigeration. It is remarkable that Pseudomonas was found 
in only 3 of the 25 HTBC samples. This suggests that insufficient refrigeration of the milk 
was only incidentally a cause of high TBC in these samples. All 42 samples of raw farm tank 
milk with a LTBC tested PCR negative. This indicates that in these samples Enterococcus, 
Pseudomonas, S. aureus, S. uberis, S. agalactiae nor E. coli showed dominant presence, above 
the detection limit of the test.

Thirteen samples of raw milk with a HSCC tested PCR positive. All thirteen tested positive 
for Pseudomonas, in three samples together with E. coli, in three samples with Enterococcus, 
in two samples with S. aureus and in six samples with S. uberis (Figure 1). All samples tested 
PCR negative for S. agalactiae. 

Herds including cows suspected of having mastitis are usually identified by a HSCC. Therefore 
it is remarkable that 12 of the 25 samples were PCR negative for all mastitis-associated bacteria 
tested in this study. The detection limit of the tests is estimated at circa 102 -103 cfu/ml and 
apparently the concentration of the bacteria tested for were lower. Moreover, it is highly 
remarkable that in all PCR positive samples with HSCC always Pseudomonas was present in 
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Figure 1. Concentration of bacteria (log cfu/mL) by species or group as determined by real-
time PCR in samples of farm tank milk tested positive with PCR. HTBC: High Total Bacterial 
Count (Bactoscan count >100,000 cfu/mL); HSCC: High Somatic Cell Count (>400,000 
cells/mL).  
 
 

Figure 1. Concentration of bacteria (log cfu/ml) by species or group as determined by real-time 
PCR in samples of farm tank milk tested positive with PCR. HTBC: High Total Bacterial Count 
(Bactoscan count >100,000 cfu/ml); HSCC: High Somatic Cell Count (>400,000 cells/ml). 
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high concentrations, of 4×104 up to 2×107 cfu/ml. This may even suggest that these bacteria 
could result from a (secondary) infection of mastitis, as has been described earlier (Hillerton 
and Berry, 2005; Rendos et al., 1975; Watts, 1988).

The use of DNA markers in a real-time PCR is applicable for specific analysis of the 
microbiological quality of raw milk and may have potential for mastitis diagnostics based 
on (individual) cow milk samples. In 16 samples of raw farm tank milk it was possible to 
identify two or three bacteria (groups) which can be associated with poor hygiene, insufficient 
refrigeration, or mastitis. Apparently, other dominant bacteria (groups) were present in the 
22 out of 25 samples milk with a HTBC that were negative for all six PCR tests. To obtain a 
more complete picture of the dominant bacterial flora, additional tests for dominant bacterial 
(groups) are necessary to complement the set of six tests used in this study. More research 
into the association of bacteria with their specific origins of contamination is important for 
use of the current approach to optimise farm management.

Conclusion

Several dominant bacterial groups were found with real-time PCR tests applied to evaluate 
farm tank milk samples with high somatic and bacterial cell count. Pseudomonas was found 
most often and in high concentrations (104-107 cfu/ml). Remarkably this genus was found 
particularly in samples with HSCC, possibly as a result of infection. The shown ability to detect 
S. aureus and S. uberis and to differentiate these species in samples with a HSCC demonstrates 
the potential of these tests for mastitis diagnostics in milk. In 22 out of 25 samples with a 
HTBC and in 12 out of 25 samples with HSCC no positive responses in six PCR tests were 
observed; apparently many bacterial groups remained undetected.

Table 2. Number of raw farm tank milk samples tested positive with one or more real-time 
PCR tests.
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In conclusion, the dominant bacterial flora associated with poor hygiene or mastitis was 
identified in 16 samples of raw milk. This supports the suitability of the use of DNA markers 
targeted in a real-time PCR assay for specific analysis of the microbiological quality of raw 
milk. Moreover the results may suggest that Pseudomonas is a genus that is underestimated 
in standard mastitis testing, or is in a different way associated with mastitis or other causes 
of HSCC.
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Abstract

The PathoProof Mastitis PCR Assay is a real-time PCR based reagent kit for identification of 
all major mastitis-causing pathogens. Here, we report on the analytical bacterial detection 
limit of the assay using two different experimental approaches. We first used purified DNA 
to prepare a standard dilution series from 450 to less than one genome copy of the assay’s 
bacterial targets and determined how many copies of each target could be detected by the 
test with >95% probability. In our second experiment, we measured sensitivity of the entire 
assay, including the DNA extraction procedure from raw milk samples. For this experiment, 
ten mastitis milk samples, shown to be negative for the tested targets, were randomly chosen, 
spiked with known quantities of the target bacterial colony forming units (cfu) and analysed 
using the assay. When sensitivity was measured based on the dilution series of purified DNA, 
the analytical detection limit of the test was as low as 5.6 bacterial genomes per PCR reaction. 
When using mastitis milk samples spiked with the bacterial targets, the detection limit was as 
low as <200 cfu’s per one milliliter of milk. Both experiments showed much variation in the 
detection limit of the test between the different bacterial targets. In conclusion, the results of 
this study demonstrate that the PathoProof Mastitis PCR Assay can detect low quantities of 
bacterial DNA, which is important for the mastitis testing laboratories now complementing 
or replacing bacterial culture based testing schemes with the assay. Variation in the detection 
limit between the different bacterial targets is explained by a combination of the biological 
characteristics of the bacteria and details related to the molecular specifications of the assay. 
This presentation discusses these variables as well as some of the challenges involved in 
detection limit validation of a PCR test in a controlled manner when using raw bovine milk 
as a sample matrix.

Keywords: detection limit, diagnosis, DNA extraction, PCR

Introduction

Intramammary infection (IMI), also commonly known as mastitis, is the most frequently 
occurring and economically the most important infectious disease in dairy cattle. Bacterial 
culture has long served as the golden standard for mastitis testing. However, several studies 
have suggested that Polymerase Chain Reaction (PCR)-based assays could be useful to 
complement or to replace the conventional bacteriological IMI identification methods (e.g. 
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Riffon et al., 2001). Among the primary arguments in favour of PCR assays are their short 
throughput times, potential for objective and user-independent identification of bacteria 
and antibiotic resistance genes, and ability for sensitive detection of growth-inhibited and 
dead bacteria. A modification of PCR, known as real-time PCR, may offer further benefits 
to quantify the microbial load in the milk samples, to facilitate automation of the laboratory 
workflow, and to reduce the risk of PCR cross-contaminations in the laboratory. Among the 
first commercially available PCR-based mastitis tests is the ‘PathoProof Mastitis PCR Assay’, 
which uses real-time PCR to identify a total of 11 mastitis-causing bacterial species or species 
groups and the blaZ gene coding for staphylococcal β-lactamase production, i.e. penicillin 
resistance (Finnzymes Oy, Espoo, Finland). Here, we report on experiments assessing the 
analytical bacterial detection limit of the assay based on two different approaches: (1) detection 
limit in bacterial genome copy equivalents in PCR reaction; and (2) detection limit in bacterial 
colony forming units in milk originating from cows with clinical mastitis. 

Materials and methods

Real-Time PCR Assay

The PathoProof™ Mastitis PCR Assay included all necessary reagents for DNA extraction 
and real-time PCR. The assay targeted the following bacterial species and groups: (1) Staph. 
aureus; (2) Staph. spp. including Staph. aureus, Staph. intermedius and all major mastitis-
causing CNS; (3) Streptococcus agalactiae; (4) Str. dysgalactiae; (5) Str. uberis; (6) Escherichia 
coli; (7) Enterococcus spp. including E. faecalis and E. faecium; (8) Klebsiella spp. including K. 
oxytoca and K. pneumoniae; (9) Corynebacterium bovis; (10) Arcanobacterium pyogenes and 
Peptoniphilus indolicus; (11) Serratia marcescens; and (12) β-lactamase penicillin resistance 
gene. The assay identified Staph. spp., Enterococcus spp., Klebsiella spp. and A. pyogenes / P. 
indolicus to their species group levels, i.e. for example E. faecalis and E. faecium were identified 
in the same real-time PCR reaction and instrument channel.

The assay’s protocol involved four separate multiplex real-time PCR reactions, each of which 
targeted three bacterial species or species groups and an internal amplification control (IAC). 
The following real-time PCR instruments were used for: ABI 7500 Fast Real-Time PCR System 
(Applied Biosystems), Bio-Rad Chromo 4 (Bio-Rad Laboratories) and Stratagene Mx Pro 
3000P (Agilent Technologies). A negative control (dH2O) was included in every real-time 
PCR run and each multiplex PCR reaction, for confirmation that cross-contaminations had 
not occurred in the laboratory.

Detection limit in genome copy equivalents

DNA was extracted and purified from culture isolates representing the target species of the 
PathoProof Mastitis PCR Assay. DNA concentration of the extracts was measured using 
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standard spectrophotometric procedures. The DNA concentrations were converted to genome 
copy numbers as follows:
N (copies) = [Na * m (g)] / [M (g/mol) * L (bp)]
Na = 6.022*1023 (Avogadro´s constant)
M = 649 g/mol per base pair

A 10x dilution series of the extracted DNA was prepared in dH2O. The dilutions were calculated 
to contain 450-0.6 genome copies / µl concentration of bacterial DNA. Each dilution (for 
each bacterial target) was analysed with the assay in 24 replicate reactions. The positive and 
negative results obtained for the dilutions were used to calculate the detection limit of the 
assay in bacterial genome copies per PCR.

Detection limit in cfu/ml of milk

The PathoProof Mastitis PCR Assay was used to analyse fresh milk samples from cows with 
clinical mastitis. Based on the results, ten mastitis milk samples providing negative results 
were selected for each bacterial species targeted by the assay. Culture isolates representing 
the target species of the assay were used to prepare a dilution series of bacteria in dH2O. 
The dilutions were used to spike the ten milk samples that were shown to be negative for the 
respective target species. The dilutions were then cultured on blood agar plates to find out the 
number of cfu’s spiked into the PCR reactions. It should be noted that the initial cfu amounts 
in the cultures used for preparing the dilution series were not known prior to plating. Hence, 
the exact amounts of cfu’s present in the spiking experiments had some variation.

Results and discussion

The detection limit of the PathoProof Mastitis PCR Assay in genome copy equivalents was 
5.5-50 bacterial genomes per PCR reaction, depending on the bacterial species targeted by 
the kit (P≤0.05; Table 1). In other words, these copy numbers of bacterial DNA pipetted into 
the real-time PCR reaction were detected with >95% probability (at least 23 of the 24 replicate 
reactions provided positive results). Figure 1 exemplifies, for Staph. aureus, the frequency of 
positive results across the 24 replicate reactions as a function of the number of genome copies 
present in PCR. Variation observed in the genome copy detection limits of the different bacteria 
can be due to at least two factors. First, the purity of the DNA used in the experiment (amount 
of PCR inhibitors) perhaps varied between the targets, leading to variation in PCR inhibitor 
concentration and/or inaccurate spectrophotometric readings in determination of the initial 
bacterial genome copy numbers. Second, the PCR efficiencies of the different target amplicons 
are different. It is not surprising that the effect of these two possibilities becomes apparent 
especially with low genome copy numbers (late Ct values) and in demanding multiplex PCR 
reactions (each multiplex PCR reaction of the assay has four target amplicons). 
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In our experiments, the lowest dilution of bacterial CFUs spiked into mastitis milk turned 
out to correspond to 200-810 cfu/ml of milk (variation between the target species was due 
to initial variation in bacterial concentrations used for preparing the dilution series). When 
analysing the samples with the PathoProof Mastitis PCR Assay, the results confirmed a clear 
association between the Ct values of the assay and the amount of bacteria spiked. In other 
words, the higher the amount of bacteria present in the milk samples, the lower the Ct value 
obtained with the assay (results are exemplified for Staph. aureus in Figure 1). This was the 
case for all bacterial targets, confirming the assay’s accuracy in bacterial quantification.

The PathoProof Mastitis PCR Assay provided positive results for milk samples in the lowest 
cfu dilution for all bacterial targets, except for Serratia marcescens. While the real-time PCR 
efficiency for S. marcescens is excellent (~100%; data not shown) and 50 genome copies per 
PCR were detected in this study (Table 1), the spiking experiments for the species failed for 
an unknown reason. The experiment is currently being repeated for S. marcescens and will 
not be discussed further in this presentation. The lowest Ct values obtained for the lowest 
cfu dilution varied between 27.7 (Staph. spp.) and 36.5 (K. oxytoca). The average Ct values 
obtained for the different bacterial targets versus the CFU count in mastitis milk are shown 
in Figure 2. 

Ct value variation across the ten milk samples for each CFU dilution was substantial within 
each bacterial target, as exemplified for Staph. aureus in Figure 3. This effect was most 

Table 1. Analytical detection limit of the PathoProof PCR Assay in bacterial genome copies 
per PCR reaction.

Bacterial target of the assay Analytical sensitivity in bacterial genome copy 
number per PCR (p<0.05) 

Staph. aureus 16.7
Enterococcus spp. 50
C. bovis 16.7
β-lactamase gene 50
E. coli 50
Str. dysgalactiae 16.7
Staphylococcus spp. 16.7
Str. agalactiae 5.6
Str. uberis 16.7
Klebsiella spp. 5.6
S. marcescens 50
A. pyogenes / P. indolicus 50
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Figure 1. Association of Ct values provided by the PathoProof Mastitis PCR Assay with CFU 
count in mastitis milk for Staph. aureus. Each point represents the average Ct value across the 
ten mastitis milk samples spiked using one bacterial dilution. For Staph. aureus, the dilution 
series corresponded to 630…6.3x108 cfu/ml of milk. The error bars are standard deviations of 
the Ct values across the ten mastitis milk samples.

Figure 2. Average Ct values obtained from the PathoProof PCR Assay for the different cfu 
dilutions spiked into mastitis milk. For the sake of clarity, the dilutions within each category 
have been rounded to 500…5000000 cfu/ml, although the dilutions in each category had some 
variation (in the lowest dilution ‘500 cfu/ml’ the values varied between 200 and 810 cfu/ml).
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likely primarily due to variation in the composition of the different mastitis milk samples. 
Also variation in Ct between the different species was substantial within each CFU dilution 
(Figure 2). When interpreting this result, it must be remembered that all of the milk samples 
were different, i.e. the 10 milk samples used e.g. for Staph. aureus experiment were different 
than those used e.g. for E. coli, perhaps explaining some of the differences. Another possible 
explanation is that some species targeted by the assay (e.g. Staph. aureus) can include multiple 
(up-to hundreds) of genomes per one colony, while for some others (e.g. E. coli) this is not 
the case. As the PCR assay identifies bacterial DNA instead of colonies, this variable can 
alone result in 100-fold differences in cfu detection limits of the PCR test for the different 
pathogens. Furthermore, as explained above, the PCR efficiencies for the different target 
amplicons have some variation, which may influence the Ct values observed, especially in 
the late cycles. Finally, it is also possible that the different species are harvested with slightly 
different efficiency by the DNA extraction procedure applied by the assay.

Detection limits of commercially available real-time PCR-based pathogen identification 
kits are commonly measured in genome copy equivalents per PCR reaction. While this is a 
simple and straightforward measure suitable for estimating the efficiency of the PCR step, we 
argue that it has limited relevance in the case of mastitis and in the case of any application 
involving samples containing high amounts of PCR inhibitors. In IMI identification, the 
sample matrix is typically milk, which exhibits a range of PCR inhibitors and much variation in 
composition across all clinical and subclinical cases. Therefore, DNA extraction is an integral 
step determining the detection limit of an assay. 
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Figure 3. Average Ct values obtained from the PathoProof PCR Assay for the different CFU 
dilutions spiked into mastitis milk. For the sake of clarity, the dilutions within each category 
have been rounded to 500…5000000 CFU/ml, although the dilutions in each category had 
some variation (in the lowest dilution ‘500 CFU/ml’ the values varied between 200 and 810 
CFU/ml). 

 
 
 Figure 3. Analytical detection limit of the PathoProof Mastitis PCR Assay in bacterial genome 

copies per PCR reaction for Staph. aureus. ‘Proportion of positive reactions’ indicates the 
percentage of positive results from 24 replicate runs of the assay with the given genome copy 
numbers added into the PCR reactions. For Staph. aureus the analytical detection limit 
corresponds to 16.7 genomes per PCR.
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In this study, we have taken the approach of using bacterial cells spiked into multiple mastitis 
milk samples, and investigating how many cfu’s are detected per ml of milk. This approach has 
the benefit that it makes use of cells that undergo the entire assay including DNA extraction 
(use of pure genomic DNA would not mimic the ‘real-life’ situation as well, as DNA may behave 
differently in extraction procedures than bacterial cells). However, this approach has a number 
of variables that make comparison of the results between the target species difficult, some of 
which are discussed above. Furthermore, correlating the results observed in this study with 
the detection limit of the conventional bacterial culture methods in real IMI testing schemes 
has an added complication that bacterial cells may have decreased viability to grow in culture 
when arriving to a laboratory. Perhaps due to this reason, up-to 50% of milk samples have 
been reported to exhibit no growth in culture (e.g. Makovec and Ruegg, 2003). In the current 
study, dilution series of bacterial cells prepared in water was used for calculating the number 
of cfu’s, which likely decreased cfu detection limit estimates for the PCR assay in comparison 
to real clinical milk samples undergoing transportation to a laboratory.

In conclusion, while the results of this study demonstrate that the PathoProof PCR Assay 
has potential to identify as few as ~5 bacterial genomes per PCR or ~200 cfu of bacteria per 
ml of milk, variation exists between the pathogens targeted by the test. While the assay has 
been demonstrated to provide quantitative results (Figure 1), comparison of the Ct values 
against CFU numbers in milk is far from simple and may not even be possible. It must be 
emphasised that an analytical detection limit of a molecular assay should not be mixed with 
its clinical sensitivity. The assay’s clinical sensitivity is best studies by field trials whereby the 
same mastitis milk samples are analysed using bacterial culturing and the PCR test. Such 
experiments are currently underway in many countries.
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Abstract

Streptococcal species, especially Streptococcus uberis, are one of the most significant pathogens 
causing intramammary infections in dairy cattle and responsible for considerable economic 
loss. The identification of streptococci concentrates on serological Lancefield grouping and 
analysis of biochemical activity. But it is well known that different species are able to express 
the same Lancefield group antigen or are not serological groupable. To study the distribution 
of Streptococcus species we collected 195 gram-positive and catalase negative cocci on blood-
agar plates isolated from subclinical and clinical mastitis cases in dairy cows in Austria. 
After serogrouping and identification to the species level by API 20 Strep kit, the strains 
were investigated by a multiplex PCR to differentiate seven relevant streptococcal species. 
Not type-able isolates were transferred to another PCR to examine the enterococci and 
lactococci strains. Phenotypic and molecular identification was in accordance in 54.9% of 
the strains. Biochemical typing revealed to following distribution: 37.4% enterococci, 27.7% 
S. uberis, 10.3% lactococci, 8.2% S. dysgalactiae, 4.6% Aerococcus spp., 3.6% S. agalactiae and 
2.6% other streptococci. PCR identification was more precise: 20.5% enterococci, 44.1% S. 
uberis, 13. % lactococci, 7.2% S. dysgalactiae, 3.1% S. bovis, 1.5% S. agalactiae, 1.0% S. canis, 
0.5% S. parauberis and 8.7% non type-able strains. This shows that a reliable biochemical 
differentiation of Streptococcus species is difficult and fails to detect S. uberis infections. 
Conventional routine diagnostics have to be improved to give precise information on species 
level for establishing farm specific mastitis prevention programs. 

Keywords: API Strep, diagnosis, pathogens, PCR, Streptococcus uberis

Introduction

Mastitis remains the most economically important disease of dairy cattle throughout the world, 
with the three streptococcal pathogens, Streptococcus agalactiae, S. dysgalactiae, S. uberis 
and Staphylococcus aureus being among the most significant pathogens involved. Although 
mastitis control programmes, based on improved milking practice and teat dipping have 
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achieved dramatic reductions in the incidence of contagious mastitis caused by S. agalactiae 
and Staphylococcus aureus, these measures have had little impact on environmental pathogens, 
notably S. uberis and Escherichia coli (Tomita et al., 2008). 

A correct identification to species level of the bacterial pathogens causing bovine mastitis is of 
clinical and epidemiological interest. This knowledge helps in the development of preventive 
strategies and special treatment schemes. In routine bacteriological laboratories, mastitis 
causing bacteria are usually identified by conventional identification systems, which are more 
time-consuming and less precise. The inability to identify 1-10% of isolates because of atypical 
test results is reported by numerous authors (Zschöck et al., 2005). 

The present study was designed to gain more knowledge about the mastitis causing streptococci 
and to compare the conventional method and a multiplex PCR method for identification and 
differentiation of streptococci isolated from bovine intramammary infections in Austrian 
dairy herds. 

Material and methods

In total, 195 gram-positive and catalase negative isolates were obtained from quarter milk 
samples of dairy cattle in Austria. The cows were suffering either from subclinical or clinical 
mastitis in at least one quarter. Clinical mastitis was defined as the presence of clots in milk 
or visible signs of inflammation in the mammary glands. Cows were considered to have 
subclinical mastitis if the quarter somatic cell count was >250,000 cells/ml (California Mastitis 
Test showed +++ reactions) but had no clinical signs of mastitis. Quarter milk samples were 
plated onto Columbia agar (containing 5% sheep blood). Agar plates were incubated for 48 h 
at 37 °C and examined after 24 h and 48 h of incubation. Bacterial examination was conducted 
according to NMC (1999) recommendations. 

Conventional and biochemical examination

195 gram positive and catalase negative isolates were further differentiated by means of 
Lancefield serogrouping (streptococcal grouping kit, Oxoid, Basingstone, UK), esculin reactions 
and hemolysis. Biochemical tests were performed on all streptococcal isolates with the API 20 
STREP system as recommended by the manufacturer (BioMérieux, Marcy l`Etoile, France). 
Fermentations were read after 4 h and 24 h. Data were analysed by using the apiweb™ system 
(Version V7.0). Strain identification to the species level was divided into four subgroups, by 
using the manufacturer defined variables (%id and T-value): (1) excellent species identification, 
%id of ≥99.9% and a T-value of ≥0.75, (2) very good species identification, %id of ≥99.0% and 
a T-value of ≥0.5, (3) good species identification, id% of ≥90% and a T-value of ≥0.25 and (4) 
acceptable species identification, %id of ≥80% T-value of ≥0. Isolates with a %id ≤80% were 
classified as not acceptable or as isolates with low selectivity.
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Additionally following reference strains were comparatively investigated: Streptococcus 
agalactiae (DSM 2134), Streptococcus bovis (DSM 20480), Streptococcus canis (DSM 20715), 
Streptococcus dysgalactiae ssp. dysgalactiae (DSM 20662), Streptococcus dsygalactiae ssp. 
equisimilis (DSM 6176), Streptococcus parauberis (DSM 6631), Streptococcus porcinus 
(DSM 20725) and Streptococcus uberis (DSM 20569) obtained from the German collection 
of Microorganisms and Cell Cultures (DSM). 

Molecular biological examination

Genomic DNA was isolated from 1-ml volumes of an overnight culture at 37°C in BHI 
using the Nucleospin® Tissue kit (Macherly-Nagel, Düren, Germany) in accordance with the 
manufacturers instructions. The concentration was determined in a Hoefer DyNA Quant 200 
apparatus (Pharmacia, Biotech, San Francisco, CA, USA) and adjusted with ddH2O to a final 
concentration of 0,1 ng/µl. Species identification of Streptococci was done in two different 
sets of multiplex PCR with species specific primers for S. agalactiae, S. bovis, S. canis, S. 
dsygalactiae, S. equi, S. porcinus, S. uberis and S. suis (type I + type II) as published previously 
(Kawata et al., 2004). Primers were obtained from MWG Biotech (Ebersberg, Germany). 
Strains without a species specific amplification product in multiplex PCR were transferred 
to a PCR for detection of Enterococcus spp. and to a PCR for Lactococcus spp. using genus-
specific primer pairs, according to Deasy et al. (2000). All PCR amplifications were carried 
out in a GeneAmp®System 9700 (Applied Biosystems, Foster City, CA, USA).

Results

The examined isolates were obtained from 79 clinical mastitis cases (40.5%) and from 116 
subclinical mastitis cases (59.5%).

Isolate identification by routine diagnostic

The identification by means of Lancefield serogrouping revealed following distribution: 3 
(1.5%) isolates of serogroup B, 27 (13.9%) of serogroup C, 40 (20.5%) of serogroup D and 2 
(1.0%) of serogroup G. A total of 123 (63.1%) isolates showed no agglutination with the used 
serogroups (A, B, C, D, F, G). Out of this isolates 19 (15.5%) showed negative β- hemolysis 
combined with positive esculin reaction and were assigned to the species S. uberis.

Isolate identification by API 20 STREP system 

All reference strains, except S. parauberis (DSM 6631) were correctly identified to species 
level. API 20 STREP testing revealed that out of 195 isolates tested, 90 (46.2%) belonged to 
the Genus Streptococcus, 73 (37.4%) isolates were identified as Enterococcus spp., 20 (10.3%) 
as Lactococcus spp., 9 (4.6%) as Aerococcus spp., 2 (1.0%) as Granulicatella spp. and the 
remaining one (0.5%) as Leuconostoc spp. The API 20 STREP system yielded excellent, very 
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good, good and acceptable species identification for 46 (23.6%), 45 (23.1%), 69 (35.4%) and 
16 (8.2%) isolates. Nineteen isolates (9.7%) were classified as low selective, respectively as 
not acceptable. 

Isolate identification by PCR

All reference strains revealed a unique amplified DNA fragment. An amplificat of 1100 bp 
was obtained for S. parauberis DSM 6631, with the primers used in Multiplex PCR. By PCR 
based methods 112 (57.4%) Streptococcus spp., 40 (20.5%) Enterococcus spp., and 26 (13.3%) 
Lactococcus spp. were identified. Seventeen (8.7%) isolates remained not identified, they 
belonged to non target species in PCR. 

Multiplex PCR of 112 Streptococcus spp. showed following distribution: 86 (76.8%) S. uberis, 
14 (12.5%) S. dysgalactiae, 3 (2.7%) S. agalactiae, 6 (5.4%) S. bovis, 2 (1.8%) S. canis, 1 (0.9%) 
S. parauberis. One isolate (0.9%) was determined as S. parauberis, because it displayed the 
same amplicon size (1100 bp) as the reference strain of S. parauberis (DSM 6631). Comparison 
of the S. parauberis gene for 23S rRNA (accession no. X68036 in the GenBank database) 
to the used oligonucleotide primers published by Kawata et al. (2004), showed a sequence 
homology of 100% and 95% to the forward primer of S. uberis and the reverse primer of S. 
canis. As expected, none of the mastitis isolates developed a species-specific amplicon for 
S. suis or S. equi. One-hundred-twenty isolates (61.5 %) shared the same genus in PCR and 
API 20 STREP results. Out of the 112 detected Streptococcus spp. only 63 (56.2%) isolates 
performed an equal result. 

Based on the PCR identification out of the 79 clinical mastitis cases, 36 were caused by S. 
uberis, 15 by enterococci and 10 by lactococci, respectively. 

Discrepancy between the different methods

The distribution of Streptococcus and Enterococcus species identified by API Strep and multiplex 
PCR is described in Table 1 and 2. The identification of enterococci by routine diagnostics was 
not in accordance in 22 strains (55.0 %, Table 1). Comparing the results achieved by routine 
diagnostics, biochemical and molecular biological identification a discrepancy of 43.0 and 
84.9% can be seen for S. uberis, respectively (Table 2). Reliable results can be obtained in 
routine diagnostics for S. agalactiae (0%) and S. dysgalactiae (28.5%). 

Discussion

Our results showed, Lancefield serogrouping is an accurate method for typing group B 
streptococci or S. agalactiae and also group G streptococci or S. canis, because of their relative 
consistent serological properties (Facklam, 2002). Nevertheless serogrouping is not a helpful 
tool in mastitis diagnostics, because the major group of isolated streptococci belongs to S. 
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Table 1. Identification of genus Enterococcus spp. by serogrouping, API 20 Strep and PCR and 
the identified discrepancy (n, %).

Species Number (%) of identified isolates

Routine 
diagnostic

API 20 Strep PCR Discrepancy

API 20 Strep 
vs. PCR

Routine 
diagnostic 
vs. PCR

Enterococcus spp. 40 (20.5) 73 (37.4) 40 (20.5) 11 (27.5) 22 (55.0)
E. avium 7
E. faecalis 50
E. faecium 14
E. durans 2

Table 2. Identification of genus Streptococcus spp. by serogrouping, API 20 Strep and PCR and 
the identified discrepancy (n, %).

Species Number (%) of identified isolates

Routine 
diagnostic

API 20 Strep PCR Discrepancy

API 20 Strep 
vs. PCR

Routine 
diagnostic vs. 
PCR

S. agalactiae 3 7 3 0 (0.0) 0 (0.0)
S. bovis 0 5 6 4 (66.7) 6 (100.0)
S. canis 2 0 2 2 (100.0) 0 (0.0)
S. dysgalactiae 27 16 14 5 (35.7) 4 (28.6)
S. parauberis 0 0 1 1 (100.0) 1 (100.0)
S. porcinus 0 6 0 0 (0.0) 0 (0.0)
S. uberis 19 54 86 37 (43.0) 73 (84.9)
S. mutans 0 1 0 0 (0.0) 0 (0.0)
S. equinus 0 1 0 0 (0.0) 0 (0.0)
Genus 
Streptococcus

51 (26.2) 90 (46.2) 112 (57.4) 49 84
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uberis, a biochemical extremely variable species. According to Lämmler (1991) and Khan et 
al. (2003) serological investigation of S. uberis revealed antigens of E, G, P and U. Difficulties 
exist also for S. dysgalactiae, because of its well known serological diversity (Vandamme et 
al., 1996). This can be confirmed in our study. The percentage of S. uberis isolates (27.7%) 
detected with the API 20 STREP system is close to data published by Devriese (1999), while 
the frequency of Enterococcus spp. (37.4%) is higher in our study than reported by Gillespie 
et al. (1997). The distribution of the remaining streptococci was variable. Unfortunately, 
only few data from others concerning distribution of gram positive catalase negative cocci 
isolated from bovine mastitis milk developed with molecular based methods are available. 
Gillespie et al. (1997) found 65% S. uberis, 20% S. dysgalactiae, 6% S. agalactiae and only 
0.6% Enterococci in 163 milk samples of dairy cows using randomly amplified polymorphic 
DNA (RAPD) fingerprinting method, and agreement of data with the API 20 STREP about 
91%. In our study the low accordance (54.9%) between the API 20 STREP and the molecular 
results is confirmed by Bosshard (2004), who found 39.2% discrepancy in comparison to 
molecular methods. A misidentification of enterococci is reported by others (Odierno et 
al., 2006; Fortin et al., 2003; Baum et al., 1998). That goes conform with our data, 24 S. 
uberis isolates were misidentified as Enterococcus spp. by the API 20 STREP system. S. canis 
was never detected by the API 20 STREP system, but for two times by means of PCR and 
serogrouping. In conclusion some reasons for misidentification in API 20 STREP system 
could be explained by non included species (like S. parauberis), biochemical variability within 
a species (S. uberis) and misinterpretation of reaction colours. A lot of molecular methods 
such as PCR-RFLP, DNA sequencing and other PCR based methods are able to distinguish 
catalase negative gram positive cocci (Zschöck et al., 2005; Khan et al., 2003; Gillespie et al., 
1997.). Compared with biochemical methods, PCR based methods are less time consuming. 
Some of them can give reliable results within few hours. One disadvantage is that these 
methods do not cover the whole range of catalase negative gram positive cocci, so they are 
limited by the species integrated in the kit. The most routine laboratories are not prepared 
for doing molecular analysis and their use is limited to reference laboratories. Additionally 
taxonomy of streptococcal species is still an unresolved problem (e.g. for the S. bovis group). 
Permanent changing of established species names causes disagreement between taxonomists, 
molecular biologists and clinical bacteriologists, and does not facilitate a reliable diagnostic 
(Köhler et al., 2007). 

It was the objective of this study to gain information about the distribution of catalase-negative 
mastitis pathogens in Austria, identified with molecular methods under routine conditions. 
At the moment no comparable data do exist. Additionally the system of serological and 
biochemical routine mastitis diagnostic was evaluated. This study has shown that commonly 
used methods to identify catalase negative and gram positive cocci from mastitis milk can 
result in a high number of misidentifications.



Mastitis control - From science to practice � 197

In conclusion, the correct identification of environmental mastitis pathogens like S. uberis and 
enterococci has to be developed in routine diagnostics to be able to set up control programmes 
for reducing the impact of these infections in the dairy herd. 
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Abstract

The possibility to detect mastitis pathogens based on their volatile metabolites was studied. The 
5 most important mastitis pathogens in the Netherlands (Staphylococcus aureus, coagulase-
negative staphylococci, Streptococcus uberis, Streptococcus dysgalactiae, and Escherichia coli) 
were used in this study. Using a neural network, mastitis causing pathogens were identified 
based on the produced pattern of volatile metabolites. The source of the metabolites is 
unknown; they can be formed by the pathogens, but they can also be formed by enzymes 
coming from e.g. the blood of the cow. By inoculating milk of healthy cows with mastitis 
pathogens, the formation of volatile metabolites by bacteria in milk could be separated from 
possible other sources of metabolite formation. In general, most metabolites were found in 
similar concentration in both type of samples. However, some metabolites (mainly ethyl esters 
of free fatty acids) were not found in inoculated samples, probably due to lack of enzyme 
activity related to the cows’ blood. It was concluded that volatile bacterial metabolites could 
be used for pathogen identification, and that the metabolites were mostly formed by the 
pathogen and are not the result of the mastitis process in the udder.

Keywords: diagnosis, neural network, pathogens, volatile metabolites

Introduction

Determination of mastitis causing pathogens is of great interest, both for choice of treatment 
as well as for herd level management measures to prevent the spread of mastitis. Currently, 
determination of mastitis pathogens is generally done by bacteriological culturing. One of 
the disadvantages of this method is that it is time-consuming. Faster methods of pathogen 
detection are advantageous, because farmers are earlier able to choose an optimal treatment. 
In microbiology, screening of volatile bacterial metabolites for detection and classification 
purposes is frequently used (Turner and Magan, 2004). In our study, the first goal was to apply 
this principle to clinical mastitis samples.

The volatile metabolites detected in mastitis milk samples may be formed by the pathogen 
in the sample. For example, the formation of 2- and 3-methylbutanal, as well as branched 
free fatty acids by Staphylococcus aureus has been described by Ritter and Hanni (1960). In 
mastitis samples, other, not previously described, metabolites may also detected. Whether 
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these components were formed by the pathogen is not known. Detected metabolites may, 
for example, also be formed by enzymes which travel from the blood trough the disturbed 
blood-milk barrier to the milk, or by enzymes associated with endothelial cells of the udder 
tissue. Additionally, a combination of enzymes from several sources may be involved in the 
formation of volatile metabolites. The second goal of this study was to determine whether the 
volatile metabolites originate from the pathogens, which has been studied using inoculation 
of pathogens in milk of healthy cows.

Materials and methods

Clinical samples

Samples from cows with clinical mastitis were selected from the bacteriological diagnostic 
lab of the GD Animal Health Service (GD). Samples had been screened for the presence of 
bacteria. If one of 5 pathogens of interest (Staph. aureus, coagulase-negative staphylococci 
(CNS), Streptococcus uberis, Streptococcus dysgalactiae, or Escherichia coli) was cultured, the 
remainder of the sample (approx. 5 ml) was frozen at -20 °C for later use. Ten samples per 
pathogen were collected. Also, the pathogen cultured from the clinical samples was frozen 
at -80 °C for inoculation.

Inoculated samples

Bacteria isolated from clinical mastitis samples were used to inoculate milk samples of healthy 
cows. In milk of healthy cows, somatic cell count (SCC) is low and the mammary epithelial 
tissue is intact. This minimises the amount of enzymes from the blood and somatic cells in 
the milk. By inoculating pathogens to these samples, the effect of the pathogen itself can be 
studied.

Fifteen milk samples of cows, without signs of clinical mastitis and with low SCC (<75,000/
ml), were supplied by the ‘De Ossekampen’, the university farm of Wageningen University 
and Research Centre. Ten ml foremilk samples were taken after disinfection of the teat and 
forestriping, into sterile 12 ml tubes. Directly after taking these samples, they were transported 
to the laboratory and inoculated, in the same tube, with one of the five pathogens cultured from 
clinical samples (3 samples per pathogen). Inoculation was performed with broth containing 
109 cfu/ml, diluted to a final inoculation level of 105 cfu/ml in the milk sample.

The inoculated samples were subsequently incubated at 37 °C for 8 hours. After incubation, 
the samples were cooled on ice to approximately 0 °C. Five ml of the sample was subsequently 
transferred to a headspace vial. The headspace vial was then frozen at -20 °C for a maximum 
of 1 week before analysis of volatile metabolites.



Mastitis control - From science to practice � 201

Analysis of volatile metabolites

The analysis was performed according to Hettinga et al. (2008) After thawing, 5 ml milk samples 
were preheated in 20 ml vials for 1 min at 60 °C. Volatile metabolites were extracted from the 
headspace for 5 min with a 75 μm PDMS-carboxen SPME fiber (Supelco, Bellefonte, PA) using 
the combiPAL autosampler (CTC Analytics AG, Switzerland). The volatile metabolites were 
thermally desorbed from the fiber. GC separation of the volatile components was performed 
on a Finnigan Trace GC gas chromatograph coupled to a Finnigan DSQ mass spectrometer. 
Volatiles were separated on an apolar BPX-5 column of 30 m length, 0.15 mm i.d., and 0.25 
μm film thickness (SGE, Austin, TX). Oven temperature was held at -30 °C for 3 min, raised 
to 230 °C at 20°C/min, followed by 1 min holding. Helium was used as the carrier gas at a 
flow rate of 0.6 ml/min. The MS interface and the ion source were kept at 250 °C. Acquisition 
was performed in electron impact mode (70 eV) with 2 scans/s; the mass range used was m/z 
33-250. 

The resulting chromatograms were analysed using the AMDIS software for improved peak 
identification (NIST, Gaithersburg, MD). Peak integration was subsequently performed using 
the XCalibur software package. Finally, NeuralTools (Palisade, Ithaca, NY) was used to develop 
artificial neural networks (ANN). Probabilistic neural networks (PNN) were the type of ANN 
used for this study. Training of the neural networks was carried out using cross validation, 
with 70% of the samples used for training and 30% for validation.

Results and discussion

Clinical samples

The volatile metabolites which occur in clinical mastitis samples have been determined. A 
maximum of 19 volatile metabolites were detected. When comparing pathogens, Staph. aureus 
produced a very different pattern of volatile metabolites compared to the other samples. 
Samples with CNS and E. coli had enough dissimilarities with the other pathogens, making 
it possible to separate these two pathogens from each other and the other samples. The two 
streptococcus species did not show significant differences between each other but could be 
identified as a different group from the other pathogens. Due to variability between samples 
within a group, comparisons between pathogens were not sufficient for classification of the 
samples by univariate statistics. Therefore, an artificial neural network (ANN) was trained to 
classify the pathogen in the milk samples based on the bacterial metabolites.

The ANN was trained to identify the five pathogens. The correct classification rate in this case 
was 66%, with the main errors between the two Streptococcus species. This can be explained 
based on the similarity in presence of volatile metabolites. Because of this, for subsequent 
ANN training, the two different streptococcus species were handled as one group.
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Next, an ANN was trained to identify the four groups. The correct classification rate now was 
93%. The classification matrix can be seen in Table 1.

Inoculated samples

Table 2 contains an overview of the results of the comparison between clinical and inoculated 
milk samples. When comparing differences between clinical mastitis samples and inoculated 
samples, the main difference for almost all pathogens is that in inoculated samples, ethyl esters 
of free fatty acids are absent, or significantly lower. This may be explained by the production 
of esterases by the cow (McSweeney and Sousa, 2000). These esterases occur in the blood. 
In case of clinical mastitis this enzyme can probably transfer from the blood to the milk due 

Table 1. Cross-validation results of training an ANN to differentiate between 4 mastitis 
groups.

Microbiological 
identification

Predicted by ANN1 Correct 
(%)

Staph. aureus CNS2 Streptococcus E. coli

Staph. aureus 3 0 0 0 100
CNS 0 2 1 0 66
Streptococcus 0 0 6 0 100
E. coli 0 0 0 3 100
Total correct 93

1The number of samples classified in the respective group by the ANN
2CNS = coagulase negative staphylococci

Table 2. Ethyl esters of free fatty acids detected in milk samples from clinical mastitis (C) and 
inoculated samples (I), containing Staph. aureus, coagulase-negative staphylococci (CNS), 
Strep. uberis, Strep. dysgalactiae, and E. coli.

Metabolite Staph. aureus CNS S. uberis S. dysgalactiae E. coli

C I C I C I C I C I

Ethyl acetate 1·106 4·104 0 0 5·104 0 2·104 0 7·105 4·105

Ethyl butyrate 7·105 0 0 0 7·104 0 1·105 0 3·105 2·104

Ethyl hexanoate 4·105 0 8·102 0 6·104 0 9·104 0 2·105 0 
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to disturbance of the blood milk barrier. These enzymes would then not be present in the 
milk of healthy cows, thus explaining the absence of these esters in inoculated samples. Also, 
Marquardt et al. (1965) showed an association between the severity of mastitis and the level 
of esterases in the milk. These esterases were associated with the leukocytes in cows blood 
entering the milk during mastitis.

Conclusions

Volatile metabolites found in milk from uninfected quarters differed significantly from 
metabolites found in milk from infected quarters. Additionally, different pathogens were found 
to differ in the formation of volatile metabolites. An ANN was able to differentiate between 
S. aureus, CNS, Streptococci, and E. coli with a correct classification of 93%. Comparing 
metabolites in clinical and inoculated samples, showed that most metabolites are present 
in both samples, in similar concentrations. The absence of ethyl esters is the most striking 
difference between the two types of samples, and can be explained by the absence of transfer 
of the esterase enzyme from the cow’s blood to the milk in case of inoculated samples. 
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Abstract

Staphylococcus aureus is one of the most prevalent causes of bovine mastitis. The antimicrobial 
treatment of this disease is currently based on antimicrobial susceptibility testing according to 
CLSI standards. However, various studies have shown that there is a discrepancy between the 
results of this standard susceptibility test and the actual cure rate of the applied antimicrobial 
treatment. Increasing evidence suggests that biofilm formation by S. aureus is associated to 
with this problem. Previous data obtained with a limited number of strains revealed that the 
extended biofilm susceptibility assay (EBS assay) allows for differentiation between strains, 
which cannot be derived from a standard susceptibility test or from a 24-hour biofilm 
susceptibility assay. Based on the results form a previous study with the same collection of 
strains (unpublished data, see poster presentations Mastitis control 2008) the effect of Agr-
type and the presence of IS257 in Agr-type II strains on the biofilm susceptibility was studied. 
The results revealed differences in biofilm susceptibility for both the Agr-type of the strains 
and for the presence of IS257 in Agr-type II strains. The presence of IS257 in Agr-type II 
strains also has a marked effect on the in vitro biofilm density of these strains. Furthermore, 
the results confirmed the decreasing antimicrobial efficacy against older biofilms, and the 
increased antimicrobial efficacy due to longer duration of antimicrobial challenge on biofilms 
was shown. The data presented here offer an explanation for the higher efficacy of early 
antimicrobial treatment and for treatments of longer duration in bovine mastitis S. aureus 
infections described in the literature from several epidemiological studies.

Keywords: antimicrobial susceptibility, biofilm, genotyping, Staphylococcus aureus, treatment
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Introduction

Staphylococcus aureus is one of the major causes of subclinical, clinical, recurrent and chronic 
mastitis in dairy cattle. The nature of these infections in dairy cows, being often therapy- 
resistant, indicates that biofilm growth of S. aureus is related the course of these persistent 
infections (Melchior et al., 2006a). A recent study, with a limited number of bovine mastitis S. 
aureus strains, has shown that these strains are able to form a bacterial biofilm (Melchior et al., 
2006b). Furthermore, comparison the of results obtained with the standard CLSI susceptibility 
test with those obtained in a biofilm susceptibility assay for a number of antimicrobials 
commonly used for mastitis therapy, it was evident that these strains were less susceptible 
when growing in a bacterial biofilm (Melchior et al., 2006b, 2007). 

In 2006 a representative collection of S. aureus bovine mastitis strains was gathered amongst 
Dutch dairy cows. Because of the low prevalence of penicillin-resistance amongst these 
strains, which is in concordance with the current penicillin-resistance prevalence in the 
Netherlands, twenty penicillin-resistant strains from the Dutch Veterinary antimicrobial 
resistance surveillance program were added to this collection (MARAN, 2003-2005). 

Previous data obtained with this collection of strains, on the correlation between the biofilm 
forming ability and the prevalence of several genes, revealed three interesting features of 
these strains. First, a high correlation between the Agr-type of the strains and the amount 
of biofilm formed by the strains was found (unpublished data, see poster abstracts Mastitis 
control 2008). Second, a high correlation between the Agr-type I strains and the presence of 
beta-lactamase resistance genes and third a high correlation between Agr-type II strains and 
the presence of IS257 was observed (unpublished data). The Agr locus of S. aureus which 
controls most of the virulence factors, encodes a two-component signaling pathway whose 
activating ligand is an agr-encoded autoinducing peptide (AIP) (Ji et al., 1997; Lyon et al., 
2002; Kong et al., 2006). A polymorphism in the amino acid sequence of the AIP and of its 
corresponding receptor divides S. aureus strains into four major groups. Within each group 
the strains produce a peptide that can activate the agr response in the other member strains, 
whereas the AIPs belonging to different groups are usually mutually inhibitory (Ji et al., 1997; 
Jarraud et al., 2002; Lyon et al., 2002).

The role for the presence of IS257 in Agr-type II strains, which is commonly associated with 
several resistance genes e.g. the beta-lactamase genes, was unclear, since in these strains it was 
typically not associated with any of the tested resistance genes (unpublished data). The aim of 
the present study was to investigate the relation between the extended biofilm antimicrobial 
susceptibility and the Agr-type of the strain collection, and secondly to investigate the effect 
of the presence of IS257 in Agr-type II strains in the extended biofilm susceptibility assay.
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Materials and methods

Collection of S. aureus isolates

The S. aureus strains tested in this study originated from two sources: 
a. 	 Field strains. From December 2005 until September 2006, cows from farms spread over 

the Netherlands were sampled. The selection of cows was based on their 4-6 week somatic 
cell count (SCC) patterns. Selection criterion for a subclinical infection was a cow SCC 
>120,000 cells/ml, without any other signs of infection. Milk samples were send to the 
GD Animal Health Service in Deventer (GD, Gezondheidsdienst voor Dieren, Deventer). 
During the same period, milk samples from animals with clinical bovine mastitis, which 
were send to the GD for diagnostic reasons, were randomly collected as well. All milk 
samples were incubated according to standard laboratory procedures of the National 
Mastitis Council (ISO 17025 certified laboratory) and the isolated S. aureus strains were 
stored at -70 °C. From the S. aureus positive samples all 58 strains from 54 farms were 
included in this study. Only one strain per cow was selected. These strains are designated 
the GD strains in this study (see Table 1). 

b. 	 Penicillin-resistant S. aureus strains. Because of the low number of penicillin-resistant 
strains in collection A (approx. 10%), which is in accordance with the current prevalence 
of penicillin-resistance in the Netherlands (MARAN, 2003-2005), a batch of penicillin-
resistant strains was added to this collection. In total twenty penicillin-resistant S. aureus 
strains from bovine mastitis from the Dutch antimicrobial surveillance program (MARAN, 
2003-2005) collected between 2003 and 2005 were obtained from the Central Veterinary 
Institute Lelystad (CVI, Lelystad). These strains are designated the Lelystad strains in this 
study (see Table 1).

Extended antimicrobial susceptibility assay for bacteria growing in biofilms 

Measurements of the antimicrobial susceptibility of bacteria growing in biofilms were performed 
with the MBEC™ biofilm assay (Ceri et al., 1999; Olson et al., 2002; Melchior et al., 2006b, 2007). 
In brief, biofilms are allowed to form on the surface of 96 pegs on the peg- lid in the assay. 
The biofilms formed on all pegs were found to be statistically equivalent (Ceri et al., 1999) and 

Table 1. Bacterial strains used in this study.

Agr-type N= Beta-lactamase pos (%) Sample source (n)

Agr I, III, IV 29 83 GD (9), Lelystad (20)
Agr II 26 0 GD (26)
Agr II, IS257 positive 23 0 GD (23)
Total 78
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were subsequently exposed in 96-well plates for a variable period of time to growth medium 
containing antimicrobials in different concentrations, to allow determination of the susceptibility 
of the bacteria grown in biofilm for these antimicrobial agents (Ceri et al., 1999). 

The assay was performed as previously described (Ceri et al., 1999; Melchior et al., 2006b, 
2007) with some modifications. The Agr-type II, IS257 positive strains (see Table 1) were also 
investigated with bacterial biofilms formed during 48h. Bacterial biofilms were challenged 
with antimicrobials during 24 h and 72 h with two-fold antimicrobial dilution plates (Sensititre 
plates, MSC Diagnostics BC, Swalmen, Netherlands). For the 72 h antimicrobial challenge, 
plates were replaced every 24 hours during three consecutive days. During this period the 
96-well plates were incubated at 37 °C. 

Results and discussions

To investigate if biofilm formation can explain the discrepancy between the high in vitro 
susceptibility, and the disappointing bacteriological cure after therapy in S. aureus bovine 
mastitis infections, 78 recently isolated strains were tested in an extended biofilm antimicrobial 
susceptibility assay. A secondary question was concerned with the genotypes of the strains 
associated with higher or lower biofilm susceptibility.

Previous investigations with the same strains as used in this work revealed that there is a very 
high association between the Agr-type of the S. aureus strains and the prevalence of beta-
lactamase genes. The Accessory Gene Regulator (Agr-gene) is a two-component response 
regulator which, in coordination with other response regulators, is known to regulate the 
expression of multiple virulence factors during the colonisation and invasion phases of the 
staphylococcal infection (Bronner et al., 2004; Chan et al., 2004). There are indications that the 
genetic variability in the agr locus, which results in four Agr-types, influences the pathogenesis 
of several human S. aureus infections e.g. menstrual toxic shock syndrome (mostly Agr-type 
III) and scalded skin syndrome (mostly Agr-type IV) (Bronner et al., 2004). However, the effect 
of the Agr-type of the strains, in relation to its effects on colonisation and invasion could not 
be studied in this biofilm antimicrobial susceptibility model.

When comparing the BMIC data for amoxicillin with clavulanic acid and cloxacillin between 
strain types, it became clear that the majority of Agr-type I, III and IV strains was inhibited 
between 1-4 μg/ml and the majority of Agr-type II strains between 0.25-0.5 μg/ml. If the 
beta-lactamase negative AgrI, III and IV strains would be excluded from this comparison, 
the differences would be even more pronounced. These data, derived with the antimicrobials 
most often used for S. aureus mastitis infections, might explain why it is more difficult to 
effectively cure the Agr-type I, III and IV beta-lactamase positive strains in vivo, compared 
to the Agr-type II strains, which are beta-lactamase negative. 
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When comparing the MBEC D1 and D3 data for all tested antimicrobials it becomes evident 
that often three days of antimicrobial challenge were necessary for eradication of the bacteria 
from the biofilm. The only exception were the Agr-type II, IS257 positive strains for the 24 h 
biofilms, however the density of the bacteria in the biofilm in this assay (being more than one 
log lower compared to the other strains), makes a comparison difficult. 

The extended biofilm antimicrobial susceptibility assay enables discrimination between strains 
which were eradicated at concentrations below CLSI breakpoints at D1, and strains which 
were not even eradicated at CLSI breakpoints concentrations at D3. The in vitro differences 
between these strains, might explain why some strains can only be effectively treated in vivo 
with a longer duration of therapy (Sol et al., 1997; Pyorala and Pyorala, 1998; Sol et al., 2000; 
Taponen et al., 2003). The mechanisms behind these differences, whether they are caused by 
membrane proteins, regulatory systems or differences in metabolism, can be the subject of 
further study with the availability of this in vitro model.

The results of the 48h biofilm for the Agr-type II, IS257 strains compared to the 24 h biofilm 
of the same strains, confirm results of previous studies from Amorena et al (1999) and 
Monzon et al (2001) and it is generally accepted that older biofilm are less susceptible. Our 
results with biofilm growing bacteria present an explanation for what is already known from 
epidemiological studies, namely that the duration of infection is an important parameter for 
prediction of the therapy outcomes. Whether Agr-type II, IS257 positive strains are slower 
in formation of the biofilm in vivo, needs to be confirmed.

When comparing the efficacy for Agr-type II strains of the four tested antimicrobials results 
suggest that mastitis infections for all of these strains, with exception of one penicillin resistant 
strain which came out negative in the BlaZ genes PCR (unpublished results), should be 
treated with penicillin, as results give no evidence for better efficacy for the other tested 
antimicrobials. The very low association with penicillin resistance for these strains suggests 
that transformation of these strains to a penicillin resistant strain is very unlikely.

In conclusion, the extended biofilm susceptibility assay explains the findings of previous 
epidemiological studies in which it was concluded that duration of infection and duration of 
treatment are important parameters for therapy outcome. Furthermore our results support 
the exclusive use of the antimicrobial penicillin for penicillin susceptible Agr-type II strains, 
which is prescribed for penicillin susceptible Staphylococcus spp. in Scandinavian countries. 
However, care should be taken when Agr-type I, III or IV S. aureus are encountered, as these 
strains seem more susceptible for transformation into penicillin resistant strains.
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Abstract

The goal of this study was to determine the impact of modifiable management practices on 
the incidence of pathogen-specific subclinical mastitis. The relationship between bedding 
and feeding management and the incidence of coagulase negative Staphylococcus (CNS) 
intramammary infection (IMI) is explored in this paper. Ninety Canadian dairy herds were 
selected and in each herd bacteriological culture of three repeated quarter milk samples of 
15 dairy cows was realised. The median herd CNS IMI incidence was 0.40 IMI/quarter-year 
at risk (first and third quartiles: 0.17 and 0.82). Cows that were housed on sawdust had three 
times less risk of acquiring a new CNS IMI. Use of straw as bedding and timing of feed delivery 
in relation to milking were not significant risk factors for new CNS IMI.

Keywords: CNS, bedding, control program, lying, nutrition

Introduction

Subclinical mastitis is recognised worldwide as one of the most costly health problems for the 
dairy industry. Numerous studies have already identified management practices and preventive 
measures associated with the prevalence of subclinical IMI (Barkema et al., 1998; Barnouin et 
al., 2004). However, a single measure of infection prevalence is not sufficient to distinguish the 
effects of risk factors on the IMI incidence rate from their effects on the duration of infection 
(Greenland and Rothman, 1998). To obtain a long term control, mastitis control programs 
should specifically target risk factors associated with IMI incidence. To ensure the success 
of these control programs, the field conditions that have the potential to facilitate or to limit 
their effectiveness should also be identified. 
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The primary objective of this study was to estimate the effects of modifiable management 
practices on the incidence of pathogen-specific lactational subclinical IMI. An important goal 
was to identify factors that act as confounders or effect-modifiers of known IMI prevention 
practices and that can therefore limit their effectiveness. Among the different management 
practices that have been associated with subclinical mastitis, bedding management has been 
frequently associated with subclinical IMI prevalence (Barnouin et al., 2004, Fregonesi and 
Leaver, 2001). Another common practice that has been associated with a lower subclinical IMI 
prevalence is preventing cows from lying down after milking (Barnouin et al., 2004). A very 
common way to keep cows standing after milking is to deliver fresh feed either shortly before 
or during milking to stimulate cows to feed rather than to lie down (Johansson et al., 1999; 
Tyler et al., 1997; Devries and Von Keyserlingk, 2005). In the present study, CNS was the most 
frequently involved pathogen. In this paper we will therefore focus on the possible association 
between the incidence of CNS IMI and the two previously discussed management practices.

Materials and methods

A cohort of 90 Canadian dairy farms distributed in four different regional centers was recruited 
for this prospective study. Herds were selected from strata of high, intermediate and low 12-
months average bulk tank somatic cell count (SCC), with border of >300,000 and >150,000 
cells/ml, respectively. This longitudinal study was based on four periods of repeated quarter 
milk sampling beginning March 2007 and ending August 2008. The results that are presented 
are preliminary results from the first period of intensive sampling (March-May 2007). During 
this time period single-quarter milk samples of five fresh and ten randomly selected lactating 
cows were collected in each herd once every three weeks for a total of three samplings. For 
each sampling the teat end was first cleaned and dried, the first streams of milk were discarded, 
and the teat end was scrubbed with an alcohol swab prior to milk collection. Milk samples 
were stored at -20 °C until processing. One one-hundredth of one ml of milk was cultured 
and bacterial species were identified according to National Mastitis Council (NMC) standards 
(Harmon et al., 1990). Colony counts were recorded for each bacterial species. Samples with 
three or more bacterial species were considered contaminated and were not informative of 
CNS status. A quarter was considered to be infected if ten or more CNS colony forming 
units per 0.01ml of milk were found in pure culture. A new IMI was defined as a positive 
sample following a negative sample. Therefore, quarters had to be negative at either the first 
or second sampling to be considered at risk of a new IMI. Following bacteriology, bronopol 
was added to the milk and it was refrozen at -20 °C until SCC analysis. SCC was determined 
by a Fossomatic milk cell counter (Foss Electronic, Hillerod, Denmark). French and English 
versions of a questionnaire were developed to assess management practices implemented 
on farm and social characteristics of the producers. Questionnaire translation was realised 
using a formal process that included multiple translation-correction steps as described by 
Brislin (Lonner and Berry, 1986) and a pilot study was conducted. The questionnaires were 
then administered in person by the main author and a team of technicians. Production data 
were obtained from Dairy Herd Improvement programs. 
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Statistical analysis

A univariable analysis was first performed to detect extreme values. No observations were 
excluded for this reason. Occurrence or non-occurrence of a new CNS IMI was the dependant 
variable in all analyses. Multilevel models were fit to the data using MLwiN 2.02 (Rasbash, 
London, England). First order penalised quasi likelihood estimation (PQL) using a restricted 
generalised iterative least squares (RGILS) algorithm was used to build a three levels (quarter, 
cow and herd) random intercept logistic model containing a constant and center as a fixed 
effect. Bivariable analyses for screening of independent variables were then conducted 
using this model. A total of 30 variables were screened, 10 of them being related to bedding 
management, six to feeding management and five to milking procedures. The other variables 
screened were regional center, housing type, herd size, herd manager work’s habits, parity, 
days in milk, quarter linear score, teat end callosity and roughness and concomitant Staph. 
aureus IMI. All independents variables with P≤0.20 (Wald’s test) were retained for further 
analyses. Four management practices were then analysed in four separate models as primary 
independents variables:
•	 Model 1: Use of straw as bedding.
•	 Model 2: Use of sawdust as bedding.
•	 Model 3: Frequency at which new bedding is added (less than once a day, once a day or 

more than once a day).
•	 Model 4: Feed stimulation through delivery of fresh feed and/or concentrate and/or pushing 

the feed ± 45 minutes from the onset of milking (no feed stimulation, feed stimulation for 
one milking, feed stimulation for both milking).

Each management practice variable was first introduced in the previously described three-
level logistic model. Then the previously screened independent variables were added to the 
model one at the time. Change in the estimate of the coefficient of the primary variable was 
evaluated and secondary variables causing a change of 10% or more were retained. These 
secondary variables were then introduced sequentially in the model to provide an adjusted 
estimate of the primary variable parameter. Finally, logically explainable interactions were 
evaluated as well as random coefficients at the different levels. The assumptions of normality 
and homogeneity of variance were evaluated by examining the Normal probability plots of 
residuals and plots of residuals vs. predicted values. Two alternative approaches were used 
to provide revised estimates; a first order marginal quasi likelihood estimation (MQL) using 
and RGILS algorithm and a Bayesian Markov chain Monte Carlo estimation (MCMC) using 
Metropolis-Hastings sampling with diffuse sampling, a burn-in period of 500 iterations and 
a run of 45,000 iterations.

Results

Two herds were not included in these analyses due to incomplete questionnaires at the time 
of the analysis. A total of 5,302 quarters from 1,288 cows were sampled, of these 640 were 
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not considered at risk of a new IMI according to the previously described risk definition and 
were excluded. During the six week sampling period, 237 new CNS IMI were detected and 
the median herd incidence was 0.40 IMI/quarter-year at risk (first and third quartiles: 0.17 
and 0.82). Variables retained following bivariable analysis are listed in Table 1. 

Table 1. Unadjusted CNS odds-ratio (OR) estimates of fixed effects, bivariable analysis.

Factors OR (95% CI) P¹ 

Parity: multiparous 0.73 (0.55, 0.96) 0.03
SCC linear 
score at 1st 
sample: 

0 reference <0.01
1 2.9 (1.9, 4.5)
2 4.0 (2.6, 6.2)
≥3 5.7 (4.0, 8.1)

Housing: Tie-stall reference  <0.01
Free-stall 0.63 (0.40, 0.99)
Bedding pack 1.9 (0.92, 4.0)

Herd manager works rather meticulously 0.68 (0.39, 1.2) 0.16
Feed stimulation ±45min. from milking 0.11

No feed stimulation reference
Feed stimulation for 1 milking 1.9 (1.0, 3.5)
Feed stimulation for 2 milkings 1.7 (0.94, 3.2)

Concentrates fed in milking parlor 0.47 (0.17, 1.3) 0.14
Concentrates fed by self-feeder 2.5 (1.1, 5.5) 0.02
Straw as bedding 1.8 (1.1, 2.7) <0.01
Sawdust as bedding 0.33 (0.13, 0.84) 0.02
Bedding adding frequency <0.01

< Once a day reference
Once a day 1.9 (1.2, 3.0)
> Once a day 1.1 (0.72, 1.8)

Clean: Dirty teats only reference 0.04
All teats 0.25 (0.07, 0.92)

Fore-strip all cows 0.78 (0.53, 1.1) 0.20
Post-dip 0.35 (0.08, 1.5) 0.16
Center: Alberta reference 0.01

Ontario 1.4 (0.85, 2.3)
Quebec 0.67 (0.39, 1.1)
Atlantic 0.86 (0.38, 1.5)

¹ Joint P value is given for multiple classes categorical variables. 
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Briefly, one quarter level variable, SCC linear score at first sampling and one cow level variable, 
primiparous vs. multiparous were retained. All other variables were herd level variables and were 
composed of one social characteristic, meticulousness of the herd manager (self-evaluation), 
type of housing and various management practices related to feeding, bedding and milking 
procedures. None of the tested interactions and random coefficients were significant. 

In all models and for each level the assumption of equality of variance was reasonable. In all 
models, the assumption of normality was respected for the herd level but could not be assess 
thoroughly at the cow level due to the small number of replicates at this level. The revised 
MQL and MCMC estimates were in close agreement with the PQL estimates (data not shown). 
Penalised quasi likelihood estimates were retained since they were closer to zero and therefore 
more conservative. Table 2 provides estimates of the parameter for each primary variable after 
adjustment for confounding by covariates.

Discussion

Bedding management

It has been observed that CNS IMI prevalence can be influenced by bedding type (Ferguson 
et al., 2007). In our study, we have found a similar association between bedding type and CNS 
IMI incidence. Although the use of straw bedding was not a significant risk factor for new 
CNS IMI, the use of sawdust bedding conversely had a strong negative association with CNS 

Table 2. Adjusted CNS odds-ratio (OR) estimates of fixed effects (1st order PQL). 

Primary variables OR (95% CI) Covariates

1. �Feed stimulation ±45min. from 
milking

Reference Center, housing type, sawdust bedding, 
bedding adding frequency, SCC linear 
score, concentrates fed in milking parlor No feed stimulation 1.3 (0.71, 2.5)

Feed stimulation for 1 milking 1.1 (0.60, 2.2)
Feed stimulation for 2 milkings

2. Straw as bedding 0.96 (0.52, 1.8) Center, housing type, sawdust bedding, 
bedding adding frequency, SCC linear 
score, concentrates fed by self-feeder 

3. Sawdust as bedding 0.37 (0.15, 0.93) Center, bedding adding frequency
4. Bedding adding frequency Center, housing type, sawdust bedding, 

SCC linear score, concentrates fed in 
milking parlor

< Once a day Reference
Once a day 1.2 (0.60, 2.4)
> Once a day 0.83 (0.43, 1.6)
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IMI incidence. Cows that were housed on sawdust had three times less risk of acquiring a 
new CNS IMI. This effect of bedding type could be mediated through different mechanisms. 
First, the bedding material itself has an initial bacterial load and physical, biochemical and 
nutritional properties that can sustain and promote bacterial growth. Different bedding types 
will therefore support different types and different loads of bacteria. Bacteria types and counts 
found in bedding materials have a positive correlation with the bacteria types and counts 
present on the teat end (Zdanowicz et al., 2004). It is likely that CNS species are not as well 
supported by sawdust bedding than by other types of bedding and this could result in lower 
CNS IMI incidence for cows housed on sawdust.

The observed association between sawdust bedding and CNS IMI incidence could also be 
mediated indirectly through improved cow cleanliness. Norring et al. (2008) observed that 
cow cleanliness is affected by bedding type even though there were no differences in stall 
dirtiness. Others have found that SCC is strongly associated with cow cleanliness (Renaud 
et al., 2005). Cow cleanliness scores were not available for this first sampling period but they 
have been collected during the subsequent sampling periods and a more complete analysis of 
the interaction between bedding type, cow cleanliness and CNS infection will be done. Finally, 
although it seems plausible that more frequent addition of clean bedding could decrease 
subclinical mastitis incidence, the observed lower CNS IMI incidence ratio associated to this 
practice was not significant.

Delivery of fresh feed around milking time

Previous epidemiologic studies have observed an association between management practices 
which encourage cows to remain standing after milking and the probability of a herd having 
a lower herd SCC and lower clinical mastitis incidence (Barnouin et al., 2004; Peeler et al., 
2000). Others have observed that delivery of feed around milking increase the time cows spend 
standing and the percentage of cows standing after milking (Johansson et al., 1999; Tyler et 
al., 1997; Devries and Von Keyserlingk, 2005). In the present study, however, there was no 
significant association between feed stimulation and CNS IMI incidence. It is possible that the 
observed lower SCC associated with this practice is not mediated through a reduction of CNS 
IMI incidence, but possibly by a decrease in the incidence of other species of bacteria. It has 
been demonstrated that CNS readily colonises the teat skin and teat canal and is commonly 
found in those areas (White et al., 1989). Therefore it seems likely that the penetration of 
CNS bacteria in the teat canal would not necessarily be influenced by whether the cow is 
standing or lying.

Caution must be taken when making causal inference. Using a technique to keep cows standing 
after milking might in fact reflect overall better management practices. The lower SCC that 
was associated with preventing cows from lying down after milking found in other studies 
could in fact be the result from this superior general management. Attitudes, knowledge and 
motivation of the dairy producers have been shown to have a considerable impact on IMI 
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prevalence (Jansen et al., 2008) and could be an important source of heterogeneity of effect 
for numerous management practices on IMI incidence. A more complete evaluation of these 
social characteristics was not available when these analyses were realised, but these data are 
being collected and will be analysed. 

Finally, there have been no controlled studies so far evaluating directly the association between 
the length of time spent standing after milking and the incidence rate of environmental IMI. 
Further research in this direction is needed to fully understand this association, and how 
delivery of fresh feed around milking time can impact this.

Conclusion

There was a preventive effect from sawdust bedding on the incidence of subclinical CNS IMI. 
Use of straw as bedding and frequency at which new bedding is added were not significantly 
associated to CNS IMI incidence. Additionally, providing fresh feed either shortly before or 
during milking did not influence the incidence of subclinical CNS IMI. We must stress that 
these preliminary analyses were realised with an incomplete set of independent variables. This 
could result in residual confounding bias still being present in our multivariable models.
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Abstract

Somatic cell counts (SCC) are widely used to assess mammary gland health in dairy herds and 
over 50% of UK dairy farms subscribe to a recording scheme. Individual cow SCC are generally 
used as a proxy for intramammary infection (IMI); a threshold of 200,000 cells/ml is commonly 
used to indicate probable IMI. The resolution of herd problems requires quantification of 
disease patterns for which realistic targets are necessary. The aims of this research were (1) 
to provide UK benchmarks of cow SCC changes for the diagnosis of herd problems and (2) to 
quantify the association between cow SCC changes and herd bulk milk SCC. Data consisted 
of 6,920,955 recordings from 1,845 herds in England and Wales carried out between January 
2004 and December 2006. A threshold of 200,000 cells/ml was used to categorise cows as 
infected or uninfected. Based on 2 consecutive recordings, the movements between infection 
categories both during lactation and across the dry period were investigated. Linear mixed 
models were used to assess the association between herd bulk milk SCC and individual cow 
SCC movements. Overall 25% of recordings were above 200,000 cells/mL, and there was large 
variation between herds. Cures did not compensate for new infections during lactation; the 
prevalence rose from less than 20% in the first 30d in milk to more than 40% at the end of 
lactation. Mean (best 10% ile) new infections and cure rates were 12.7% (7.2%) and 32.7 % 
(44.1%) in lactation and 17.1% (6.3%) and 72.8% (88.9%) across the dry period respectively. 
Cows remaining infected between consecutive recordings during lactation had the greatest 
impact on herd SCC. Infection rates for the top 10% of UK herds provide useful, achievable 
targets for dairy herd mastitis control.

Keywords: benchmarks, milk recording, monitoring, somatic cell count

Introduction

In the UK, the largest provider of milk recording is the National Milk Records (NMR) to 
which over 50% of dairy herds subscribe. Individual cow SCC results are used to select cows 
to treat or to cull. A 200,000 cells/ml threshold is commonly applied to categorise cows as 
infected (Bradley and Green, 2005). However, when dealing with herd problems, there exist 
no recently published reference to guide UK farmers and vets in identifying individual herd 
strengths and weaknesses. Based on three years of NMR data, the aims of this research were 
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to provide UK benchmarks of cow SCC changes for the diagnosis of herd problems and to 
quantify the association between cow SCC changes and herd bulk milk SCC.

Materials and methods

Data and data selection

The classical NMR recording scheme consists in the monthly collection of a milk sample 
from every lactating cow of a herd on two consecutive milkings by a trained technician. 
Data collected are milk quantity; somatic cell count, lactose, butterfat and protein contents. 
Additional cow historical data such as date of birth, date of calving and parity are collected 
as well. In order to reduce costs farmers have to pay, NMR has developed other recording 
schemes such as recordings less frequently than monthly, one milking taken into account 
instead of two and recordings operated by the farmer himself. Our initial dataset contained 
all the NMR data collected between the 1st of January 2004 and the 31st of December 2006. 

The aims of the data selection process were to identify and remove recordings from the 
alternative recording schemes, herds which stopped or started milk recording during the study 
and small herds (<30 cows). This was done to ensure the homogeneity and the consistency 
of the data analysed. The dataset used in the analysis contained 6,950,898 recordings from 
65,870 test-days in 1,845 herds.

Definition of cow infection categories

For the data analysis, cows were categorised as uninfected and infected using a fix threshold 
of 200,000 cells/ml. The infection prevalence was the percentage of recordings above 200,000 
cells/ml. To reflect the differences in management of heifers and of dry cows, recordings were 
further categorised as happening after 29 days in milk (Lactating: L), before 30 days in milk 
in parity one (Heifers Fresh: HF) and before 30 days in milk in parity greater than one cows 
(Cows Fresh: CF). By looking at two consecutive recordings, cows could stay uninfected, stay 
infected (Chronics), becoming infected (New infections) or becoming uninfected (Cures). 

Percentages of the above defined cow categories in each cow-infection category were calculated. 
New infections and cures rates were also calculated using a different denominator, as follows. 
The new infection rate was defined as the percentage of cows below the threshold going above 
at the following recording as a percentage of the number of cows below the threshold at the 
first recording considered. The cure rate was the percentage of cows above the threshold going 
below at the following recording as a percentage of the number of cows above the threshold 
at the first recording considered.
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The association between the percentages of the herd moving between these categories 
between consecutive test-days and the estimated bulk milk somatic cell count (eBMSCC) 
was investigated using multilevel linear models.

Bulk milk somatic cell count estimation

BMSCC was estimated by dividing the total quantity of cells contributed by all cows (somatic 
cell concentration × milk yield) by the total quantity of milk.

Working with consistent estimates

As noted by (Dohoo and Morris, 1993), there is a great variability in test-to-test estimates. 
In order to obtain sufficient numbers of cow recordings in each SCC category that allowed 
robust estimates of the effect on BMSCC, we chose to work with herd-year BMSCC for these 
analyses rather than test day BMSCC.

Results

Our sample consisted of 6,920,955 recordings carried out in 1,845 herds from England and 
Wales between the 1st of January 2004 and the 31st of December 2006.

Benchmarks

The characteristics of the distributions are shown: in Table 1 for the herd-year percentages 
of recordings above 200,000 cells/ml, in Table 2 for the herd-year percentage of cows staying 
above 200,000 cells/ml between consecutive recordings, in Table 3 for the herd-year percentage 
of cows moving from below to above 200,000 cells/mL between consecutive recordings, in 
Table 4 for the herd-year percentage of cows moving from above to below 200,000 cells/ml 
between consecutive recordings.

Table 1. Characteristics of recordings above 200,000 cells/ml for each category of cow as a 
percentage of total herd recordings.

nobs min max mean Percentiles

10 25 50 75 90

All 5535 2.0 78.5 25.0 14.1 18.7 24.4 30.3 36.5
Lactating 5535 2.0 79.3 25.4 14.2 18.9 24.8 30.9 37.3
Cows Fresh 5534 0.0 77.8 21.3 10.2 14.7 20.4 26.6 33.3
Heifers Fresh 5507 0.0 100.0 17.1 3.8 9.7 16.0 23.1 31.2
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Table 2. Characteristics of cows staying above 200,000 cells/ml (Chronics) for the Lactating 
and Cows Fresh categories, as a percentage of total herd recordings.

nobs min max mean Percentiles

10 25 50 75 90

% Lactating 5535 0.0 69.5 16.0 7.4 10.8 15.1 20.1 25.7
% Cows Fresh 5534 0.0 64.7 11.7 3.2 6.3 10.6 15.6 21.4

Table 3. Characteristics of the number of cows going from below to above 200,000 cells/ml (New 
Infections) as a percentage of the cow category (%) and as a percentage of the number of cows 
below 200,000 cells/ml (Rate) for the Lactating and Cows Fresh categories.

nobs min max mean Percentiles

10 25 50 75 90

% Lactating 5535 1.9 22.3 9.4 6.3 7.7 9.3 10.9 12.5
Rate lactation 5535 1.9 48.6 12.7 7.2 9.4 12.2 15.1 18.7
% Cows Fresh 5534 0.0 45.5 9.6 3.3 5.9 9.1 12.7 16.7
Rate dry period 5533 0.0 85.7 17.1 6.2 10.5 15.8 22.6 29.6

Table 4. Characteristics of the number of cows going from above to below 200,000 cells/ml 
(Cures) as a percentage of the cow category (%) and as a percentage of the number of cows 
below 200,000 cells/ml (Rate) for the Lactating and Cows Fresh categories.

nobs min max mean Percentiles

10 25 50 75 90

% Lactating 5535 0.4 19.1 7.0 4.6 5.6 6.9 8.1 9.5
Rate Lactating 5535 8.1 100.0 32.7 22.4 26.4 31.6 37.6 44.1
% Cows Fresh 5534 0.0 80.8 30.3 15.6 21.9 29.6 37.9 46.2
Rate dry period 5531 0.0 100.0 72.8 55.6 64.7 73.7 82.0 88.9
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Models

The first model (Table 5) evaluated the impact of the percentage of the herd in each cow-
infection category on the estimated ln(herd-year BMSCC). The Lactating represented 92% 
of recordings and had the highest coefficients. In this category, the Chronics had the biggest 
impact.

The second model (Table 6) assessed the impact of new infection and cure rates on the 
estimated ln(herd-year BMSCC). Again, the Lactating category had the greatest impact on 
BMSCC. Higher cure rates were associated with lower BMSCC.

Table 5. Results of Model 1 for the association between ln(herd-year eBMSCC) and cow SCC 
categories with denominators based on all cow recordings.

β Std Error (e(intercept+β) - e(intercept)) × 1,000

Estimate CI 2.5% CI 97.5%

Intercept 3.93683 0.02893 51,256
Chronics L 0.05658 0.00131 2,984 2,844 3,124
Cures L 0.03728 0.00336 1,947 1,598 2,298
New Infections L 0.05032 0.00262 2,645 2,369 2,923
Chronics CF 0.00824 0.00058 424 366 483
Cures CF 0.00123 0.00042 63 20 106
New infections CF 0.00957 0.00074 493 418 568
Infected HF 0.00270 0.00032 138 106 171
Average day in milk -0.00069 0.00010 -36 -46 -26
Milk per cow 0.00284 0.00054 146 92 200
Chronics L * New Infections L -0.00135 0.00013 -69 -82 -56
Chronics L * Chronics CF -0.00024 0.00002 -12 -15 -10
Chronics L * Cures CF -0.00016 0.00002 -8 -11 -6
Chronics L * New Infections CF -0.00027 0.00004 -14 -18 -10
Chronics L * Infected HF -0.00008 0.00002 -4 -6 -3
Cures L * New infections L -0.00149 0.00027 -76 -103 -49

L: Lactating, CF: Cows Fresh, HF: Heifers Fresh.
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Conclusion

If a threshold of 200,000 cells/ml is used as a proxy for intramammary infection, an average of 
25% of all recordings from our sample originated from infected cows. During lactation, among 
the cows above the threshold, nearly two thirds were already above on the previous test-day. 
Each percent of increase in this Chronics category was associated with the highest increase 
in ln(BMSCC) when compared to the other categories of SCC. Interestingly, the percentage of 
cures had positive coefficients in the first model, while higher cure rates were associated with 
lower BMSCC in the second model. This means that even though they achieve lower cure 
rates, herds with mastitis problems still have a higher proportion of their herd cured from 
one month to the other because of a higher initial prevalence. This highlights the difficulty of 
interpreting herd test-day data. For example, let us consider two herds milking 100 cows both 
achieving a new infection rate of 10% and a cure rate of 30% between two consecutive test-days 
but with an initial infection prevalence of 10% for the first and of 30% for the second. On the 
second test-day, the prevalence in the first herd will be of 16%, 3 of the 10 initially infected 
cows having been cured and 9 of the 90 previously uninfected cows having become infected. 
The prevalence in the second herd will be of 28%, 3 of the 30 initially infected cows having 

Table 6. Results of Model 2 for the association between ln(herd-year eBMSCC) and cow SCC 
categories with denominators based on cows eligible for each category.

β Std Error (e(intercept +β) - e(intercept)) × 1,000

Estimate CI 2.5% CI 97.5%

Intercept 5.63159 0.06011 279,105
New Infection Rate L 0.03080 0.00253 8,729 7,303 10,162
Cure Rate L -0.02528 0.00129 -6,967 -7,656 -6,277
New Infection Rate CF 0.01103 0.00051 3,095 2,811 3,380
Cure Rate CF -0.01052 0.00068 -2,921 -3,289 -2,553
Infected HF 0.00613 0.00044 1,716 1,477 1,955
Milk per cow 0.00269 0.00062 752 413 1,091
New Infection Rate L * New 
Infection Rate CF 

-0.00045 0.00003 -126 -143 -108

New Infection Rate L * Infected HF -0.00028 0.00003 -79 -95 -64
New Infection Rate L * Cure Rate L 0.00032 0.00004 89 66 112
New Infection Rate L * Cure Rate CF 0.00019 0.00003 52 38 67
Cure Rate L * Cure Rate CF 0.00014 0.00001 40 32 47

L: Lactating, CF: Cows Fresh, HF: Heifers Fresh
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been cured and 7 of the 70 previously uninfected cows having become infected. Hence, rates 
need to be considered in the light of previous situation or over sufficient periods of time. 

There was a very large degree of variation in all the SCC indices in this study and this 
indicates that progress is needed and possible, regarding somatic cell counts in UK dairy 
herds. Depending on each herd situation and specific herd objectives, the performance of 
the best 10 or 25% percent of herds could be used as achievable target figures. Depending on 
herd situation and specific objectives, the top 10% or top 25% figures could be considered as 
appropriate achievable target figures as is presented in Table 7.
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Table 7. Possible targets for herd monitoring of SCC. 

Target values

Top 10% Top 25%

% recordings > 200,000 cells/ml 14.1 18.7
New infection rate lactation 7.2 9.4
Cure rate lactation 44.1 37.6
New infection rate dry period 6.2 10.5
Cure rate dry period 88.9 82.0
% heifers calving > 200,000 cells/ml 3.8 9.7
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Abstract

Individual quarters are in one of a number of distinct health states, such as ‘uninfected’, 
‘infected’ and ‘recovering from infection’. Somatic cell count (SCC) of an individual quarter 
is strongly dependent on this health state. The objective of this study was to evaluate whether 
these states can be recognised in the distribution of SCC and utilised. A dataset with 316,426 
SCC testday records of 41,567 cows on 407 farms was analysed. The statistical mode of the 
distribution (the peak) was the same for a wide range of subsets of data; i.e. grouped by parity, 
stage of lactation or previous history, but the means varied. Such a case where a change in 
the mean is largely caused by a shift of records from the peak to the tail, is strong evidence 
for multiple underlying distributions. We interpreted the peak to be related to cows with 
four uninfected quarters. The frequency distribution of SCC observations was best described 
with a mixture of four normal (N1, N2, N3 and N4) distributions and one exponential (E) 
distribution. Analysis of a second independent dataset with 1,546,570 records on 58,070 cows 
yielded similar parameters of these five distributions. We interpreted N1 as uninfected cows, 
N2 as cows recovering from an infection, N3 as cows with a non-persistent infection and N4 
and E as cows with persistent infections. From the probability that an observation belongs 
to an underlying distribution, we defined several new SCC traits. For example, ‘Mastitis 
suspected’ is the probability that at least one SCC in a lactation originated from N3, N4 or E. 
Estimating the percentages of records in each underlying distribution for a herd may also be 
a useful tool for veterinary advice.

Keywords: frequency distribution, monitoring, somatic cell count

Introduction

Because of the extremely skewed distribution of SCC, it is often log-transformed into SCS 
which by the manner in which it is used, is presumed to be a continuous trait without a 
categorical nature (Detilleux and Leroy, 2000). In genetic programs, SCS is assumed to be 
genetically correlated linearly with clinical mastitis and other traits. This approach implicitly 
assumes that SCC of uninfected cows and of cows with an intra-mammary infection follow 
the same distribution.
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In udder health research, several studies attempted to move away from the continuous trait 
approach of SCS (Detilleux and Leroy, 2000; Heringstad, et al., 2003; Odegard, et al., 2003). 
All of these studies a priori modelled ‘uninfected’ and ‘infected’ as two normal distributions 
of log-transformed SCC (i.e. SCS) with different means in a Mixture Model approach. This 
concept of a bivariate nature of SCC makes sense intuitively, but has never been tested. 
Other approaches focused on patterns of peak SCC (de Haas et al., 2004) or distribution 
characteristics (Green et al., 2004).

If there are two patterns of SCC, one resulting from uninfected and one from infected cows, 
then the distribution of SCC observations should be a mixture of at least two distributions. 
Therefore, the objective of this paper is to find the mixture of density functions that best 
describes the frequency distribution of observations of SCC. 

Data

Somatic cell count collected as part of the milk production recording scheme was determined 
in composite samples drawn from the cow’s milk yield in the two or three milkings sampled 
in a 24-h period. The time between test days was more or less fixed for each farm but ranged 
from three to six weeks. SCC was routinely collected for a large portion of the Dutch dairy 
cattle population. SCC was determined using the Fossomatic (FOSS, Hillerød, Denmark) in 
a single laboratory.

Dataset A

A total of 335,135 test d records of SCC were collected from two management information 
systems. All herds that gave permission to use their data and recorded clinical mastitis were 
included (407 herds with 41,567 cows) The number of lactations in the data was 57,193. Records 
with less than 1,000 cells/ml or a missing value (n=18,600) or with more than 107 cells/ml 
(n=109) were excluded from the data. High values were discarded because a large proportion 
of SCC exceeding 107 cells/ml was by default recorded as 9,999,000 cells/ml.

Dataset B

A second independent set of data of SCC was used to verify the results of the first data set. 
A total of 1,665,431 test day records of SCC were available from a total of 1,578 farms. The 
number of cows and lactations in the data was 58,070 and 172,572, respectively. The data 
included all test day records in the lifetime of cows that were involved in an experiment of 
the Dutch Udder Health Center (UGCN, Deventer, the Netherlands) to record all clinical 
mastitis cases on 396 herds from July 1, 2004 through June 30, 2005. Records with less than 
1,000 cells/ml or a missing value (n=118,484) or with more than 107 cells/ml (n=377) were 
excluded from the data.
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Statistical analyses

For each analysis, SCC were grouped in classes of 1,000 cells/ml and the number of records 
in each class was counted. We then tried to find the best mixture of density functions that 
approximately describes the distribution of SCC. A range of mixed density functions, involving 
up to five normal or exponential density functions were fitted on the number of records per 
class of 1,000 cells/ml. Parameters of these density functions were estimated with a FORTRAN 
program MIXDIS (Ten Napel et al., 1995, Ten Napel and Johnson, 1997) using the algorithm 
of Agha and Ibrahim (1984) to estimate parameters of mixture distributions with a Maximum 
Likelihood approach. The MIXDIS software supports analysis of mixtures of any number of 
normal, poisson, binomial, exponential and gamma density functions.

Unlike a normal distribution, which is defined from minus infinity to infinity, an exponential 
distribution is defined from zero to infinity and hence has a starting point. For each mixture 
distribution involving an exponential density function, a range of starting points with steps of 
1,000 cells/ml were evaluated. The starting point with the highest likelihood was considered 
to provide the best fit. 

A second program of the MIXDIS software was used to predict the number of observations 
per class from the total number of observations and the estimated parameters of the density 
function.

Residual variance was calculated as the variance of the deviations of the predicted number from 
the observed number in each SCC class. The residual variance is presented as a proportion of 
the variance in the observed incidence of each SCC class. The fit of a reduced model compared 
to a full model was tested using a Likelihood Ratio test. The fit of the reduced model was 
considered to be better if the statistic was lower than the right hand value of a X2 distribution 
with a number of degrees of freedom equal to the difference in number of parameters estimated 
between the reduced and the full models.

Subsets of dataset A by (1) parity or (2) stage of lactation, and subsets of dataset B by (3) 
previous SCC exceeding 100,000 cells/ml or (4) the previous two SCC exceeding 100,000 
cells/ml, were then analysed using the estimated best fitting mixed density function of the 
entire set for a mixture of four normal distributions and an exponential distribution. The 
parameters of the underlying distributions were kept fixed at the values estimated for the entire 
set, but the proportions of each underlying distribution were estimated using the MIXDIS 
software described above.

Differences in numbers of records per distribution between independent subsets were tested 
using the Pearson’s Chi-Squared test with number of degrees of freedom equal to the number 
of possible outcomes minus 1. The number of possible outcomes is the number of independent 
subsets tested simultaneously times the number of distributions.
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Results

The average SCC in dataset B was lower than in dataset A (Table 1). The statistical mode of 
the datasets was the virtually the same. This was also observed in a wide range of subsets of 
these two datasets by parity, stage of lactation or previous history (not shown).

Describing the distribution of SCC.

Estimates of parameters of mixed distributions that approximately describe the distribution 
of SCC are presented in Table 2. A mixture of four normal (N1, N2, N3 and N4) and an 
exponential density function (E) had the lowest residual variance of the mixtures evaluated 
in both datasets. All models with a lower number of density functions were inferior to models 
with a higher number of density functions (P<0.001). The parameters estimated for the 
independent datasets A and B were very similar.

Applying the approximate mixture to subsets of data 

Proportions of underlying distributions vary greatly between subsets of dataset A and B. 
Subsets by the previous SCC record being either below or above 105 cells/ml and the two 
previous SCC records being either below or above 105 cells/ml show the largest contrast 
in proportions (Table 3). The proportion of the E distribution increased substantially with 
increasing parity. For stage of lactation, it was the N1 distribution that substantially decreased 
and the N3 and N4 distributions that substantially increased with increasing days in milk.

Discussion

There is evidence in the distribution of SCC observations that there are multiple underlying 
distributions. A case where a change in the mean is largely caused by a shift of records from 
the peak to the tail, is a strong indication of multiple underlying distributions. The observed 
distribution of SCC was best described by a mixture of four normal and one exponential 

Table 1. Statistical mode (peak), mean and standard deviation (SD) of SCC in dataset A and B.

Subset N Mode of SCC 
(1,000 cells/ml)

Mean SCC 
(1,000 cells/ml)

SD SCC 
(1,000 cells/ml)

Dataset A1 316,426 23 210 501
Dataset B2 1,546,570 22 189 455

1 Dataset A consists of records of 41,567 cows on 407 farms.
2 Dataset B consists of records of 58,070 cows on 1578 farms.
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distributions. Ten Napel et al. (2008) showed that these underlying distributions are associated 
with the presence or absence of an infection and with type of pathogen involved. The estimated 
mixed density function hence provides an opportunity to distinguish uninfected cows from 
cows infected with a minor or a major pathogen.

SCC is a count in a composite sample of milk from uninfected quarters, infected quarters 
and quarters recovering after successfully eliminating an infection. The number of quarters 
infected varies, as well. The true underlying distributions are also not standard distributions 
(Ten Napel et al., 2008). Therefore, the estimated mixed density function (Table 2) should be 
interpreted as an approximation.

Table 2. Parameters of underlying distributions and residual variance of the prediction 
of the distribution of SCC observations with mixtures of normal (N), and exponential (E) 
distributions.

Type pN
 1 meanN

 2 SDN
 3 pE

 4 meanE
 5 startE

 6 % Res. Var 7

Dataset A8

N+E 0.47 49.6 26.7 0.53 338 11 11.5
2N+E 0.35 35.5 15.8 0.30 527 11 6.2

0.35 108 49.9
3N+E 0.25 27.1 10.0 0.23 534 39 2.4

0.30 65.5 24.9
0.22 154 61.4

4N+E 0.19 24.1 8.22 0.19 625 33 1.3
0.25 51.1 17.5
0.23 105 36.6
0.14 215 80.3

Dataset B9

4N+E 0.23 24.7 9.00 0.13 813 35 1.4
0.27 54.4 19.4
0.24 115 41.8
0.13 247 96.8

1,2,3 pN, meanN and SDN = % of records, mean and standard deviation of normal distribution. 
4,5,6 pE, meanE and startE = % of records, mean and starting position of exponential distribution. 
7 % Res. Var = Residual variance as a percentage of total variance.
8 Dataset A consists of records of 41,567 cows on 407 farms.
9 Dataset B consists of records of 58,070 cows on 1578 farms.
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Biological interpretation

Observations in the N4 and E distribution are associated with major pathogens (Ten Napel et 
al., 2008) and persisting infections: the proportion of these two distributions is particularly high 
after two previous SCC above 100,000 cells/ml (Table 3). Ten Napel et al. (2008) interpreted the 

Table 3. Proportions of underlying distributions of cow-SCC in subsets of dataset A1 and B2, 
using the estimated density functions of the entire dataset B.

Subset class Subset level N pN1
 4 pN2

 4 pN3
 4 pN4

 4 pE
 4

Previous 
recorda

(dataset B)

Below3 488,995 0.33 0.34 0.21 0.05 0.07
Above3 1,168,679 0.03 0.01 0.23 0.34 0.40

Previous 2 
recordsb

(dataset B)

Below-below3 96,114 0.35 0.38 0.20 0.03 0.04
Below-above3 79,298 0.06 0.10 0.42 0.22 0.21
Above-below3 55,994 0.09 0.20 0.40 0.15 0.15
Above-above3 85,129 0.00 0.00 0.09 0.43 0.48

Parityc

(dataset A)
1 96,105 0.26 0.32 0.23 0.10 0.10
2 79,282 0.22 0.26 0.26 0.13 0.14
3 55,069 0.17 0.22 0.25 0.16 0.20
4 or higher 85,069 0.13 0.16 0.20 0.18 0.33

Lactation 
staged

(dataset A)

0-50 d 46,265 0.35 0.25 0.14 0.07 0.19
51-100 d 48,622 0.37 0.26 0.14 0.06 0.16
101-150 d 46,738 0.25 0.29 0.21 0.08 0.18
151-200 d 45,250 0.16 0.29 0.26 0.12 0.17
201-250 d 43,235 0.11 0.26 0.29 0.17 0.18
251-300 d 38,746 0.07 0.21 0.31 0.22 0.20
301-350 d 23,468 0.05 0.17 0.30 0.26 0.23
351-400 d 24,102 0.03 0.13 0.29 0.30 0.26

1 Dataset A consists of records of 41,567 cows on 407 farms.
2 Dataset B consists of records of 58,070 cows on 1578 farms.
3 Previous record = SCC grouped by the previous test-day record being below or above the chosen 
threshold of 100,000 cells/ml. Previous 2 records = SCC grouped by the previous two test-day 
records being below or above the chosen threshold of 100,000 cells/ml.
4 pNi = proportion of records in ith normal distribution; pE = proportion of records in exponential 
distribution.
a b c d Subsets with a letter in common were tested for independence and all pairs are different 
(P<0.01).
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N1 distribution as uninfected cows, the N2 distribution as cows recovering from an infection, 
the N3 distribution as cows with a non-persistent infection and the N4 and E distribution as 
cows with persistent infections.

The parity effect on SCC is largely caused by a shift of records to the N3 and E distributions 
(Table 3). A possible explanation is that the number of animals infected with pathogens 
causing persisting infections increases with time and that these infections rarely disappear. 
In contrast, the effect of stage of lactation is mainly caused by a shift from the N1 and N2 to 
the N3 distribution and to a lesser extent to the N4 and E distribution. The effects of parity 
and stage of lactation on SCC do not appear to be direct effects on SCC, but indirect effects 
through the likelihood of an infection: uninfected animals have the same SCC distribution, 
regardless of their age or stage of lactation.

New traits

The estimated mixed density function of SCC can be utilised by transforming SCC observations 
to the probability of the observation being a response to infection and to the probability of the 
response being to a persistent infection. From these probabilities we defined several new SCC 
traits. For example, ‘Mastitis suspected’ is the probability that at least one SCC in a lactation 
originated from the N3, N4 or E distribution. These probabilities can be used in addition to, 
or instead of SCC as udder health indicators (De Haas et al., 2008).

A novel tool for veterinary advice could be to make a yearly profile for a herd by estimating 
the percentage of records in each distribution for SCC collected during the preceding twelve 
months. Such a profile may give insight into the types of pathogens present in the herd.

Conclusions

There is more information in SCC that can be utilised for reducing clinical and subclinical 
mastitis than is currently utilised in animal breeding and in veterinary research and practice. 
SCC can be approximately described by a mixture of four normal and one exponential 
distributions. The N1 distribution can be interpreted as uninfected cows, the N2 distribution as 
cows recovering from an infection, the N3 distribution as cows with a non-persistent infection 
and the N4 and E distribution as cows with persistent infections. Uninfected animals have 
the same SCC distribution, regardless of their age or stage of lactation.
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Abstract

From a significant amount of data (more than 200 cases tested by the California Mastitis Test 
(CMT), microbiological cultures and Video microscopy-Somatic Cell Count (VMSCC)) this 
paper presents several matters of concern to the sector, such as the instrumental uncertainty 
of SCC in mastitis diagnosis, doubts about the disease threshold, a not very strong relation 
between pathogenic agents and counts, and the collection of samples at long intervals – every 
month, according to the official milk control programs – with regard to the time of the disease 
evolution. The threshold of 200 cells/μl – curiously, coinciding with the payment for quality 
in many countries – is very often considered to define whether a cow is diseased or not. This 
paper refers to the diagnostic capability of SCC, and shows that such a strict threshold does 
not have much basis. Moving this threshold up or down is not the solution because this moves 
the problem around. In contrast, we can use an alternative for considering disease based on 
a threshold with hysteresis in which the value of hysteresis is equal to the measure error. For 
that aim, the previous situation of the animal is taken into account: when the animal was 
healthy (low SCC), it would be considered to be diseased only if the SCC clearly exceeded 
the threshold; in the same way, when it was diseased (high SCC), it would be considered to 
be cured only if the count descended clearly below the threshold.

Keywords: diagnosis, economics, monitoring, somatic cell count

Introduction

Mastitis in cows is an extremely important problem for dairies and it causes very important 
economic losses for farmers. The total amount of economic losses can be estimated around 2 
billions dollars per year in the USA (Deluyker et al., 1993) and it reaches corresponding values 
in other countries. These losses are an important handicap in dairy and related industries. 
Somatic cells count (SCC) is usually an important tool for estimation of economic losses 
(Shoock, 1982) since total milk production loss, decrease of milk quality, induced veterinary 
costs and cows substitution cost are associated to high values of SCC. The relation between 
mastitis and high SCC is well known (Harmon, 1994). Thus, mastitis, high SCC and negative 
economic effects due to mastitis are related issues. Therefore, to reduce the negative economic 
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impact of mastitis, all implied agents (farmers, veterinarians, dairy industry) try to reduce 
both, mastitis and SCC. Figure 1 shows the relationships between mastitis and SCC and the 
economic impact. However, it is interesting to separate the economic effects of mastitis from 
the economic effects of an increase in SCC caused by mastitis. As can be seen, in Figure 1, the 
first effect can be estimated at approximately 86% of the total losses for a farmer; the second 
one represents only a 14% of the total and, in addition, is modulated by legal restrictions 
and regulations. Therefore, any action to improve the economic yield should certainly take 
mastitis into account.

Evaluation of SCC in fresh milk has many implications for milk quality, productivity, animal 
health, and trade issues. The SCC value is an extremely important issue to determine the milk 
and cheese quality due to the fact that these cells increase levels of lipolysis and proteolysis 
that affect to the quality and shelf life of fluid milk (Ma et al., 2000), reduce yield and quality 
of cheese because of the decreased curd firmness, fat and casein retention (Politis et al. 
1988), and decrease the sensory quality. It is useful for milk industries to establish the price 
of milk for each farm by means of several limits, which differ per country. This is represented 
in Figure 2, where SCC and economic losses are a consequence of the main problem: the 
mastitis. In consequence, mastitis prevention and diagnosis becomes extremely important 
subjects in the farm monitoring; in next sections of this paper, several matters about mastitis 
diagnosis are discussed.

Materials and methods

Microbiological cultures of milk are a very important tool in mastitis diagnosis since they 
provide an identification of pathogen agent causing the problem, allowing a specific treatment. 
However, microbiological culture is a costly procedure and needs several days to produce 
results; therefore, it is not a first election for mastitis diagnosis. Only after other signs, cultures 
are useful to confirm and to specify the mastitis.

Production decreases (64%)

Lost in milk quality (14%)

Work charge increases (1%)

Veterinary costs (3%)
Treatment costs (5%)

Lost in cows value (5%)

Cow substitution costs (8%)

Figure 1. Economic effects of mastitis and the increase of SCC for farmer.
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The California Mastitis Test (CMT) is a usual and universal tool for finding mastitis signs in 
cow milk; this test is a screening evaluation on immune system response of the animal by 
means of the milk viscosity after adding an agent. Although the interpretation of CMT results 
is subjective, depending on an operator and causing some uncertainty, trained operators can 
identify three or four levels without problem. Therefore, CMT is a quite simple, low-cost, 
mastitis diagnosis tool, but it would be interesting to know its efficiency (Pyörala, 1988; Sears 
et al., 1990). 

Somatic cells in milk represent an image of immune system situation: in normal conditions, its 
total number is low – it remains in physiological levels – but, under the attack of a pathogen, 
immune system increases the production of defensive cells, causing high values of SCC. 
Therefore, SCC is a robust indicator of mastitis (Harmon, 1994). Nevertheless the estimation 
of SCC is not a simple question, because it cannot be obtained with enough trueness on-line 
or in farm. Moreover, high-production laboratory methods do not provide enough trueness 
for diagnostic purposes (Baro et al., 2005). The IDF-FIL microscopy method (IDF-FIL, 1995) 
could be used for a right estimation of Direct Microscopy ‑ SCC (DMSCC) – but it has some 
disadvantages such as human-operator dependence, low repeatability and long analysis time 
since cells are manually counted; instead, a similar method with automatic image analysis 
will be used: VideoMicroscopy – SCC (VMSCC). Those results have full compatibility with 
DMSCC (Baro et al., 2005; Grillo et al., 2001).

Thus, relationships among the results of CMT, VMSCC and microbiological cultures were 
obtained from several milk samples and by following the method of Figure 3. The total 
study involves several samples of Holstein-Friesian cows in Asturias in Spain. The main 
characteristics of this study are shown in Table 1.

Looking for a threshold of SCC to mastitis diagnosis

The summarised results obtained from the study were plotted in two graphs in Figure 4, for 
CMT positive and for CMT negative samples. In both cases, samples positive and negative on 
microbiological culturing are plotted in separated bars, ordered by SCC ranges. The threshold 
to decide between healthy and diseased is established at 200 cells/μl. The relation CMT-SCC 
in mastitis diagnosis in our data revealed for CMT positive samples 37 cases of diseased cows 
and 59 cases of healthy cows. For CMT negative samples, SCC values defined 138 animals 

Figure 2. A new vision of mastitis economic effects where the SCC is only a consequence and it 
does not induced economic losses directly.
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Figure 3. Methodology to compare the results from CMT, VMSCC and cultures. 
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Figure 3. Methodology to compare the results from CMT, VMSCC and cultures.

Table 1. Characteristics of study.

Parameter Value

Area and cow type Asturias Holstein
Positive samples (CMT) 96
Negative samples (CMT) 149
Tests VM-SCC (University of Oviedo) 

Microbiological culture (CTV)
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Figure 4. Results of study: left side graph represents the CMT positive cases and right side, 
CMT negative cases. In both graphs, positive and negative to microbiological culture are 

plotted for several ranges of SCC. 
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Figure 5. Mastitis diagnosis matching between SCC and CMT for 245 samples. At a glance, 
200.00 cells/ml provides the better concordance but, all selected threshold produced similar 
results. However, 200.000 cells/ml produced mismatch diagnosis in 39% of CMT positives. 
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Figure 6. Mastitis diagnosis matching between SCC microbiological cultures.  

Figure 4. Results of study: left side graph represents the CMT positive cases and right side, CMT 
negative cases. In both graphs, positive and negative to microbiological culture are plotted for 
several ranges of SCC.
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as healthy and 11 as diseased. This resulted in matching diagnosis around 80% of cases. Why 
200 cells/μl? In several countries, this limit is used to establish the maximum count of high 
quality milk. Why not 400 cells/μl? This last value is used in several countries to reject milk 
with too high SCC. However, physiological levels of somatic cells are established below 100 
cells/μl, so that a cow might be considered to be diseased when SCC reaches this threshold. 
Why not 100 cells/μl? 

Figure 5 shows a comparison between SCC and CMT from a mastitis diagnostic point of 
view. As can be seen, there are no significant differences in matching diagnosis between SCC 
thresholds ranging from 100 cells/μl to 400 cells/μl. In all cases, concordance between SCC 
and CMT is higher than 75%.

Thus, CMT and SCC-threshold have similar mastitis diagnosis capability and the SCC 
threshold value is not critical. Nevertheless, the concordance between CMT and SCC-
threshold diagnosis does not define health or disease, since both methods have uncertainty. 
Microbiologic cultures should constitute a better tool for mastitis diagnosis; Figure 4 includes 
the obtained results: for CMT positive, 81 of cultures have separated a pathogen and only 
15 cases have produced negative results, matching in 84% of cases and validating the CMT 
positive as mastitis diagnosis. The right graph (CMT negative), however, produces surprising 
results, because only 9 of 149 samples were negative, causing concordance in less than 6% of 
cases. This result is similar in a SCC vs. culture comparison.

The culture-positive samples were classified in function of separated pathogen and the positive 
values were correlated to SCC values. The results for samples cultured positive to S. aureus, 
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Figure 6. Mastitis diagnosis matching between SCC microbiological cultures.  

Figure 5. Mastitis diagnosis matching between SCC and CMT for 245 samples. At a glance, 
200 cells/μl provides the better concordance, but 200 cells/μl produced mismatch diagnosis in 
39% of CMT positives. All selected threshold produced similar results.
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Corynebacterium and S. uberis are shown in Figure 6: in practice, any SCC value is feasible to 
be positive for S. aureus. The concordance of SCC diagnosis using a threshold of 200 cells/μl 
and microbiological cultures is approximately 50%. Similar results would be obtained if the 
SCC threshold ranges from 100 to 400 cells/μl. Therefore, it is unlikely that microbiological 
culturing is a robust tool for mastitis diagnosis.

Mastitis diagnosis by hysteresis 

Results from Figures 4, 5 and 6 confirm similar behaviour of CMT and SCC as tools for 
mastitis diagnosis and introduce some uncertainties in microbiological cultures. However, 
the SCC value in those cases was a high precision measurement obtained from microscopy, 
an expensive and slow method not valid for high yield requirements. If a high-production 
somatic cell counter was used, the previous high precision would be unreachable. Is it possible 
to use these last SCC methods for mastitis diagnosis? With a rigid threshold, the answer will 
be no: Figure 7 shows a time evolution of SCC readouts for a cow, including the uncertainty 
of measurement and the effect over the mastitis diagnosis.

The effect over mastitis diagnosis is clear: the SCC measurement uncertainty introduces doubts 
if the difference between SCC and threshold is smaller than the measurement uncertainty. 
This consequence does not depend on method used, because any estimation of any parameter 
includes uncertainty. This becomes extremely important when the value of uncertainty is high. 
This disadvantage can be overcome by means of a comparison technique used with noisy 
and/or uncertainty measurement: hysteresis comparison, so that the threshold includes the 
value of measurement error. Thus, a healthy cow would be considered to be diseased only 
if the obtained SCC is higher than the SCC threshold plus the measurement uncertainty. 
Comparable, a diseased cow will be considered to be recovered if the obtained SCC has 
decreased below the SCC threshold minus the measurement uncertainty (see Figure 8).

This method may seem to have a lower precision level than the method that uses a rigid 
threshold, but in fact the hysteresis method provides a more secure diagnostic procedure 
because it takes the uncertainty of measurement into account. Therefore, precision in diagnosis 
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depends on the measurement uncertainty. Thus, to increase diagnostic precision, it is necessary 
to improve the measurement trueness.

Conclusions

This paper has presented a new technique for mastitis diagnosis based upon a hysteresis 
threshold of SCC which includes the uncertainty in SCC estimation procedure, avoiding 
doubtful diagnosis (positive or negative) if SCC is close to the threshold. This new technique 
is the result of an extensive study of relationships between CMT, SCC and microbiological 
cultures that establish similar behaviour of CMT and high precision SCC (obtained by means 
of VM-SCC). Moreover, several uncertainties have been reported in microbiological cultures, 
causing important doubts about this method. Additionally, we could not find sustentation for 
a rigid threshold for SCC, because mastitis diagnosis results are similar for different values 
of that threshold.

 
Figure 7. Effect of measurement uncertainty over the mastitis diagnosis, using a rigid  
 

 
Figure 8. Hysteresis comparison of SCC to mastitis diagnosis. 

 

Figure 7. Effect of measurement uncertainty over the mastitis diagnosis, using a rigid threshold 
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Abstract

Four questions that influence mastitis diagnostics were assessed: (1) are all infections equal?; (2) 
is inflammation=infection?; (3) is measurement of somatic cell count (SCC) = measurement of 
inflammation?; and (4) can a single test/cut-off point be applied to all herds? These questions 
were addressed in 3 studies (n=1104 samples) that explored: (1) host- (leukocyte, animal), 
(2) herd-, and (3) microbe-related (minor vs. major pathogen) dimensions. Multidimensional 
(microbial-host-population) assessments (MA) identified 6 health/disease data subsets. Three 
methods were then evaluated using both SCC and MA tests by: (1) dividing the population 
data into subsets (‘PART’); (2) not dividing the data (‘Non-P’); and (3) focusing only on disease-
negative samples (‘rapid’ PART test). In Non-P and PART microbiological results provided 
reference data while Receiver Operating Characteristics determined each test’s optimal cut-off 
point. The rapid method only considered leukocyte data. Not all infections were equal: one 
disease+ subset showed leukocyte profiles consistent with recovery; another subset revealed 
major pathogens but no inflammation (‘I w/o I’). No test was applicable across populations. 
All tests showed different optimal cut-off points. PART correctly diagnosed 91.7%, 92.6%, 
and 98.6% of all samples in all 3 studies, while Non-P diagnosed 75.8%, 84.0% and 98.1% 
respectively. The rapid method correctly identified between 0.8% and 11.7% more disease-
negative samples than the Non-P. The higher accuracy of MA tests seemed to be explained 
by: a) correct diagnosis of ‘I w/o I’ samples, and b) independence from pre-selected cut-off 
points. MA testing may provide greater diagnostic and prognostic accuracy, saving time and 
other resources. 

Keywords: diagnosis, host, leukocytes, multidimensional assessment, pathogens

Introduction

Historically, intra-mammary infections have been associated with anti-microbial immune 
(inflammatory) responses. Both processes have been regarded to be mirror images so 
measuring mastitis (the immune response) has been assumed to indicate infection (e.g., 
inflammation= infection). By default, absence of inflammation has been taken as evidence 
of absence of infection. However, these assumptions have not been evaluated. In addition, 
if not all infections are identical (if more than two [one ‘disease-negative’ and one ‘disease-
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positive’] outcomes may exist), a new diagnostic system would be needed. Hence, this study 
also explored the diagnostic ability of an alternative diagnostic system that, if present, may 
identify and differentiate two or more disease+ outcomes. 

Materials and methods

Three studies were conducted, two in the US (study I, n=120 mammary quarter samples; and 
study II, n=500) and one in Israel (n=484, study III). Samples were collected randomly, without 
previous knowledge of health status (studies I and II) and after previous determination of both 
SCC and milk cultures (study III). In every study, mammary gland quarter milk samples were 
cultured, according to National Mastitis Council procedures (1999). Somatic cell counts were 
conducted as well as differential leukocyte counts (performed manually [study I and II] or by 
flow cytometry [study III]). The average sensitivity (Se) and specificity (Sp) of both SCC and 
leukocyte-based tests were estimated by Receiver Operating Characteristic (ROC, Chaffer 
et al., 2008) curves, using microbiological data as reference. Using an algorithm (Rivas et al., 
2001), data sub-sets were created so that samples falling within each subset displayed similar 
data ranges (and most, if not all, data sub-sets displayed linearity), while statistically significant 
differences were observed across data subsets. Data sub-sets so defined were evaluated using 
two or more leukocyte and microbial indicators. Microbial data were assessed focusing on both 
isolation of any (minor and major) pathogen and isolation of major pathogens only. Temporal 
descriptors were tentatively assigned to data subsets on the basis of previous studies (Rivas et 
al., 2001). Data (log) transformations and the Ryan-Joiner test for linearity were conducted 
with a commercial statistical package (Minitab 15, Minitab Inc., State College, PA).

Results

No indicator revealed distinct data distributions. Even after (log) data transformations, both 
the SCC and leukocyte indicators displayed no linearity when un-divided (population) data 
were analysed (Figure 1). 

The hypothesis of lack of linearity due to bacterial status was also explored. Population data 
were divided into bacteria-negative and bacteria-positive subsets. In all studies, neither the 
bacteria– nor the bacteria+ subsets displayed linear distribution (Figure 2).

In contrast, using various leukocyte indicators, a data-partitioning (PART) oriented method 
differentiated 6 subsets. Across populations, at least 5 of these 6 subsets displayed linearity. In 
all studies, 100% of the samples were unambiguously assigned. Based on previous (experimental 
and longitudinal) studies (Rivas et al., 2001), tentative temporal descriptors (e.g. ‘early’ vs. 
‘late’ disease) were assigned to each disease stage (Figure 3).

While no individual leukocyte indicator differentiated all data subsets, the use of 2 or more 
indicators discriminated the 6 subsets with non-overlapping data ranges (Figure 4). 
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When the microbiological results associated with each subset were assessed, two profiles 
were observed: (1) subsets where major pathogens predominated (EM, LM-A,LM-I w/o I), 
and (2) subsets where no pathogen or minor pathogens predominated (NM, LM-T, LM-I, 
Figure 5). 

In order to determine the diagnostic ability of PART vs. non-P, some subsets were merged. 
Because EM and LM-A showed disease-positive (D+) predominance, while disease– (D–) 
subjects prevailed in LM-T and LM-I, these four subsets were integrated into a single group 
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Figure 1. Data distributions of non-divided (population) data. No evidence of linear 
distribution was noticed when the somatic cell count/ml (SCC, a, b) or leukocyte indicators (c, d) were 
assessed. The Ryan-Joiner test (b) rejected the null hypothesis of linearity. Examples from Study I.
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Figure 1. Data distributions of non-divided (population) data. No evidence of linear distribution 
was noticed when the somatic cell count/ml (SCC, A, B) or leukocyte indicators (C, D) were 
assessed. The Ryan-Joiner test (B) rejected the null hypothesis of linearity. Examples from 
Study I.
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Figure 2. Distributions of data subsets. The data displayed in Figure 1 were divided into 
bacteria– (A) and bacteria+ (B) subsets. Linearity was not observed in either subset. Data 
from Study I.
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Figure 3. Linear data distribution of population subsets, as expressed by leukocyte 
indicators. The same data reported in Figures 1 and 2 were sub-divided into as many subsets as required 
so that (a) all samples would be allocated, (b) each subset would display similar data ranges, (c) different 
subsets would differ in one or more indicators, and (d) each subset would display a distinct data 
dstribution. Linearity was not rejected in any of the 6 subsets so produced. Tentative temporal descriptors 
(e.g., “early” or E and “late” or L) were assigned on the basis of previous studies (Rivas et al., 2001). 
“Late mastitis” data were sub-divided into 4 subsets based on additional statistical procedures (not 
shown). NM: no mastitis (a), EM: early mastitis (b); LM-A: late mastitis, active (major pathogen 
predominance, c); LM-I w/o I: infection without inflammation (d); LM-T: late mastitis, transitional stage 
(e); LM-I: late mastitis, inactive (minor pathogen predominance, f). Data from Study I.
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Figure 3. Linear data distribution of population subsets, as expressed by leukocyte indicators. 
The same data reported in Figures 1 and 2 were sub-divided into as many subsets as required 
so that (A) all samples would be allocated, (B) each subset would display similar data ranges, 
(C) different subsets would differ in one or more indicators, and (D) each subset would display 
a distinct data dstribution. Linearity was not rejected in any of the 6 subsets so produced. 
Tentative temporal descriptors (e.g. “early” or E and “late” or L) were assigned on the basis of 
previous studies (Rivas et al., 2001). “Late mastitis” data were sub-divided into 4 subsets based 
on additional statistical procedures (not shown). NM: no mastitis (A), EM: early mastitis (B); 
LM-A: late mastitis, active (major pathogen predominance (C); LM-I w/o I: infection without 
inflammation (D); LM-T: late mastitis, transitional stage (E); LM-I: late mastitis, inactive 
(minor pathogen predominance (F). Data from Study I.
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Figure 4. Data distributions of leukocyte indicators and SCC per disease stage. Boxplots 
indicate the median value (horizontal line) of leukocyte indicators (a-c, study I) and SCC (d-f, all 
studies).
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Figure 4. Data distributions of leukocyte indicators and SCC per disease stage. Boxplots indicate 
the median value (horizontal line) of leukocyte indicators (A-C, study I) and SCC (D-F, all 
studies).
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prior to assessing the indicator with optimal sensitivity (Se) or specificity (Sp) and the cut-
off points that characterised each subpopulation. By assessing the Se and Sp of all indicators 
(using Receiver Operating Characteristics or ROC analysis) in each of the 3 disease stage 
groupings (LM-T, LM-I w/o I, and the composite group that included the remaining subsets), 
the diagnostic efficacy was evaluated. The overall percentage of D- and D+ subjects correctly 
diagnosed by PART in studies I-III was 91.7%, 92.6%, and 98.6%, while Non-P correctly 
diagnosed 75.8%, 84.0%, and 98.1%, respectively (Table 1). 

When D– cases were diagnosed by considering only leukocyte data of the NM, LM-T, and LT-I 
subsets (without considering microbiological results and not using ROC analysis, or ‘rapid 
PART’ method) and then such approach was retrospectively compared to bacteriological results, 
rapid-PART correctly diagnosed (in study I) 92.9% (1-[4/56]) while the (non-partitioned) SCC 
gave a Sp of 84.3%. In studies II and III, rapid-PART correctly identified 96.4% and 99.3% 
of the bacteriological negative samples while the SCC identified 84.7% and 98.5% of them. 
Therefore, leukocyte-based diagnosis was 8.6%, 11.7%, and 0.8% (studies I-III, respectively) 
more accurate than the SCC when only D– cases were diagnosed (Table 2). 

Discussion

The analysis of 3 populations, tested in two countries, did not support any research question. 
Not all disease+ cases displayed identical features. For instance, some D+ cases (e.g. those 
included in the LM-I subset) resembled more closely the disease-negative subset (NM) than 
other D+ stages. Inflammation was not always associated with infection. For instance, the 
subset identified as LM-I w/o I (infection without inflammation) was associated with major 
pathogens but displayed a marginal or no inflammation (SCC were relatively low in this subset 
and the PMN percent did not differ between this subset and LM-I, Figure 4A). No single 
cut-off resulted in optimal Se or Sp across populations. For instance, the optimal SCC varied 
between 142 and 447,000 cells/ml (Table 2). 
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Figure 5. Disease subset-specific microbial isolations. Percentage of disease stage samples 
resulting in isolation of minor pathogens (a), minor pathogens (b), and major/minor pathogen ratio (c).
Major pathogens predominated in EM, LM-A and LM-I w/o I. Data from Study III.
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Figure 5. Disease subset-specific microbial isolations. Percentage of disease stage samples 
resulting in isolation of minor pathogens (A), minor pathogens (B), and major/minor pathogen 
ratio (c). Major pathogens predominated in EM, LM-A and LM-I w/o I. Data from Study III.
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In the tested populations, the partitioned-based method (PART, which used several indicators) 
revealed a greater diagnostic efficacy than the non-partitioned method (which used a single 
indicator, the SCC). Both in its full version (considering microbiological results and ROC 
analysis) and in its ‘rapid’ version (considering only leukocyte data for the diagnosis of disease-
negative samples), the partitioned-oriented method revealed greater diagnostic ability than the 
Non-P. Possible explanations for the greater diagnostic ability of PART methods include: (1) 
a lower percentage of microbial isolations (both minor and major pathogens) in late disease 
stages (Figure 5), which may result in false negative results by methods that depend on only 
one indicator; (2) a rather lower SCC in late disease stages (Figure 4D-F), and (3) the fact that 
PART methods do not depend on any pre-determined indicator or indicator cut-off points but, 
instead, they select indicators and cut-off points after the data are collected, which are adjusted 
to each population. Because PART, in its ‘rapid’ version (not considering microbiological 
results but based only on leukocyte profiles), appeared to possess a greater diagnostic ability 
to correctly diagnose disease-negative cases than non-partitioned alternatives, and automated 
procedures may today rapidly assess milk leukocyte differentials, ‘rapid PART’ approaches 
could be considered to, at least, rule out which cases do not seem to be disease+ and/or do 

Table 1. Diagnostic accuracy of the (non-partitioned, SCC-based) Non-P and the (partitioned-
based) PART methods (example from Study I).

Study I (n=120) Non-P1 PART-I1,2 PART- II3 PART-III4

N (%) 120 (100%) 66 (55%) 39 (32.5) 15 (12.5)
Prevalence 40.8% 36.4 % 48.7% 40.0%
Disease + 49 24 19 6
Sensitivity 63.2 95.8 91.7 100
Disease – 71 42 20 9
Specificity 84.3 88.1 100 100
Non-P dis. + (partial accuracy) 31 (49*0.632)
Non-P dis – (partial accuracy) 60 (71*0.843)
Non-P total accuracy 75.83% (91/120)
PART dis + (partial accuracy) 46 (24*0.958+19*0.917+6*1.00)
PART dis – (partial accuracy) 66 (42*0.881+20*1.00+9*1.00)
PART total accuracy 91.7% (110/120)

1 Non-P: Non-partitioned testing (based on the SCC only), PART= partitioned testing (based on the 
indicator giving the best discrimination). 
2 Part I (groupI)= NM, EM, LM-A, LM-I.
3 Part II (group II) =LM-I w/o I. 
4 Part III (group III).
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not seem to require treatment (so, later, microbiologic testing could target a smaller number 
of samples). By partitioning the data into subsets defined by leukocyte-microbial-temporal 
indicators, disease stages of intra-mammary infections can be identified. When populations 
(e.g. herds) are tested, PART-oriented methods may offer more information to support 
diagnoses and diminish testing costs.
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Table 2. Assessment of disease-negative cases (example from Study II, n=500)1.

Rapid PART 
(leukocyte indicators 
only)

Major 
pathogen 
+ cultures

Minor 
pathogen 
+ cultures

All 
pathogen+ 
cultures

Major/
minor 
pathogen 
ratio

Negative 
cultures

Diagnostic 
accuracy: 
96.4%

NM (n=376) 9 13 22 0.69 354
LM-T (n=28) 5 3 8 1.66 20
LM-I (n=13) 1 3 4 0.33 9
Non-P (SCC) (n= 500, prevalence: 15.0%) Sp Cut-off

84.7 >446,000 
cells

1 If, in study II (without considering milk cultures and not using ROC analysis) all NM, LM-T and 
LM-I had been called “disease negative” (“rapid PART”), 96.4% (1-[15/417]) of the true disease- 
negatives (D–) would have been correctly diagnosed (considering, after such diagnosis was made, 
that 15 major pathogens had been diagnosed). In contrast, the non-partitioned SCC correctly 
identified 84.7% of the true D– samples. 
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Abstract

Good practices of the veterinarian in the use of bacteriology at herd scale for mastitis prevention 
and treatment, were elaborated on expert sayings. In order to test them, a pilot study still 
in progress has been implemented in 17 farms from 9 skilled veterinary practices in France. 
Quarter milk samples from all the clinical cases and from the subclinical mastitis in the last 
lactation month and in the 1st lactation month of primipara, are aseptically taken by the farmers 
for bacterial identification and antibiograms. In each farm, the vet establishes 3 herd diagnosis 
and control plans: (1) before knowing any bacteriological result; (2) after knowing the results 
of a quota of analysis predetermined according to the herd situation and an acceptable cost 
for the farmer; (3) after knowing all the results. The aim is to precise the relevant number and 
kind of samples to be analysed in different epidemiological situations in order to draw reliable 
conclusions and recommendations. A software program was developed to help the vet to 
manage the herd bacteriological data. A first module allows to sort and filter the samples to 
be analysed and the available bacteriological results according to the kind of mastitis, the date 
and lactation stage of occurrence, the severity of the clinical cases. A second module provides 
an epidemiological and practical interpretation at herd scale by aggregation of the bacterial 
species according to their main reservoir (environment/udder), probable period of infection 
(lactation/dry period), antibiotics of choice, likelihood of cure. Results are presented in pie 
charts. A third module enables an interpretative reading of antibiograms and characterises 
each isolate towards the possible antibiotics on the market.

Keywords: control program, herd, management, prevention, veterinarian 

Introduction

The evolution in the epidemiology of bovine mastitis, the new requirements of food safety and 
the limitations in the use of antibiotics, increase the vet practitioner needs for epidemiological 
diagnosis at herd scale to control the disease. However, bacteriological examination of quarter 
milk samples, the reference method for intramammary infections diagnosis, are not often 
carried out by the French practitioners, with probably no more than 5000 analysis per year 
performed by the official laboratories in the whole country. Most often in practice, bacteriology 
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is considered as a strictly individual method of diagnosis helping the vet to choose a therapy 
for a quarter affected by clinical mastitis, particularly for recurrent case after failure of a first 
treatment. 

This case-by-case approach without any capitalisation at the scale of the herd, only allows 
a poor valorisation in terms of advice given to the farmer, insufficient to justify his expense 
in bacteriological analysis. Moreover, if good practices for aseptic quarter milk sampling 
and laboratory procedures were validated a long time ago, nothing equivalent yet exists 
concerning the valorisation of bacteriology in terms of epidemiological diagnosis at herd 
scale and implementation of control measures in the farm. So, most of the vet practitioners, 
not precisely knowing how to cope with some scattered bacteriological results, only take 
into account cow milk somatic cell counts (SCC), clinical mastitis records and risk factors 
observed in the farm.

In this context, the objectives are the following: (1) to elaborate good practices on expert 
sayings about the use of bacteriology by the vet for herd-scale epidemiological diagnosis and 
mastitis control; (2) to test these good practices on expert sayings in the frame of a pilot-study 
in farms from different experienced veterinary practices; (3) to validate the positively tested 
good practices and integrate them in an operational tool for the vet practitioners including 
a software. 

Good practices to be tested 

Two manuals of good practices for the use of bacteriology by the vet were elaborated on expert 
sayings: (1) for the routine monitoring of mastitis control, apart from any particular problem; 
(2) for the definition of corrective control plans (prevention of new infections, treatments 
and culling) in farms facing a problem of clinical mastitis and/or cell counts. Only the good 
practices corresponding to the second purpose are presented here in their main lines. The 
aim was to define an operational method enabling a reliable epidemiological diagnosis by the 
vet at a cost acceptable by the farmer. 

Bacteriology as a complement of other diagnosis methods

The use of bacteriology is not exclusive but comes as a complement of other methods bringing 
useful information for diagnosis, particularly somatic cell counting of cow milk at monthly 
intervals, systematic recording of clinical mastitis and treatments, research of mastitis risk 
factors in the farm (Sérieys, 1995).

Quota of bacteriological analysis and repartition of the samples to be analysed

A maximum number of bacteriological analysis is empirically fixed by the vet at the beginning 
of his intervention. The size of this quota has to be discussed and accepted by the farmer. It 
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depends on the number of cows in the herd (Table 1) and may be modulated according to the 
economical importance of mastitis in the farm. 

In the limit of the quota, the vet practitioner determines the repartition of the milk samples 
to be analysed according to the main patterns of the herd mastitis problem (Figure 1):
•	 relative importance of high somatic cell counts and clinical mastitis;
•	 specific problem or not of cell counts at the beginning of the first lactation;
•	 repartition of clinical mastitis with local or systemic signs.

If necessary, the vet can consider other criteria of repartition, for example season of occurrence 
of clinical mastitis. 

Quarter milk sampling by the farmer 

Aseptic quarter milk sampling for bacterial analysis is assumed by the farmer after 
demonstration and training by the vet. Samples are identified using auto-adhesive labels 
bearing pre-printed serial numbers in correspondence with the recorded data including at 
least the cow identification, quarter position, kind of mastitis (subclinical, local signs, systemic 

Table 1. Indicative maximum number (quota) of bacteriological analysis according to the size 
of the herd for the definition of a corrective control plan. 

Number of cows/herd Quota of bacteriological analysis Number (% 
of number of quarters) 

Up to 20 12 (>15%)
40 16 (10%)
60 20 (8,3%)

100 28 (7%)
140 36 (6,4%)

 
Figure 1 : Repartition of the quota of bacteriological analysis according to main patterns of 
the herd mastitis problem 

 
 

Total quota  

High cell count Clinical mastitis  

End of lactation Local signs Systemic signs 1st month 1st lactation

Figure 1. Repartition of the quota of bacteriological analysis according to main patterns of the 
herd mastitis problem.
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signs) and sampling date. If milk samples are intended to be frozen, they are collected in sterile 
flasks containing glycerol as preservative (Cryokit®).

Incomplete identification of some pathogens 

Systematic identification of the mastitis pathogens at the level of the species does not appear 
always justified and uselessly increases the global cost of analysis. So the pathogens are 
identified as follows: coagulase positive staphylococci (CPS), coagulase negative staphylococci 
(CNS), Streptococcus agalactiae (SRA), Streptococcus dysgalactiae (SRD), Streptococcus uberis 
(SRU), Enterococcus spp.(ETC), Arcanobacterium pyogenes (ARC), Corynebacterium bovis 
(COR), other Gram+ species (OGP), Escherichia coli (COL), Pseudomonas spp. (PSE), other 
Gram‑ species (OGN), yeasts (YEA), other micro-organisms (OTH). 

Limitation in testing the sensitivity to antibiotics 

Systematic testing of the sensitivity to antibiotics is limited to the CPS isolates. All are 
submitted to the nitrocefin test for the production of penicillinase and, if the test is positive, 
a complete antibiogram is carried out. For the other species, making antibiogram is only 
considered for severe or recurrent cases of clinical mastitis in the limit of 20% of the quota. 
Interpretative reading of antibiograms is carried out according to the instructions of the Comité 
de l’antibiogramme de la Société française de microbiologie (2007). The results, expressed as 
sensitive, intermediary or resistant, are given for the molecules present on the market and 
allowed for mastitis treatment.

Herd-scale epidemiological interpretation of bacteriology to implement the prevention plan

In complement of cow milk SCC, clinical mastitis records and identified risk factors, 
bacteriology results are interpreted to characterise the main epidemiological patterns of the 
disease in the herd by aggregation of the isolated pathogens according to their main reservoir 
(and the associated transfer way to the udder) and the most probable period of infection as 
reported by literature (Table 2).

This interpretation is made separately for subclinical and clinical mastitis isolates. COR, a 
contagious micro-organism transferred during lactation, but with small economic importance 
and CNS isolates, of various origins, are not incorporated in the aggregates. SRU isolates are 
taken into account only if the characteristics of the infections (subclinical, clinical, lactation 
stage of occurrence, SCC before clinical signs) allow the vet to hypothesise about their 
contagious or environmental origin. Some pathogens in high proportion may direct the vet 
towards more specific reservoirs or transfer ways, for example: CPS+SRD+ARC towards teat 
skin lesions; CPS in heifers+ARC out of lactation towards bees; PSE towards contaminated 
udder towels. 
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Herd scale interpretation of bacteriology for treatment plans

For the treatment in first intention of clinical mastitis, the plan distinguishes between cases 
without or with systemic signs (Faroult and Sérieys, 2001). For each of these mastitis forms, 
it considers the percentages of CPS producing penicillinase (CPS nitrocefine+), CPS not 
producing penicillinase (CPS nitrocefine-), SRA+SRD+SRU, ETC, COL, OGN. The first 
intention treatment is chosen by the vet to be active against groups of pathogens representing 
a great majority of the isolates, for example 75%. Antibiogram and sensitivity tests are taken 
into account for the choice of the antibiotic molecules, especially for contagious pathogens 
if they show homogeneous intra-herd profiles.

For the curative treatment of subclincal mastitis at drying off or eventually during lactation, 
the method is the same but only considers samples from quarters with high cell counts and 
the following groups of isolates: CPS nitrocefin+, CPS nitrocefin-, SRA+SRD+SRU, ETC. 

Moreover, a herd prognosis of curability is established for clinical and subclinical mastitis 
separately, using a seven level curability scale from very low to very high with reference to 
the following groups of isolates: YEA+ARC+PSE; ETC+CPS nitrocefine+; CPS nitrocefine-; 
SRU; CNS; SRA+SRD; COL. For example, if the prognosis is bad, due for example to a high 
proportion of CPS nitrocefine+, culling must be rapidly considered after treatment failures of 
clinical mastitis and the treatment during lactation of subclinical mastitis must be inadvisable. 
The choice of a preventive treatment at drying off, antibiotic medicine or/and teat sealant, 
takes into account the bacteriological results of the samples from clinical mastitis in the first 
month of lactation, with particular attention to the proportion of SRU and COL.

Table 2. Herd-scale epidemiological interpretation of bacteriology.

Epidemiological issue Aggregation of pathogens %

Pathogen reservoir and transfer 
Udder reservoir (contagion at milking time) CPS+SRA+SRD (+contagious SRU)a

Environment reservoir (few contagion) ETC+ARC+COL+PSE+OGN (+environment SRU)a

Period of infection 
during lactation CPS+SRA+SRD+PSE (+contagious SRU)a 

during the dry period COL+OGN

a Only if the distinction between contagious and environmental SRU is feasible according to the 
characteristics of the infections (subclinical, clinical, lactation stage of occurrence, SCC before 
clinical signs). 
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Experimental software 

A software program was developed to help the veterinarian to manage and interpret the 
bacteriological data at herd scale. A first module allows to sort and filter the samples to be 
analysed and the available bacteriological results according to the kind of mastitis, date of 
occurrence, lactation stage of occurrence, severity of the clinical cases. A second module 
provides an epidemiological and practical interpretation at herd scale by aggregation of the 
pathogen species according to their main reservoir, probable period of infection, treatments 
of choice, likelihood of cure. Results are presented in pie charts. A third module makes the 
interpretative reading of antibiograms and characterises each isolate towards the usable 
antibiotics. 

Protocol of the pilot study

The aim is to assess if the epidemiological diagnosis and practical control measures drawn from 
the good practices in test are (1) reliable enough by comparison to a ‘gold standard’ consisting 
of the systematic bacteriological analysis of the clinical and subclinical udder infections in 
the herd; and (2) improve sufficiently the conclusions drawn without bacteriology to justify 
the extra costs for the farmer. 

The pilot study has been implemented in 17 farms from 9 skilled veterinary practices in the 
different dairy regions of France. To be included, each farm had to call on his vet to solve 
a herd mastitis problem and the vet had to use the previously described good practices of 
bacteriology according to expert sayings in addition to the usual diagnosis means (SCC, 
clinical mastitis, observed risk factors). The animal phase of the study, still in progress, has 
been planned from October 2007 to September 2008. 

The farmer aseptically collects quarter milk samples in sterile flasks with glycerol (Cryokit®): (1) 
from all clinical cases; (2) from all subclinical mastitis in the last month of lactation whatever 
the cow parity (cow milk SCC >200 000 cells/ml and CMT positive) and in the 1st month 
of lactation of primiparous cows (cow milk SCC >150 000 cells and CMT positive). Milk 
samples are frozen before posting to the Laboratoire Déparmental d’Analyses in Rennes. Boxes 
containing 5 frozen samples without cooling blocks are used for transportation. Pathogen 
identification is carried out at the level of the species except for the CNS. Antibiograms are 
made on all the bacterial isolates except COR and the nitrocefin test on the CPS isolates. 

In each farm, the vet has to establish three successive herd diagnosis and control plans: 
(1) before knowing any bacteriological result; (2) after knowing, in a first time, the only 
bacteriological results allowed by the good practices; (3) after knowing, in a second time, all 
the bacteriological results constituting the ‘gold standard’. 
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First results and discussion

The preliminary results of this study still in progress mainly concern the quality of samples and 
the repartition of the isolated pathogens. Among 463 milk samples collected from quarters 
affected by clinical (70%) or subclinical mastitis, only 23 (5%) were contaminated (Table 3). 
The number of contaminated samples per farm varied between 0 (7 farms) and 4 (2 farms). 
So, the sampling by the farmer after demonstration and short training by the vet, appears 
perfectly practicable as already reported (Bradley et al., 2002; Houfschmitt, 2004). Basically, 
the default of sampling of some concerned quarters, especially from cows with high cell counts, 
was the main observed deficiency.

The global repartition of the isolates from clinical and subclinical mastitis (Table 4), shows that 
SRU is the most common pathogen (35%), followed by COL (15 %) and CPS (12%). No SRA, 

Table 3. Repartition of the samples according to the number of isolates.

Nb isolates Nb samples (%)

0 (sterile) 106 (23%)
1 315 (68%)
2 19 (4%)

>2 (contaminated) 23 (5%)
Total 463 (100%)

Table 4: Repartition of the isolates.

Pathogens isolated Number (%)

SRU 125 (35%)
SRD 19 (5%)
CPS 44 (12%)
CNS 39 (11%)
COR 37 (10%)
ETC 7 (2%)
OGP 6 (2%)
COL 53 (15%)
OGN 16 (5%)
YEA 7 (2%)
Total 353 (100%)
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PSE and ARC were found. Among CPS isolates, more than 90% were Staphylococcus aureus 
and less than 20% were positive to the nitrocefin test, a lower proportion than previously 
found (Sérieys and Bruneau-Gicquel, 2006). Among OGN, 50% were Klebsiella spp., 25% 
Enterobacter spp. and 25% other species. SRU was neatly the most frequent major pathogen 
in 6 herds, CPS in 1 herd, SRU + COL in 4 herds, SRU + Klebsiella spp. in 1 herd, SRU + 
CPS in 1 herd, CPS + SRD in 1 herd. In the 4 herds where CPS were relatively frequent, the 
isolates were entirely nitrocefin+ in 1 herd, entirely nitrocefin- in 2 herds and more than 85% 
of the isolates were nitrocefin- in 1 herd, confirming the high intra-herd homogeneity of this 
character (Sérieys and Bruneau-Gicquel, 2006).
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Abstract

Data from a recent field study in New Zealand and another in Denmark were analysed to 
illustrate some real or perceived problems with finding the ‘right’ reference standard to use 
when evaluating the performance of automated monitoring and detection systems for udder 
health. Our analyses imply that a robust ‘gold standard’ cannot be derived from observations 
of clots in foremilk at a single milking per month. Inclusion of cows with a few flecks in their 
foremilk on isolated occasions is likely to result in over-diagnosis of clinical mastitis. Addition 
of a criterion of raised cell count or CMT >3 in foremilk from one or more quarters of a cow 
reduces the likelihood of over-diagnosis of clinical mastitis or abnormal milk. However, 
inclusion of cell count or CMT information is not necessary if the definition of a true clinical is 
based on observation of clots at 2 of 3 consecutive milkings. Annex C of ISO 20966 implies that 
diagnosis can be based on the first squirts of foremilk. A more objective test would be to discard 
the first three squirts of foremilk before sampling to determine the presence of clots. Our 
recommended definition of a ‘clinical episode’ (or ‘clinical case’) is: ‘Clots (> 2mm in average 
diameter) persisting beyond the first three squirts of foremilk for at least 2 of 3 consecutive 
milkings’. This definition would provide an effective compromise between robustness of the 
gold standard and the practical issues of conducting an evaluation of new sensing systems. 
Because the incidence of clinical cases is low and variable in most herds, a 36 h evaluation 
period may be too short to produce reliable data for robust statistical analyses.

Keywords: biosensors, clinical mastitis, gold standard

Introduction

The new International Standard (ISO 20966, 2007) includes an informative Annex C which 
attempts to deal with methods of detecting abnormal milk and interpretation of test results. A 
major difficulty in this field is that an independent assessment of the ‘true’ udder health status 
of a herd – even on an isolated test-day, let alone a continuous basis – is both difficult and 
expensive to obtain. For example, Annex C recommends that ‘Sampling shall be performed 
in at least three herds for at least 36 h in each herd.’ Another major problem is the lack of 
genuine agreement on the ‘right’ ‘gold standard’ against which to judge the performance of 
automatic monitoring and detection systems. Matters are made worse by the fact that new 
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clinical infections are relatively infrequent events. Consequently, statistics tend to be weak. 
The strength of the statistics for calculation of the sensitivity depends very much on the 
frequency of clinical abnormalities. 

Nevertheless, if automatic detection systems are to gain acceptance in the cost-conscious 
dairy industry, and deliver to farmers the benefits that we believe they are potentially capable 
of providing, these issues must be tackled. The main purpose of this paper is to invite further 
debate on the question: ‘What is the ‘right’ gold standard (or standards) to use when evaluating 
the performance of automated monitoring and detection systems for udder health?’ 

Methods 

Field data from New Zealand

Data obtained from a field study in New Zealand (Claycomb et al, personal communication, 
2008) are used to illustrate some of the issues discussed in this paper. For convenience of 
readers, a brief description of that study is given here. In October 2006, a novel sensing system 
was evaluated against a quantitative ‘gold standard’ for clinical mastitis in a herd of 650 cows 
milked twice daily in a 50-stall rotary parlour. The data-set contained 26,974 cow-milking 
records, equivalent to an average of 642 cows milked twice daily. The ‘gold standard’ was based 
on visual observation of milk clots on a commercially-available, in-line clot filter (Mastitis 
detector, Ambic Equipment Ltd, UK. www.ambic.co.uk) which was installed in each milk hose 
of all 50 milking units. The filter consists of a stainless metal mesh with a pore size of 0.9 mm 
diameter. A technician was employed to check these filters for clots as soon as the cluster 
was removed from each cow at every milking for three weeks. The filter screen was removed 
and rinsed clean with running water each time that clots were found on the filter. Clots were 
recorded as score 1, 2 or 3 according to the sample pictures supplied with the commercial 
filters. Individual cow, somatic cell count (ICCC) data were obtained from the monthly herd 
test samples collected 1 week before the start of the 3-week experimental period and again 
on the final day of the field study. 

Field data from Denmark

Data from a Danish study (Rasmussen and Bjerring, 2004) were re-analysed to examine 
relationships between the observation of clots in foremilk at successive milkings, CMT scores 
and the classification of quarters as true clinical or non-clinical cases. Data were reviewed for 
cows having at least one milking at which clots were observed in their foremilk. Cows with 
records from less than 3 consecutive milkings were discarded, leaving a total of 107 cows 
having records available for 3 to 9 consecutive milkings for the analysis. 



Mastitis control - From science to practice � 261

Results 

New Zealand results and implications

Clots were observed on the mastitis filter screens on 54 occasions during the New Zealand 
study. Of these 54 observations, 11 were scored 1, 15 were scored 2 and 28 were scored 3. For 
a herd of about 640 cows observed for a 3-week period, the total of 54 clot observations is 
equivalent to more than 11 clinical cases per 100 cows per month. By comparison, Aust-ralia’s 
‘Countdown Downunder’ warning level for a herd mastitis problem is only 2 clinical cases per 
100 cows/month (Brightling et al., 2000). Such a high clinical case rate could imply that the 
herd might be experiencing a mastitis crisis. This seemed unlikely, however, because the herd 
BMCC remained steady at about 150,000 cells/ml before, during and after the study. 

To explore the possibility that single clot events on the filter screen might lead to over-diagnosis 
of clinical mastitis, one of us (GM) talked to the herd manager. His records showed that only 
15 clinical cases were treated during the trial period (equivalent to a clinical treatment rate 
of 3.4 per 100 cows per month). The herd manager commented that he ‘did not take a lot of 
notice of the clot results on the mastitis filter because, when he checked most of those cows, 
clots disappeared after a couple of squirts of their foremilk’. His comment is consistent with a 
practical guideline from the Australian Countdown Downunder program which helps farmers 
avoid over-diagnosis or over-treatment of clinical cases. According to the relevant guideline, 
‘a case of clinical mastitis which requires treatment occurs when there is heat, swelling and 
pain in the udder, or there are changes in the milk (wateriness or clots) that persist for more 
than three squirts of milk.’ (Brightling et al., 2000). 

Table 1 illustrates the difficulties inherent in choosing the ‘right’ gold standard for monitoring 
clinical mastitis. Four optional benchmarks are presented in this table: 

Option 1: If the presence of clots on the filter screen after milking is regarded as the ‘true’ gold 
standard for clinical mastitis, then the benchmark for comparison with results from the sensor 
under test would be 54 ‘true’ clinical cows. [Note that the clot-positive filter screens could 
have been contaminated with clots at any stage during the milking of an individual cow].

Option 2: This ‘gold standard’ required the presence of clots on the filter screen after milking 
and ICCC > 800,000 cells/ml (equivalent to CMT score >3 as specified in Annex C of ISO 
20966) at the start and/or at the end of the study. Using this option, the apparent benchmark 
was 34 ‘true’ clinical cows. [Note: Because it was not possible ‑ after the field study ‑ to follow 
the precise guidelines in Annex C, this option (clots confirmed by a raised cell count) was 
based on ICCC data from the monthly herd test collected 1 week before, and on the final day 
of, the 3-wk period].
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Option 3: This option required the presence of clots on the filter screen at 2 consecutive 
milkings or 3 times in 6 milkings. Cows with isolated, non-persistent observations of clots 
on the filter screen were ignored or discarded from the analysis. Using this gold standard, the 
apparent benchmark was 21 ‘true’ clinical cows. 

Option 4: If we assume that cows selected by the herd manager for treatment were the only 
‘true’ clinical cases, then the benchmark would have been only 15 true clinicals. 

In light of the difficulties of deciding which ‑ if any ‑ of these options was the ‘true’ gold 
standard, it is almost impossible to decide what were the ‘right’ performance measures for the 
particular sensor under test. For example, the low Sensitivity for the option with the highest 
number of apparently ‘true’ clinical cases (Option 1) might result from a fundamental problem 
of over-diagnosis of clinical mastitis based on a single, isolated observation of clots on the 
mastitis filter. At the other extreme, the ‘gold’ standard for Option 4, which had the lowest 
number of apparently ‘true’ clinical cases, is likely to be tarnished because the incidence of 
clinical mastitis often is higher than expected or found by the average herdsman.

The truth probably lies somewhere between the two extreme positions represented by Options 
1 and 4. The gold standards for the two options with the highest Sensitivity (Options 2 and 3) 
seemed more promising and these possibilities are explored further in our next section.

Table 1. Data derived from a 650-cow herd monitored for a 21-d period in October 2006. These 
data were analysed in different ways to illustrate: (a) the remarkable variation in the number 
of ‘true clinicals’ according to the gold standard used; (b) the resulting apparent variation in 
performance measures for the sensor that was field-tested. 

Gold standard option Number of 
‘true’ clinical 
cows

Sensitivity False Alert 
Rate (per 1000 
cow-milkings)

1. �All cows with one or more clot observations 54 37/54 (68%) 6.4
2. �Discard cows with clot alerts if ICCC <800 k 

cells/ml
34 30/34 (88%) 6.5

3. �Clot alerts at 2 consecutive milkings or 3 
times in 6 milkings

21 18/21 (86%) 3.9

4. �Only cows selected by herd manager for 
antibiotic treatment 

15 12/15 (80%) 7

Note: The False Alert Rate is the number of false alert episodes per 1000 cow-milkings as defined and 
described in our companion paper (Sherlock et al., 2008). 
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Danish results and implications

Of the 107 cows having at least one milking at which clots were observed in their foremilk, 
94 also had a CMT score >3 in one or more quarters. Individual cow-milkings for these two 
groups of 107 and 94 cows were divided into percentages of milkings at which clots were 
observed. In the group of 107 cows, 74% had clots in their milk at <50% of their milkings. 
This proportion dropped slightly, to 70% of 94 cows, when the CMT score was included as a 
criterion for confirming the presence of clots in milk. Thus, clots were present consistently 
(ie, at >50% of milkings) in only about 30% of cows with clots in their foremilk. Inclusion of a 
CMT criterion made no difference to the number of ‘true’ clinical cows if clots were present 
in foremilk at >50% of their milkings (60, 80 and 100% on the x-axis of Figure 1A and 1B). 

The general pattern of these results is similar to those shown in Table 1 for the NZ data. The 
Danish group of 107 cows with clots at one or more milkings represents Option 1 in the NZ 
analysis. The Danish group of 94 cows (i.e. 88% of 107) with clots confirmed by CMT score 
>3 is similar in concept to Option 2 in which 34 clinical cases were confirmed by ICCC (i.e. 
63% of 54 total clot observations in NZ). The Danish group of about 30% of cows with clots 
in their foremilk at >50% of their milkings is similar in concept to Option 3 (21 clinical cases, 
i.e. 39% of 54 clot observations in the NZ data).

Discussion

The main implication of the NZ and Danish analyses is that the classification of true clinical 
status needs to be confirmed either by linking a clot observation with a raised CMT score (or 
raised SCC) in quarter foremilk or by repeated clot observations at consecutive milkings.
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Figure 1. Frequency distribution showing the percentage of individual cow-milkings at which 
clots were observed in the foremilk of two groups of cows at 3 to 9 consecutive milkings for (A) 
number of cows (B) percent of milkings in each frequency class.
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Although the CMT method is simple and convenient, CMT scoring is subjective. Some people 
tend to score high and others low. A further disadvantage of the CMT is that a threshold 
score >3 (>800,000 cells/ml) may be too low in quarter foremilk to confirm a true clinical 
case. According to Thurmond (1990), for example, clinical signs are not readily apparent until 
quarter SCC reaches 4-5 million cells/ml, although clinical symptoms have been reported for 
quarter milk with as few as 1-2 million cells/ml. Given the subjective nature of CMT scoring, 
we suggest that a more robust classification of true clinical status should be based only on 
observation of clots in milk on at least 2 of 3 consecutive milkings. 

Annex C of ISO 20966 includes an informative note which states that ‘Finding clots in the 
foremilk on the [specified test] filter means that the quarter and animal suffers from clinical 
mastitis’. In view of the previous discussion, this informative note appears likely to lead to 
over-diagnosis of clinical infections. This note does not include the sensible advice, given 
elsewhere in Annex C, to base the diagnosis on clots larger than 2 mm. Furthermore, it 
implies that the diagnosis can be based on the first squirts of foremilk. Because the first 10 
ml of milk from each quarter is caught and discarded in most (if not all?) brands of AMS, an 
automatic sensor cannot monitor the first squirts of foremilk. Given that the goal of Annex C 
is to make objective evaluations of automatic detection systems, a more objective test would 
be to apply the guideline given in Australia’s Countdown Downunder program for diagnosing 
a true clinical case, i.e. to discard the first three squirts before sampling to determine the 
presence of clots. 

What do farmers expect from an automatic detection system? 

Although we have concentrated on automated systems for detecting clinical mastitis in 
this paper, many farmers (and regulators) want more than this. Most farmers would like an 
automatic monitoring system to: detect and divert abnormal milk; to detect cows that must 
be treated; a system that can tell when an individual cow’s milk can be included in the bulk 
supply following treatment; and a system that can provide a culling list. Not surprisingly, 
Kamphuis et al. (2008) found a large amount of overlap between variables selected for abnormal 
milk and for clinical mastitis classification. According to these authors, these two problems 
are unlikely to be solved with the same classification model because they ‘are likely to have 
a different prevalence of positive cases and a different trade-off between sensitivity and 
specificity. For example, for abnormal milk detection, the classification model must be able to 
correctly discard a reasonable proportion of abnormal milk without discarding a large amount 
of normal milk. However, a classification model for clinical mastitis needs to identify those 
cows and quarters likely to have mastitis for a mastitis attention list. This list can potentially 
include a moderate number of cows without mastitis (false positives) but the focus must be 
on developing a model with a high sensitivity.’

We agree with Kamphuis et al. that these two problems are likely to need different classification 
models. In response to their proposed focus on developing a model with high sensitivity, we 
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suggest that the target of >70% given in Annex C is a minimum requirement for a mastitis 
attention list. As for their key question: what is an acceptably ‘moderate number’ of false 
positives for a mastitis attention list, we suggest that the target specificity of >99% in Annex 
C is also a minimum requirement. This target implies that farmers must be prepared to deal 
with up to 10 false alerts per 1000 cow-milkings in their daily routines. 

Conclusions and recommendations

Gold standard for a ‘true’ clinical cow 

Our recommended definition of a ‘clinical episode’ (or ‘clinical case’) is: ‘Clots (> 2 mm 
in average diameter) persisting beyond the first three squirts of foremilk for at least 2 of 
3 consecutive milkings.’ This definition would provide an effective compromise between 
robustness of the gold standard and the practical issues of conducting an evaluation of new 
sensing systems. A potential advantage of this definition is that its wording mirrors the classic 
definition of a truly infected quarter (Neave, 1975), i.e. (1) to discard the first couple of squirts 
before collecting a sample for culture; (2) to classify a quarter as infected if the same pathogen 
is isolated from that quarter at 2 consecutive or 2 of 3 consecutive culture samples.

Gold standard for a ‘true’ negative cow

Cows with no flakes, clots, watery, yellowish or bloody milk and with a CMT score <4 on all 
quarters could be used for calculation of specificity and false alert episodes per 1,000 cow-
milkings. As an alternative to the subjective CMT criterion, cows could be classified as ‘true 
negatives’ if SCC is <200,000 cells/ml in composite milk of weekly samples and all foremilk 
samples are without any clinical signs.

Getting the numbers right

Because the incidence of clinical cases is low and variable in the majority of herds, a 36 h 
evaluation period is likely to be too short to produce reliable data for robust statistical analyses. 
As is implied in Annex C of ISO 20966, an evaluation study may require that monitoring is 
extended beyond 36 h until a total of at least 20 cows or quarters have been identified as true 
clinical cases.
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Abstract 

This study explored the potential of decision tree induction for the automated detection 
of clinical mastitis. Sensor data (including electrical conductivity, colour and yield) of over 
670,000 quarter milkings were collected from December 2006 till August 2007 at six dairy 
herds using automatic milking. Farmers recordings of quarter milkings that showed clear 
clinical signs of mastitis were considered as gold standard positive cases (n=100). Quarter 
milkings that were not visually checked, that were checked but scored as being normal, and 
that were outside a 2-week range before or after a gold standard positive case were used as 
gold standard negative cases. A random sample of 3,000 gold standard negative cases was 
selected for further analyses. Using 10-fold cross validation, a decision tree algorithm was 
implemented to estimate the probability of having clinical mastitis for each quarter milking. 
Parameter settings of the decision tree algorithm were varied to study the effect on sensitivity, 
specificity, the False Alert rate and the Success Rate. Receiver-operating characteristic curves 
were constructed to visualise all potential combinations of sensitivity and specificity of different 
detection models. Although data from the field was used, the rather simple algorithms and the 
limited time window used for the models to account an alert as true positive, results suggested 
that decision tree induction has potential for detecting clinical mastitis using sensor data. 
The default decision tree showed higher sensitivity values for a specificity range of 97 to 100% 
compared to two alternative trees. By changing the settings it was possible to reach higher 
levels of sensitivity for specificity values lower than 97%.

Keywords: automatic milking, clinical mastitis, data mining, diagnosis

Introduction

Automatic milking (AM) systems today use several inline sensors that measure different milk 
features to detect cows with clinical mastitis (CM). These measurements are used by detection 
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algorithms that generate mastitis alert lists, reporting those cows and quarters likely to have 
mastitis. For a CM detection model it is important to identify at least those cows with a severe 
udder infection. These cows need an antibiotic treatment as soon as possible that helps stop 
the pathogen from invading the udder. Although the sensitivity of current detection models 
might be improved, an additional common complaint by dairy farmers using AM considers 
the high number of false positive alerts on the mastitis alert lists, leading to an unwanted 
additional work-load (Hogeveen and Ouweltjes, 2003).

In the past, research focussed on the electrical conductivity (EC) of milk to detect CM. 
Variables derived from in-line EC measurements have been compared across milkings of the 
same quarter (Lansbergen et al., 1994) or with other quarter milkings (Maatje et al., 1992) 
to detect pattern changes possibly due to CM occurrence. Also smoothing, Kalman filters or 
the fuzzy logic theorem were used for CM detection (Cavero et al., 2006; De Mol et al., 1999; 
De Mol and Woldt, 2001). Most of these models used the maximum or the mean value (or a 
combination) measured within a cow or quarter milking. Kamphuis et al. (2008) suggested 
that not only the mean or maximum EC value showed potential for CM detection. Instead, 
detection performance may be improved by combining different predictive variable types, for 
example, combining the standard deviation of the EC measurement pattern with the slope of 
the measurement pattern of the colour sensor blue. 

The fact that sensor data itself are noisy and often incomplete is one of the major difficulties for 
developing CM detection models. Furthermore, the low prevalence of CM makes modelling 
even more difficult. Data mining is a technique which tries to discover new knowledge in large 
amounts of data, and addresses the question of how to use historical data to discover general 
regularities to improve the process of decision making (Mitchell, 1999). Decision tree (DT) 
induction is a commonly used data mining technique (Quinlan, 1986) which is believed, in 
contrast with more traditional statistical approaches, to be capable of dealing with data that 
is noisy, imbalanced and/or incomplete. 

The objective of this study was to explore the potential of DT induction for the automated 
detection of CM, using data collected in the field. The detection model should be able to deal 
with real on-farm data.

Materials and methods

Data collection

Data used in this study was collected from December 2006 till August 2007 at six Dutch 
commercial dairy herds using in total 9 AM systems (Lely Industries N.V., Maassluis, the 
Netherlands). The primary selection criterion for farmers to participate was a serious daily use 
of the mastitis alert list as criteria to check quarter visually for CM. As standard procedure, 
the AM system discards the first approximately 30 ml milk per quarter milking. After that, 
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average values for each 100 ml of milk are recorded for four in-line sensors (EC, red, green 
and blue) for each quarter milking by the AM system. Each AM system was connected to a 
separate remote computer and the 100 ml measurements as well as sensor measurement values 
at quarter milking level were logged to this remote computer. In addition, an estimation of 
quarter milk yield was registered, as well as date and time registrations of when a cow entered 
the AM, when teat cups were attached and when milk flow started. Participating farmers were 
introduced to a scoring protocol (Figure 1). The protocol was set up to collect data from those 
cows and quarters mentioned on the mastitis alert lists and that were visually checked. In 
addition to the score assigned to a quarter, cow identification number, the quarter itself, and 
date and time of scoring were recorded. Whenever a farmer decided to start an antibiotic 
treatment, a milk sample (duplo) was requested for free of charge bacteriological culturing 
(BC) before the start of the treatment. Every four to six weeks farmers were visited to collect 
data from the remote computers, the scoring forms and the milk samples for BC. BC results 
were communicated to the farmers as soon as results were available.

Data preparation

Sensor data were collected from almost 600 cows and over 670,000 quarter milkings, and 
429 quarter milkings were visually checked for CM. Sensor data and observational data were 
combined when the time difference between the visual check and the milking was equal to or 
less than 24 hours. Quarter milkings where the AM system failed to connect the teat cups were 
deleted from the data set together with quarter milkings where data on teat attachment and 
100 ml measurements recordings were missing. A data flow diagram, described in Kamphuis 
et al. (2008), was used to define descriptive variables for sensors measurements of EC, the 
colours red, green and blue, milk flow (milk production in ml/second within a quarter milking), 
milk flow delay (time between the teat being cleaned and start of the milk flow), dead milking 
time (time between teat cup attachment and start of the milk flow), and milk production (total 
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Figure 1: Scoring protocol of those quarters checked by dairy producers visually. Scoring of 
squirts of milk was done using a clean black CMT paddle. Scores were used to define Gold 
Standard positive quarter cases of clinical mastitis.  
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Figure 2. 10fold cross validation to estimate expected performance of a final classifier tree E 
when applied to unseen data. GSNeg = gold standard negative cases of clinical mastitis. 
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performance of all 10 classifiers as developed on the training sets and tested on the test sets.   
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Figure 3A. ROC-curves of DT algorithms: default settings (  ), highest sensitivity (   ), and 
intermediate results (   ). Figure 3B: details of the curves for SP values of 90% or higher. 
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quarter milk yield divided by the time since the previous milking). A total of 1,095 independent 
variables were used as input for the CM detection model.

Gold standard definition of positive and negative cases of clinical mastitis

Gold standard positive (GSpos) cases were quarter milkings that received an observational 
score of 3 or higher (Figure 1), resulting in 100 GSpos cases. Quarter milkings that were checked 
and scored a 1 or 2, and quarter milkings that were not visually checked were considered as 
gold standard negative (GSneg) cases in first instance. However, the GSneg label was removed 
from all cow milkings 2 weeks prior or post a GSpos case, from quarter milkings that were 
separated manually or automatically, and from quarter milkings where separation details 
were missing. This definition resulted in 630,080 GSneg quarter milkings, from which 3,000 
quarter milkings were randomly selected for further analyses. 

Decision tree induction and performance analyses

A DT algorithm, using the information gain ratio to split the data set at nodes (Quinlan, 
1993), was used to produce probabilities for each quarter milking to have CM. In addition 
to the default settings of the DT algorithm used, two important parameters were varied to 
study their effect on detection performance. First, a cost matrix was introduced to account 
for the imbalance of positive and negative cases of CM in the dataset. By introducing costs 
for false negative alerts, the algorithm is forced to put more emphasis on classifying quarter 
milking as positive for CM during training. The higher the costs the more emphasis is put on a 
positive classification. The confidence factor, a number that is used by the algorithm to prune 
developed trees to avoid over-fitting a model, was the second parameter that was varied. The 
lower the confidence factor, the more pruning, and the smaller the final DT is. Default values 
of the DT algorithm are equal costs and a confidence factor of 0.25. Ten fold cross validation 
(Figure 2) was used to estimate the performance of the DT classifier when applied to unseen 
data. To compare different DT algorithms the sensitivity (SN), the specificity (SP), the number 
of false positive alerts per 1,000 quarter milkings (False Alert Rate) and the positive predictive 
value (Success Rate) were evaluated. Receiver-operating characteristic (ROC) curves were 
produced to visualise the performance of several DT algorithms over the whole range of SN 
and SP combinations. For each of the 10 test sets of the 10fold cross validation, trade-off 
values ranging from 0 to 1.0 (in 40 equal steps) of the given probabilities were used to define 
CM. Figures for SN and SP resulting from these cut-off values were averaged to represent 
values of the final classifier E in Figure 2 and to create points for the final ROC-curves. Data 
preparation was done using SAS version 9.1 (SAS Institute Inc., Cary, NC). Development of 
several DTs was done in WEKA version 3.4.8 (Witten and Frank, 2005). ROC-curves were 
created in S-PLUS version 7.0 (Insightful Corp., Seattle, WA).
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Results

Table 1 summarises the expected detection performance measures (SN, SP, False Alert Rate, 
and Success Rate) of DT algorithms with varying costs for false negative alerts and varying 
confidence factors and a cut-off value of 0.50 to classify CM. The default settings, marked 
grey, resulted in a SN of 50%, an SP of 99%, 9 False Alerts, and a Success Rate of 64%. While 
keeping the costs at an equal level, varying the confidence factor resulted in minor changes 
in SN and Success Rate. Larger effects were seen when confidence factors were fixed while 
costs for false negative alerts increased. For example, when the confidence factor was kept at 
0.25 (default) and costs for false negative alerts increased to 100, the SN increased from 50 
to 56%. At the same time, the SP decreased considerably from 99 to 95%, the False Alert Rate 
increased from 9 to 53, and the Success Rate decreased from 64 to 25%. 

Figure 3A presents the ROC curves of a DT with default parameter settings, a DT with the 
highest SN (confidence factor 0.05, costs 100), and an intermediate one (confidence factor 
0.05, costs 20) as presented in Table 1. Details for SP values of 90% or higher are presented in 
Figure 3B. The default DT has a higher SN at the same SP when compared to the other two 
DTs, for SP values ranging from 100 to 97%. At lower SP values, however, the figure indicates 
that it is possible to reach a higher SN with other DT settings.
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Figure 1: Scoring protocol of those quarters checked by dairy producers visually. Scoring of 
squirts of milk was done using a clean black CMT paddle. Scores were used to define Gold 
Standard positive quarter cases of clinical mastitis.  
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Figure 3A. ROC-curves of DT algorithms: default settings (  ), highest sensitivity (   ), and 
intermediate results (   ). Figure 3B: details of the curves for SP values of 90% or higher. 
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Table 1. Sensitivity (SN), Specificity (SP), False Alert Rate and Success Rate of several decision 
trees at a threshold of 0.50 to classify clinical mastitis.

Costs false 
negative alerts

Confidence 
factor

SN (%) SP (%) False Alert 
Rate

Success Rate 
(%)

Equal costs 0.35 0.50 0.99 15 0.53
0.25 0.50 0.99 9 0.64
0.15 0.48 0.99 9 0.64
0.05 0.43 0.99 7 0.68

5 0.35 0.44 0.98 22 0.39
0.25 0.45 0.98 22 0.40
0.15 0.45 0.98 22 0.39
0.05 0.46 0.98 23 0.39

20 0.35 0.51 0.97 27 0.38
0.25 0.52 0.97 27 0.39
0.15 0.57 0.97 27 0.40
0.05 0.58 0.97 29 0.39

100 0.35 0.55 0.95 52 0.26
0.25 0.56 0.95 53 0.25
0.15 0.59 0.94 58 0.25
0.05 0.60 0.93 69 0.22
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squirts of milk was done using a clean black CMT paddle. Scores were used to define Gold 
Standard positive quarter cases of clinical mastitis.  
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Figure 3A. ROC-curves of DT algorithms: default settings (  ), highest sensitivity (   ), and 
intermediate results (   ). Figure 3B: details of the curves for SP values of 90% or higher. 
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Discussion

The detection performances of the DT algorithms presented in the current study are comparable 
to the performance of the algorithm currently used by AM systems (Mollenhorst and Hogeveen, 
unpublished data). This may seem disappointing in first instance, but there are some points 
that need consideration while interpreting the results. First of all, an important issue is that 
rather basic DT algorithms were used here. Of course, cost matrixes and confidence factors 
were varied, but other more sophisticated optimising techniques like boosting or bagging 
are likely to improve CM detection performances. Secondly, detection performance may be 
improved when DTs are trained with examples where the differences in data patterns between 
positive and negative cases are more pronounced. For example, adding an extra restriction to 
the GSneg cases by including only those cows never exceeding a SCC of 200,000 cells/ml in the 
monthly milk production recordings may reveal data patterns that are more specific for the 
negative CM cases than the patterns currently present in the GSneg pool. Thirdly, the milking 
of interest for the DT models to alert for CM was that quarter milking to which the farmer’s 
observation of CM was linked. This is in contrast with models described in previous studies, 
where different time-windows to define true positive alerts were used to detect CM. These 
time-windows varied from alerts 14 days preceding an actual mastitis case to be counted as a 
true positive alert (Maatje et al., 1992) to models where a true positive alert was an alert given 
after the actual CM was observed (De Mol et al., 1997). Wider time-windows will result in 
better detection performances of models, but in practice an automatic CM detection model 
should generate an alert within a very limited period of time before or only at the milking 
when CM is present. Finally, it should be remembered that data were collected at 6 commercial 
dairy herds such that intervention of the farmer’s working routine was limited. This resulted 
in a large number of positive cases of CM when compared with other studies and in a data 
set that reflects the real on-farm situation, which includes inevitable errors and missing data. 
A detection algorithm should be able to deal with these types of data when implemented 
in practice. Therefore, results of this study gives motivation to explore DT induction for 
automated CM detection more extensively in the future. 

The ROC-curves indicate comprehensively all possible combinations of SN and SP of a model 
to detect CM. Depending on what the end-user finds an acceptable level of misclassification, it 
would be beneficial for future models to be flexible in their threshold settings. The ROC-curve 
in the current study already visualised that the DT with the highest SN (60%) at a threshold 
of 0.50, performed worse when compared to the intermediate DT over the whole range of 
possible SP values. Therefore, computing the partial area under the curve would be of great 
interest. By doing so, worthwhile differences between models may be revealed which stay 
obscured when taking just one threshold value into account or when the total area under the 
curve is computed to compare detection models. 
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Conclusion

Although field data were used and the limited time-window used to define a true positive 
alert, results suggest that DT induction shows potential for detecting CM using AM sensor 
data. The default DT showed higher SN values for a SP range of 97 to 100% compared to 
two alternative DTs. By changing parameter settings it was possible to reach higher levels of 
SN for SP values lower than 97%. Main focus for future work is to optimise DT parameters, 
to implement boosting or bagging techniques, to study the effect of training on more strict 
selection of GSneg cases, and to explore the effects of different time-windows on detection 
performances. ROC-curves show comprehensively all possible SN and SP combinations 
of different DT models and computations of the partial area under the curve would make 
statistical comparisons between models possible. It would be beneficial for future models that 
they are flexible so that farmers are able to decide themselves what threshold values to use, 
depending on their own level of acceptance of misclassification. 
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Abstract

Previous efforts to quantify the performance of systems for automated detection of udder-
health anomalies have not always been consistent. Our goal is to propose a set of definitions and 
procedures using time-windows to facilitate standard methods of performance measurement 
and comparison. In particular, we discuss or present:
•	 The concept of finite-duration time-windows (or Episodes), indicative of clinical mastitis, 

in both observational (gold) and automatically-generated (auto) data. These provide the 
basis of a matching procedure to make correct associations between occurrences identified 
automatically by the monitoring system (autoEpisodes) and those confirmed independently 
(goldEpisodes).

•	 Definitions of performance measures Sensitivity, Success Rate and False Alert Rate, in 
terms of the four outputs of a matching algorithm which identifies overlaps in sequences 
of autoEpisodes and goldEpisodes.

Keywords: biosensors, clinical mastitis, monitoring, time-windows

Introduction

The rapid growth in demand for automatic milking systems has generated worldwide interest 
in the performance of automated detection of clinical mastitis and other health conditions. 
To evaluate the performance of such systems, we need to decide which of the autoAlerts are 
valid. We also need to identify cases where an autoAlert was not issued when it should have 
been, and express this information in well-defined and accepted statistical measures.

The definitions and methods we propose here are applicable quite generally to the automated 
detection of any binary condition (e.g. clinical mastitis, oestrus). For conciseness, however, 
the remainder of the paper will refer only to the specific case of clinical mastitis detection.

A central difficulty is the fact that we have no continuous monitor of the mastitis infection 
status of a cow – just a set of observations at discrete times which are indicative of clinical 
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mastitis (e.g. clots in foremilk, CMT, SCC, electrical conductivity measurement). Although 
debate persists as to which (or, more likely, what combination) of these provides a definitive 
‘gold-standard’ for identifying the presence of a clinical infection (Mein and Rasmussen, 2008), 
we define goldAlerts as points in time (plus other data such as cowID, quarter, etc.) at which 
the chosen gold-standard test(s) indicated the presence of clinical mastitis. 

Analagously, autoAlerts are generated in automatic milking systems on the basis of 
measurements made automatically during the milking process. Again they are, essentially, 
points in time at which the conditions associated with clinical mastitis are detected, along with 
cowID and details of those conditions. Since the times of occurrence of the (possibly multiple) 
autoAlerts (generated during milkings) and goldAlerts (generated by human observation) 
associated with the same clinical infection will not usually coincide, we associate finite-duration 
time-windows with the alerts and consider them to be coincident when these windows have 
any overlap. Although this concept has been used previously (e.g. De Mol et al., 1997), the 
marked effect of the length of the time-window(s) on the apparent performance of the detection 
system has not been discussed in any detail.

This paper proposes standard nomenclature and describes a simple algorithmic procedure 
for generating useful statistical measures of system performance from these time-window 
sequences. The procedure enables meaningful comparisons to be made between different 
detection systems, and also facilitates comparisons of alternative potential gold-standards.

Methods

Clinical episodes

We define a clinical episode (or, where there is no ambiguity, just an episode) as a time-window 
of minimum width W during which the clinical mastitis status might reasonably be expected 
to persist. We distinguish between autoEpisodes associated with autoAlerts and having 
minimum widths Wa, and goldEpisodes associated with goldAlerts and having minimum 
width Wg. These windows (which need not be equal) give a finite range of capture for the 
coincidence (overlap) condition.

In the time-line diagram of Figure 1A, we illustrate this for the two extreme situations of 
marginal overlap when an autoEpisode precedes its associated goldEpisode and when it 
follows it. From the diagram it is clear that, in these simple cases of single alerts within the 
time window, the condition for overlap is given by:

ta + Wa > tg   and   tg + Wg > ta� (1)

i.e. the end-time of each window must be later than the start-time of the other.
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When we have a second alert of the same type (auto or gold) within the time-window of 
the first, that is incorporated by merging its window (Wa or Wg), as shown in Figure 1B. 
This procedure can be repeated as necessary for multiple alerts. The overlap condition then 
becomes:

ta + wa > tg   and   tg + wg > ta � (2)

where: 

wa = Wa + ta
n – ta

l , wg = Wg + tg
n – tg

l� (3)
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Figure 1. Illustration of definitions and relationships between the time-windows (Episodes) 
associated with goldAlerts (denoting observations of ‘true’ clinical status) and autoAlerts 
generated by automated clinical detection systems. (A) In the example illustrated here, the 
length of the goldEpisode window, Wg, is set at 24 h and that for the autoEpisode window, Wa, 
is set at 48 h. The alerts occur at times ta and tg. (B) A second alert, falling inside the initial 
time-window W, extends it by a further period, W. (C) The ClinEpisodes defined above can be 
divided into four categories based on their overlap status.
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Fig 1. Illustration of definitions and relationships between the time-windows (Episodes) 
associated with goldAlerts (denoting observations of ‘true’ clinical status) and autoAlerts 
generated by automated clinical detection systems. 
 

a) In the example illustrated here, the length of the goldEpisode window, Wg , is set at 24 h 
and that for the autoEpisode window, Wa , is set at 48 h.  The alerts occur at times ta and tg . 
 

 
 
b) A second alert, falling inside the initial time-window W, extends it by a further period, W. 
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and tl and tn denote the time of the first and the final alerts in the autoEpisode or goldEpisode. 
Clearly, with only a single alert tn = tl and Equation 2 reduces to Equation 1. Thus, having lists 
of the times of mastitis autoAlerts from the milking system along with goldAlert observations 
of clinical mastitis, derived lists of autoEpisodes and goldEpisodes (defined by their start and 
finish times) are readily computed for any specified Wa and Wg using Equations 2 and 3. The 
choice of the W values is to some extent arbitrary – too small and true coincidences will be 
missed, too large and obviously erroneous coincidences will be formed. However, the fact 
that the analysis described below in Section 2.2 can be implemented in a simple algorithm 
means that the effects of different choices of Wa and Wg are quickly and easily explored, and 
in fact one finds sensible ranges (typically 1 to 4 days) over which the resulting performance 
measures are little changed.

As is clear from Figure 1A, the use of different values for Wa and Wg allows us to utilise any 
asymmetry in the ‘capture range’ relative to the goldAlert. This has proved useful in catering 
for the fact that, in a good automatic detection system, the autoAlert(s) are more likely to 
precede the goldAlert observation than to follow it.

Pair-match counts and performance measures

As illustrated in Figure 1C, the Episodes defined above can be divided into four categories based 
on their overlap status. The goldEpisodes are either detected or missed, and the autoEpisodes 
are either truePos or falsePos, as defined by:
•	 detectedClin: a goldEpisode which has a pair-match with one (or more) autoEpisode(s).
•	 missedClin: a goldEpisode which has no pair-match with any autoEpisode.
•	 truePosAuto: an autoEpisode which has a pair-match with one (or more) goldEpisode(s).
•	 falsePosAuto: an autoEpisode which has no pair-match with any goldEpisode.

Counts of occurrences in each of the above four categories are readily computed, and from 
these we can then calculate the following useful practical performance measures:

Sensitivity (%) = 100 * detectedClinCount / (detectedClinCount + missedClinCount)�  (4)

Success Rate (%) = 100 * truePosAutoCount / (truePosAutoCount + falsePosAutoCount� (5)

False Alert Rate = 1000 * falsePosAutoCount / totalCowMilkings� (6)

Note that we have deliberately avoided the commonly employed terms truePos (TP), falsePos 
(FP), trueNeg (TN) and FalseNeg (FN) because of inconsistency in their useage, e.g. consider 
the following three definitions of a TP as: ‘a case of mastitis where one or more alerts are given’ 
(De Mol et al., 1997); ‘an alert during a mastitis period’ (De Mol and Woldt, 2001); and ‘an 
alert on the day of observation’ (Cavero et al., 2006). Each is capable of generating a different 
TP list from the same basic data.
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Sensitivity (Equation 4) gives a measure of the proportion of true clinical Episodes that 
were correctly identified as such, whereas the Success Rate (Equation 5) is a measure of the 
proportion of the autoEpisodes which were associated with a gold (true clinical) Episode. 
These are quite different measures.

Specificity (the converse of Sensitivity) is defined as the proportion of ‘true nonClinical 
observations’ correctly identified as such). In practice, however, a proper measure of this 
is problematic. Whereas the absence of an autoEpisode can safely be interpreted as ‘non-
clinEpisode’ (since measurements were being made to confirm that), this is not usually the case 
with goldEpisodes. Apart from isolated routine herd-tests when each cow is rated as clinical 
or non-clinical, we cannot infer that the absence of a goldAlert implies a true non-clinical 
status. In Section 3 we argue that False Alert Rate (Equation 5) is the better measure. 

To illustrate the influence of choice of window sizes on the apparent performance measures, 
we reproduce (with permission) in Table 1 an extract of the results of a major trial described 
by Kamphuis et al. (C. Kamphuis, personal communication, 2008). In Table 2, we compare 
three plausible performance scenarios from a hypothetical 1000 cow-milking trial. 

Results and discussion

Effect of window sizes

In Table 1, it is evident that, with a time-window of either 24 or 48 hours, there were no 
goldEpisodes embracing more than a single goldAlert. This was not unexpected as the trial 
protocol resulted in cows being treated with antibiotics and drafted out of the milking herd 
immediately whenever a case clinical mastitis (i.e. a goldAlert) was confirmed. The windowing 
effect is seen clearly in the auto data however. With a 96 hour window the 191 autoAlerts 
aggregate into 50 autoEpisodes. Halving the length of the time-window (from 96 to 48 h) 
reduced the opportunity for aggregation of autoAlerts and thereby increased the number of 
autoEpisodes from 50 to 73 (~50%). This inevitably resulted in an increased falsePosAutoCount 
and the associated reduced Success Rate and increased False Alert Rate.

Comparison of performance measures

To allow comparison of the traditional Specificity with the measures defined in Equations 5 
and 6, the scenarios represent the less-common situation where the gold status is known at 
every milking, and we make our episode window equal to the milking interval. Thus, at each 
milking we can unambiguously identify a detectedNonClin and equate a missedNonClin with 
a falsePosAuto so, in this special case, we can also define:

Specificity (%) = 100 * detectedNonClinCount / (detectedNonClinCount + falsePosAutoCount)
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In addition to the problems of its calculation, specificity is a potentially confusing indicator of 
performance for a non-scientific audience. In scenario B of Table 2, for example, the number 
of false positives is half that in scenario A (which is a major improvement in performance). To 
a non-scientific reader, however, the improvement in specificity (from 96.9% to 98.5%) appears 
to be much smaller. This is a consequence of the number of clinicals being very much less 
than the number of non-clinicals, a situation that should always be the norm. The potential 
problem of ‘numerical perception’ of the term specificity is illustrated by the situation that 
while achieving a sensitivity of 90% would be considered excellent by most farmers, a specificity 
of 90% would be quite inadequate and very frustrating in most herd situations.

Table 1. Influence of the choice of window sizes on apparent performance measures (data from 
C. Kamphuis, personal communication, 2008).
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Success Rate could be a more useful statistic, giving a more direct measure of the proportion 
of auto alerts that are likely to be correct. Success Rate is our alternate name for the ppv 
(positive predictive value). In the comparison of scenarios A & B quoted above, Success Rate 
increased from 40% to 57% while specificity changed only fractionally. A downside of Success 
Rate is that it is not an ‘absolute’ statistic. Thus, the Success Rate will vary with the prevalence 
of the condition being monitored.

This downside can be avoided by calculating the total number of false alerts over a given 
number of cow-milkings – eg, the total number of false alerts per 1000 cow-milkings. This 
expression of the ‘false alert rate’ would be a simple, practical and comprehensible measure to 
which farmers will readily relate. In the comparison of scenarios A & B above, the false alert 
rate fell from 30 to 15 while the specificity change was only 1.6%. Clearly, a false alert rate of 
15 per1000 c-m would provide a more realistic indication of the practical limitations of a test 
compared with the equivalent value for Specificity of 98.5%. The false alert rate is essentially 
10[100% minus specificity%] per 1000 cow-milkings. This approximation should always be 
close enough for practical purposes since the clinical prevalence should always be very low 
relative to the total number of cow milkings. 

Conclusions

We have presented a well-defined algorithmic scheme for calculating useful performance 
measures of systems implementing automated detection of clinical mastitis. ‘Coincidences’ 
of corresponding automatic alerts and gold-standard observations (both essentially points in 
time) are detected by allowing both to have associated time-windows. Generating counts of 
window overlaps and overlap failures is straightforward and system performance measures 
are readily expressed in terms of these counts.

Sensitivity is readily calculated and is a direct and obvious measure of the system’s ability 
to detect clinical mastitis cases. However, Specificity is a potentially confusing indicator of 
performance for a non-scientific audience. We believe that False Alert Rate is a much easier 
term than specificity for farmers to understand when comparing promotional literature for 
competitive products. The False Alert Rate is what farmers must cope with in their day-to-
day milking routines.

Although we have concentrated on automated systems for detecting clinical mastitis in 
this paper, the same analytical concepts, methods and expressions can be applied equally 
well to analyses of the performance of auto-detection systems for abnormal milk or udder 
infections. 
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Abstract

Data were collated for an independent scientific analysis from a number of international, multi-
centre studies that had compared the efficacy of three different, cephalosporin containing, 
intramammary preparations in the treatment of clinical mastitis in dairy cattle (cefalexin 
in combination with kanamycin (group 1); cefquinome (group 2); cefoperazone (group 3)). 
Quarters were assessed using standard bacteriological techniques before treatment and at 
16 and 25 days post treatment. Additional data were also available on individual cows and 
study farms including parity, breed and cow somatic cell count histories, herd bulk milk 
somatic cell counts (BMSCC) and farm management regimes. Sufficient data for analysis 
was available from a total of 491 cases on 192 farms in 3 countries (England, France and 
Germany) with up to 16 cases being recruited from any one farm. Clinical cases were of 
diverse aetiology representing both contagious and environmental pathogens. Univariable 
analysis demonstrated that quarters in treatment groups 1 (88/148) and 2 (55/89) were not 
significantly different from each other, but were both significantly more likely to be pathogen 
free post treatment than quarters in group 3 (24/87), (P=0.021). Multivariable analysis using 
conventional random effects models indicated that country, pre-treatment rectal temperature 
(above normal temperature associated with increased chance of being pathogen free post 
treatment), individual cow somatic cell count (increased SCC associated with decreased 
chance of being pathogen free post treatment) and pathogen (Staphylococcus aureus isolation 
associated with decreased chance of being pathogen free post treatment) were useful predictors 
of pathogen free status; parity, yield, BMSCC and other farm management factors were not. 
The results suggest that the factors important in predicting the outcome of treatment of 
clinical mastitis cases may be dissimilar to those reported to affect the likelihood of cure when 
treating subclinical intramammary infections.

Keywords: clinical mastitis, cure, cephalosporin, treatment 
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Introduction

With the exception of papers reporting clinical trials, and in contrast to the treatment of 
subclinical mastitis, there is very little published in the peer reviewed literature about factors 
affecting the likely outcome of treatment of clinical mastitis cases. Whilst differences in cure 
rates have been demonstrated between different intramammary products (Deluyker et al., 
1999) the only other major factors to have been investigated and identified as being important 
in determining the outcome of treatment of clinical cases are the speed with which treatment 
is initiated and the duration of treatment, with more rapid identification and initiation of 
treatment (Hillerton and Semmens, 1999) and increased duration of treatment both being 
associated with improved cure rates (Deluyker et al., 2005; Oliver et al., 2004).

In contrast the factors affecting the likely outcome of treatment of sub-clinical mastitis are 
much better understood and have been more thoroughly investigated. It is well established 
that there are significant differences in cure rate associated with farm factors such as bulk milk 
somatic cell count (BMSCC), the pathogen involved, the duration of infection, the duration 
of treatment, the number of quarters affected (Deluyker et al., 1999; Sol et al., 1994, 1997) as 
well as the parity of the affected animal and the timing of treatment in the lactation cycle, with 
enhanced cure rates achieved in the dry period compared to lactation (Bradley et al., 2003). 

There are a number of ways of assessing the outcome of treatment of cases of clinical mastitis 
including the simple assessment of the resolution of clinical signs (treatment success as 
perceived by the farmer), the indirect assessment of response to treatment by measurement 
of post treatment somatic cell count and the ‘gold standard’ approach of serial bacteriological 
culture. Species specific cure rates based on the failure to retrieve the causal pathogen in post 
treatment samples are often quoted, but have the disadvantage of telling the investigator little 
about the overall prognostic outcome and therefore likely survival of the animal in the herd 
longer term. In contrast, an assessment based on the likelihood of a quarter being ‘pathogen 
free’ post treatment provides a biologically useful and robust assessment of the outcome of 
treatment which may better reflect the long term survival of the animal in the herd.

The primary objective of this study was to investigate factors important both in determining 
and predicting the outcome of treatment of clinical mastitis, in this case with intramammary 
products containing cephalosporins.

Materials and methods

Data were collated from two multicentre international efficacy studies which compared the 
use of different cephalosporin containing intramammary products in the treatment of bovine 
clinical mastitis occurring during lactation. Both studies followed the same protocol (with the 
exception of treatment regimes): Study A was conducted in the UK and France and study B 
in the UK and Germany. A product containing the 1st generation cephalosporin, cefalexin in 
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combination with kanamycin (Group 1)(Ubrolexin, Boehringer Ingelheim Animal Health) was 
used in both studies and was compared to a 4th generation cephalosporin, cefquinome (Group 
2) (Cephaguard/Cobactan, Intervet Ltd) in Study A and to a 3rd generation cephalosporin, 
cefoperazone (Group 3)(Pathocef, Pfizer Ltd)(Grp3) in Study B.

Cows, suffering from clinical mastitis were recruited to the studies from 192 commercial 
dairy farms in three countries with up to 16 cases being recruited from any one farm (Max: 
16, Min: 1, Mean: 2.56, Median: 2). Herd size varied from 2 to 480 cows in milk. All animals 
were managed according to normal husbandry regimes for each farm and all herds followed 
a twice daily milking regime. The geometric mean bulk milk somatic cell count (BMSCC), in 
the three months prior to the study, on the farms from which cows were recruited was 211,000 
cells/ml (range 48,000 and 590,000 cells/ml). There were diverse management, husbandry and 
milking practices across the study sites encompassing both cubicle and loose yard systems, 
a variety of feeding systems and significant variation in the degree of implementation of the 
five point plan. 

Cows selected for inclusion in the study were clinically examined, by a veterinary surgeon, 
prior to treatment which included a detailed assessment and grading of both the affected 
quarter and its secretion. Cows were randomly allocated to treatment group; all treatments 
were applied according to the manufacturer’s recommendations. Aseptic quarter milk samples 
were collected on days 0, 16 (±1) and 25 (±1) for bacteriological and somatic cell count analysis. 
Bacteriology was conducted using recognised techniques and organisms were identified and 
quantified using standard laboratory techniques (NMC, 1999; Quinn et al., 1994). 

Treatment outcomes were assessed in a number of ways. Apparent bacteriological cure of a 
pathogen identified on day 0 was defined as having occurred when the same pathogen was 
not identified in either of the post treatment samples. An outcome of ‘Post Treatment No 
Growth’ was defined for quarters which were free of any mastitis pathogen in either of the 
post treatment samples.

Data were collated and analysed using Microsoft access and excel (Microsoft Corp, Redmond, 
WA, U.S.), Minitab (Minitab Inc., State College, PA, U.S.), MLWiN (Rasbash et al., 2005) 
and WinBUGS (Spiegelhalter et al., 2004). Unvariable analysis was conducted using the chi 
squared test and ANOVA as appropriate. Allowances were made using a layered bonferroni 
correction when making multiple comparisons. Multilevel (random effects) models (Goldstein, 
1995) were specified so that correlations within the data (cows within farms) were accounted 
for appropriately.

Results

A total of 491 cases were included in the analysis 236, 111 and 144 cases to groups 1, 3 and 2 
respectively. The treated animals represented a diverse population representing 11 different 
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dairy breeds (Holstein Friesians predominating); a wide range of parities, stages of lactation 
and yields. Individual cow somatic cell counts varied significantly in the month prior to 
treatment from 1x103 to 7,679x103 cells/ml. Clinical parameters at the time of presentation 
were also diverse. 

The aetiology of the clinical mastitis cases encompassed both ‘contagious’ and ‘environmental’, 
gram positive and gram negative organisms. The aetiology of cases varied across the countries 
included in the study with contagious pathogens being most prevalent in Germany, the 
aetiology of cases is summarised by country of origin in Table 1. Overall, 25.4% of cases were 
attributed to coliform organisms, 28.3% to S. uberis whilst S. aureus was implicated in only 
12.2% of cases.

Univariable analysis failed to reveal any significant differences in the apparent cure rates as 
summarised in Table 2. Successful treatment outcomes as measured by being ‘pathogen free’ 
post treatment are summarised in Table 3 ‑ when comparing treatment groups using this 
outcome a significant difference was identified with both Groups 1 and 2 being significantly 
more likely to be pathogen free post treatment than the Group 3 (P<0.05).

Results of multivariable analysis are summarised in Table 4. Cows in the group 3 were 
significantly less likely to be pathogen free post treatment than quarters in treatment group 1 
(OR 0.24; 95% credibility interval 0.09-0.65). Significant differences were also detected between 

Table 1. Summary of aetiology of clinical cases by country.

Diagnosis
 

UK France Germany Overall

n % n % n % n %

A. pyogenes 1 0.51 0 - 3 1.95 4 0.81
Coagulase -ve 
Staphylococci

26 13.3 17 12.0 23 14.9 66 13.4

E. coli 47 24.1 31 21.8 15 9.74 93 18.9
S. uberis 71 36.4 37 26.1 31 20.1 139 28.3
S. aureus 16 8.21 13 9.15 31 20.1 60 12.2
Enterococcus spp 1 0.51 3 2.11 2 1.30 6 1.22
S. dysgalactiae 11 5.64 8 5.63 16 10.4 35 7.13
S. agalactiae 0 - 0 - 4 2.60 4 0.81
Other coliforms 8 4.10 18 12.7 6 3.90 32 6.52
Mixed aetiology 7 3.59 9 6.34 17 11.04 33 6.72
No growth 7 3.59 6 4.23 6 3.90 19 3.87
Total 195  142  154  491  
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countries in the odds of a quarter being pathogen free post treatment with quarters in cows 
in Germany being significantly less likely to experience a successful outcome compared 
to quarters of cows in the UK (OR 0.16; 95% credibility interval 0.06-0.42). No herd level 
management factors or BMSCC were found to be influential in determining the likelihood 
of treatment outcome. No cow level parameters were influential in the final model with the 
exception of individual cow SCC in the month prior to the clinical case when each unit rise 
in logSCC resulted in a reduced odds of being pathogen free post treatment (OR 0.77; 95% 
credibility interval 0.63-0.94) and elevated rectal temperature (OR 3.16; 95% credibility interval 

Table 4. Summary of the multilevel logistic regression model investigating the likelihood of 
being pathogen free post treatment, taking into account pre-treatment bacteriological status 
and post treatment somatic cell count.

Covariate Coefficient SE OR Credibility intervals

2.5% 97.50%

ref Treatment = 1
2 0.390 0.428 1.48 0.63 3.48
3 -1.413 0.488 0.24 0.09 0.65

ref StudyID = B
StudyID A 1.910 0.611 6.75 1.99 22.92

ref Country = UK
Germany -1.850 0.497 0.16 0.06 0.42
France -0.402 0.440 0.67 0.28 1.61

Individual Cow SCC in the month prior to treatment
For each unit (1.00) rise in logSCC -0.266 0.115 0.77 0.61 0.96

ref Season = Spring
Summer 0.471 0.571 1.60 0.51 5.02
Autumn 0.720 0.578 2.05 0.65 6.53
Winter 1.457 0.641 4.29 1.19 15.47

ref Rectal Temperature = <38.6 oC
Rectal Temp = 38.6-39.1 oC 0.049 0.342 1.05 0.53 2.08
Rectal Temp >39.1 oC 1.150 0.525 3.16 1.11 9.03

ref Pre-treatment bacteriological status other than Staphylococcus aureus
Staphylococcus aureus isolated pre-
treatment

-1.199 0.566 0.30 0.10 0.94

Quarter SCC post treatment
For each unit (1.00) rise in logQrtSCC 
post treatment

-0.269 0.099 0.76 0.63 0.93
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1.11-9.03). S. aureus was the only pathogen, when identified in the pre-treatment sample, 
that had a significant impact on the outcome; S. aureus cases being significantly less likely 
to be pathogen free post treatment than other pathogens (OR 0.30; 95% credibility interval 
0.10-0.94). Post treatment quarter SCC was found to be a useful indicator of a successful 
outcome with each unit rise in post treatment quarter logSCC resulting in a reduction in 
the odds of being pathogen free post treatment (OR 0.76; 95% credibility interval 0.63-0.93). 
In addition quarters developing a clinical case in the winter months were significantly more 
likely to be pathogen free than those affected in the spring (OR 4.29; 95% credibility interval 
1.19-15.47). 

Discussion

There was a diverse aetiology of clinical cases in the studies incorporated in this analysis, 
though interestingly the only pathogen to significantly affect the likelihood of a successful 
treatment outcome was S. aureus. This finding supports the findings of previous research 
(Barkema et al., 2006), and highlights the importance of knowing the prevalence of mastitis 
pathogens on a unit as this will inform treatment decisions and expectations and will allow 
the practitioner to be more proactive in electing for more aggressive treatment regimes in an 
attempt to improve treatment outcomes in herd with a high prevalence of S. aureus.

It is interesting to speculate on the differences between the products. As one might have 
expected the fourth generation cephalosporin (cefquinome) performed well in the overall 
assessment, despite the poor cure rates against S. aureus reported in Table 2, highlighting 
the importance of multivariable analysis. Perhaps more interesting is the performance of the 
1st generation cephalosporin when used in combination with the aminoglycoside kanamycin 
– this combination was not significantly different from cefquinome and outperformed the 
3rd generation product cefoperazone. This finding demonstrates the potential usefulness of 
combination antibiotic therapy.

The apparent lack of similarity between our findings in this study and those of earlier 
researchers investigating factors impacting the likelihood of cure of sub-clinically affected 
quarters (Deluyker et al., 2005; Milne et al., 2005; Sol et al., 2000, 1994, 1997) is of interest. 
The apparent lack of influence of parity and herd level parameters is notable, and perhaps 
hard to explain. Unfortunately we were unable to look at the impact of multiple infected 
quarters in the same cow in this study as a selection criterion was only one affected quarter 
per cow – it would seem likely that cows affected in multiple quarters would be less likely to 
cure. However, it is important to remember that clinical and sub-clinical mastitis are two very 
different conditions, reflected in different aetiologies and typically very different chronicity of 
infection by the time the disease is identified – this alone may account for the lack of similarity 
between the factors affecting the likely outcome of treatment.
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Conclusion

The impact of treatment, cow characteristics and farm factors on the probability of a cow 
becoming pathogen free after antibiotic therapy for clinical mastitis was investigated. Country, 
season, pre-treatment rectal temperature, individual cow somatic cell count before and after 
treatment and mastitis pathogen were identified as useful predictors of a successful outcome but 
parity, milk yield, herd bulk milk cell count and other farm management factors were not.
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Alternative reference method for somatic cell count based on 
automated video microscopy
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This paper presents an alternative reference method to estimate somatic cell count in cow 
milk. SCC is an important indicator in the detection of inflammatory reactions within the 
udder in cows and DM-SCC is the present IDF reference method for its evaluation, but due 
to its dependence on human operators, it is extremely time-consuming and subjective. In this 
paper, an advantageous method that involves application of a low-cost video microscopy system 
(VM-SCC) is analysed and discussed, including a comparison between both of them by using 
Bland-Altman plots, and an example of application of both methods as reference. The VM-
SCC system for cow milk consists of a PC, a commercial grade photo-camera, and an optical 
microscope. A wide choice of commercial cameras and video processing software, allows us 
a flexible implementation of the method using any matching combination. The comparison 
between VM-SCC and DM-SCC counts has been carried out with 76 milk samples. Despite 
the much lower number of images analysed with VM-SCC, correlation with the reference 
DM-SCC method was very high, above 99.75%. The method proposed for somatic cell count in 
milk samples is very precise, repeatable, and does not suffer from the subjectivity of methods 
that rely on human operators for cell identification. Precision is maximum for the range of 
counts associated with sub clinical bovine mastitis. Images and the outcome of their analyses 
may be stored for later use. The data presented above fully support the hypothesis that VM-
SCC constitutes an advantageous alternative over DM-SCC for estimation of the somatic cell 
count in raw milk.

Keywords: somatic cell count, video minoscopy
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Detection of clinical mastitis with help of a thermal camera
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Automation of dairy farms has created a need for new health monitoring methods. In this 
study, thermal camera was tested for detection of clinical mastitis. Experimental mastitis was 
induced to six cows with 10 µg of Escherichia coli lipopolysaccharide (LPS). LPS was infused 
into the left fore quarter of each cow, and the right fore quarter served as a control quarter. 
Clinical examination for systemic and local signs of the cows and sampling for indicators of 
inflammation in milk were carried out throughout the experimental period. Thermal images 
of experimental and control quarters were taken at each sampling time from lateral and 
medial angles. First signs of clinical mastitis were seen in all cows at 2 hours post challenge, 
including changes in cow behaviour and local clinical signs in the affected udder quarter. 
Rectal temperature, milk somatic cell count and electrical conductivity increased at 4 hours 
post challenge. Thermal camera was successful in detecting clinical mastitis in all cows. 
Temperature of the udder skin of the experimental and control quarters, detected with the 
camera, increased parallel to the rectal temperature. However, local signs of the udder could 
be detected before the rise of the udder skin and body temperature. It remains to be studied 
how early, relative to the clinical signs of mastitis, a thermal camera would detect mastitis 
in field conditions. This study showed that the udder is a sensitive place for detection of any 
febrile disease using a non-invasive method. A thermal camera, attached to e.g. a milking or 
feeding parlour, could detect clinical mastitis or other febrile disease and thus enable detection 
of diseases in the dairy herd.

Keywords: diagnosis, thermal camera
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Mastitis detection: visual observation compared to inline, quarter 
and milking somatic cell count
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Every farmer needs equipment to be able to monitor udder health. For the control of 
mastitis, several indicators are available. Although much research has been done on electrical 
conductivity, not much knowledge is available on the value of other indicators. The aim of 
this experiment was to explore several indicators for somatic cell count (SCC) measured 
during a milking that can be used best for mastitis control. Data was collected at three farms 
with an AMS. Four indicators were measured for each quarter; two squirts (3rd and 4th) for 
visual observation, inline SCC (iSCC), quarter SCC (qSCC) and one composite milking SCC 
(mSCC). Visual observations were categorised into normal (n=3186) and abnormal (n=22). 
SCC was categorised in low and high, with thresholds set at 500 kcells/ml for quarter and 
200 kcells/ml for milking values. SCC data was normalised by log-transformation to calculate 
correlations. The correlation between iSCC and qSCC was 0.51 (n=1030) and 0.45 (n=372) 
for the most interesting interval (200-2000 kcells/ml). The correlation between the average 
qSCCs and mSCC was 0.87 and was not affected by quarter yield correction. The sensitivity/
specificity of iSCC, qSCC and mSCC compared to visual observation was 55/94, 50/92 and 
58/76% respectively, probably explained by the timing of observation and sample taken 
during the milking. The interpretation of new EU legislation states that milk with clear visual 
abnormalities has to be discarded. Although the correlation between iSCC and qSCC was 
not very high, iSCC showed the best performance compared to visual observation, especially 
outperforming mSCC.

Keywords: automatic milking, somatic cell count
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Inline somatic cell counting improves clinical mastitis detection in 
an automatic milking system
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Automatic milking (AM) systems use sensor information, mainly Electrical Conductivity (EC), 
to generate mastitis alerts. A common complaint by farmers using AM, is the occurrence 
of too many false positive alerts. This study investigated the potential of a new inline SCC 
(ISCC) sensor for clinical mastitis (CM) detection. Data, collected at a New Zealand research 
farm, included EC, ISCC, laboratory testing of SCC (FSCC) and information of cows treated 
for CM. These treated cases were used as Gold Standard in the analyses. Three models were 
developed to detect these treated cases, using different time windows to define true positive, 
false positive and false negative alerts. Parameters of the different models were set to reach 
a SN of 80%. The positive predictive value (PV+) and the number of false positive attentions 
per 1,000 cow milkings (FP1000) were evaluated. The correlation between ISCC and FSCC 
for FSCC values higher than 200x103cells/ml was 0.82; the correlation between ISCC and EC 
for ISCC values higher than 200x103 cells/ml was 0.40. When only EC was used as detection 
model, PV+ was 11.9% and FP1000 was 4.6. When only ISCC was used, PV+ was 12.9% 
and FP1000 was 3.9. Relative performance for the third model (combining EC and ISCC 
data using fuzzy logic) was improved about threefold: PV+ increased to 33.3% and FP1000 
decreased to 1.2. Results were consistent when different time windows were analysed. This 
was the first study reporting on the performance of ISCC in detecting CM. Results suggest 
a positive contribution in CM detection, which is promising to improve mastitis control on 
farms with an AM system.

Keywords: automatic milking, somatic cell count
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A novel in-line system to manage mastitis, ketosis, reproduction and 
feeding in dairy herds
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The Danish development company Lattec initiated the development of an automated in-
line measurement system to monitor udder health, ketosis, reproduction and feeding in 
dairy cows. A collaborate research initiative, Biosens, was formed six years ago with the 
primary aim to develop models (algorithms) to process continuous in-line measurements of 
milk constituents in order to provide the farm manager with early warnings of disease sand 
conditions. Emphasis has been on delivering an early warning to the farmer, and to assess 
the risk of developing disease before clinical signs occur. To monitor udder health, a mastitis 
model was developed The model takes into consideration the in-line measurements of the 
intracellular enzyme Lactate Dehydrogenase (LDH), but also basic cow data, additional risk 
factors, and other external data. The model will become imbedded in the complete in-line 
solution, including software to filter and present timely and relevant information to the farmer 
in real-time. The system has further been supplied with a number of proposals for Standard 
Operations Procedures, assisting the farmer in the management of alarm cows. The mastitis 
model was tested on data from the Danish Cattle Research Centre. The results of the test 
showed a sensitivity of 82% and a specificity of 99%. The test also showed that on an average, 
mastitis is detected 3.5 days ahead of a clinical diagnosis. In most cases. this leaves time for 
considering the optimal early treatment of the cow. The system is currently being tested in a 
number of Danish commercial dairy farms, showing very promising results.

Keywords: diagnosis, lactate dehydrogenase
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Acute phase proteins in milk; biomarkers for subclinical mastitis 
and milk quality?
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Mastitis is a major factor influencing milk quality due to the influx of serum components and 
negative effects on the synthesis of milk components. Also sub-clinical mastitis will induce 
unfavourable changes in the milk and it is of great importance to identify specific and sensitive 
biomarkers for rapid detection of affected cows. The somatic cell count (SCC) in milk is 
used both in mastitis diagnosis and as an indirect indicator of milk quality in bulk tank milk 
(BTMSCC). There is, however, no clear scientific data defining a level of BTMSCC that gives 
additional benefits in terms of milk quality. Since SCC is influenced by several physiological 
factors, much effort has been invested to find alternative biomarkers. During recent years, 
the potential in mastitis diagnostics of the two major bovine acute phase proteins (APP) 
haptoglobin (Hp) and serum amyloid A (SAA) has been studied. The overall aim of our work 
was to study if APP can be used as biomarkers also for raw milk quality. The occurrence of 
Hp and SAA in quarter, cow composite and bulk tank milk was investigated and relationships 
between APP and milk quality parameters such as SCC, total protein, casein, whey proteins, 
proteolysis, fat, and lactose were evaluated. The composition of milk samples with detectable 
levels of APP differed significantly from samples without detectable levels of APP, specifically 
in milk protein. Milk samples with detectable APP contained less of the valuable casein, more 
whey proteins and more protein was degraded, with economical implications for the dairy 
industry.

Keywords: immunology, subclinical mastitis
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Use of DeLaval cell counter in ovine milk
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This study evaluated the performance of DeLaval cell counter (DCC) when analyzing ovine 
milk with different soak times in diluted and undiluted milk samples in two dairy sheep 
breeds.A total of 101 composite ovine milk samples (50 from Assaf ewes and 51 from Churra 
ewes), ranging between 50×103 and 2,200×103 cells/ml, were divided into 10 aliquots/milk 
to be analysed by DCC. Four undiluted aliquots were analysed using soak times of 0, 1, 2, 
and 3 min, respectively; four aliquots were 1:1 diluted in PBS and analysed with the same 
above-mentioned soak times (0, 1, 2, and 3 min); and the other two aliquots were 1:1 diluted 
in propidium iodide or ethidium bromide staining solutions and analysed by DCC (0 min). 
The Fossomatic method was used as reference. Undiluted milk samples with soak times of 1, 
2, and 3 min showed large coefficients of regression (b=0.96 to 0.98) and correlation (r>0.99) 
when they were compared with Fossomatic method. In these samples, DCC gave repeatability 
standard deviations (sr = 35 to 51×103 cells/ml) lower than other DCC analytical conditions 
(sr = 49 to 74×103 cells/ml), and their log SCC means (5.51 to 5.52) were close to the reference 
value (5.56). The log SCC means corresponding to samples 1:1 diluted in staining solutions 
(5.55) did not differ from the reference value, but these aliquots had, however, lower regression 
coefficients (b=0.92 to 0.93). Samples 1:1 diluted in PBS and undiluted samples with 0 min 
soak time showed similar or lower global accuracy than undiluted samples with soak times 
of 1, 2, and 3 min. Breed did not affect the results. As conclusion, results evidenced that DCC 
can be used in indigenous and cosmopolitan sheep breeds with different fat, protein and solid 
contents provided that a soak time is guaranteed before raw milk analysis for SCC.

Keywords: sheep, somatic cell count
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Ability of bulk milk culture for estimating Staphylococcus aureus 
and Streptococcus agalactiae prevalence in dairy herds
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Bulk milk culture is an easy to obtain and relatively cheap method to get an impression of the 
mastitis and milk quality status of a dairy herd. The objectives of this study were to estimate 
the ability of bulk milk culture to approximate Staphylococcus aureus and Streptococcus 
agalactiae prevalence in dairy herds in Danish dairy herds. In total, 50 Danish dairy herds, 
on which recently Streptococcus agalactiae was isolated from the bulk milk were selected. All 
quarters of all cows in lactation as well as bulk milk samples were collected. The data showed 
an association between isolating Strep. agalactiae in the tank and in quarters. Sensitivity of 
bulk tank culture for Staph. aureus was lower than for Strep. agalactiae. On 47 (94%) farms 
Staph. aureus was isolated from quarters, and in 29 (62%) cases Staph. aureus was isolated 
from the bulk milk. If Staph. aureus was isolated from the bulk milk, the natural logarithm 
of the colony count was correlated with the natural logarithm of quarter prevalence in a herd 
(correlation coefficient 0.68). Sensitivity of bulk milk culture for Streptococcus agalactiae is 
high. However, these herds were selected based on recent isolation of Strep. agalactiae from 
the bulk tank milk and might therefore have large colony counts. Colony count of Staph. 
aureus in bulk milk samples has some ability to predict the prevalence of Staph. aureus 
infected quarters in a herd. However, sensitivity of bulk milk culture is low. Sensitivity may 
be improved if multiple samples are taken.

Keywords: bulk milk culture, prevalence
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Identification of mastitis-associated pseudomonads in bovine farm 
tank milk
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Pseudomonas bacteria are generally not considered to be a major cause of mastitis but can 
create a troubling mastitis problem. Moreover, they can have a negative impact on milk quality 
causing flavour defects, casein breakdown and ropiness due to slime production and coagulated 
proteins. Pseudomonas species including Pseudomonas fluorescens can grow under refrigerated 
conditions (psychrotrophs) and may produce heat stable lipases and proteases. Other species 
such as Pseudomonas aeruginosa have been implicated in intramammary infection outbreaks. 
P. aeruginosa bacteria are very resistant to antibiotics. Multiple-dose bottles of antibiotics can 
become contaminated when the same needle is used repeatedly to draw the antibiotic from one 
bottle and to treat more than one animal. In a contaminated bottle P. aeruginosa will survive 
within the antibiotic for an indefinite time. In random samples from raw farm tank milk with 
a high somatic cell count (SCC) the dominant bacterial flora was quantified with real time 
PCR tests in an earlier study. Bacteria associated with mastitis such as Staphylococcus aureus, 
Streptococcus uberis, Escherichia coli and Enterococcus were found. Remarkably the presence 
of well known mastitis causing organisms was always associated with Pseudomonas species. 
To characterise the pseudomonad population in raw milk hundreds of samples with a high 
SCC were cultured using a Pseudomonas and a P. aeruginosa specific medium. Isolates were 
identified using genetic methods. The observed diversity will be discussed in relation to the 
possible sources of the bacteria and their ability to cause mastitis. Insight in the dominant 
population structure of pseudomonads from raw farm tank milk with a high SCC may enable 
advising farmers on hygiene measurements and specific mastitis treatments and thus aid in 
mastitis diagnosis and control.

Keywords: bulk milk culture, Pseudomonas
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Diversity of Staphylococcus aureus isolates from bovine milk with a 
high somatic cell count
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Staphylococcus aureus is a major pathogen causing bovine and human mastitis as well as 
nosocomial and community-acquired infections. Methicillin-sensitive S. aureus (MSSA) 
are widespread and methicillin-resistant variants (MRSA) emerge. MRSA became resistant 
to a variety of antibiotics. The human prevalence of MRSA varies from less than 1% in the 
Netherlands to more than 30% in other European countries. S. aureus is an important mastitis 
pathogen and causes a reduction in milk production as well as animal welfare. Moreover, MRSA 
is a public health risk. The presence and diversity of MRSA and MSSA was investigated in 
samples raw bovine tank milk. Samples were collected from Dutch dairy farms with suspected 
mastitis cases based on a high somatic cell count (SCC >400,000 cells/ml). Isolates from several 
hundreds random samples were cultured using Baird-Parker agar. The identity of the isolates 
was confirmed using a S. aureus-specific real time PCR method. All isolates were evaluated 
for the presence of the mecA methicillin resistance gene using two different real time PCR 
tests. The MRSA and MSSA isolates were characterised using spa typing, a high resolution 
method based on DNA sequence variations in the protein A gene. Most isolates yielded a spa 
PCR product. Spa typing was found a powerful tool for assessment of the diversity of S. aureus 
isolates from tank milk and may be useful for mastitis diagnosis and control including analysis 
of milk of individual cows. Several types were found including some novel types. Spa types of 
isolates under study will be discussed in comparison to those of major clonal lineages associated 
with human origin, antibiotic resistance profiles and animal to human transmission.

Keywords: PCR, Staphylococcus aureus
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PCR-based methods for identification of Staphylococcus and 
Streptococcus spp. causing mastitis
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Mastitis is often caused by Staphylococcus (Staph.) and Streptococcus (Strep.) species. Especially 
coagulase-negative staphylococci (CNS) have become the predominant pathogens in many 
herds. Although CNS usually cause only subclinical or mild cases of clinical mastitis they might 
be important due to their ability to persist in the udder. However, CNS are often considered 
as one group of bacteria which arouses the same physical reactions after an infection. This 
approach might be lead to the contradictory results of different studies. In our opinion it is 
necessary to differentiate between the species of CNS and their effects on the udder. Identifying 
methods for all Staph. and also Strep. spp. are necessary. Currently, the species identification is 
mostly based on biochemical properties. However, not all CNS will be identified by these tests 
and misidentification may also happen. Identification methods based on molecular biology 
are under development. The aim of this study was to identify the most common Staph. and 
Strep. spp. by PCR-based methods in the institute’s dairy herd. A combination of internal 
transcribed spacer-PCR and PCR-RFLP of 16S-23S ribosomal DNA was used for species 
identification. The amplicons as well as the fragments from restriction analysis were resolved 
in high-resolution agarose gels and visually compared with the patterns obtained for the 
control strains. The results of the analysed milk samples up to now showed that a combined 
application of both PCR methods offers the opportunity to identify Staphylococcus as well 
as Streptococcus spp. The identification of the following CNS: S. epidermidis, S. xylosus, S. 
simulans, S. hyicus, S. chromogenes just as Streptococcus spp.: S. agalactiae, S. dysgalactiae, 
S. uberis and S. parauberis just as S. aureus appears to be successful.

Keywords: identification, PCR
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Rapid and effective method for separation for Staphylococcus aureus 
from somatic cells in mastitis milk
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Early detection and treatment of Staphylococcus aureus (SA) mastitis is critically important 
for the prevention of chronic disease. Early detection of bacteria by quantitative PCR assay 
is one of the easiest and most sensitive methods to identify the pathogen causing mastitis. 
However, a major limitation of PCR-based method is the presence of inhibitors of DNA 
polymerase in clinical material, which can cause false-negative PCR results for the detection 
of target genes. To eliminate this problem, we attempted to establish methods that allow the 
effective separation of bacterial cells from somatic cells in mastitis milk with amino-silica. 
Somatic cells and SA have different sizes, surface structures, and overall electrical charges; 
therefore their adsorption and desorption behavior on amino-silica was also different. We 
found that although amino-silica could efficiently adsorb both somatic cells and SA, somatic 
cells were adsorbed much more strongly than bacterial cells. We identified conditions under 
which most of the somatic cells adsorbed and only SA desorbed from amino silica upon 
addition of a desorption solution. We demonstrated that this procedure effectively eliminated 
somatic cells in heavily contaminated milk samples, which resulted in improved clarity of the 
PCR band. These results indicate that the pretreatment of samples with amino silica made 
the PCR-based strategy for identification and quantifying disease-causing bacteria applicable 
for all milk samples.
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DNA based bacteriological diagnosis of milk samples with no 
growth in conventional culturing

S. Pyörälä1, L. Salmikivi2, S. Taponen1, H. Simojoki1 and M.T. Koskinen2

1University of Helsinki, Faculty of Veterinary Medicine, Department of Production Animal 
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In approximately one fourth of the milk samples taken from bovine clinical mastitis, no 
bacterial growth can be detected in conventional culturing. Without information about the 
bacteriological etiology of mastitis, treatment and prevention of the disease are difficult. The 
aim of this study was to investigate the bacteriological etiology of these ‘no growth’ cases using 
a Real-Time PCR based commercial reagent kit (PathoProofTM Mastitis PCR Assay, Finnzymes, 
Finland). The assay targets the DNA of 12 major mastitis species or groups and can detect and 
quantify viable but growth-inhibited bacteria, as well as dead bacteria. A total of 55 samples 
from clinical mastitis were studied. Altogether 26 out of 55 (49%) of the samples were positive 
for one (25 samples) or two (1 sample) of the assay’s target bacteria. The positive findings 
included 10 Staphylococcus spp. (Staphylococci other than Staph. aureus), 8 Streptococcus 
uberis, 3 Str. dysgalactiae, 3 Corynebacterium bovis, 2 Staph. aureus and 1 Escherichia coli. 
By applying ‘absolute quantification’, based on Real-Time PCR standard curves prepared with 
purified DNA (dilution series of 106-102 genome copies of the target amplicons), the positive 
samples were calculated to contain ~101-105 bacterial copies per PCR reaction. This study 
demonstrates that in nearly half of the clinical mastitis cases where culture failed to detect 
bacteria, mastitis pathogens were still present, often in substantial quantities. We conclude 
that the DNA based diagnostic kit is a useful tool for bacteriological diagnosis of milk samples 
with no growth in conventional culturing.
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Analytical specificity of the PathoProof™ mastitis PCR assay 
validated using culture isolates

J. Holopainen, L. Salmikivi, H. Lehmusto, S. Niskala and M.T. Koskinen
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The PathoProof Mastitis PCR Assay is a Real-Time polymerase chain reaction based reagent 
kit for identification of 12 mastitis causing species or groups from bovine milk. In this study, 
we evaluated the analytical specificity of the kit using an extensive culture collection of 
pathogens (including all targets of the assay) isolated from clinical mastitis cases and their 
phylogenetically close relatives, originating from environmental and human samples. Bacterial 
targets of the assay include Staphylococcus aureus, Staph. spp. (Staphylococci other than Staph. 
aureus), Staphylococcal penicillin resistance gene (blaZ), Streptococcus agalactiae, Str. uberis, 
Str. dysgalactiae, Enterococcus faecalis, E. faecium, Corynebacterium bovis, Arcanobacterium 
pyogenes, Peptostreptococcus indolicus, Escherichia coli, Klebsiella pneumoniae, K. oxytoca 
and Serratia marcescens. The assay was used for analysing a total of 630 culture isolates from 
~80 species, families or groups. When considering the mastitis isolates (n=485), the specificity 
of the test ranged from 99.0% (Staph. spp.) to 100%. When including the environmental 
and human pathogens to the analysis (n=145), the specificity of the test ranged from 98.5% 
(Staph. spp.) to 100%. In conclusion, the PathoProof Mastitis PCR Assay had good specificity 
when considering pathogens isolated from bovine mastitis, as well as based on an extended 
sample collection including environmental and human flora. These data are highly relevant 
for mastitis testing laboratories now complementing or replacing bacterial culture based 
testing schemes with the assay.
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Dairy Guard™: sensor array diagnosis of mastitis infection
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DairyGuard™ is a diagnostic tool for the detection of bacterial causes of mastitis and is being 
developed by the Veterinary Laboratories Agency in collaboration with Safeguard Biosystems. 
It aims to provide the dairy industry with a rapid, accurate and cost-efficient procedure for the 
diagnosis of mastitis. Central to the DairyGuard™ platform is the use of sensor-array technology. 
The powerful multiplexing potential of sensor-arrays is exploited to deliver an assay that aims 
to complete the detection of the major causes of mastitis in one day in a single operation. The 
DairyGuard™ sensor-array employs a novel three dimensional gel drop technique (developed 
at the University of Freiburg), designed to increase its detection capability. Oligonucleotide 
probes that specifically target the most common causes of mastitis (including bacteria that are 
difficult to culture, e.g. Mycoplasma bovis) are present on the sensor-array. The DairyGuard™ 
sensor-array has already been tested for its ability to detect several of these target groups. For 
the species tested to date, probes have bound their target DNA specifically and with little or 
no cross-reaction observed. These experiments have shown that probes for the identification 
of several targets have been established: Eubacteria, Gram-positive bacteria, Escherichia coli, 
Staphylococcus spp., Staphylococcus aureus, Streptococcus spp. Streptococcus agalactiae, 
Streptococcus uberis. Future targets are Streptococcus dysgalactiae, Corynebacteria spp. and 
Mycoplasma bovis. When delivered to the market this will form part of the DairyGuard™ 
3D SensorArray ‑ a new system based on aseptic sampling and DNA analysis to identify the 
causes of mastitis.
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Genotyping and biofilm formation of Staphylococcus aureus isolates: 
evidence for lack of penicillin-resistance in Agr-type II strains
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The increasing evidence regarding the role of biofilm formation in bovine Staphylococcus 
aureus mastitis infections led to further investigations on biofilm formation in standard 
growth medium and bovine milk whey. For a collection of 99 recently isolated and historical 
S. aureus strains, the biofilm forming ability in both growth media was correlated with the 
presence of the ica-, bap-, and IS257 genes. These genes have previously been found to be 
correlated with biofilm formation in human S. aureus isolates. All strains were genotyped 
with respect to Agr-type and Agr-subtype, and the presence of the resistance genes blaZ 
and smr by PCR. The prevalence of Agr-types and investigated genes and the correlations 
hereof with the results of the biofilm assays were statistically evaluated. The data showed a 
very strong correlation between Agr-type I and penicillin-resistance in the bovine S. aureus 
mastitis strains. None of the Agr-type II strains were found to contain penicillin resistance 
genes. The Agr-type also had a significant effect on biofilm formation, however contrary to 
human isolates there was no significant effect for ica- and IS257 genes on biofilm formation. 
The bap gene was not found in any of the investigated strains. The presence of both biofilm 
related genes and resistance genes showed a high correlation with the Agr-type of the strains. 
These results indicate that the most prevalent Agr-types in S. aureus bovine mastitis, Agr-type 
I and II, might be regarded as different subspecies. The extremely high correlation between 
Agr-type II and penicillin susceptibility strongly suggests that these strains are not perceptive 
for the blaZ genes.
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Molecular typing of coagulase-negative staphylococci and coliforms 
isolated on Flemish dairy farms
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In Flanders, a shift of the distribution of mastitis pathogens towards coagulase-negative 
staphylococci (CNS) and coliforms has been observed and this may be the cause of the recent 
problems of increasing bulk milk somatic cell counts and/or decreasing milk quality. In this 
study the main sources of infection of CNS and the distribution of various CNS species on 
dairy farms are determined by molecular identification and typing techniques. CNS are 
isolated monthly from several farm environment samples, teat end swabs and udder quarter 
milk samples on six farms in total. For comparison, three farms with and three without 
specific coliform problems are included in the study and on each farm, ten randomly selected 
cows are monitored during one year. Milk samples are also analysed for coliform bacteria, in 
order to identify chronically infected cows shedding high levels of these pathogens in their 
milk and to identify the particular coliform species and strains. For rapid and reliable species 
identification of CNS isolates, Amplified Fragment Length Polymorphism (AFLP) is used as 
a molecular based identification system by including several staphylococcal type strains. For 
strain typing of CNS both Random Amplification of Polymorphic DNA (RAPD) and AFLP 
are used, for coliforms RAPD and PFGE are applied. This epidemiological study will give more 
insight into the infection sources of CNS and into the characteristics of CNS and coliform 
species causing mastitis.
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Phenotypic characterisation of Prototheca spp. isolated from bovine 
mastitis
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Members of the genus Prototheca are unicellular algae related to the green algae of the genus 
Chlorella, but without chlorophyll. These pathogenic algae cause infectious diseases in humans 
and animals. They are very resistant, being also isolated from water treated with chloride and 
from pasteurised milk. The prevalent form of protothecosis in animals is bovine mastitis, 
which generally occurs in a chronic subclinical or a mild clinical inflammatory process of the 
udder affecting cows that do not respond to routine therapy, resulting on the reduction of milk 
production and consequently economic losses. Until recently only two species were known 
to be associated with disease in animals and humans, Prototheca zopfii and P. wickerhamii, 
respectively. A new species, P. blaschkeae, was described in 2006, which was isolated from 
a human case of onychomycosis. The objective of the present work was to phenotypically 
characterise Prototheca spp. isolated from bovine mastitis in the Northwest of Portugal. Forty 
seven Prototheca isolates obtained from mastitic milk of dairy cows belonging to 21 different 
farms in this region were previously identified as P. zopfii (43 isolates), and as P. blaschkeae 
(4 isolates). These were phenotypically characterised by morphological data analysis and 
biochemistry profile determination using API 20C Aux and BBL Crystal Kits systems. Our 
results indicated that the two Prototheca spp. analysed in this study, showed differences in 
their biochemical profiles. Nevertheless,the determination of fermentation and assimilation 
patterns of P. zopfii isolates revealed considerable differences among them, as heterogeneities 
for strains of this specie are well known. We conclude that despite biochemical analyses 
can provide useful information for the characterisation of the Prototheca spp., their correct 
identification requires genetic analyses.
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Mastitis control - From science to practice � 311

Antimicrobial susceptibility of Escherichia coli isolated from acute 
bovine mastitis
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The aim of this study was to determine the in vitro antimicrobial susceptibility of Escherichia 
coli isolated from acute clinical mastitis in Finland. Use of antimicrobials for food animals 
is generally strictly controlled in Finland. Clinical mastitis suspected to be caused by Gram-
negative bacteria is often treated with broad-spectrum antimicrobials such as enrofloxacin 
or trimethoprim-sulfonamides. It is known that the use of antimicrobials causes selection 
pressure resulting in antimicrobial resistance. Minimal inhibition concentration (MIC) values 
of 140 E. coli isolates from acute bovine mastitis were determined for ampicillin, gentamicin, 
tetracycline, cloramphenicol, sulfametoxazol, ceftiofur, streptomycin, trimethoprim and 
ciprofloxacin by VetMICTM microdilution method (SVA, Uppsala, Sweden) in Research 
Department of Finnish Food Safety Authority EVIRA, Helsinki, Finland. Isolates were from 
samples collected during years 2003-2006 from acute clinical mastitis from 64 different farms 
in Southern Finland. A total of 27.9% isolates showed resistance to one or more antimicrobials 
tested. Among them, 18.6% was resistant to ampicillin, 16.4% to streptomycin, 15.7% to 
tetracycline, 13.6% to sulfametoxazol and 10.7% to trimethoprim. No resistance was found for 
gentamicin, ceftiofur and ciprofloxacin. Antimicrobial resistance of E. coli isolated from mastitis 
in the present study is at the same level than found in the national resistance surveillance 
(FINRES-Vet 2005-2006) and markedly lower than reported in most other countries. In 
conclusion, antimicrobial resistance appears to be no problem among mastitis caused by E. 
coli in Finland. However, strict antimicrobial policy should be continued in therapy of food 
animals to retain this good situation.
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Antimicrobial susceptibility patterns of streptococci isolated from 
bovine mastitis
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Mastitis is the most common disease in dairy herds and the main cause of antibiotic use. Drug 
therapy may exert a selective pressure towards resistant strains, so monitoring susceptibility 
of isolates should be of crucial importance. Epidemiology of mastitis pathogens changed in 
recent time shifting from contagious to environmental origin. Streptococcus genus represents 
one of the most frequently isolated. Prevalence of contagious Str. agalactiae diminished 
in favour of environmental Str. uberis and Str. dysgalactiae, responsible for large part of 
clinical mastitis and whose control is limited by insufficient information regarding their 
epidemiology. Streptococcus canis is infrequent but can cause subclinical mastitis with elevated 
somatic cell counts and reduced milk production. We determined the MICs of erythromycin, 
oxytetracycline, cefalonium, amoxicillin, penicillin G, cloxacillin, tilmicosin, enrofloxacin, 
cephapirin, and cefquinome for a total of 93 Streptococci so represented: 18 Str. agalactiae, 
41 Str. uberis, 14 Str. agalactiae, and 20 Str. canis. Cefalonium, cephapirin and cefquinome 
revealed the most effective molecules, penicillin G and amoxicillin maintain their efficacy 
while erythromycin and enrofloxacin show a reduced activity. In general, Str. agalactiae and 
Str. canis too remain sensible to most drug, while Str. uberis and Str. dysgalactiae follow a 
trend of reduced susceptibility. Implications of the work for mastitis control: broth dilution 
is considered the method of choice for determination of susceptibility patterns of mastitis 
pathogens and correct therapy has to preserve antimicrobial drugs as an efficient weapon in 
mastitis control.
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Antimicrobial susceptibility of staphylococci isolated from bovine 
mastitis in thirteen Estonian dairy farms 1998-1999
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Staphylococcal isolates are the most frequent finding in bovine mastitis milk samples in Estonia. 
We report here the antimicrobial resistance of these isolates. Antimicrobial susceptibility of 
230 Staphylococcus aureus and 215 coagulase-negative staphylococci (CNS) was determined 
using agar dilution method according to NCCLS and using the breakpoints recommended 
by the CLSI or other investigators. Of S. aureus isolates, 47.4% and of CNS isolates, 34.4% 
were resistant to penicillin. All S. aureus-isolates were sensitive to oxacillin, but of CNS 
isolates, 39.1% were resistant to it with MIC range 0.06-2 µg/ml. Of S. aureus isolates, 3% 
were resistant to chloramphenicol, 3.5% to erythromycin, 0.9% to oxytetracycline, 1.7% to 
trimethoprim-sulfamethoxazole and 0.9% to lincomycin. Of CNS isolates, 6.5% were resistant 
to chloramphenicol, 12.5% to erythromycin, 10.2% to oxytetracycline, 23.3% to trimethoprim-
sulfamethoxazole and 11.2% to lincomycin. All isolates were in vitro susceptible to cephalothin, 
gentamicin and neomycin. The penicillin resistance was at the same level as recorded in 
Finland (resp. 26.5% ‑ 2005; 52.1% ‑ 2004; 63.6% ‑ 1998), and higher than recorded in Sweden 
(7%) or Norway (6.5%). This may reflect the different use of antimicrobials in these countries. 
Chloramphenicol resistance might result from its earlier use. Resistance to it is acquired and 
can remain for years. The use of chloramphenicol in humans might become viable if the MRSA 
infections increase and effect of new antimicrobials is limited. Animals can be reservoir of 
resistant bacteria. We suggest regular monitoring of antimicrobial resistance as a basis for 
appropriate medication practice.
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Lincosamide resistance in Gram-positive pathogens isolated from 
quarters with persistent subclincal mastitis
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Pirlimycin is one of the most frequently administered intramammary compounds used 
for treatment of mastitis. Pirlimycin is a lincosamide and resistance is often encoded by 
ribosomal methylase genes that also confer resistance to other antimicrobials of the macrolide-
lincosamide-streptogramin group. However, the genes linA and linB encode resistance only 
to lincosamides. The objective of this study was to determine the prevalence of linB genes 
Gram positive cocci isolated from persistent cases of subclinical mastitis. CMT positive 
quarters (n=213) of cows allocated to a ‘treatment’ group received intramammary pirlimycin. 
No treatment was given to quarters (n=208) of cows in the control group. Aseptic milk 
samples were collected pretreatment and 3 weeks later. A ‘persistent’ infection was defined 
as isolation of the same bacterial species from both pretreatment and post treatment milk 
samples. Persistent infections (56 infections; 112 pathogens) were confirmed using a PCR 
based methodology. Susceptibilities of persistent pathogens were determined using broth 
micro-dilution. Identification of linBgenes was performed using a published PCR protocol. 
Statistical analysis was carried out using SAS 9.1. An association between presence of linB 
and genus was observed (P<0.05). Of persistent isolates, linB was present in 4 (3%) coagulase 
negative staphylococci (CNS; n=102) and 3 (33%) streptococci (n=9). The presence of linB was 
associated with the occurrence of phenotypic resistance (P<0.05). Of isolates that demonstrated 
phenotypic resistance to pirlimycin (n=22), 5 (22%) were positive for linB in contrast to 2 (2%) 
pirlimycin susceptible isolates (n=90). The presence of linB was not associated with parity, 
treatment or sampling period. Routine screening for linB may be a useful tool for surveillance 
of lincosamide resistance in bovine mastitis pathogens.
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Advantage of cefalexin and kanamycin in combination to control 
bovine mastitis
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Our objective was to investigate the in vitro efficacy of cefalexin, alone and in combination 
with kanamycin, against mastitis pathogens by determining fractional inhibitory concentration 
(FIC) and antibacterial kill kinetics (KK). Two strains per bacterial species (Staphylococcus 
aureus, Escherichia coli, Streptococcus spp.) were chosen for FIC and one strain per species 
for KK testing. All strains were representative of their respective species, based on MIC90 
determinations. FIC was determined using broth microdilution technique and FIC index of 
the combination was calculated by adding the FICs of individual test articles obtained from 
equally effective concentrations of both drugs. KK data were generated for two ratios of 
cefalexin / kanamycin (1.25:1 and 1:2.3) and cefalexin alone, each tested at 4×MIC. Bacterial 
inocula were incubated for 24 h while viable counts were enumerated at hourly intervals for 
12 h and finally after 24 h. CLSI guideline M26-A considers a ≥3log10 reduction in bacterial 
counts to indicate bactericidal activity. Synergistic or additive effect (FICindex = 0.375–1.0) was 
observed for most of the species. KK data for both ratios of cefalexin / kanamycin demonstrated 
bactericidal activity against all species within <2-12 h. The reduction in viable count against 
Staphylococcus aureus and E. coli was very rapid (<2 h). Cefalexin alone, however, produced 
mainly a bacteriostatic effect except against E. coli and S. agalactiae, viable counts of which were 
reduced by ≥3log10 after 7-9 h. In conclusion, the combination of cefalexin / kanamycin offers 
enhanced antibacterial activity at lower or comparable antibiotic concentrations compared 
with cefalexin alone. The two agents therefore exert synergistic antibacterial activity.
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Field study on acute mastitis with intoxication and different 
treatment regimes: provisional results
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This study focuses on additional therapy with non-steroidal anti-inflammatory drugs and 
infusions to parenteral antibiotic treatment in coliform mastitis in the field. Until now 18 
cows with typical inclusion criteria (clinical score) were involved in this study. All cows were 
treated with marbofloxacin (2 mg/kg once a day for three days). The cows were divided in 
three upper groups (no infusion, 0.9% NaCl, 7.2% NaCl) and three subgroups (without and 
with tolfenamin acid (2 mg/kg)). Clinical score was determined, blood and milk samples were 
taken at 0, 12, 24, 48, 72 hours and 3 weeks after mastitis occurrence. Blood samples were 
examined for acute phase proteins (serumalyoid A, haptoglobin) and milk samples were used 
for bacterial diagnosis. Of these 18 cows 11 were tested positive for Escherichia coli, 1 positive 
for Klebsiella spp., 2 negative in all milk samples and 2 positive for Streptococcus spp. and 
Staphylococcus aureus, respectively. Until 72 hours milk samples from cows with S. aureus, 
Streptococcus spp. and Klebsiella were positive. Number of E. coli positive cows reduced 
from 11 to 2 from hour 0 to 72. At the end of the observation period all milk samples were 
negative, except one sample with Streptococcus spp. Bacteriological cure rate was better in the 
group without infusion, no difference existed with or without tolfenamin acid. Clinical cure 
rate will be discussed. Preliminary data show that acute mastitis is mainly caused by E. coli, 
but also by other bacteria. Differences can be shown in acute phase protein due to mastitis 
causing bacteria.
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An investigation of three approaches to dry cow therapy to prevent 
intramammary infection in the dry period and clinical mastitis in 
early lactation
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The aim of this study was to investigate 3 different dry cow therapy regimes, in low SCC 
herds (BMSCC <200,000 cells/ml) in SW England. 489 cows were recruited to the study and 
randomly allocated to receive one of three different therapies; Cephaguard Dry Cow (Cobactan 
DC, Intervet), Orbenin Extra Dry Cow (Pfizer Ltd) or Combination therapy comprising 
Orbenin Extra and the internal teat sealant Orbeseal (Pfizer Ltd). All quarters were sampled 
for bacteriology at drying off and again in the week immediately post calving; two quarters 
were also sampled two weeks before the estimated calving date to allow an interim assessment 
of pathogen status. Quarters were subsequently monitored for clinical mastitis for the first 
100 days of lactation. Multilevel models were constructed to assess the efficacy of products in 
preventing intramammary infection (IMI) and survival analysis was used to examine factors 
that influenced the risk of clinical mastitis in the first 100 days of lactation. No significant 
differences were identified between the treatment groups in terms of cure of IMIs caused by 
the major pathogens. However, quarters in both the Combination (OR 2.01; 95% CI 1.32-3.07) 
and Cephaguard (OR 1.61; 95% CI 1.07-2.43) treated groups were significantly more likely to be 
free of a major pathogen, including Enterobacteriacae and S. uberis, post calving than quarters 
in the Orbenin Extra treated group. The Orbenin Extra treated group were significantly more 
likely to develop clinical mastitis compared to the Cephaguard treated group (HR 2.06; 95% CI 
1.08-3.92), the Combination treated group were not significantly different in terms of clinical 
mastitis to the other treatment groups.
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Effect of dry therapy using an intramammary infusion containing 
penethamate, penicillin, and framycetin on intramammary 
infections and somatic cell counts in dairy sheep
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The IMI dynamics during the dry period were studied in 435 half-udders of 229 Assaf ewes 
randomly assigned to two lots: (1) treated lot (TL) with 223 half-udders which received a 
complete dry therapy of an antibiotic combination containing 100 mg penethamate hydriodide, 
280 mg benethamine penicillin and 100 mg framycetin sulphate (Mamyzin Secado, Boehringer 
Ingelheim Spain S.A.), and (2) control lot (CL) with 212 non-treated half-udders. Bacteriological 
samplings were carried out at drying-off and at lambing. Cure, persistent infections, reinfection, 
and new infection rates were 81.7%, 12.8%, 5.5%, and 7.9% respectively for TL, and 13.3%, 
70.4%, 16.3% and 22.8% respectively for the CL. The prevalence of IMI decreased significantly 
from 48.9% at drying-off to 13.0% at lambing for the TL, but it did not vary for the CL (46.2% 
and 52.4%, respectively). Log SCC diminished significantly between drying-off (5.68) and 
lambing (5.33) in the TL, whereas log SCC did not vary in the CL (5.61 vs. 5.66). Antibiotic 
residues were no detected ≥54 h postpartum; and this delay may be considered as relevant to 
respect EU-MRL. In addition, the same antibiotic combination was used as dry therapy, in 
a field study, in all 10,313 dairy ewes from 25 flocks. This treatment significantly decreased 
bulk tank SCC in subsequent lactation. Flock, milking type, and total bacterial count were 
also significant factors affecting bulk tank SCC. As a conclusion, the antibiotic formulation 
used as dry therapy drastically diminished IMI prevalence and SCC during the dry period in 
dairy ewes and was also effective to reduce bulk tank milk SCC in the flocks.

Keywords: dry cow therapy, sheep
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Comparative synergistic activity of a cefalexin and kanamycin 
combination in Mueller Hinton Broth medium and in milk

J.P. Ganiere
Ecole Nationale Veterinaire de Nantes, Unité de pathologie infectieuse, Atlanpôle La Chantrerie, 
44307 Nantes, France
Corresponding author: laurent.goby@boehringer-ingelheim.com

An in vitro investigation was performed to compare the kill kinetics of cefalexin and 
kanamycin alone and in fixed combination at a ratio of 1.5 to 1.0, against Streptococcus 
uberis, Staphylococcus aureus and Escherichia coli strains isolated from field cases of bovine 
mastitis. The fixed ratio of the combinations tested corresponds to the final formulation of 
an intramammary injector (Ubrolexin TM, Boehringer Ingelheim Animal Health) currently 
under development for local treatment of bovine clinical mastitis. The effect of milk as a diluent 
on the rate of bacterial killing was also investigated. The time-kill method of synergy testing 
assesses the bactericidal activity of the antibiotics being tested and offers a dynamic picture 
of the antimicrobial action as well as the interaction between the individual components over 
time. The methodology applied used the broth microdilution method following the guidelines 
set by the CLSI. Kill kinetics of the combination were performed comparatively in Mueller-
Hinton broth (MHB) and in low-fat UHT (ultra-high temperature) milk against three isolates 
from each bacterial species. The kill kinetics experiment performed in MHB demonstrated 
that cefalexin and kanamycin combined in a fixed ratio of 1.5:1 exhibited a clear synergistic 
bactericidal activity against major mastitis pathogens: low kanamycin concentrations resulted 
in enhanced bactericidal activity of cefalexin. The combination exhibited a larger and faster 
rate of kill of S. aureus, S. uberis and E. coli compared to either cefalexin or kanamycin alone, 
while using a lower total amount of antibiotic. Although the bactericidal activity of the cefalexin 
and kanamycin was decreased in milk compared to that observed in MHB, the synergistic 
effect of the combination was maintained in this medium.

Keywords: treatment, synergism
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Determination of withdrawal time in milk of cows treated with dry 
treatament syringes

C. Acuna, M. Falletti, M. Landeira, G. Casasnovas and A. Daffner
United Milk Producers Cooperative From Route Eight, Laboratory, Ruta 41 Cuartel IV CC 
164, San Antonio de Areco 2760, Argentina
Corresponding author: acunacristina@areconet.com.ar

The objective of this study was to determine the withdrawal time of milk in animals treated 
with intramammary syringes for dry cows (DCT) containing cloxacillin 500 mg (as benzathine 
salt) and ampicillin 250 mg (as trihydrate). Animals (n=24) with a dry period of 30-40 days were 
selected for the residues assay. Milk of each quarter was sampled at the moment of parturition 
and every 12 hours until 144 hours after parturition. Residues were quantificated with Agar 
diffusion test with Bacillus stearotermophilus var. calidolactis ATCC 10149 (DA) and Penzym 
S 100 (P). The latter assay is used in milking foundations in case of anticipated parturition 
date, so as to reduce the risk of residues. In order to validate the analytic method DA, two 
polinomic lineal regression models were adjusted, with the ampicillin concentration and the 
quadrate concentration as independent variables, and the diameter of the inhibition halo, in 
mm, as dependent variable. The presence of an inhibition halo of 15.5 mm indicated that the 
concentration of ampicillin and cloxacillin was ≤ to the MRLs; 0.004 ppm and 0.03 respectively. 
According to the statistical analysis for DA, 24 hours after parturition the level of residues 
is ≤ to MRLs (P≤0.05). With the P test, samples were negative 72 hours after parturition. 
Furthermore, quarters (n=4) with double syringe dry cow treatment were analysed, and the 
residues level were ≤ to MRLs 48 hours and 84 hours for DA and P respectively. According to 
the results and taking into account the normal descalostrating period of ≥ 4 days applied in 
the country, the is no risk of milk residues in cows with dry periods of more than 30 days.

Keywords: dry cow therapy, withdrawal time
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Understanding the influence of machine milking on teat defense 
mechanisms 

D.J. Reinemann, R. Bade, M. Zucali, C. Spanu and P.L. Ruegg
University of Wisconsin-Madison, Milking Research and Instruction lab, 460 Henry Mall, WI 
53706 Madison, USA
Corresponding author: djreinem@wisc.edu

Abstract

Three related experiments were conducted to gain a better understanding of the physiological 
responses of teat tissue to machine milking. In the first experiment changes in peak milk 
flow rate were used as an indicator of congestion of teat end tissues that occur during the 
milking phase of each pulsation cycle. Teat end congestion was increased by increasing both 
the b-phase of pulsation and the milking vacuum level and was reduced by the application of 
increasing liner compression. Ultrasound measurements were used to measure changes in teat 
wall thickness and indicated that increasing vacuum level increased teat wall thickness and 
that at some critical level of liner compression the recovery rate of teat wall congestion may 
be reduced. The development of teat end hyperkeratosis was studied for liners with differing 
compression levels. This experiment confirmed that increasing liner compression increased 
the development of teat end hyperkeratosis. 

Keywords: b-phase, milk flow, teat tissue, vacuum level

Introduction

Milking vacuum level and the percentage of time the liner is open during one pulsation cycle 
are the primary machine factors influencing peak milk flow rate (PMF) and milking speed 
(Smith and Petersen, 1946; Clough, 1972; Spencer et al., 2007). Increasing milking vacuum 
level and increasing duration of the b-phase of pulsation have also been shown to increase teat 
congestion as reflected by changes in teat wall thickness after milking, measured using skin-
fold calipers (Hamann et al., 1993), radiographic techniques (McDonald, 1975) or ultrasonic 
imaging (Gleeson et al., 2004; Neijenhuis et al., 2001; Vinitchaikul and Suriyasathaporn, 2007; 
Worstorff et al., 1986), The role of liner compression (LC) in increasing milking speed by 
reducing teat tissue congestion during milking has become clearer in the last 20 years (Davis 
et al., 2000; Gleeson et al., 2004; Mein et al., 2003b). 

When teats are congested after milking, the defense mechanism of the teat canal to resist 
invasion and removal of mastitis causing organisms from the canal is compromised (Mein 
et al., 1987; Hamann, 1990; Zecconi et al., 1992; Gleeson et al., 2004; Vinitchaikul and 
Suriyasathaporn, 2007). This is probably because the teat canal closes more slowly after 
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milking when teats are congested (Neijenhuis et al., 2001; Mein and Reinemann, 2007). Full 
tissue recovery after machine milking may take many hours (Gleeson et al., 2002). When teat 
end thickness changed by >5%, higher infection rates of quarters and more ducts colonised in 
teats were observed compared with teats showing less congestion (Zecconi et al., 1992). 

LC is a critical factor in reducing teat tissue congestion during milking and can also influence 
peak flow rate and milking speed. At the same time excessive LC contributes to the development 
of teat-end hyperkeratosis (HK) (Capuco et al., 1994). HK of the skin surrounding the teat 
canal opening is a result of the stresses applied to skin when the milking liner collapses on the 
teat end. The duration of milking, as affected by milk production level, milking frequency, and 
thresholds applied to automatic cluster removal also affect HK (Rasmussen, 1999). HK is also 
influenced environmental conditions (humidity and temperature) and genetics (teat shape and 
dimension) (Mein et al., 2001). A recent survey of teat-end condition on commercial farms 
indicated that the percentage of cows with rough or very rough teat ends averaged about 50% 
with some farms exceeding 70% and some farms less than 20% (Bade et al., 2007). 

Teat ends with rough surface is more difficult to clean during pre-milking preparation and 
provide a site for bacteria colonisation. Neijenhuis et al., (2001) found a correlation between 
increased risk of clinical mastitis and very rough teat-ends. HK is also an undesirable condition 
also because it may contribute to cow discomfort during milking (Hamann, 2000). Excessive 
LC may also remove excessive amounts of keratin from the teat canal which makes teats 
more susceptible to infections. LC equal to mean arterial pressure (about 12 kPa) is thought 
to be sufficient to relieve congestion with additional LC providing no additional benefit for 
congestive relief (Mein et al., 1987). More recently it has been speculated that the LC required 
to relieve congestion increases as milking vacuum level increases (Mein et al., 2003a).

While the major milking machine related influences on milking speed and teat tissue condition 
after milking have been studied previously, most studies have either altered only one causal 
variable and measured only one response variable, or have introduced confounding into 
experimental designs by lack of independent control of several causal variables. The primary 
objective of our studies was to quantify the milking machine effects of milking vacuum level, 
b-phase and LC on milk flow rates and to gain a better understanding of the physiological 
responses of teat tissues to machine milking. Our studies were designed to control these three 
causal variables independently over a broad range so that both main and interactive effects 
could be estimated. 

Materials and methods

Effects of milking vacuum, b-phase and LC on PMF and teat end congestion

The main and interactive effects of vacuum level, b-phase duration, and LC on PMF of 88 
Holstein cows were studied by independently controlling these causal variables over a wide 
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range of settings (42 to 53 kPa system vacuum, 220 to 800 milliseconds of b-phase, and LC 
from 8 to 14 kPa) using an inscribed central composite experimental design (Bade, 2007). 
Pulsation rate and ratio were adjusted so that the d-phase of pulsation was maintained at 250 
ms for all treatments. Automatic cluster removers were set at a flow threshold of 0.6 kg/min 
and a detachment delay of 3 seconds. PMF was defined as the maximum milk yield from all 
four teats in any 11.2 s interval during the milking session. Average milk flow (AMF) was 
defined as the total milk yield divided by the total cups-on time for the milking session.

Ultrasonic measurement of teat wall thickness

Ultrasounic scans of teat wall thickness were performed on six Holstein cows using the 
method described by Spanu et al. (2008). Scans were performed immediately prior to milking, 
immediately after milking, one hour after milking, two hours after milking and four hours 
after milking. Measurements of teat-wall thickness 1 cm above the top of the teat canal were 
taken from each scan. Teat wall thickness was expressed as percentage change compared to the 
pre-milking values. The following four treatments selected as a subset from the 15 treatments 
from experiment I were applied to each cow [A: Vacuum = 44.2 kPa, b-phase = 322 ms, LC = 
9 kPa; B: Vacuum = 47.5 kPa, b-phase = 500 ms, LC = 11 kPa; C: Vacuum = 50.8 kPa, b-phase 
= 678 ms, LC = 9 kPa; D: Vacuum = 50.8 kPa, b-phase = 678 ms, LC = 13 kPa].

Effect of LC on HK

This study was conducted on 75 Holstein cows, milked twice per day. A quarter-udder 
experiment was performed by installing four different types of liners on each of the four 
clusters in the milking parlor so that each quarter of every cow was milked with the same 
liner for a period of one month (Zucali et al., 2008). Liners L1, L2, and L3 were round Nitrile 
rubber that had similar dimensions but varying wall thickness. Liner L4 was a silicon liner 
that is round in the open position and triangular shaped when collapsed, achieved by fixing 
the outer walls of the liner to the inner walls of the shell at three points. Liner L2 was used 
on all clusters for several months prior to the start of this experiment. LC was measured 
using the Start-of-Milk-Flow Method as described by Mein et al. (2003a) [ L1 = 18 kPa, L2 = 
15 kPa, L3 = 13 kPa, L4 = 9 kPa]. All teats were visually scored using the N, S, R, VR method 
recommended by the Teat Club International (Mein et al., 2001) as well as photographed 
before the experiment began and once each week for the 4 week duration of the study. 

Results

Effects of milking vacuum, b-phase and LC on PMF and teat end congestion

A physical model was used as the basis for statistical analysis of PMF data. The Bernoulli 
equation for incompressible fluid flow through a tube (neglecting static pressure) can be 
written as: u2 = C1 + C2*V, where u is the velocity of fluid flow and V is negative pressure – or 
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vacuum difference across the tube ( in this model the average claw vacuum at the peak milk 
flow rate) and the C2 accounts for fluid density. The volumetric flow of milk when the liner 
is open can be calculated using the cross sectional average fluid velocity and effective area 
diameter of the teat canal. The volumetric flow rate of milk, PMF, is further proportional to 
the fraction of the pulsation cycle in which the liner is open (F, or milk fraction): PMF = F * 
A * (C1 + C2*V) 1/2

The teat canal opens at some critical vacuum difference across it and continues to open further 
as this vacuum level is increased until the canal is fully unfolded and the skin has reached 
its elastic limit. Congestion of tissue surrounding the canal will act to decrease its effective 
diameter while LC will act to increase canal diameter by reducing congestion. Increasing 
the b-phase (B) may also act to increase congestion but is likely interactive with milking 
vacuum (e.g. the effect of b-phase on congestion is likely to be greater as the milking vacuum 
increases). The following physically based model is assumed for the cross sectional area of 
the teat canal as a function of milking vacuum, LC and b-phase: A = C6 + C7*V + C8*LC + 
C9*B + C10*V*LC + C11*V*B + C12*V1/2 + C13*LC*V1/2 + C14*B*V1/2 + C15*B*LC*V1/2. This 
expression was substituted into the PMF equation and fitted to the data using the SAS GLM 
procedure eliminating insignificant terms (p>0.05) to yield the following final model: PMF = 
1.499 + (0.5202 * F * V1/2) + (0.02826 * F * V1/2 * LC) + (0.001025 * F * V1/2 * B) – (0.00019 
* F * V * B). Response surfaces for LC = 8, 11 and 14 kPa are shown in Figures 1, 2 and 3. 

At low B-phase durations PMF increases with increasing claw vacuum, however at higher 
levels of B-phase duration PMF decreases with increasing claw vacuum. LC increases PMF at 
all levels of B-phase and claw vacuum, however the influence of LC is much larger at higher 
levels of both b-phase and claw vacuum. The effect of LC on PMF is an indication of the degree 
of teat end tissue congestion occurring in each pulsation cycle as increasing LC reduces this 

  

34

38

42

46

50

3.0

3.5

4.0

4.5

5.0

800

600

400

200

Pe
ak
 M

ilk
 F
lo
w
 (k
g/
m
in
)

3.0‐3.5 3.5‐4.0

4.0‐4.5 4.5‐5.0

34

38

42

46

50

3.0

3.5

4.0

4.5

5.0

800

600

400

200

Pe
ak
 M

ilk
 F
lo
w
 (k
g/
m
in
)

3.0‐3.5 3.5‐4.0

4.0‐4.5 4.5‐5.0

34

38

42

46

50

3.0

3.5

4.0

4.5

5.0

800

600

400

200

Pe
ak
 M

ilk
 F
lo
w
 (k
g/
m
in
)

3.0‐3.5 3.5‐4.0

4.0‐4.5 4.5‐5.0

  

Figure 1. PMF response for LC = 8 kPa. Figure 2. PMF response for LC = 11 kPa. 

Figure 3. PMF response for LC = 14 kPa. 

Figure 1. PMF response for LC = 8 kPa. 



Mastitis control - From science to practice � 327

congestion and allows the canal to open more fully in the next pulsation cycle. It is interesting 
to note that increasing the b-phase has more influence on PMF than does increasing claw 
vacuum over the ranges tested in this experiment. It is important to put these PMF results 
into the broader perspective. The range of milking conditions applied in this experiment is 
much wider than in current practice and resulted in an overall increase in PMF from about 
3.2 to 5.0 kg/min (just over 50% increase). Over the same wide range of milking conditions 
the average milk flow rate increased from about 2.4 to 3.2 kg/min (just over 30%) so that these 
increases in PMF would not reflect commensurate reduction in milking duration. Cows also 
showed noticeable discomfort at the more aggressive milking conditions. 
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Figure 1. PMF response for LC = 8 kPa. Figure 2. PMF response for LC = 11 kPa. 

Figure 3. PMF response for LC = 14 kPa. 

Figure 2. PMF response for LC = 11 kPa.
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Figure 3. PMF response for LC = 14 kPa. Figure 3. PMF response for LC = 14 kPa.
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Ultrasonic measurement of teat wall thickness

The combination of milking vacuum level and b-phase duration had an effect on the degree 
of teat wall thickness after milking with an increase of about 25% at a milking vacuum level 
of 44 kPa and B-phase of 322 ms and an increase of about 35% at milking vacuum levels 
of 47 and 50 kPa and B-phase of 500 ms or more (Figure 4). The teat wall may have been 
approaching its maximum possible thickness increase under the more aggressive milking 
conditions. The steeper recovery slope for treatment D indicates that liner compression may 
have had an influence on the recovery rate of teat tissues, possibly because of the limiting of 
edema occurring during milking. 

Effect of LC on HK

The results of the multiple correspondence analyses showed that HK scores R and VR were 
most closely related to long milking duration and liners L1 and L2 While HK score S (smooth 
rings) was most closely related to short milking duration and Liner L4. The results of the logistic 
regression analysis indicated that the initial teat-end score and the duration of milking (as 
influenced by milk yield and other cow factors) had a large influence on the risk of developing 
a poor HK score (R or VR). Teats that started with a score of N were less likely to become R 
and VR than teats starting with a score of S. Not surprisingly, teats that began the experiment 
with a score of R or VR were much more likely to end the experiment with a score of R or 
VR than teats starting the experiment with a score of S. This is probably an indication of the 
importance of teat size and shape on the risk of developing HK as well as the difficulty for 
teats to ‘recover’ from the development of rough teat ends. Cows (teats) with milking duration 
<4.3 min were much less likely to develop HK than cows (teats) with a milking duration >5.3 
minutes, probably due to the decreased number of times the liner collapsed on these teats 
during milking. While liner type also had an influence on the risk of HK, it was not as large 
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as the influence of milking duration. The risk of developing HK score R or VR was maximised 
with liner L2 and minimised with liner L3. Logistic Regression Comparisons across other 
liners were not significant. 

Milking duration and initial teat-end HK scores had a larger influence on final teat-end 
HK scores than liner type and liner compression. However, there are indications that liner 
compression does contribute to the development of teat-end HK. Each form of analysis had 
at least one indication that increased LC was associated with increased HK score; however 
the results of the different statistical analyses were not entirely consistent. These results differ 
from the field study reported by Bade et al. (2007). Reasons for this difference could include 
the low level of teat-end HK at the start of this study (15% of the teats scoring R or VR) were 
considerably lower that than on the commercial farms studied by Bade et al. The milking 
conditions used in this study also used moderate vacuum levels and moderately aggressive 
settings for automatic cluster removal resulting in gentle milking and minimal over-milking. 
In addition milking frequency of these cows was twice per day as compared to the majority 
of commercial farms reported in the field study by Bade et al. (2007) which milked three 
times per day. 

Conclusions

The worldwide trend to increase milking speed has often resulted in substantial increases in 
teat tissue stress and possible reduction in the efficacy of teat canal defense mechanisms. Teat 
tissue congestion during milking resulting in edema and open teat canals after milking, and 
excessive hyperkeratosis are two teat tissue responses that are thought to increase the risk of 
mastitis infections. Three related experiments used a similar range of milking conditions to 
examine the effect of machine milking on milk flow rates, teat tissue congestion, and teat end 
hyperkeratosis. This is the first series of experiments that we know of that has used independent 
control of milking vacuum level, b-phase duration and liner compression. The results of these 
experiments provide a quantitative measure of the effects of the major machine related factors 
influencing both milking speed and teat tissue reactions. These studies provide guidance for 
choosing milking settings and teatcup liners to provide an optimal balance between milking 
quickly, gently and completely.
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Abstract

The condition of teat ends of dairy cows is an extremely important parameter in mastitis 
control, because it is the first barrier against the pathogen invasion of the udder. This paper 
presents a study of the parameterisation of the milking machine and its effect on teat ends 
of more than 1000 Holstein-Friesian cows from 20 farms in Asturias in Spain. Data on the 
collector vacuum (VC), the liner type and the collapse force (FC) have been collected and 
were analysed. The goal is to establish several rules for tuning the milking machine in order 
to reduce damage caused by teat-cups. In a first approach of the problem, the characterisation 
of the liner by its FC is a function of the material and the liner geometry. This value is a 
dynamic parameter because it changes during the use of the liner due to mechanical stress 
and the action of fluids – milk and detergents – that produce changes in the collapse force 
of the liner during its useful life. The FC of the liner determines the selection of the VC by 
following a simple procedure: high values of FC need high values of VC and low values of FC 
need low values of VC. The Massage Residual Vacuum (MRV) is a variable that resumes both, 
liner condition and VC. The values of FC, VC, MRV and overpressure have been evaluated. 
The teat end condition has been classified in four different levels according to the definitions 
of the Teat Club International. The results of this study show that a low level of the teat end 
hyperkeratosis is achievable when the milking machine works with MRV values around 27 
kPa. Moreover, the traditional and well-known overpressure parameter was found to have 
no influence on teat end condition.

Keywords: liner, milking machine, overpressure, teat end condition, vacuum level

Introduction

A wrong adjustment of the milking machine can cause degradation of the teat end condition. It 
is well known that teat sphincter lesions prevent it from acting as protection against pathogenic 
agents entering the udder and, as a consequence, facilitating the onset of mastitis processes 
(Hamann, 1989; Hamann and Stanizke, 1990; Wilson et al., 2000). However, an analysis 
of the milking process and its impact on udder health is complex, due to the variety of 
variables involved, the difficulty in controlling all of them, and the complex causal relations 
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influencing the system. Some variables depending on environmental conditions such as 
external temperature, relative humidity, etc can not be influenced. Other variables such as 
farm conditions or the characteristics of a herd cannot be easily modified, due to several 
boundary conditions. The milking machine and the milking process, however, can be tuned 
or modulated to achieve the best results under any condition.

Important parts of the milking machine are, among others, the pulsation system, the collector 
vacuum level, and the liner (Reinemann et al., 1994). The pulsation system produces alternate 
changes of high and low vacuum pressure (pulsation ratio) at a certain frequency (pulsation 
frequency) and at a relation between times when the vacuum is high and low (pulsation ratio). 
The liner can be characterised by several parameters, which are defined by the used material, 
the wall thickness, the hours of use, the wall degradation and so on.

In terms of general system analysis, an input variable is an independent variable, which value 
can be directly modified in a specified range. A dependent variable is a variable which value 
depends on input variables and/or the system. An output variable is a dependent variable, 
which does not affect other variables. Output variables can vary for the same system, depending 
on the objective of study. In terms of causality, input variables are the causes, output variables 
are the effects and there are some mechanisms and intermediate variables to establish the 
causal relations. This first approach consists of a deterministic approach of a general system 
which, in real life, are influenced by some uncontrollable and/or unpredictable input variables 
that can not be modified, but do influence outcome variables. These input variables are known 
as noises or perturbations. This idea for general application is presented in Figure 1.

The general idea of system modelling shown in Figure 1 can be applied to any kind of causal 
system (mechanic, electric, electronic, biologic, chemical, economic...) and it constitutes an 
important tool to know, control and adjusts those systems. 

 

 
Figure 1. Definitions of variables, causes and effects in a general system. 

 

 
Figure 2. First approach to model the milking machine. 
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General system analysis applied to milking machine 

In this study, the main variable is teat end hyperkeratosis, since the purpose of this study is to 
know the causal process in order to optimise teat condition and thus to prevent disturbance 
of the first line of defence against the invasion of pathogenic agents into the udder. Other 
variables are the liner, the pulsation frequency, the pulsation ratio and the collector vacuum 
(VC) level. Additionally, another variable known as overpressure, of which measurement 
procedure and interest has been well-established (Mein et al., 2003), has been included.

As input variables that can be selected or modified, the liner type, the pulsation frequency, 
the pulsation ratio and the VC level, were chosen. Perturbations and noises will be the 
environmental conditions, the farm and the herd characteristics. It is either impossible, or there 
are important restrictions to modify these parameters. Additionally, there are two dependent 
variables: the overpressure and the level of hyperkeratosis of the teat ends. Teat end lesions 
are considered as extremely important, and because it does not affect other variables, it can 
be considered as an output variable. Figure 2 visualises this first approach of the problem.

In the second approach it is taken into account that the vacuum level in the collector cannot be 
varied without limits, because liners with a high collapse force need higher values of collector 
vacuum than liners with low collapse force. In addition, collapse force is not constant for a 
specific liner: it changes (reduces) during its lifetime because of the working conditions. Thus, 
the collapse force of a liner depends on uncontrollable variables. These facts are presented in 
the adapted model in Figure 3.

Materials and methods

Data of all involved variables have been collected from several farms and were processed, in 
order to obtain a model of the milking machine so that causal rules and relations could be 
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obtained. Data included measurements taken in 1011 Holstein-Friesian cows from 20 farms 
in Asturias in Spain, which work with similar pulsation frequencies (60-62 ppm) and pulsation 
ratio (65-35). Measured and stored variables are:
•	 Vacuum level in collector [kPa]: this variable is measured with a Westfalia Syncro digital 

vacuum meter at maximum milk flow.
•	 Collapse force: vacuum required for the sides of the liner to touch each other, measured 

with a Westfalia manual vacuum pump.
•	 Overpressure [kPa]: pressure applied by the liner adjusted to the teat in each pulsation 

cycle. Measurements are taken one minute after attaching the unit by disconnecting the 
short pulsation tube and connecting the pulsation chamber to a manual vacuum pump 
and a digital vacuum meter with a three-way valve. The digital vacuum meter indicates 
the vacuum level at which milk starts to flow from the teat.

•	 Massage residual vacuum [kPa]: the difference between the vacuum level in the collector 
and the collapse force of the liner.

•	 Level of teat end hyperkeratosis: Classification in four levels according to the Teat Club 
International: no callous ring (0), smooth ring (1), rough ring (2) very rough ring (3) 
(Neijenhuis et al., 2000). 

Pulsation variables (frequency and ratio) had similar values in all herds studied, were considered 
as constant and will not be used to explain the variance in output variables. Thus, the redrawn 
model is presented in Figure 4.

Results and discussion

Data were analysed to obtain relations between the input and output variables and the level 
of teat end hyperkeratosis. For each cow, the level of hyperkeratosis is scored (0-3); with an 
average value per farm as an overall indicator of the actual situation on herd level. 

 

 
Figure 1. Definitions of variables, causes and effects in a general system. 
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Overpressure measurements present a high dispersion rate due to instrumental limitations, 
intramammary pressure, teat shape, etc. Figure 5a shows the data from individual cows, 
showing there is no relation between overpressure and level of hyperkeratosis of teat ends. 
Figure 5b is similar to 5a, presenting the average teat end score per farm, having no relation 
with overpressure.

In view of Figure 5, overpressure may be removed from the analysis without problems, 
because it is a dependent variable which does not affect the variable of interest, the level of 
hyperkeratosis of teat ends. Thus, in Figure 6 the final model of the system is drawn.

Figure 7A shows the result per farm and the average level of teat end hyperkeratosis in relation 
to the vacuum level. Figure 7B shows the average level of teat lesion by collapse force. Both 
graphs clearly indicate that both, the collapse force and the vacuum level are related to the 
level of teat end hyperkeratosis. 
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Figure 4. System under study where pulsation is a constant for all farms. Collapse force and 
vacuum level are the input variables and overpressure and lesions are dependent variables. 
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Figure 5. No relation found between overpressure and lesions: (a) for individual cows; (b) for 

average value of each farm. 
 

 
Figure 6. Final model for milking process, where overpressure variable has been removed. 
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average value of each farm. 
 

 
Figure 6. Final model for milking process, where overpressure variable has been removed. 

 

Figure 5. No relation found between overpressure and lesions: (a) values of individual cows 
(1011 cows); (b) average values of herds (20 herds).
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Although the vacuum level seems to be related to teat end hyperkeratosis, this is a rough 
conclusion, because the vacuum level is chosen according to the collapse force. Moreover, 
Figure 7B shows an interesting result: silicone liners (high collapse force), seem to result in a 
better condition of teat ends.

A new variable summarising the behaviour of the VC and the FC can be defined as Massage 
Residual Vacuum (MRV), where MRV = VC – FC. The relation between this variable and the 
average level of hyperkeratosis per herd is plotted in Figure 8. 
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Figure 7. Results of the final milking machine model: (a) relation between collector vacuum 
and average hyperkeratosis level per farm; (b) relation between collapse force of liners and 
average hyperkeratosis level per farm. 

Figure 7. Results of the final milking machine model: (a) relation between collector vacuum and 
average hyperkeratosis level per farm; (b) relation between collapse force of liners and average 
hyperkeratosis level per farm.
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Conclusions

The relation between overpressure and teat end hyperkeratosis is usually presented as a 
statistical association and not as a causal relation. Because it is impossible to provide evidence 
of a causal relation between overpressure values and levels of teat end hyperkeratosis, we 
attempt to explain these effects based on the causes (collapse force and vacuum level) and a 
variable, which combines them: MRV. Liners with high collapse force can be used with high 
vacuum levels without harming teat-ends, but liners with low collapse force should not be used 
with high vacuum levels. Therefore, in a first approximation, the obtained data established 
that MRV values that minimise lesions of teat-ends range from 26 to 27 kPa. Maintaining 
liners in a good condition and controlling vacuum levels according to collapse force of liners, 
making it possible to prevent poor teat end condition.
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Abstract

Cluster removal is an important issue in milking parlor efficiency and udder health. Udder 
health can be negatively influenced by incorrect settings or improper functioning of the 
automatic cluster removal devices (ACR). Research has shown that there are two main issues 
in cluster removal: settings of the device and response of the equipment to the settings (slow 
and/or variable). During periodic check-up of the milking machine the performance of the 
automatic cluster removal systems in general is not evaluated, for reasons of not being aware 
of the problems and because of lack of equipment to test the actual settings. Therefore a device 
and test method have been developed and tested, that can be used within the periodic check 
procedure on milking machines. With this method the cluster removal performance can be 
tested and evaluated. The device can simulate different flow patterns as occurring at the end 
of a milking. The method reproduces always the same flow patterns and is not influenced 
by vacuum level. One measurement categorises the cluster removal settings in: accurate, 
within tolerances and out of specifications (difference between cluster removal flow setting 
and actual flow at the moment of cluster removal respectively ≤40 g/min, ≤60 g/min and 
≥60 g/min). In order to obtain suitable simulation characteristics to characterise the cluster 
removal performance in a milking parlor, an evaluation of several milking installations was 
made. A time efficient test method was developed to accurately measure the cluster removal 
threshold levels. The general advice to farmers and technicians is to test detachment levels 
after installation, every 2 years during servicing, and when problems are observed. This 
advice will be implemented into the Dutch Quality Assurance System of Milking installations 
(KOM). Furthermore, advices to farmers and technicians about maintenance and set up of 
the milking equipment were given.

Keywords: milking machine, automatic cluster remover (ACR), milking efficiency

Introduction

In the research program of the Dutch Udder Health Centre (UGCN), ASG executed a project to 
develop a test method for automatic cluster remover (ACR) performance. The end-of-milking 
is an important aspect for dairy farms with respect to udder health and milking efficiency. Too 
late removal (<200 g/min) of the cluster will prolong machine-on time and may lead to milking 
on empty quarters and induce teat edema and teat end callosity (Hamann, 1990; Hillerton et 
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al., 1998; Hillerton et al., 1999; Huusko et al., 2002; Isaksson and Lind, 1992; Natzke et al., 
1978; Neijenhuis et al., 2000; Neijenhuis et al., 2001; Osterås et al., 1990; Rasmussen, 1993).

In The Netherlands it is estimated that 70% of the dairy farms use automated cluster removers 
(ACR). The claimed advantages of ACR are prevention of over-milking, improved teat 
condition, labour saving, and a more consistent milking routine. The end-of-milking flow 
setting is historically set at 200 g/min. Experts in the field say on basis of visual inspection that 
detachment in The Netherlands is mostly quite late, resulting in blind milking and prolonged 
machine-on-times.

As in most countries, milking installations in The Netherlands are tested annually for the 
technical status of the equipment. Checking of the performance of the ACR in terms of the 
actual flow at detachment is not included in these test. There are two known test devices to 
check ACR from SAC (SAC, 1998)and Atauce (Gaudin and Sauvee, 2005; SAC, 1998). Both 
devices are unfortunately influenced in their flow by vacuum level and the SAC-device is 
specifically designed for their own brand.

Settings of the ACR may not reflect the actual detachment flow in practice due too several 
causes. Research at the Dutch milking laboratory (Schuiling and Holtkuile, 1993) showed that 
the settings of ACR’s are mostly not equal to the actual flow at detachment. The ACR is initiated 
by a milk meter or dedicated sensor on basis of measured milk flow. Milk meters can roughly 
be divided in two types: the milk meters are measuring yield in portions and calculate flow 
(flow=delta yield/time) and milk meters measuring flow and calculating yield (yield=flow*time). 
The first type of milk meters have a delay in sensing the actual flow depending on the portion 
quantity. Next to that, in most ACR-software settings, a delay is build in to overcome short 
drops in the milk flow.

Settings

A study of Magliaro and Kensinger (Magliaro and Kensinger, 2005) showed that an ACR 
setting of 600 g/min resulted in faster milking times without decreasing milk production 
compared to a setting of 480 g/min. Previous studies of Rasmussen (1993) and Stewart et al. 
(2002) showed the same trend in machine-on time and milk production with ACR settings of 
400 g/min. Mein (2006) concluded after evaluating 5-year field trials in America that raising 
ACR setting decreased milking time up to 1 minute without influencing milk production, SCC 
levels and udder health. Although most reports describe the ACR-settings and sometimes 
the delay-times, actual detachment flow levels are often not known. A recent study of Billon 
et al. (2007) used the actual detachment flow rate level and came to the conclusion that even 
detachment level of 800 g/min resulted in no change in milk yield, milk composition or udder 
health compared to 200 g/min.
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The objectives in this study were to develop a device and test method which could be used 
within the periodic check procedure on milking machines to evaluate the performance of 
ACR. Furthermore, advice about maintenance and set-up of milking equipment to farmers 
and milking technicians will be given.

Materials and methods

First, a program of demands (POD) was written for the device and test method. Secondly, 
according to this, POD testing of available systems was done and a device to simulate flow 
rates was chosen. And third, the device was tested with different flow characteristics on several 
ACR systems on laboratory scale and in the field. 

Results

Program of demands

The POD for the device and test method contains the following:
•	 independent of brand and type suitable for use with water (with added salt or acid);
•	 easy to transport and set up, easy to clean; 
•	 short start-up time at the first and all following clusters at the farm; 
•	 short time needed for testing; 
•	 able to simulate different flows between 100 and 500 gram/minute; 
•	 results are unambiguous; 
•	 deviation in flow at top speed less than 2%; 
•	 no influence of vacuum at the cluster (35-45 kPa); 
•	 and admitted air is similar as used in checked cluster.

Device

To be independent of vacuum a plunger pump and variable motor was chosen to simulate milk 
flow (Figure 1). The range of flows with this system is between 0.13 and 576 gram/minute. 
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Flow characteristics

Flow simulation characteristic is produced by a small program in the device. The flow 
characteristic is build up as follows:

FwwwtyyydFxxxdtzz

Where:
F	 milk flow at start of measurement in www g/min;
t	 period of high flow at beginning of measurement to overcome the initial delay time in yyy 

seconds;
dF	steps in which milk flow is adjusted in xxx g/min; 
dt	 time laps of stepwise decrease of flow in zz seconds.

The first 1.5 minute of the test, high flow is admitted to overcome the initial delay time of the 
ACR in which it will not detach the cluster at beginning of milking.

Test

Several flow simulation characteristics were tested in the laboratory on a Duovac indicator 
and in the field on 6 different ACR. On the Duovac flow characteristics with steps of 40 gram 
(dF) for 60 seconds (dt) were tested in five-fold with detachment settings of 200, 300 and 

Figure 1. Plunger pomp.
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400 g/min (Figure 2). Results showed for example detachment with the setting of 300 g/min 
at 340 and 320 g/min using the flow characteristic F460t90dF40dt60 and at 320 g/min using 
the flow characteristic of F360t90dF40dt60. Depending on the offered flow characteristic and 
the actual detechment level, detachment can be initiated on two steps of the characteristic.

The 4, in the field most common ICAR registered meters: Metratron, MM15, Afikim en 
MR2000 were tested. Furthermore, the devices were tested on a Miele and a WestfaliaSurge 
Omni indicator. During testing several milking clusters were measured repeatedly with 
different flow characteristics. The outcome of the measurements of the detachment flows 
showed differences between detachment level of 100 to 380 g/min between farms and variation 
within farms between clusters of up to 160 g/min.

The outcome of the tests is that the optimal flow characteristic is Fwwwt90dF40dt60, where 
the start of the flow Fwww should be chosen in such a way that the switch point will be in the 
middle of a step. For example, is a setting of a ACR is 300 g/min the F schould be 400 so the 
presumed detachment flow lies in between the switch point of 320 to 280 g/min. 40 g/min 
steps for 60 seconds gives the best possible and repeatable result. With steps of 60 seconds 
the delay in detachment caused by measurement technique with a buffer, or by other causes, 
could be absorbed so a uniform detachment flow outcome is possible. The delay in response 
to the offered flow can be seen from the time it takes after switching to the next flow level. 
The complete checking of a ACR level takes up to max 10 minutes per cluster.
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Figure 2. Detachment performance of Duovac indicator with setting of 200, 300 (twice) and 
400 g/min in response to 4 different flow characteristics (dotted lines: F260t90dF40dt60, 
F360t90dF40dt60, F460t90dF40dt60, F560t90dF40dt60).
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Evaluation of results

With the plunger pomp and the chosen flowcharacteristic reliable conclusion can be drawn 
about the flow at detachment from one measurement. Evaluation of results will define the 
outcome as: 
•	 Green (approved) when detachment level ≤ detachment setting ±40 g/min.
•	 Orange (approved with small deviation) when detachment level ≤ detachment setting 

±60 g/min. 
•	 Red (rejected) when detachment level ≥ detachment setting ±60 g/min. 

Other results

During the farm visits several other interesting issues came up and were also communicated 
in the field. We found variation between clusters in the field and the distinguished causes were 
maintenance (worn out rubber, polluted sensor, blocked air holes), delay of milk flow caused 
by long milk tubes, or irregular income of milk flow into the milk meter or flow indicator 
caused by milk elevation. Also the settings of the ACR using proportional milk meters, and 
the portion quantity and corresponding measurement range in combination with the filling 
of the measuring chamber caused variation. Settings of the ACR were not always known by 
the farmer. Furthermore, farmers were not always acquainted with the influence of a good 
pre-treatment on the milking-out of cows. 

Discussion and conclusions

A device and test method was developed which can be used within the periodic check 
procedure on milking machines to evaluate the performance of ACR with one measurement 
per cluster. Our general advice to farmers and technicians is to test detachment levels after new 
installation, every 2 years during servicing, and when problems are observed. This advice will be 
implemented into the Dutch Quality Assurance System of Milking installations (KOM). From 
the testing of the milk measuring equipment in the scope of the official milk yield recording 
it is known that one out of 5 electronic milk meters deviate after one year (Huijsmans, 2004, 
2008). No literature or other resources were found about the deviation in ACR-performance 
over time. We recommend after 2 measurement moments (4 years) the results should be 
checked so advices on frequency of testing can be made ACR-type specific.

The settings of the ACR were not always known by the farmers. Perhaps this knowledge may 
also not be always available by the engineer who should include the ACR check in the annual 
check for the technical status of the equipment. The knowledge of the engineers about settings 
of the used ACR equipment at the farm may need an update.
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The method developed in this project was to check and to compare the detachment level 
according to the settings. The French system Atauce checks for equality between clusters and 
was not designed to check the detachment level itself. 

Experts in the field visually conclude that detachment in the Netherlands is mostly quite 
late, probably below 200 g/min. During the review of the literature and testing in the field 
we concluded that detachment settings should be lifted to 400 g/min. This is in accordance 
with international studies (Mein, 2006; Billon et al., 2007). To have an actual detachment at 
400 g/min, the delay time should be set to 0 seconds when working with proportional milk 
meters.
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Abstract

Post-milking teat disinfection is an effective management practice in the reduction of the 
prevalence and incidence of mastitis. However, dipping and also spraying is time and labour 
consuming and may reduce parlour efficiency. A comparison was made between an automatic 
dipping and flushing (ADF) system and a reference manual dipping system. For two times 6 
days, teats of 6 cows were disinfected using the ADF-system while teats of 6 other cows were 
dipped manually in a cross-over design. Milk samples for iodine content were collected 16 
times. Vacuum drop and vacuum fluctuation in the short milk tube were estimated in the 
WUR-ASG milk recording laboratory using water instead of milk (vacuum level 40 kPa). In 
a challenge test the cluster flushing was evaluated by using an inoculum of Streptococcus 
agalactiae mixed with pasteurised milk. No difference between ADF system and reference 
manual dipping system were found in: milk yield, milk duration, average and maximum milk 
flow, average vacuum and cyclic vacuum variation. Differences between the ADF system 
and manual dipping were found for teat coverage (4 level visual scoring system): 2.92 versus 
3.80 and the iodine content of the milk 155 versus 111 μg/l. It was, however, far below the 
regulatory limit of 500 μg/l. When challenged with an inoculum of Streptococcus agalactiae in 
pasteurised milk on the inside of the liners, the ADF system reduced Streptococcus agalactiae 
by 99.9% compared to no cleaning.

Keywords: ADF system, residuals, teat disinfection, vacuum level 

Introduction

Mastitis is one of the main problems in dairy farming. For the Dutch situation total costs 
for mastitis (clinical as well as subclinical) were estimated to be €140 per average cow on the 
farm (Huijps and Hogeveen, 2007). Methods and systems contributing mastitis reduction can 
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improve the financial position of farmers and can contribute to higher milk quality level. This 
is especially the case for farms with a high incidence of clinical mastitis, but is also relevant 
for farms with a lower incidence.

Post-milking teat disinfection is a well-known measure and a helpful tool to reduce the 
prevalence and incidence of mastitis. However, dipping and also spraying is time and labour 
consuming and reduces parlour efficiency. Some milking stall types do not allow manual post-
dipping without having additional labour capacity (e.g. a rotary milking parlour). The company 
Research Development & Innovations Ltd. (RDI) has developed a system for automatically 
dipping teats directly after milking. Sprayers have been built into all four liners. The specially 
developed liners are built into dedicated teat cups and also a dedicated milking claw is used. 
During automatic cluster removal a nozzle mounted in the liner sprays disinfectant (e.g. 
iodine) on the teats. Compressed air is used for transporting the disinfectant. After cluster 
removal the dip liquid is removed from the cluster by cleaning the liners and milking claw by 
spraying water with compressed air into the liners and milking claw. Optional also a rinsing 
agent (per-acetic acid) can be used in this procedure to improve the cleaning process.

To prevent liquid flowing into the long milk tube during cleaning a device is build in which 
shuts off the long milk tube. A cleaning system inside the claw takes care for internal cleaning 
with water and compressed air. The cluster is automatically cleaned after each individual 
milking. This paper reports the effects of the ADF system on the quality of the teat dipping/
spraying procedure, milking capacity and disinfection of the cluster.

Material and methods

The study was performed at the experimental farm ‘De Ossekampen’ in The Netherlands in 
2007. A total of 12 high yielding Holstein cows were used in the experiment. Cows had ad 
libitum approach to a mixed ration consisting of 70% grass silage and 30% whole-crop silage 
on a DM basis. Some concentrate was added to the mixture so that it was sufficient for a 
milk yield of 26 to 27 kg/day. A fixed amount of 3 kg of concentrates was fed twice a during 
milking in the milking parlour. 

Cows for the experiment were selected from the herd milked by Automatic Milking System 
with two tandem stalls and one robotic arm. Selected cows were moved within the same stable 
to the same housing conditions. Cows were milked twice a day at 06:00 and 16:00 h in a 2 
stalls tandem milking parlour. Pre-milking udder preparation lasted 10-15 s per udder and 
consisted of cleaning by dry paper towel. The cluster was attached to the udder not earlier 
than 45-60 s after first contact of hand with udder. Milking and pulsation vacuum were set 
at 42 kPa; the pulsation ratio was 65:35 at a rate of 60 cycles/min. Milk from the whole udder 
was collected in receiver jars that were mounted in a basement below the milking stalls. The 
height difference between the milking cluster on the udder and the bottom of the receiver 
jar was about 180 cm. The cluster was automatically removed 4 s after the whole udder milk 
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flow declined below 0.2 kg/min for a period of 6 s. The system records milk weights that are 
converted to milk flow rate profiles (Tancin et al., 2006).

Cows were adjusted to the new milking system during period of 4 days before the experiment 
started. During these 4 days the teats of all cows were dipped automatically with the ADF-
system. After the habitation the experiment started for a period of 12 days.

The ADF-system had a special claw piece (M41) and special liners (100-222-001) (Hogewerf, 
2007). The reference system consisted of a conventional WestfaliaSurge cluster (Classic 300) 
with 7021-2725-240 liners. Thus each of the two milking stalls had two complete clusters (a 
Reference cluster and an ADF-cluster). Each cluster had separate milk containers (two for 
each cluster). The milk quantity was measured continuously during the milking of the cows 
allowing calculating all parameters required to evaluate milk removal (Tancin et al., 2006). 
Milking clusters were automatically detached when the milk flow dropped below 200 g/min. 
The cluster that had to be used for a certain cow during a certain milking was programmed 
to milk with a selected type of unit per milking only. The system informed the milker what 
cluster had to be used based upon date, part of the day and cow number. The system blocked 
the use of the other cluster. During the experiments in a switchback design (6 and 6 d), the 
teats of the cows were disinfected with the ADF-system or were dipped manually (with the 
disinfection solution: Stafilex D4T).

Milk samples from receiver jars were taken for each cow individually, for iodine content 
analyses during morning and evening milking of the 3rd and 5th day in both parts of the 
experiment. In total 96 samples were analysed (method conforming to ISO 14378).

Measurements of the vacuum drop in the short milk tube and the vacuum fluctuations in the 
short and long milk tube of both the ADF and Reference cluster are carried out in the laboratory 
using water instead of milk. Vacuum was recorded during about 30 seconds with 200 Hz, using 
the Densis measuring system (Schuiling et al., 1994). The vacuum sensors were applied to the 
short and long milk tube using an elbow piece with an internal diameter of 1.5 mm. Milk flow 
rate was set to 3.0 and 6.3 kg/min, air leakage along the teats was 1 litre free air per minute 
per teat. Vacuum was set to 40 kPa. The outlet of the claw was connected with a tube of 1 m 
length and 16 mm internal diameter to a bucket. Data are analysed with Densis.

Each teat of the individual cows was during the experiment evaluated for covering by the 
two disinfection systems. Observations were made during first four and last two consecutive 
milkings in both treatment periods. The coverage of the teats was registered after manual 
or automatic treatment through visual observations by the same observer. The coverage per 
teat had four registration levels: (1) no coverage at all; (2) less than 40% of the teat covered; 
(3) around 50% of the teat covered, (4) more than 60% of the teat covered.
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The evaluation of scoring was performed from the right side of cows by the same evaluator 
using a lamp for more light during evaluation of teat covering. For better description of teat 
covering the length and width of teats was measured before experiment starts.

The impact of adding disinfecting agent during the cluster cleaning phase was tested by using 
an inoculum of Streptococcus agalactiae (SAG) mixed with pasteurised milk. The inocula used 
contained about 108 cfu/ml SAG. The research was done independent of the milking. The four 
liners of two ADF and one Reference cluster were contaminated with the prepared solution 
with SAG. As a negative control the second Reference cluster was not contaminated. After 
contamination one of the ADF clusters was cleaned with the default ADF program (iodine, 
water and air). The other ADF cluster was cleaned with the default ADF program followed by 
a flush with peracetic acid solution and water. The Reference clusters were not cleaned and 
acted as a positive (contaminated with SAG) and a negative control (not contaminated with 
SAG). After the treatments (cleaning or not cleaning) the inside of every liner was swabbed 
with a moistened (peptone physiologic salt) swab by moving around the swab ten times on 
the same height in the liner (12 cm from the top of the liner). Also control swabs were taken 
from the prepared solution with SAG. The swabs taken from the ADF cluster treated with 
per-acetic acid were moistened with peptone buffer to inactivate the per-acetic acid by adding 
two drops of this buffer on the swab. After sampling, a system cleaning was performed. This 
procedure was repeated four times. The swabs were taken to the Animal Health Service in 
Deventer for analysis on SAG.

The effects of ADF compared with the Reference system on milk yield, milk removal data 
and milk iodine contents were statistically analysed using ANOVA (analysis of variance). 
Differences between the covering of the teats with disinfectant were statistically tested using 
Two-sample t-tests assuming equal variances.

Results

For the evaluation of the effect of the milking cluster on milk removal the parameters milk yield, 
milking duration, mean and maximum milk flow rate were analysed. One cow was excluded 
from further analyses because of health problems in the second part of the experiment. The 
average milk yield of the experimental cows was 15.7 kg per milking or 31.4 kg per day. The 
mean milk flow rate varied between 1.80 and 3.38 kg/min; the maximum flow rate ranged 
between 2.58 and 5.10 kg/min.

The effects of the used milking system on the milk yield en milk removal parameters are 
shown in Table 1. From these results could be concluded that the milking equipment had no 
significant effect on milk yield and milk removal parameters.

The iodine content (Table 2) of milk samples from cows milking with ADF was significantly 
(P<0.05) higher than for cows milked with the Reference system. There was no significant 
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difference in the iodine content of milk samples from cows that were milked first after a 
system cleaning with an ADF cluster compared with cows that were milked afterwards with 
the same cluster (146 vs. 159 μg/l).

At a flow rate of 3 kg/min the average vacuum in the short milk tube dropped in both systems 
from 40 kPa to 37.8 kPa; at a flow rate of 6.3 kg/min the average vacuum level decreased to 
35.6 kPa for the Reference and to 34.4 kPa for the ADF cluster. The cyclic vacuum variation 
(maximum minus minimum vacuum) for the ADF cluster increased from 10 kPa at 3 kg/min 
to 17 kPa at 6.3 kg/min; for the Reference cluster these figures were respectively 9 and 18 kPa. 
With increasing flow rates of 3 to 6.3 kg/min the vacuum losses over the claw increased for 
the ADF system from 0.0 to 1.0 kPa and for the Reference system from 0.2 to 0.7 kPa.

The covering of teats by disinfection solutions significantly differed (P<0.005) between ADF 
(2.92±0.87 score) and hand dipping in the Reference system (3.80±0.59 score). There was 
a significant effect of individual cows in ADF system of dipping. In three cows the ADF 
system scored 1 for some teats; in WF treatment two cows (whole udder) were observed 
with covering 1.

Distribution of numbers obtained per scoring points (1, 2, 3 and 4) was for hand dipping 
2.8, 1.7, 7.6 and 87.8%, respectively and for the ADF spraying 3.1, 33.7, 31.3 and 31.9%. The 
scoring evaluation was not influenced by teat position though there was higher scoring at 

Table 1. Effect of milking equipment (ADF vs. Reference) on milk yield and milk removal.

Parameter ADF Reference p-value

Milk yield (kg/milking) 15.5 15.8 0.255
Milking duration (s) 382 381 0.949
Mean milk flow rate (kg/min) 2.51 2.54 0.433
Maximum milk flow rate (kg/min) 3.97 4.01 0.628

Table 2 Effect of milking system (ADF vs. Reference) on iodine content of individual cow milk 
samples.

Parameter ADF Reference p-value

Iodine content (μg/l) 155 111 0.025
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right front (3.11±0.58 score) than at left front (2.82±0.37 score); however the difference was 
not significant. The length and width of teats did not influence the teat covering score.

The impact of adding disinfecting agent during the cluster cleaning phase was tested by using 
inoculum solutions containing 8.0x108 and 8.7x108 cfu/ml SAG. The control swabs taken from 
these solutions contained on average 1.5x106 cfu SAG per swab. The negative controls of the 
Reference clusters with no SAG solution added showed in most cases no growth of SAG. On 
three of the 16 swabs only low counts of SAG were found. On the positive controls of the 
Reference clusters an arithmetic mean of 5.6x105 cfu SAG per swab was calculated. This is a 
dose comparable to a highly infected quarter.

After cleaning the ADF clusters an arithmetic mean of 300 cfu SAG per swab was found for the 
default cleaning and of 530 for the default cleaning with additional per acetic acid disinfection. 
This means a log reduction of 3.2 and 3.0 for the default cleaning and the disinfection cleaning 
respectively. Based on four runs a 99.9% reduction of SAG for both the default cleaning of 
ADF and for the disinfection cleaning of ADF was found.

Discussion

The vacuum conditions in the ADF cluster were comparable with the Reference system. 
The average vacuum in the short milk tube in the ADF cluster dropped between 2.2 and 5.6 
kPa during milk flow rates of respectively 2 and 6.3 kg/min. These values are almost within 
the range that could be expected (Wemmenhove, 2000). Based on these findings it could be 
expected that no differences would occur in the milking removal parameters. This expectation 
was confirmed by the results; milking duration, mean and maximum milk flow rate as well 
milk yield were not affected by the applied milking system.

On the other hand a significant increase of the iodine content of milk samples from cows 
milking with ADF was found. The average iodine values for the ADF and Reference system 
were with respectively 155 and 111 μg/l. In a literature survey Hemling (2001) mentions that 
milk iodine levels of 500 μg/l are mainly seen as acceptable or legal maximum levels. In our 
test the iodine contents were far below this level. The content difference between ADF and 
Reference system is not the result of ADF cleaning efficiency because there is no significant 
difference in iodine content of milk samples from the cows that were milked first after a system 
cleaning with an ADF cluster compared with cows that were milked afterwards with the same 
cluster. More residual dip liquid, from a previous milking, for ADF then for the Reference 
system is not plausible seen the results of the teat coverage scoring. Most likely will some of 
the aerosol that is formed during the automatic dipping flow into the long milk tube before 
the tube is closed. 

Hand dipping caused almost ideal covering of teats after milking though sometimes milker 
forgot to dip or did not dip completely. During the period of scoring of teat covering milker 
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forgot to dip two cows therefore the numbers of teat with scoring 1 was 8. It is even possible 
to expect that in dairy practice the covering is less effective due to improper dipping caused 
by bad milking routines. Also contaminated cups for dipping, they are not properly cleaned, 
could be high risk for new mastitis. There is recommendation for farmers that teat should be 
covered more then 2/3 part or even all teat skin to have effective covering against bacteria. With 
spraying, more attention is required to assure good coverage. As compared to recommendation 
the covering by ADF was less effective than by hand in the experiment. However, the most 
important part of the teat, the teat end, was almost always covered. Though, within point 2, 
there were also teats that had a very week covering on teat ends to compare with other teats 
with clear covering representing by big drop of disinfection solution on teat end. Also teats 
with scoring point 3 or 4 were not continuously covered. On such teats it was possible to see 
not covered parts or teats that were only covered from one side. It is questionable if such 
covering could be accepted as effective against bacteria causing contagious mastitis. More 
study is needed to evaluate the effectiveness of teat covering by the ADF system through 
monitoring bacteria presence in not covered parts of teats and to evaluate the level of covering 
of teats in relation to udder health.

The length and width did not show to have effect on teat covering by ADF. Though in some 
cows there were more often observed teats with covering scored as 1 or 2. Due to small 
number of cows involved in experiment it is not possible to exclude the role of teat shape on 
its covering by ADF system. Also the shape of the udder could play a role. The distribution 
of covering points in dairy practice could give more sophisticated answer about the effect of 
teat or udder shape and teat covering score. 

A 99.9% reduction of the SAG contamination for both the default cleaning of ADF and for 
the disinfection cleaning of ADF were found. In this study an extra effect of the disinfection 
step with per acetic acid could not be concluded. Schuiling and Neijenhuis (2004) found small 
differences between a cold flush and a flush with disinfection (98.4 and 98.9% reduction) after 
contamination with SAG. Based on the results of this study, an extra disinfection step of the 
ADF cluster does not seem to have any effect. An explanation could be that the disinfection 
time is too short for an adequate killing of bacteria; the disinfection step only takes a few 
seconds to be performed. In European Suspension Tests in which the acting of disinfection 
solutions is tested on certain types of bacteria about 5 minutes working time was prescribed. 
However, test were done with 1 minute working time (Payne et al., 1999). This is also more 
than the few seconds in the ADF cluster.

Conclusions

The milk removal performance, milk flow parameters and vacuum levels, of the ADF cluster do 
not differ from a widely used conventional cluster (used as reference during the experiment). 
The iodine content of milk of cows that were dipped with the ADF system were higher then 
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the cows that were manually dipped. The iodine content of both methods was far within 
acceptable limits.

Hand dipping resulted in a more equal teat coverage than ADF dipping. The main advantage of 
the ADF system is that the system never forgets the dipping and the positioning of the dipping 
system is always correct. Timing of the dipping must be aligned with milk equipment settings 
for optimising teat coverage. The ADF system reduces the inner liner surface bacteria count 
level significantly, an extra rinsing with per acetic acid showed no additional effect.
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Abstract

The importance of a routine, regular, comprehensive milking routine as a critical component 
of any mastitis control program is well documented. However, as pressure on time increases, 
farmers are faced with two options: (1) adjust the milking routine to suit the time available or 
undertake the task less thoroughly, or (2) to examine which elements of the milking routine 
can be automated and substitute capital expenditure for labour. A study was undertaken on 
five farms in the UK in October and November 2007 to assess the impact on milking time by 
installing an automatic post-milking teat disinfection and cluster back flushing system (ADF). 
Two of the farms were intending to purchase the ADF system in the near future and three 
farms had already invested in the technology. The farms ranged in size from 120 cows to 550 
cows and included three 90° rapid exit parlours, a herringbone and an abreast parlour. All five 
farms were visited for two successive milkings before the ADF was installed or disabled and 
a detailed time and motion analysis undertaken. After ADF was installed or the system re-
activated, a further two milkings were monitored. All monitored farms showed a measurable 
reduction in milking time after the ADF system was installed. However, the magnitude of 
the reduction was greater than would be expected by simply removing the elements of post-
milking teat disinfection and cluster sanitisation. This would suggest that the benefits of ADF 
are greater than simply disinfecting teats and clusters and that in fact the time saving obtained 
may allow a more structured milking routine which may have additional benefits in terms of 
mastitis prevention.

Keywords: milking efficiency, teat disinfection, ADF system, prevention

Introduction

European dairy herds have increased considerably in size over the past decade. This increase 
in herd size has not seen a comparative increase in staff numbers, which has resulted in a 
labour squeeze. One consequence of this labour squeeze is an increase in pressure on staff 
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through the working day and in particular at and around milking time. This has resulted in 
many farms compromising on their mastitis control programmes (Bradley, 2007).

It is an unavoidable fact that the time associated with milking an individual cow (the work 
routine) is likely to be the largest determinant of the performance of the milking system, 
whether this is measured in terms of cows milked per hour or litres produced per hour. This 
is demonstrated in Table 1.

Farms are constantly examining their milking routines to try and streamline the operation and 
improve performance. However, it is important that this is not at the cost of milk quality and 
mastitis. Disinfection of teats after milking is a good example of this in practise. Spraying of 
teats after milking using a hand-held lance has emerged as the most popular method of post-
milking teat disinfection as dairy farms look to reduce the time spent on any element of the 
work routine. While teat spraying may be quicker than teat dipping, most dairy practitioners 
would recommend that teats should be disinfected after milking by dipping. Dipping should 
ensure better teat coverage and better penetration of product into the teat canal. As a result 
the incidence and prevalence of new intramammary infections and bulk milk somatic cell 
count (SCC) is higher in herds that use spraying compared to dipping as a post-milking teat 
disinfection method (Barkema et al., 1999).

Many dairy farms in the UK, faced with a contagious mastitis challenge, have resorted to 
manually disinfecting the milking cluster after each animal (Bradley, 2007). While they believe 
this practise helps to reduce cross infection, it adds considerably to the work routine, which 
has a depressing effect on milking system performance.

There is increasing interest amongst dairy farmers in the application of technology to replace 
labour. If a technological solution can be applied to automate any task within the milking 

Table 1. Work routine influence on milking system performance (Baines, 2001).

Element Full routine (sec) Minimal routine (sec)

Load cows 6 6
Teat preparation 10 2
Foremilk 8 0
Cluster attachment 10 10
Teat dip 8 4
Cows exit 6 6
Miscellaneous time 10 10
Total time 58 38
Cows / hr 62 95
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routine, there is the potential to improve milking system performance. Any improvement in the 
efficiency of the work routine could lead to either a reduction in overall milking time, less stress 
on the operator or the release of time to concentrate on other essential elements of the routine. 
Clearly the technology must be at least as consistent as the operator which it replaces.

Automatic teat dipping and cluster back flushing

The Automatic Dipping and Flushing system (ADF) developed by Research Developments and 
Innovations Ltd. (RDI) is designed to both disinfect the teat and sanitise the cluster between 
cows. When the automatic cluster remover (ACR) is activated, teat disinfectant is introduced 
into the hood of the liner while the liner is still located on the teat. As the liner is removed 
from the teat, disinfectant is applied to the teat surface. Once the liner is removed, the system 
goes through a series of flushes to sanitise the liner surface and clawpiece.

There are a number of motivations that may lead a dairy farmer to invest in technology such 
as ADF. These include expected improvements in herd SCC, reduction in the new mastitis 
infection rates and improved efficiency in the milking routine. To quantify the potential 
efficiency gains which could be achieved by fitting ADF, a detailed time and motion study 
was carried out during October and November 2007.

Time and motion analysis

A milking technology specialist from The Dairy Group visited five dairy farms during October 
and November 2007. The five farms selected included two new ADF installations and three 
existing users of the technology. A range of milking systems were selected and these are 
presented in Table 2.

Farm A and Farm B were new users of ADF. Farm A and Farm B were visited for two consecutive 
milkings before the ADF system was installed. Once the system had been installed and 
commissioned, another visit was undertaken and two consecutive milkings observed. Farm 
C, Farm D and Farm E were already users of the ADF system. These farms were visited for 
two consecutive milkings where they employed the ADF system as designed. These farms 

Table 2. Summary of the five farms.

Farm A Farm B Farm C Farm D Farm E

Herd size 277 177 254 120 551
Parlour type 24/24 

Rapid exit
24/24 
Herringbone

16/32 
Herringbone

10 
Abreast

36/36 
Rapid exit

No. of operators 1-2 1 1 1-2 2
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were then asked to disable the ADF system and revert back to their pervious practise prior to 
installation of ADF. A full analysis of every operation carried out by the milkers was undertaken 
and total time associated with each task was calculated.

Results

Overall milking times for each farm are presented in Table 3. All values are rounded to the 
nearest minute.

Milking time after the installation of the ADF system was reduced on all five farms visited. 
However, when the data from each farm were examined, it became clear that some of the time 
savings were related to other elements of the milking routine, such as loading the milking 
parlour, teat preparation and miscellaneous time. Table 4 presents the saving in milking time 
which is directly attributable to automatic dipping of teats and cluster sanitisation.

With the exception of Farm C, the reduction in time which was directly attributable to the 
installation of ADF ranged from 48 to 85%. Although Farm C demonstrated a 15 minute 
reduction in milking time which could be directly attributable to ADF, the farmer spent an 

Table 4. Saving in milking time directly attributable to ADF.

Time saving directly attributable to ADF (mins) (%)

Farm A 25 (49%)
Farm B 45 (48%)
Farm C 15 (-50%)
Farm D 17 (74%)
Farm E 62 (85%)

Table 3. Overall milking time with and without ADF.

No ADF(min) ADF (min) Saving (min)

Farm A 230 179 51
Farm B 227 133 94
Farm C 229 219 10
Farm D 122 99 23
Farm E 271 198 73
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extra 5 minutes washing the milking equipment, resulting in only a 10 minute reduction in 
overall milking time.

Farms A and B, with a reduction in milking time approx. twice that expected by simply 
automating teat disinfection and cluster back flushing, both demonstrated a reduction in 
parlour loading time and miscellaneous time (Table 4). Although both farms A and B showed 
a reduction in overall milking time, time associated with teat preparation increased slightly 
suggesting a more thorough cleaning.

The majority of the reduction in milking time noted on Farms D and E (74 and 85%, 
respectively) was associated with the practise of post-milking teat disinfection and cluster 
back flushing. Farm E was able to spend slightly longer on teat preparation while cow loading 
and miscellaneous time fell with both farms. Farm E was manually disinfecting every cluster 
after milking.

Discussion

Of the farms visited, each farm showed a reduction in milking time following the installation 
of the ADF system. The potential saving in time obtained on Farm C was markedly less than 
on other visited farms as the operator choose to spend additional time washing the external 
cluster surfaces.

It was apparent when milkings were monitored with ADF operating, the milking routine was 
more structured and less erratic. The automation of certain elements of the milking routine 
potentially releases time for the operator to assist cow loading and adopt a more structured, 
more efficient milking routine. This may, in part, explain why there were reductions in overall 
milking time beyond that directly associated with dipping teats and sanitising clusters.

To quantify the labour saving from fitting ADF, an hourly labour charge of £10/hr has been 
used (Powell, personal communications). For the purpose of this calculation, it is assumed 
that Farm A and Farm D use 1.3 labour units per milking, Farm B and Farm C use 1.0 labour 
unit per milking and Farm E uses 2.0 labour units per milking. The potential annual labour 
saving from reducing overall milking times can be seen in Table 5.

The labour saving which can be directly attributed to ADF is presented in Table 6.
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Conclusions

The five farms monitored all showed a reduction in overall milking time following the 
installation of the ADF system. When the reduction in milking time is considered, there is 
the potential to reduce labour costs. There are reductions in overall milking time beyond 
that which would be expected directly by automating teat-disinfection and cluster flushing. 
It is suggested that some of the additional labour saving is obtained by a more structured and 
organised milking routine which is achieved following the automation of key components.

In reality, capturing the labour saving is difficult when staff are paid a salary, although the 
reduction in milking time can be viewed as an opportunity to improve working conditions 
for staff, free time for other tasks or milk more animals. The scale of the benefit obtained 

Table 5. Potential annual labour saving from reducing overall milking times. 

Farm Herd size Potential annual labour saving £10 per hour

Time saved Labour units Min/day £/day £/year £/cow/year

A 277 51 1.3 133 22.1 8,067 29
B 177 94 1.0 188 31.3 11,437 65
C 254 10 1.0 20 3.3 1,217 5
D 120 23 1.3 60 10.0 3,638 30
E 551 73 2.0 292 48.7 17,763 32

Table 6. Labour saving directly attributable to ADF.

Farm Herd size Labour saving directly attributed to 
ADF

£10 per hour

Time saved Labour units Min/day £/day £/year £/cow/year

A 277 25 1.3 65 10.8 3,954 14
B 177 45 1.0 90 15.0 5,475 31
C 254 15 1.0 30 5.0 1,825 7
D 120 17 1.3 44 7.4 2,689 22
E 551 62 2.0 248 41.3 15,087 27
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from installing ADF is closely related to the milking routine previously employed and the 
size of the herd.
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The objective of this study was to evaluate teat condition performance of a new teat spray 
DeLaval Prima (0.5% hydrogen peroxide, 10% glycerine) compared with a positive control when 
used with an automatic milking installation. To evaluate teat condition performance of the 
new teat spray in an AMS we made use of a switch back design. Control product was DeLaval 
Proactive Plus, (0.15% iodine, 8% glycerine) a teat dip with well known and documented teat 
condition performance. A group of 45 cows were milked voluntary with a DeLaval VMS at 
the University of Ghent farm. All teats were automatically sprayed after milking. During the 
trial period of 18 weeks; treatments with the experimental product and the control product 
were switched every 6 weeks. At the start and every two weeks during the trial period, teat 
skin condition, teat end condition and orifice thickness were scored in an ordinal scale by 
the same trained person. Every two weeks individual cow SCC were recorded. Teat condition 
was good at the start of the trial and stayed good during the whole trial period. Average teat 
barrel scores were respectively 1.03 and 1.01 for control product and experimental product. 
Switching to the experimental product decreased the average teat orifice score from 1.3 to 1.1 
during the first 6 weeks. Afterwards this score stayed stable at 1.1. No significant difference 
in udder health performance between the two products could be found. The new peroxide 
teat spray DeLaval Prima maintained healthy teat condition to teat skin, teat end and orifice 
thickness and showed no adverse effects on teat health when used in an automatic milking 
environment.

Keywords: automatic milking, teat disinfection
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Post-milking teat disinfection (PMTD) is extremely important for the prevention of new 
cases of subclinical mastitis. A disadvantage of PMTD by spraying is the difficulty to maintain 
proper teat coverage and it is perceived by many dairy farmers as time consuming. It is also 
recommended to prevent subclinical mastitis by cleaning and disinfecting teat liners after 
milking a cow with subclinical mastitis with hot water. A new system has been developed 
which automatically disinfects both teat and teat liner after milking, while the milking unit 
is still attached to the udder (ADF, Research Development & Innovations Ltd). To estimate 
the effect of introducing automated teat dipping (ATD) on bulk milk SCC, 66 farms in the 
United Kingdom were recruited in sets of 3 farms, matched by geographic location, herd size, 
and time around introduction of ATD; on one farm ATD was introduced at least one year 
ago, one farm sprayed, and one farm dipped the teats after milking. The effect of introducing 
ATD was estimated using linear mixed models with repeated measures. Farms using ATD 
had higher geometric mean bulk milk SCC (BMSCC) before introducing ATD than farms that 
dipped or sprayed. Within each set of farms, on average, BMSCC on ATD farms decreased 
approximately 4 months after introduction compared with the matched farms which practiced 
dipping or spraying Because BMSCC is increased by the proportion of cows with high SCC 
in a herd, we expect to present that the incidence rate of subclinical mastitis in the herd that 
introduced ATD will be lower after introduction.

Keywords: milking machine, teat disinfection



Mastitis control - From science to practice � 367

Milking machine investigations as part of veterinary milk quality 
and mastitis control programmes
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Understanding the interaction between milking machine and udder is critical to developing 
quality mastitis control programmes. In this presentation we will present several case studies 
where this understanding, along with the more traditional range of investigative skills, was 
crucial. This abstract will briefly outline one such case study. In our veterinary clinic, we have 
focussed on broadening our approach to mastitis control and investigation. As such, we have a 
dedicated veterinarian who has significant experience and understanding of milking machines. 
Case study 1 involved a 1,000 cow farm with a bulk milk somatic cell count (BMSCC) of 
around 300,000 cells/ml all season. Only 3% of the herd were treated for clinical mastitis all 
season, with no obvious temporal case distribution- unusual for a seasonal calving herd. 29% 
of heifers had an individual Somatic Cell Count (ISCC) over 250,000 cells/ml by the end of 
their first lactation; 3% of the herd per month becoming infected between herd tests (ISCC 
<150,000 cells/ml at all previous tests and becoming >150,000 cells/ml). 51 cows (5% of the 
herd) were chronically above 500,000 cells/ml (ISCC >500,000 cells/ml at 2/4 tests last year 
and 2/4 tests this year). Visiting the milking machine at the farm showed that: the liners were 
too old (10,000 cow milkings); teat spray dilution rates and application of teat spray were not 
ideal; 23% of quarter had strip yields greater than 100 ml which indicates undermilking; 10% of 
teats had haemorrhages (target <10% of light coloured teats); 31% of teats had a ring of oedema 
at the base of the teat (target <20% of teats). Following our intervention and advice, only 11% 
of the herd were over 150,000 cells/ml at first herd test the following season, compared with 
42% of herd at the final herd test the previous season.

Keywords: control program, milking machine
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What happens with the mastitis incidence if farmers get advice out 
of a milking time test?

F. Neijenhuis, H. Wemmenhove and H.J. Schuiling
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Netherlands
Corresponding author: francesca.neijenhuis@wur.nl

The objective of this study is to reveal if an improved milking time test can add value to the 
standard annual milk machine test. 200 farms were selected on low (<101), medium (200-250) 
or high (>350 x1000 cells) (L,M,H) bulk milk cell count in 2005 and were visited from May 2006 
– August 2007. During the visit a milking time test was performed, farm profile was made and 
the farmer was asked for the rate of clinical mastitis. Data were analysed and farmers received 
written advice afterwards with respect to mastitis prevention and actions to be taken. Farmers 
were and will be asked for the rate of clinical mastitis and the implementation of the advices 
6 and 12 months after the visit. Milk recording data of the farms will be analysed from 1 year 
before till 1 year after the milking time test and control farms are included. Analysis of data 
will start in August 2008. First results show that farmers scored clinical mastitis levels during 
the farm visit of 21, 25 and 25% (L,M,H). Further preliminary results of the implementation of 
the advices and the course of mastitis rate will be presented in the proceeding contribution. 
periodic check-up of the milking machine and establish better insight on milking and improve 
udder health through given advices. Main feature of the improved method is continuous data 
recording during milking of both vacuum levels and milk flow data.

Keywords: milking machine, milking time test
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Sound knowledge is still limited for advice on udder health in farms with automatic milking 
systems (AMS). The objective of this study is to improve the knowledge on risk factors 
for udder health when milking with an AMS. The focus in this research will be on the 
impact of management on udder health. A literature study was done to identify known risk 
factors. Moreover a focus group was used. This group included veterinarians, researchers, 
manufacturers and farmers. With the help of brainstorm techniques the focus group came up 
with a list of more than 100 topics related with AMS and udder health. These are combined into 
groups which are congregated into 4 categories. The outcome (risk factors) was implemented 
into an enquiry. The enquiry consists of technical questions and questions to identify the 
management style to the farmer, observations on cows, stable and AMS and data settings and 
output like attention lists of the AMS. For example measures will be done on hygiene, health 
and locomotion of cows, and barn lay-out. Questions will be asked on dry cow management 
and mastitis history. Also data on milk production and cell count will be collected. The enquiry 
will be performed on 150 Farms by trained veterinarian students. Farm visits will start in 
April and will continue till September. On the poster the enquiry will be presented with some 
preliminary results of the first farm visits.

Keywords: automatic milking, risk factors
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To control clinical mastitis (CM) on a farm with an automatic milking system (AMS), it is 
important to detect CM in a reliable way. A general complaint of farmers working with AMS is 
the high number of false-positive attentions for CM, which are based on sensor measurements 
alone. It is expected that improvement of the detection of CM with AMS is possible by updating 
risk of having CM based on additional non-AMS information of a cow with the risk of having 
CM based on sensor measurements. In this study, Bayesian networks (BN) were developed 
to determine the risk of having CM based on additional non-AMS information alone. The 
outcome variable of a BN is the probability for the outcome variable being in a certain state. 
This is an updated probability, based on information of all variables in the BN. Several BNs 
were developed, changing in graphical structure (naive BN, tree-augmented naive BN and 
causal BN). The quantitative relations between variables in the BNs were based on a dataset 
including 22,860 cows with 5,363 CM cases. Variables on the CM risk factors parity, month 
in lactation, season, SCC history and CM history were included in the BNs. The performance 
of the several BNs was compared by the area under the receiving operating characteristic-
curves (AUC). First results indicate that a tree-augmented naive BN has the highest AUC, 
indicating that that BN describes the risk of having CM the best. In the future, the generated 
risks by the BN can be updated with information of sensor measurements of the AMS. These 
final risks can, potentially, be used as the basis for attention lists generated by the AMS and 
will provide the farmer better guidance for checking cows.

Keywords: automatic milking, risk factors
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Abstract 

A fundamental reason to evaluate animal health data is to determine whether changes should 
be made to clinical decisions. However, decisions made by veterinarians in the light of new 
research are known to be influenced by their original (prior) beliefs. In this research, clinical 
trial results for a bovine mastitis control plan were evaluated within a Bayesian context, to 
incorporate a community of prior distributions that represented a spectrum of clinical beliefs. 
The aim was to quantify differences in interpretation likely to be made by veterinarians with 
different initial viewpoints given the trial results. A Bayesian analysis was conducted using 
Markov chain Monte Carlo procedures. Stochastic models included a financial cost attributed 
to a change in mastitis following implementation of the control plan. Prior distributions covered 
a realistic range of clinical viewpoints, including scepticism, enthusiasm and uncertainty in 
the efficacy of the control plan. Results revealed dramatic differences in the financial gain 
that clinicians with different starting viewpoints would expect from the mastitis control plan, 
given the actual research results; e.g. a severe sceptic would expect a return of <£5 per cow 
in an average herd that implemented the plan, whereas an enthusiast would expect >£20 per 
cow. Simulations using theoretical future trials indicated that after three further equivalent 
studies, an initial sceptic would still expect substantially less return from the control plan than 
an initial enthusiast would expect after the first trial. In conclusion, it is possible to quantify 
how clinicians’ prior beliefs influence the interpretation of research and therefore their likely 
approach to mastitis control.

Keywords: Bayesian methods, clinical decision making, communication, prior distribution

Introduction

Evidence-based medicine has been described as ‘the conscientious, explicit and judicious 
use of current best evidence about the care of individual patients’ (Sackett et al., 1996). 
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When new research is reported, however, changes in clinical decisions made by individual 
physicians are known to be influenced by their prior beliefs about the plausibility of the 
research results (Chaloner and Rhame, 2001; Spiegelhalter et al., 2004a). Therefore, for new 
research evidence to be useful in terms of changing clinical decisions in the prevention of 
mastitis in dairy cows, the clinical beliefs (‘clinical priors’) of decision-makers need to be 
understood and taken into account. 

The existence of prior beliefs in medicine is well documented (e.g. Fallowfield et al., 1997; 
Henry et al., 2006; Peto et al., 1998; Spiegelhalter, 2004a) and such beliefs have been used 
to predict and understand the decision making process of medical physicians (Brophy and 
Joseph, 1995; Harrell and Shih, 2001; Parmar et al., 1994). In veterinary medicine, little is 
known of the variability in clinical beliefs of veterinary surgeons, although this will greatly 
affect interpretation of research evidence and therefore the approach to disease management. 
The purpose of this research was to re-evaluate the results of a clinical trial for a control plan 
for bovine mastitis (Green et al., 2007) to investigate the possible influence of prior beliefs. 
A range of prior distributions were incorporated, within a Bayesian context, to represent a 
realistic spectrum of prior opinions of clinicians. The aim of the research was to assess the 
variability in clinical interpretation that could arise from veterinary surgeons with different 
prior viewpoints. Bayesian methods are particularly suited to the incorporation of prior 
beliefs in a probabilistic decision-theoretic context and although intricate details are beyond 
the scope of the current article, excellent introductory texts are provided by Berry and Stangl 
(1996), O’Hagan and Luce (2003) and Spiegelhalter et al. (2004a).

Method

A randomised clinical trial for a mastitis control plan was originally carried out on 52 dairy 
herds and has been described in detail previously (Green et al., 2007). A brief outline of the 
methods and results are as follows. In January 2004, a database administered by National 
Milk Records (NMR, Chippenham, UK) was used to identify and randomly select dairy herds 
throughout England and Wales with a recorded incidence rate of clinical mastitis >35 cases 
per 100 cows during the previous 12 months. Herds were randomly allocated to one of two 
groups. In the first group a mastitis control plan was implemented (this was a holistic control 
scheme devised from research literature) whilst the second group were control herds and did 
not receive an intervention. 

An outcome used to assess efficacy of the control plan was the change in incidence rate of 
clinical mastitis between year one (the 12 months before the intervention was carried out) 
and year two (the 12 months following the date of intervention) expressed as a proportion of 
the year one incidence rate of clinical mastitis. The original analysis was conducted within 
a conventional (frequentist) statistical framework and the relevant result obtained from 
statistical evaluation was a reduction in the proportional change in incidence rate of clinical 
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mastitis for intervention herds versus control herds of 0.20 (SE=0.09), (that is a relative mean 
reduction of ~20% in intervention herds compared to controls). 

For this research, the statistical model from the original study was replicated and placed 
within a Bayesian framework with specification of appropriate prior distributions for model 
parameters. Model parameter posterior distributions were estimated using Markov chain 
Monte Carlo in the WinBUGS software package (Version 1.4, Spiegelhalter et al., 2004b). The 
model considered for the current analysis can be summarised as follows:

yi = β0 + β1 IFi + β2 IRCMyr1i + e1i� (1)

e1i ~ N(0, σ2
e1)

where yi = proportional change in incidence rate of clinical mastitis in herd i, IFi = covariate 
to identify intervention farms, β1 = coefficient representing the mean proportional change in 
incidence rate of clinical mastitis for intervention herds compared to control herds, IRCMyr1i 
= covariate to account for starting incidence rate of clinical mastitis in herd i, β2 coefficient 
for IRCMyr1i, e1i = residual term to reflect unexplained variation between herds with variance 
σ2

e1.

The general methods used for the MCMC analysis, model convergence and model fit have 
been described previously (Brooks and Gelman, 1998; Gilks et al., 1996, Green et al, 2004). 
Diffuse flat Gaussian priors were specified (mean=0, variance=10,000) for the fixed effect 
parameters β0, and β2 and Uniform (0, 5) priors were used for the standard deviation of e1i. 
Six different prior distributions were incorporated for the coefficient of interest, β1, the aim 
was to choose priors that would cover a realistic and reasonable range of clinical opinion and 
that could represent views sensibly held by clinicians. The priors are described in Table 1.

Models were extended to include a financial gain (or loss) attributed to the anticipated change 
in clinical mastitis conditional on the clinical trial data and the prior distributions. The 
estimated cost of a case of clinical mastitis was based on a recent publication of disease costs 
in UK dairy herds (Esslemont and Kossaibati, 2002) but updated with current milk price 
values. The resultant cost of a case of clinical mastitis was normally distributed with mean 
£212.30 and standard deviation £5.44. The financial gain anticipated from implementing the 
control plan on a herd with an assumed incidence rate of clinical mastitis of 0.5 cases per cow 
per year (the approximate mean value for UK farms (Bradley et al., 2007)) was estimated for 
each prior belief. 

Further MCMC simulations were carried out to investigate how the views of clinicians would 
change if more research evidence was produced. Four theoretical additional identical clinical 
trials were used for these simulations so that, when provided with an increased weight of 
evidence, the modification of clinicians’ views could be assessed. 



376 � Mastitis control - From science to practice

Preliminary results

The posterior distributions of β1, that represent final opinions of clinicians with different prior 
beliefs, given the clinical trial results, are illustrated in Figure 1. These distributions show 
important variability in terms of the reduction in clinical mastitis anticipated by different 
clinicians in an ‘average’ herd implementing the mastitis control plan, dependent upon the 
clinician’s prior belief. A veterinary surgeon tending towards a sceptic prior viewpoint would 
effectively ‘discount’ the reported trial findings to an important degree. An initial sceptic 
(as defined in Table 1), when presented with this evidence would anticipate a reduction in 
clinical mastitis approximately half that of the initially enthusiastic clinician. The probability 
of anticipated financial gains also varied greatly with different prior beliefs, as illustrated in 
Figure 2. This variability suggests that, in light of the clinical trial data, clinicians would differ 
widely in their approach to implementing the plan, some anticipating considerably more 
financial return than others and thus being prepared to invest more into the control plan on 
a particular farm. 

Table 1. Descriptions of prior distributions for β1 incorporated into Model 1 to represent a range 
of prior clinical viewpoints on the effectiveness of the mastitis control plan. 

Name of prior Distribution (mean, 
SD)

Description of clinical view represented on the 
effectiveness of the mastitis control plan

Vague Normal (0, 100) no view or ability to make a choice as to what the 
likely outcome could be and therefore prepared to 
encompass a very large possible range

Very sceptic Normal (0, 0.05) mean expected change in mastitis = 0 and a 2.5% 
probability that there would be a reduction in 
mastitis > 10% 

Sceptic Normal (0, 0.10) mean expected change in mastitis = 0 and a 2.5% 
probability that there would be a reduction in 
mastitis > 20%

Mid sceptic-enthusiastic Normal (-0.1, 0.10) mean expected reduction in mastitis of 10% with a 
15% probability that the reduction could be > 20%

Enthusiastic Normal (-0.2, 0.10) mean expected reduction in mastitis of 20% with a 
2.5% probability that the reduction could be as little 
as zero

Very enthusiastic Normal (-0.3, 0.05) mean expected reduction in mastitis of 30%with a 
2.5% probability that the reduction could be as little 
as 20%
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The financial returns anticipated by clinicians after additional information from three further 
equivalent clinical trials are summarised in Figure 3. Simulations using the sceptical prior 
distribution demonstrated that the anticipated financial gain gradually increased (curves 
moved to the right) and the variation of the posterior distribution decreased (curves became 

0.20.10.0-0.1-0.2-0.3-0.4-0.5

Posterior distributions of β1 (proportional reduction in clinical mastitis)

P
ro

ba
bi

lit
y 

de
ns

ity
Vague
Very Sceptic
Sceptic
Mid Sceptic-Enthusiastic
Enthusiastic
Very Enthusiastic

Prior distributions

Figure 1. An illustration of the posterior distributions of β1 to indicate the reduction in clinical 
mastitis anticipated by clinicians with different prior beliefs (Table 1) in light of the clinical 
trial data.
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Figure 2. An illustration of the probability of financial gains from implementing the 
mastitis control plan, anticipated by clinicians with different prior beliefs (Table 1) in 
light of the clinical trial data.  
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 Figure 2. An illustration of the probability of financial gains from implementing the mastitis 

control plan, anticipated by clinicians with different prior beliefs (Table 1) in light of the clinical 
trial data. 
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steeper) with increased information (strength of evidence). However, after three further 
equivalent studies, an initial sceptic would still expect less financial return from the control 
plan than an initial enthusiast would expect after the first trial.

Discussion

These results suggest that a clinician’s prior view will have a fundamental impact on how 
the clinical trial data for this mastitis control plan are interpreted. This translates into large 
differences in anticipated financial gains from reduced clinical mastitis, in the region £5 to 
£20 per cow in the herd. The differences in clinical interpretation and anticipated financial 
return dependant on prior viewpoints are of a magnitude that would make important material 
differences in practice and are likely to influence the assessment of when the plan is cost 
effective and therefore recommended. The results demonstrate why a conventional ‘significant’ 
result may provide an insufficient strength of evidence to change the clinical approaches of 
some (more sceptical) clinicians.

Research to quantify the population structure of veterinary beliefs for mastitis control and other 
aspects of herd health management would be very welcome to improve the understanding of 
the diversity of clinical approaches exhibited by veterinary surgeons. Indeed, Spiegelhalter et 

 2
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Figure 3. An illustration of the probability of anticipated financial gains from implementing 
the mastitis control plan, using the original trial data and three further equivalent clinical 
trials.
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al,. (2004a) argue that a lack of knowledge of prior beliefs is crucial and can lead to a failure 
to conduct research capable of changing the decision making those involved: 

‘It could be argued that elicitation of prior beliefs and demands from a broad community 
of stakeholders is necessary not only to undertake a specifically Bayesian approach 
to design and analysis, but also more generally as a part of good research practice. A 
potential consequence of ignoring this judgement is that trials may be designed on the 
basis of over-enthusiastic beliefs and demands, and hence fail to convince others and 
modify health-care policy of practice’ (Spiegelhalter et al., 2004a).
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Abstract

Worldwide, programs to improve udder health are implemented using both well known and 
newly developed communication tools and methods to reach and teach farmers. Evaluation of 
the tools and methods is necessary to optimise these programs. The five-year mastitis control 
program of the Dutch Udder Health Centre (UGCN) developed tools for dairy farmers such 
as instruction cards, information books, treatment plans, udder health checks and software. 
These tools are used during farmer study-group meetings organised by veterinarians, but can 
also be used on an individual basis. This study explores what type of tools appeal to which 
farmers and why. Results of an online survey of 374 Dutch dairy farmers show that, in general, 
farmers are positive about most of the practical tools. If farmers have to choose, they are most 
interested in the practical handbook on udder health and the standardised mastitis treatment 
plan. The most appealing tools create awareness of problems and solutions and are expected 
to decrease mastitis. The least appealing tools contain well known information, are expected 
to have no impact on mastitis, or overlap with management software. Farmers’ perception 
that udder health improvement is important explains most of farmers’ interest in the tools. 
Self-reported bulk milk somatic cell count and clinical mastitis status do not influence the 
interest in the practical tools. 

Keywords: communication, motivation, practical tools

Introduction

Mastitis is a costly disease (Halasa et al., 2007) and remains a major challenge for the global 
dairy industry (Bradley, 2002). Worldwide, programs to improve udder health are implemented 
using both well known and newly developed tools and methods to reach and teach farmers. 
During these udder health programs, great effort is put into the development of tools such as 
udder health quick scans, instruction manuals and standardised treatment plans. Scientists 
and veterinarians endlessly debate about the correctness of the content of such tools. However, 
effective tools should be not only technically correct, but also used by farmers. 
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In the Netherlands, a specific project was started to improve udder health. The five-year 
mastitis control program of the Dutch Udder Health Centre (UGCN) developed tools for 
dairy farmers such as instruction cards, information books, treatment plans, udder health 
checks and software. These tools can be used during farmer study-group meetings organised 
by veterinarians, but can also be used on an individual basis (Lam et al., 2007).

In this study, the following questions are investigated to evaluate and optimise the practical 
tools for udder health promotion programs: Which tools are interesting for which farmers and 
why? Is there a relationship between mastitis problems on a farm and interest in such tools? 
What motivates farmers to use or not use specific tools? Answering these questions may lead 
to an optimised communication strategy for different target groups of farmers.

Materials and methods

The UGCN project

Currently, almost 200 veterinary practices participate in the UGCN project. Through these 
practices, more than 17,000 dairy farmers (approximately 78% of all Dutch dairy farmers) are 
connected to the UGCN, of which 3,169 farmers (18.4%) participate in UGCN study groups 
provided by their veterinarian. Most of the 14 evaluated tools are discussed in study groups, 
some are discussed on an individual basis with the veterinarian and some are only distributed 
via the UGCN website. The participants in this study were all associated with a veterinary 
practice that participated in the UGCN project. Therefore, all participants could have, in 
principle, knowledge about the project and the tools evaluated. Data collection consisted of two 
steps: qualitative workshops with farmers and veterinarians, and subsequently a quantitative 
online questionnaire for farmers. The outcomes of the workshops provided the foundation of 
the subsequent questionnaire. This paper focuses on the results of the questionnaire. 

Online survey

The workshop results were verified via a quantitative online survey among Dutch dairy 
farmers. The questionnaire consisted of several parts: (1) general information about farm and 
farmer, (2) geometric bulk milk somatic cell count (BMSCC), (3) number of clinical mastitis 
cases (abnormal milk and/or udder according to the farmer), (4) motivations and attitudes, 
(5) relationship with the veterinarian, (6) evaluation of – and experience with ‑ each of the 
14 practical tools. Motivations and attitudes, as well as the relationship with the veterinarian, 
were scored using statements and the farmers’ level of agreement on a five-point scale. The 
tools were evaluated based on a picture and description of the tool. 

A random selection of 2,913 out of 17,210 farmers associated with a UGCN veterinary 
practice received the Internet address of the survey either via e-mail (if their e-mail address 
was known) or via standard mail. After three weeks and one reminder, 467 farmers completed 
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the questionnaire of which 374 fit the main selection criteria: farmer>18 years old, >10 dairy 
cows, professional dairy farms. 

Descriptive analyses were used to explore which of the practical tools appeal to farmers and 
why. One-way ANOVA analyses were conducted using ‘compare means’ and LSD post hoc 
tests to check whether motivation and/or mastitis problems influenced farmers’ interest in 
using the tools. Data were analysed using SPSS 15.0 for Windows (SPSS Inc., Chicago, Illinois, 
USA).

Results

Descriptive analyses

Most respondents (90.6%) know the UGCN, of which 32.0% participate in UGCN study groups. 
Most farmers know the UGCN through farm magazines (67.6%) or their veterinarian (61.4%). 
The average respondent is 43 years old, has 72 dairy cows producing 8,570 kg milk/cow/year. 
The average self-reported udder health status consists of a geometric BMSCC of 193,300 
cells/ml and 24.1% clinical mastitis cases per farm per year. The respondents differ from 
the Dutch average (respectively 66 dairy cows and 7,876 kg milk/cow/year) (Productschap 
Zuivel, 2007).

Interesting tools

Table 1 shows the 14 tools evaluated. Farmers are interested in the use of most practical tools, 
except for setting goals on a pre-designed form (flyer) and evaluation of the effect of treatment. 
For some tools, such as the udder health indicator and milk mirror quiz, many farmers do 
not know whether or not they are interested in using them. When asked to choose the most 
interesting tool, farmers most often mentioned the practical handbook udder health and the 
standardised treatment plan. When asked to choose the least interesting tool, farmers most 
often mentioned the instruction cards for milk sampling, injection and teat callosity. Farmers 
participating in study groups were more positive than others about the use of tools.

Why tools appeal to farmers

Table 2 shows the reasons why practical tools appeal to farmers. Important reasons for liking 
a practical tool are the awareness created about problems and solutions (e.g. for the practical 
handbook), and positive expectations that a tool will decrease mastitis (e.g. for the standardised 
treatment plan). The need to invest time or ease of use seem to be less important.
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Why tools do not appeal to farmers

Table 3 shows why tools do not appeal to farmers. Main reasons were the already well know 
content (e.g. for instruction card milk sampling), expectations that tools do not help to 

Table 1. Farmers’ interest in the use of practical tools (n=374). 

Practical tool % dairy farmers interested in use of tool

Yes No Don’t know

Practical handbook udder health 66.8 8.7 24.5
Instruction card California Mastitis Test 62.5 22.1 15.4
Instruction card milking technique and teat condition 49.6 23.5 26.9
Instruction card injections 48.7 27.6 23.7
Cost calculator mastitis (software) 46.4 20.5 33.1
Resistance check (basic checklist) 44.5 15.7 39.8
Milk mirror (quiz on computer) 44.7 13.7 41.6
Score sheet teat callosity 43.7 27.2 29.1
Instruction card milk sampling 42.7 32.7 24.6
Udder health indicator (checklist) 42.8 14.1 43.1
Standardised treatment plan 42.3 20.8 36.9
Resistance index (intensive checklist) 40.3 16.8 42.9
Control sheet effect of treatments 38.5 28.4 33.1
Setting goals (using flyer) 28.9 28.7 42.4

Table 2. Farmers’ reasons for appreciating tools (n=374).

Reason % dairy farmers

Creates awareness of possible problems and solutions 51.7
Expectation that it helps to decrease mastitis 29.4
Seems easy to use 16.8
Cooperation with veterinarian when using tool 10.5
No need to cooperate with veterinarian 9.9
Clear pictures appeal 9.3
Is not time consuming 5.1
Other 7.5
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decrease mastitis (e.g. cost calculator), and overlap with management system (e.g. control 
sheet effect of treatments). Again, the need to invest time or the complexity of a tool seem to 
be less important, as well as the role of the veterinarian.

Motivation for interest in the use of tools 

For each of the 14 tools, one-way ANOVA analysis was used to compare the interested farmers 
with the uninterested farmers. This resulted in 17 motivational and demographic variables 
with a significant difference between groups. The most decisive determinant explaining 
farmers’ interest in the use of the tools, is farmers’ perception that udder health improvement 
is important (significant for all 14 tools, P<0.05). This means that farmers who are interested in 
the use of tools think significantly more often that it is important to increase udder health on 
their farms. Another important characteristic of interested farmers is their need to be informed 
and kept up-to-date about the latest udder health news (significant for 13 tools, P<0.05). 
Finding the UGCN an important information source and not having more important things 
than mastitis on their minds are also important motivators (significant for 9 tools, P<0.05). 

For two tools, the age of farmer significantly differed between the interested and uninterested 
farmers: the instruction card milking technique and teat condition appealed to older farmers 
(43.2 vs. 39.5 years old, P<0.001) as well as the score sheet teat callosity (43.3 vs. 40.7 years 
old, P=0.04). Two other tools appealed to farmers with a significant higher milk production: 
the standardised treatment plan (8,753 vs. 8,395 kg milk/cow/year, P=0.008) and the udder 
health indicator checklist (8,703 vs. 8,331 kg milk/cow/year, P=0.04). A remarkable result 
is that farmers self-reported BMSCC and clinical mastitis, as well as other priorities on the 
farm, did not have any effect on their interest in the use of the tools. 

Table 3. Farmers’ reasons for not appreciating tools (n=374).

Reason % dairy farmers

Unnecessary, I know it already 36.6
Expectation that tool does not help to decrease mastitis 28.2
Overlap, already keep record in management administration 12.6
Too much paperwork/administration 8.0
Seems difficult to use 6.3
Is time consuming 5.9
Need to cooperate with veterinarian when using tool 0.4
Have to do this alone without veterinarian 0.0
Other 11.3
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Discussion

Most appealing tools

The results show that most tools appeal to farmers. The practical handbook udder health and 
the California Mastitis Test (CMT) instruction card are most frequently scored as appealing 
(see Table 1). However, it should be mentioned that farmers were most likely unable to 
differentiate between the CMT instruction card and the use of the CMT test. It is therefore 
difficult to determine whether it is the instruction card or the test itself that they appreciate. 
When farmers had to choose the most appealing instrument, again the handbook scored 
highest. It is interesting that the CMT card then dropped from second to sixth place, whereas 
the standardised treatment plan, which scored low in Table 1, scored second best. It seems that, 
although most tools are perceived as interesting, the most appealing tools create awareness 
and provide possible solutions (handbook) and are expected to decrease mastitis effectively 
(standardised treatment plan).

However, it should be noted that although the farmers evaluated the tools based on a description 
in the questionnaire, not all of the survey respondents may have been familiar with them. As 
a result, some farmers do not know whether or not they are interested in the use of the tools. 
Nevertheless, the results provide a proper indication of farmers’ (first) impression of a tool 
– a factor that is important for the optimisation of the use of the tools. 

Explaining farmers’ motivation by the elaboration likelihood model

The most decisive determinant explaining farmers’ interest in the use of the tools is farmers’ 
perception that udder health improvement is important, and the need for up-to-date udder 
health information. Actual udder health problems or even the other priorities on the farm do 
not seem to influence their interest. The elaboration likelihood model of persuasion (ELM) 
seems to be relevant here (Petty and Cacioppo, 1986; Petty and Wegener, 1999). Under ELM, 
attitudes toward the tools are influenced by (1) motivational factors (e.g. personal involvement, 
need for cognition), (2) ability factors (e.g. previous knowledge, intelligence), and (3) content-
related factors (e.g. argument quality resulting in favourable, unfavourable or neutral thoughts). 
When farmers are motivated and able to process the persuasive information (in this case 
the practical tool), and when the content of the practical tool results in favourable thoughts, 
then farmers are likely to change their attitude. This is called the ‘central route’ of persuasion. 
The central route creates an attitude change which is relatively enduring, resistant to counter 
persuasion and predictive of behaviour (Petty and Wegener, 1999). To increase udder health 
in the long term, therefore, the central route of persuasion is most preferred. 

However, if farmers are neither motivated nor able to process the information, they follow the 
more indirect and unconscious ‘peripheral’ route. If a peripheral process is operating, several 
cues or heuristics may still persuade farmers to change their attitude towards the tool, e.g. 
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high expertise of the source (my veterinarian is always right), or number of arguments used 
(then it must be good). However, a peripheral attitude shift is relatively temporary, susceptible 
to counter persuasion and unpredictive of behaviour (Petty and Wegener, 1999). 

If ELM is applied to the results, Table 1 shows that farmers think that most tools are interesting 
to use, so content-related factors should not be a large problem. In addition, Tables 2 and 3 
show that the ability to process is not a problem, because the tools are not considered as time 
consuming or difficult to use. Therefore, the last factor, regarding motivation to process the 
information, seems to be most decisive. It seems that only farmers who are really motivated 
to improve udder health and have the need for new information follow the central route of 
persuasion. It seems that neither the content nor the complexity of the tools determines the 
use of the tools. This needs to be considered when optimising old, and developing new, tools 
for udder health programs. 

Optimising communication strategies to improve udder health

To optimise communication strategies towards farmers, two recommendations can be made 
based on the results of this study: either use peripheral cues (for a more temporary attitude 
change), or increase farmers’ motivation (for long-term attitude change). Regarding the first 
recommendation, the peripheral cues are very important to persuade farmers who are less 
motivated to increase udder health. The results show that the perceived importance of UGCN 
as an information source also explains some of the interest of farmers in certain tools. It can 
also be argued that the perceived authority and expertise of the veterinarian is an important 
cue. More research is needed to study the effect of these indirect and unconscious cues and 
heuristics. 

Regarding the second recommendation, to increase farmers’ motivation to reduce mastitis, 
belief in a personal health threat (perceived susceptibility and perceived severity of mastitis on 
the farm) and belief in the effectiveness of health behaviour (perceived benefits and perceived 
barriers of mastitis prevention) have an influence on farmers’ motivation (see the health 
belief model, Janz and Becker, 1984). For example: farmers, who think that their cows are 
not susceptible, or who think that mastitis is not a severe (economic) problem, may be less 
motivated. In addition, if mastitis prevention is perceived as difficult and not resulting in any 
benefits, farmers may be less motivated as well (Huijps et al., 2008). Communication strategies 
could be directed at counter-arguing these issues. 

Conclusion

In general, farmers are positive about most of the practical tools developed by UGCN. If 
farmers had to choose, they were most interested in the practical handbook on udder health 
and the standardised mastitis treatment plan. The most appealing tools created awareness 
of problems and solutions and were expected to actually improve udder health. The least 
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appealing tools were those with well known content, those that were expected to have no 
impact on mastitis, or those that overlapped with management software. It seems that neither 
the content, nor the complexity of the tools determined the interest in the tools. The most 
decisive determinant explaining farmers’ interest in the use of the tools is farmers’ perception 
that udder health improvement is important. Self-reported bulk milk somatic cell count 
and clinical mastitis status did not explain the interest in the practical tools. To optimise 
communication strategies towards farmers two recommendations can be made based on the 
results of this study: either use peripheral cues (for a more temporary attitude change), or 
increase farmers’ motivation (for long-term attitude change).
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Abstract

Three years after the start of the five-year mastitis control program of the Dutch Udder Health 
Centre (UGCN), indications are that a substantial number of farmers is still hard to reach 
with the information on udder health they receive from their veterinarian and the UGCN. 
The aim of this study is to provide insight into the attitude and motivation of these farmers, 
so that more effective communication instruments and strategies can be developed to reach 
this group of farmers. In the period October 2007-July 2008, 40 interviews were conducted 
with farmers and veterinarians. First, ten veterinarians, all participating in the five-year UGCN 
mastitis control program, were interviewed with the aim of selecting a group of 30 ‘hard-to-
reach’ farmers, whom the veterinarians considered to be difficult to approach or motivate with 
advice on udder health improvement (three from each practice). Extended semi-structured 
interviews were conducted with these farmers on three topics: (1) description of the farm 
and the farmer, (2) attitude and behaviour towards mastitis and (3) information sources and 
social environment. Three categories of farmers could be identified, on a scale ranging from 
‘open’ to ‘closed’ for information. The ‘open’ farmers use many information sources such as 
study groups, journals, their veterinarian, colleagues and the Internet, and have no objection 
to the veterinarian having access to their farm administration. The ‘closed’ farmers use, apart 
from agricultural journals, few information sources and they object to sharing information 
about their farm management with others. Hard-to-reach farmers are not automatically badly 
informed about udder health and do not automatically experience problems with mastitis. 
The fact that the hard-to-reach farmers are a heterogeneous group with varied characteristics, 
suggests that the different types of farmers need to be approached differently with information 
on udder health.

Keywords: attitude, behaviour, communication, information

Introduction

Mastitis is one of the biggest health problems in the Dutch dairy industry. Because of increasing 
tank cell counts in the period 2000-2004, the Dutch Udder Health Centre (UGCN) was founded 
in June 2005 to execute a five-year mastitis control program. The aim of this program is to 
inform as many dairy farmers as possible about udder health and to motivate them to work 
actively on the prevention of mastitis, with the goal of improving the udder health status 
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on their farms. Via several channels and in several ways, dairy farmers are informed about 
mastitis. An important pillar in this communication is the veterinarian, as former studies have 
shown that dairy farmers see their veterinarian as their most important information source 
(e.g. Kuiper et al., 2005). In 2005/2006 the UGCN five-year mastitis control program started 
with 10 pilot veterinary practices; currently more than 200 veterinary practices participate 
in the program. Veterinary activities within the framework of the mastitis control program 
include the organisation of UGCN study groups on udder health, the development of practical 
tools such as score sheets and instruction sheets for teat condition, milking technique and 
collecting of milk samples. Attention is paid to a standardised treatment plan. 

Although over 3,000 farmers participated in these study groups and evaluated them as useful, 
three years after the start of the five-year mastitis control program, indications are that a 
substantial number of the farmers who do not participate in the study groups are hard to 
reach with the current information on udder health they receive from their veterinarian and 
the UGCN (Lam et al., 2007). The aim of this study is to describe the group of farmers that is 
hard to reach, the farmers that their veterinarian finds it hard to approach and/or motivate. 
What are their characteristics in relation to mastitis and mastitis prevention? Gaining more 
insight into this question will facilitate the formulation of communication instruments and 
strategies to reach this group of farmers.

Materials and methods

In the period October 2007-November 2007, ten veterinary practices throughout The 
Netherlands were selected, all participating in the five-year UGCN mastitis control program. 
In each of these practices, the veterinarian was asked to select three dairy farmers whom they 
considered as being difficult to approach with advice on udder health improvement (hard-
to-reach). Before visiting the farmers, the veterinarian was asked to briefly describe the farm 
and the farmer. 

The 30 selected farmers were interviewed in the period November 2007-July 2008. Interviews 
were conducted on the farms and took about one hour. The three main topics of these extended 
semi-structured interviews were (1) general description of the farm and the farmer, (2) 
attitude and behaviour: to what extent does the farmer perceive mastitis as a problem, what 
does he do in his daily work to prevent mastitis, how does he deal with mastitis cases on his 
farm (3) information sources and social environment: who or what are his main information 
sources, does the farmer feel that the advice he gets is useful, does it fit in his daily work, what 
is his need for information and how is the interaction with his veterinarian? The interviews 
were digitally recorded and literally transcribed. The results were analysed using the phases 
described by Wester et al. (2000). Four successive phases (exploration, specification, reduction 
and integration) were used to find relevant, recurring themes. In this way, resemblances and 
differences between the farmers could be identified. 
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Farmers were asked about the incidence of mastitis on their farms and average bulk milk 
somatic cell count (BMSCC) over the year. An incidence of clinical mastitis of ≥25 cows per 
100 cows per year and/or average BMSCC ≥250,000 cells/ml was interpreted as high in this 
research. 

Results

The following results are based on the first 18 interviews with farmers, conducted in the 
period November 2007-February 2008. 

From ‘open’ to ‘closed’ for information

Based on the results of the interviews, three groups of farmers could be identified, on a scale 
ranging from open to closed for information: ‘information seekers’ (IS), ‘do-it-yourselfers’ 
(DIY) and ‘individualists’ (IN). Figure 1 illustrates these three categories. The arrow suggests 
the dynamics from ‘open’ to ‘closed’.

Information seekers (IS)

These farmers are well informed about udder health and interested in new developments in 
different fields. They are interested in the opinion of others and do not object to the veterinarian 
or others knowing the details of their farm administration. All participate in a system that 
allows the veterinarian to access farm data by internet (the so called PIR-DAP system). They 
have a relationship of trust with their veterinarian. Although none of them participates 
in a UGCN study group on udder health, all participate in other study groups, often even 
several groups where various subjects are discussed. Via these study groups, colleagues are 
an important source of information for them. They do not see mastitis as a taboo subject. 
Most farmers in this group make use of the Internet as an information source. All farmers in 
this group read agricultural journals. What makes them hard to reach by their veterinarian, 
is the fact they use information sources other than their veterinarian. They experience few 
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Figure 1. Categories of farmers, on a scale from ‘open’ to ‘closed’ for information.



392 � Mastitis control - From science to practice

problems with udder health on their farm and/or say they are too busy with other things to 
participate in a study group about udder health, or they feel that a study group would not add 
to their existing knowledge of udder health. 

Do-it-yourselfers (DIY)

The DIYs do not object to the veterinarian having access to their farm data and most of them 
participate in the PIR-DAP system. However, they tend to rely more on their own experience 
and knowledge than to accept advice from others. Only some of them feel that they have a 
relationship of trust with their veterinarian. The perceived high costs of the veterinarian are an 
important argument for them to call the veterinarian as little as possible to their farm. None of 
these farmers participates in a UGCN study group, but some of them participate in other study 
groups or go to study meetings. In spite of that, they talk little with colleagues about mastitis. 
The DIY farmers mention agricultural journals as their most important information source, 
but they are also interested in locally organised activities. Some of them uses the Internet as 
an information source and some of them mention mail as an information source. 

Individualists (IN)

These farmers try to keep the veterinarian off their farm as much as possible, and try to give 
him as little access to their farm information as possible. The obligatory periodic farm visits 
(PBB) are kept as short as possible and the veterinarian and farmer do not sit together to 
discuss farm matters. As a consequence, the veterinarian has very little insight into the situation 
of udder health on these farms. The IN farmers do not feel that they have a relationship of 
trust with their veterinarian. Most farmers in this group look little outside their farm and 
speak little with colleagues. Less than half of the farmers in this group participates in study 
groups. None of the IN farmers participates in the PIR-DAP system. They mention as the 
reason for this that they do not feel at ease when someone has access to their farm data. The 
cost of the veterinarian is the argument most often mentioned for keeping the veterinarian 
away. All IS farmers read agricultural journals. These are mentioned as their most important 
information source. 

Mastitis situation of hard-to-reach farmers

For each of the three farmer categories a number of characteristics regarding the mastitis 
situation is presented in Table 1. On average, mastitis was less perceived as a problem and 
the self-reported incidence of clinical mastitis was lower in the IS group than in the other 
two categories. Between the categories DIY and IN there were no big differences in the 
extent to which mastitis was perceived as the biggest problem on the farm, nor in the self-
reported incidence of clinical mastitis. Most of them perceive mastitis as a big problem or 
the biggest problem on their farm, and indeed on most of these farms udder health could use 
improvement. Part of the farmers do not perceive mastitis as the biggest problem and report 
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Table 1. Farmer characteristics.

Farmer 
category1

Perceives 
mastitis as the 
biggest health 
problem on 
his farm2

Average self 
reported 
number 
of cases 
of clinical 
mastitis per 
100 cows per 
year3 

Average self 
reported 
BMSCC (cells/
ml * 1000)

Farmer is 
satisfied with 
BMSCC4

Aspired 
BMSCC if 
other than 
current 
average 
BMSCC5

IS 0 9 150 1 -
IS 0 12 175 1 150
IS 0 8 210 0 150
IS 2 27 275 0 125
DIY 1 40 300 0 125
DIY 0 23 170 1 -
DIY 2 45 200 0 100
DIY 1 60 225 0 125
DIY 0 55 240 1 -
DIY 2 23 240 0 140
DIY 2 ? 250 0 150
DIY 2 19 250 0 150
DIY 2 25 250 0 175
IN 1 19 128 1 -
IN 0 7 160 1 -
IN 2 28 230 1 -
IN 2 44 300 0 200
IN 2 69 300 1 -
average IS 0.5 14 203 0.5
average DIY 1.3 36 236 0.2
average IN 1.4 33 224 0.8

1 Farmer categories: IS = information seeker; DIY = do-it-yourselfer; IN = individualist.
2 0 = no, 1=is a problem, but not the biggest problem, 2=yes.
3 ? = unknown by farmer.
4 0 = no, 1=yes.
5 - = farmer is satisfied with current BMSCC.
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a low incidence of mastitis and low BMSCC on their farm. In general, the farmers in all three 
groups were able to give a good estimate of the degree to which mastitis is a problem on their 
farm. Although there were no big differences in the average self-reported BMSCC between 
the three categories, there were notable differences in the extent to which farmers were 
satisfied with their BMSCC. The DIY group was least satisfied with their BMSCC, whereas 
the IN farmers were most satisfied. Between the different categories of farmers, there were 
no explicit differences in farm size, age or educational level.

Discussion and conclusions

The group identified by veterinarians as hard-to-reach farmers is a heterogeneous group 
that can be classified in three categories, on a scale from ‘open’ to ‘closed’ for information: 
information seekers (IS), do-it-yourselfers (DIY) and individualists (IN). These groups differ in 
the quality of their contact with their veterinarian and in the number of information sources 
they use. This implies that the different types of farmers identified may need to be approached 
in different ways with information on udder health. IS farmers are well informed, use many 
information sources and have no objection to the veterinarian having knowledge of their farm 
administration. The fact that they experience relatively few problems with mastitis on their 
farm may imply that they make efficient use of the information they gather. The reason they are 
perceived by their veterinarian as hard to reach is because they use information sources other 
than their veterinarian. As the IS farmers do not experience severe problems with mastitis on 
their farm and are well informed about the prevention of mastitis, they may be the least relevant 
of the three groups to invest more in sharing knowledge with them about udder health. Some 
of the IN farmers on the other extreme of the scale from ‘open’ to ‘close’ for information, have 
big problems with mastitis and could benefit from more effective information. The INs use, 
apart from the agricultural journals, few information sources and they have little contact with, 
and confidence in, their veterinarian. As they do not participate in the PIR-DAP system, the 
veterinarian has little insight into their farm. There are few communication channels available 
to reach them and it is not probable that these farmers can be motivated to join a study group 
about udder health. For these reasons, this is the hardest group to reach with information about 
udder health. However, all farmers in this group say that they read the agricultural journals. 
This may be the best way to inform this group of farmers. The question is, however, if more 
information will motivate this group of farmers to change their behaviour. 

The biggest group of the interviewed farmers was classified as DIY. Most farmers in the DIY 
group perceive mastitis as a big problem, have problems with mastitis on their farms and 
are not satisfied with their BMSCC. This represents opportunities for motivating them to 
behavioural change. As the DIY farmers have no objection to others having access to their 
farm data, there are opportunities for the veterinarian to communicate with farmers from 
this group about udder health. Furthermore, apart from agricultural journals, an informative 
internet page or mail with a regular update about new research findings may be a good way to 
inform them. Additionally, activities via local study clubs and encouraging their participation 
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in locally organised activities (such as open days and excursions to model farms) may be a 
good way to reach them. 

Veterinarians play an important role in the UGCN five-year mastitis control program in 
disseminating information on udder health to dairy farmers. The hard-to-reach farmers 
interviewed in this study were identified by their veterinarian as difficult to approach and/or 
motivate with advice on udder health. This resulted in a diverse group of farmers that were 
hard for their veterinarian to reach for several reasons. The fact that the hard-to-reach farmers 
were selected by veterinarians raises the question of whether these farmers are hard to reach 
via other ways also. This question deserves more attention in further research. 
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Abstract

Countdown Downunder, Australia’s national mastitis program has been a highly valued 
component of our dairy industry for ten years. An original aim of the program was to upskill 
dairy farm advisers in all aspects of farm mastitis investigations. Here vets and technicians 
learnt to work as teams to solve mastitis problems. Following this training program there 
was also a six day mastitis control course for farmers where an individualised farm plan was 
mapped out as part of the course outcomes. Over 1900 dairy farmers attended these Farmer 
Short Courses (2001-2005). The Countdown team’s evaluation of progress on farm from this 
course demonstrated clearly that whilst farmers were adept at producing an initial mastitis 
plan for their farm, re-planning for new seasons or management shifts was lacking. Vets were 
also identified as being largely reactive in their assessment of farmers needs. Two processes for 
dairy adviser businesses and farms were developed as a result: Countdown MAX and Mastitis 
Focus. In tandem they form both a toolkit and process in planned mastitis risk management. 
Significantly in Australia, we now have the ability to capture mastitis data from farms in 
a uniform way for analysis. This has lead to targeted, farm specific mastitis infection risk 
management at critical stages of the lactation cycle. The farmer and vet are active stakeholders. 
This presentation will examine the development, implementation and measured limitations 
of this new approach to a coordinated risk management process.

Keywords: control program, risk factors, somatic cell count, veterinarian

Introduction

The Australian dairy industry is spread across nine distinct regions in six states of the country. 
During the last 15 years this industry represented a combined 8,800-10,000 herds milking on 
average 224 cows. The total milk output of the industry is around ten billion litres per year 
with 50% of all manufactured product being exported
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During the 1980’s and 1990’s mastitis extension at both the farm and adviser level was adhoc 
and not coordinated across the industry. Regionally focused, farmer advisory materials 
available were technically sound but not farmer friendly in design or applicable to the wider 
national dairying audience. With the advent of processor based quality payment systems, and 
the EU export requirements, a more lateral thinking and industry wide extension program 
was required. Against this background the Countdown Downunder program was initiated in 
1998. The program remains active to this day and is now in its final two year phase (Brightling 
and Dyson, 2004; Dairy Australia, 2006; Brightling et al., 2008).

The first six years of the program focused on awareness of best practice in mastitis control and 
education at the small group level around known mastitis control practices. Initially, advisers 
were up-skilled in their ability to resolve mastitis problems on farm via a four day training 
program, the Countdown Downunder Adviser Short Course (Brightling et al., 2003). The 
main resource for this training package was the Downunder Technotes for Mastitis Control 
(Brightling et al., 2000). Complementing the preceding adviser training was a six day farmer 
course, the Countdown Downunder Farmer Short Course. The main resource for this course 
was the Countdown Downunder Farm Guidelines for Mastitis Control – a publication designed 
for on farm use built around the stages of lactation: calving, lactation, late lactation, drying off, 
dry period (Brightling et al., 1998). Whilst the adviser course devoted it energies to problem 
solving the farmer course was aimed at the facilitated development of a mastitis control plan 
tailored to each farmer participant.

A review of the Farmer Short Course participants indicated that farms that had successfully 
completed the six sessions were developing good initial plans for mastitis control but that a 
review and re-planning phase was not embarked upon. Against this backdrop the Mastitis 
Focus Report and the Countdown Max process were developed as a method of entrenching 
planned mastitis risk management into our farm systems.

Development of the Countdown Max process

A recent study by Nettle et al. (2005) undertook to track the progress of farms participating in 
the Countdown Farmer Short Course since 2003. Each of the farms successfully completing 
the course was able to take back to their business a mastitis control plan that had been 
constructed as part of the course work with the input of two qualified trainers. The plan was 
tailored to the individual farm but it was also intended to be only the first of a succession 
of plans around mastitis management for that farm. It was envisaged that there would be a 
level of re-engagement between the farmer and their vet, milking machine technician or farm 
adviser about review and re planning.

However the reviewers found that control plans were not modified in the face of altering 
circumstances on farm and there were a series of stalling points identified to explain this 
finding. They were: management plans were not strategic, not all members of the farm team 
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were committed to the goal, a path forward was not planned, efforts were diverted from the 
planned tasks, progress was not reviewed and finally plans were not updated. Nettle et al. 
(2004) also concluded advisory relationships were the key determinant of sustainable change 
on farms.

The Farmer Short Course was developed as a highly interactive training package where the 
participants constructed best practice mastitis plans in a facilitated environment. However, 
despite this robust education process, the course design was not achieving all of its original 
goals as the review and re-planning phase post course participation was being missed. In 
addition to this the Countdown trained advisers, who had completed an Adviser Short Course 
(Brightling et al., 2003), were only being perceived by the farming community as problem 
solvers and not service providers to be engaged in mastitis planning activities. Out of this 
environment a process of planned mastitis risk management was developed. The process has 
been named Countdown Max. 

Participatory technology development

The Countdown Max process was conceived around the concept of a joint industry and private 
practitioner development methodology. Here there were multiple players in the development 
phase drawn from sections of the industry but not just those with a special interest in mastitis 
control. This approach drew from the work of Carroll in 1973 which described the methodology 
as Participatory Technology Development.

It is important to note the role of the veterinary practitioners in the Max development process. 
Advisers who were technically strong in the use of Countdown guidelines also needed to be 
open to seeking new ways to extend their services, beyond just animal health, if they were to 
participate in the Max development phase. Countdown Downunder has always advocated the 
use of a planned approach to mastitis management. To date there has been limited success in 
embedding action planning as a routine practice in dairy businesses, to be used repeatedly 
across season. Countdown Max supports the last stages of the Countdown Downunder 
program by enabling repeatable planning into farm businesses by developing methods for 
service providers to deliver service packs to farmers. These methods facilitated the engagement 
of farmers, stimulated motivation in farmers to construct management plans, and enhanced 
review procedures to identify new opportunities for improving performance.

Why were private industry advisors essential to the development process? This question 
cannot be answered without first answering a more fundamental question about the nature 
of technology itself. Technology is constituted by combining methods and know-how with 
technical devices (medications, milking plant, etc.). Technology emerges from a process of 
development, adaptation and use by practitioners. Technical devices may open the door 
for practices to perform differently, but it is the accompanying methods and knowledge of 
practitioners that determines the success or otherwise of these devices.
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The Countdown Max process

Trialing of the Max process and service packs started in 2006 and was finalised in late 2007 
through the joint development approach previously described. The process was built around 
three critical stages of lactation: the drying off period, the calving period and the early to mid 
lactation period.

It has as a foundation a direct engagement between the private veterinarian and the on farm 
team (owner, herd manager, milking manager, etc.) where the parties work through a checklist 
to determine the current farm practices alignment with best practice. It is an assessment of 
risk of new infections. A mutually agreed plan is then constructed and recorded on a proforma 
reporting sheet. Each of the three critical phases of the lactation cycle is dealt with as a separate 
Max module or service pack. For example the herd may embark upon completion of the Max 
calving module as a stand alone task. In most cases the review and planning phase for one 
module takes around one to two hours. 

In its design the Max process starts with a review. It is only after this phase of the process 
that an agreed plan can be formulated. As part of the initial Max consult it was also envisaged 
that the individual farm would also commit to a process of review and re-planning at a date 
in the future preferably prior to the commencement of the next equivalent stage of lactation. 
That is, if a Max drying off module was completed one year a second drying off module would 
be embarked upon prior to commencement of the next round of drying off in a seasonally 
calving herd.

Max trial veterinary practices

Six veterinary businesses were involved in the development phase and trialing of the Max 
process. All of the practices were chosen because there were one or more veterinarians within 
the practice who had completed the Countdown adviser short course and who had indicated 
a desire to take their farm mastitis work to a more planned risk management approach as 
opposed to purely problem solving. 

During 2006 and 2007 each of the practices engaged with the Countdown central development 
team to ensure that modification of the Max checklists and reporting templates occurred 
as required. This engagement was also necessary to ensure that the veterinary businesses 
involved had the best chance of incorporating farm consultancy tasks into practices that had 
traditionally been reactive or emergency response service businesses (Frawley, 2003). 

Development of the Countdown Mastitis Focus Report

In the initial stages of trialing Countdown Max it became clear that the review step which forms 
the first task of any Max module on a farm relied heavily on farm collarted data. Currently 
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only 48% of Australian dairy herds participate in routine herd testing for milk components, 
production and individual cow cell counts. Not all of the herd recording services across the 
country utilise the same test analysis software or indeed report in the same format to the 
farmer. In addition to this, whilst being a component of processor on farm quality assurances 
scheme, recording of clinical cases in individual animals varies enormously from farm to farm. 
Some herds use farm based software which is able to be synchcronised with herd testing 
databases, some herds use overseas derived software which is stand alone in its analysis and 
many herds use only paper based recording systems.

It became apparent to the Countdown program that a standardised format of reporting both the 
clinical and subclinical mastitis status of the herd was required across the Australian industry. 
The development of this report was undertaken from 2005 to 2007 and was the first reporting 
tool to combine subclinical, clinical and aggregate ICCC data in the one report format.

Overview of the Countdown Mastitis Focus Report

The Mastitis Focus Report (MFR) is composed of three sections: a herd identification summary, 
a twelve month summary of clinical and subclinical mastitis and finally a month by month 
analysis of clinical cases, subclinical infections, mastitis culling and dry period management. 
The report covers only a nominated twelve month period and utilised data from the most 
common herd testing database used in Australia as well as clinical case data form a variety of 
sources. An example of a MFR is seen in Figure 1.

The report is designed to be used typically in three scenarios: firstly, where a herd is embarking 
upon a mastitis investigation where the veterinarian or adviser would use the report to highlight 
mastitis management areas requiring further work up; secondly where a herd is undergoing 
a Max process in any of the previously mentioned modules – here the MFR would be used 
as a review tool at the start of the process in conjunction with the herd managers; thirdly, the 
MFR also has a role in review and re-planning for the Max process. In effect it becomes the 
toolkit for judging the success or otherwise of the Max derived risk management plan.

Review of Countdown Max and the Mastitis Focus Report post trialing period

Since 2007 the Max process has been trialed in eight veterinary businesses with varying degrees 
of success. The Mastitis Focus Report was selectively released for data analysis in 2007 and 
has now been established in the veterinary and herd testing marketplace from early 2008. To 
date over 140 MF Reports have been generated across all of the dairy regions of Australia.

Uses of MFR on farm

Across a series of workshops in five dairying regions data was collected on veterinary service 
use of the MFR after the initial trial period (Feb-Mar 2008). This work has revealed a number 
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Figure 1. Example of a Countdown Mastitis Focus Report.



Mastitis control - From science to practice � 403



404 � Mastitis control - From science to practice

of trends in the use of the report. Initially, most of the herds undertaking a MFR did so in 
response to a mastitis investigation being undertaken. It was only the minority of herds that 
used the report as a risk management and assessment tool where there was no mastitis problem 
identified by the herd manager.

In addition data retrieval from individual farms was identified as a stalling point to report 
production especially where the clinical case data for the farm was kept only in a paper 
based system. Here there was the necessity of converting this paper information into an 
electronic format compatible with the MRF reporter and this was usually facilitated by the 
veterinary service.

Finally it was not always clear how the data should be interpreted and acted upon even after 
the report was produced and discussed with the farmer. It is anticipated that this important 
step will become less problematic once veterinarians are more familiar with the reporting 
format and the associated triggers for action contained within the MFR.

Achieving sustainable improvement 

As a parallel activity to the design and implementation of Max, Dairy Australia undertook a 
project to review the implementation of the Max process within service provider businesses 
(Paine et al., 2008). The aim was to be able to apply the lessons learnt from Max implementation 
to similar processes from other national animal health programs. 

In tracking the progress of Countdown Max within eight veterinary businesses the Achieving 
Sustainable Improvement project has identified that imbedding a risk management consultancy 
service within a veterinary service model that is typically reactionary in its approach to service 
provision is difficult. It requires a large cultural shift within the organisation that cannot 
always be achieved.

However, a number of common factors have been identified in the businesses that have 
successfully incorporated Max and the use of the MFR as a mastitis tool into their services. 
These veterinary practices typically have a strong practice principal ready to engage with 
a risk management consultancy, have engaged one or two key support staff to drive the 
logistics of this work, have enabled their fellow veterinarians to become recruiters of farms 
for this process and actively allocate time for consultancy services that is embargoed from 
the demands of emergency work. In effect they avoid the tyranny of the urgent. It is clear 
that for many veterinary practices the successful incorporation of this type of mastitis risk 
management service will be too difficult a task both at the veterinary technical level and at 
the business logistics level.
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Conclusion

Australian dairy farms are getting larger with each passing year. Reflecting this increase in size 
is a change in the types of veterinary services required on farm. Planned consultancy activities 
are becoming more common and farmers share an increased awareness of risk management 
within their daily dairying activities. Countdown Downunder, in recognising this trend, has 
responded with the Max process and the accompanying MFR monitoring and assessment 
toolkit. It is envisaged that this type of mastitis risk management service will become more 
entrenched within the portfolio of veterinary services offered into the next decade. 
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Abstract

This retrospective study of reproductive performance in dairy herds in Southland, New 
Zealand, modelled the effect of Age, Farm, high Individual Somatic Cell Count (ISCC) over the 
mating period (HOM), high ISCC at any time in lactation (HIL), and chronic intra-mammary 
infection over two seasons, on the ability of cows to get in calf within the seasonal time frame 
(PregSTF) required in a predominantly pasture based farming system. Data from 7 herds with 
an average herd size of 509 cows enabled 3,568 cow records to be analysed. Hypothesised risk 
factors for reproductive performance were screened at a univariate level before inclusion in 
a final model. Chronic elevation of ISCC over two lactations (CM), and HOM did not result 
in significantly reduced %PregSTF. The variables Age (grouped), Farm, HOM, HIL; along 
with interaction terms Farm*HOM and Farm*HIL were used in a final multinomial logistic 
regression model. The risk factors HIL and Farm remained in the final model. Cows with no 
ISCC over 250,000 cells/ml in the whole lactation were 1.24 (LCI 1.053; UCI 1.461, P=0.010) 
times more likely to be in calf in the seasonal time frame.

Keywords: persistent infection, reproduction, somatic cell count, veterinarian

Introduction 

One of the major barriers to mastitis control is motivation of herd owners and staff to improve. 
Valeeva et al. (2007) investigated the motivators for controlling mastitis both internal and 
external to the farm. They concluded that internal non-monetary factors relating to self 
esteem and taking pleasure in healthy animals were equally as motivating as monetary factors 
affecting economic performance. They also stated that in countries like the United States or 
New Zealand, with a market driven dairy industry and/or huge competition among private 
dairy processors, farmers might value motivating factors involving costs of milk production as 
more important than in the Netherlands. Our experience upholds this second view. The New 
Zealand dairy industry is currently experiencing an unprecedented rate of growth. Pregnant 
animals are a valuable commodity and an important part of farm income. The risk, and the 
reality in this situation, is that culling becomes a neglected part of mastitis control. 

Both clinical and sub-clinical mastitis have previously been shown to have a detrimental 
effect on reproductive outcomes within the same season (Schrick et al. 2001, Hockett et al. 
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2005, Barker et al. 1998, Kelton et al. 2001, Risco et al. 1999). Possible mechanisms include 
alterations to follicular development and/or ovulation due to release of inflammatory mediators 
and their effects on endocrine profiles (Darbon et al. 1989, McCann et al. 1997). Additionally 
failure of embryonic implantation or embryonic loss due to elevated temperature (Thatcher 
and Hansen, 1993) and luteolysis from PGF2α release (Cullor, 1990) have been described.

The primary purpose of this study was to investigate and demonstrate the effect of chronic 
infection (over two lactations) on reproductive parameters. Because of the current focus on 
having large numbers of pregnant animals available for sale or expansion, if farmers could see 
that these chronically infected animals were not just a risk to mastitis control but also had 
poorer reproductive performance it might prove motivational to removing them from the 
herd. Once the data was collated it was possible to also look at other risk factors including 
the effects of a high Individual Somatic Cell Count (ISCC) over mating (HOM) or a single 
high ISCC at any time in lactation (HIL) on reproduction.

Materials and methods

Herd testing and pregnancy testing data for individual cows from 7 farms within Southland, 
New Zealand was collected and loaded into Excel (Microsoft.com), and then manipulated 
before conversion into SPSS (SPSS.com) for analysis. Herd testing occurs four times a year. 
Cows with insufficient herd test results or incomplete pregnancy testing data were excluded 
leaving 3,568 cow records for analysis. Average herd size was 509 cows (range 354-730, SD 
158).

Definitions/Groups

CM:	 Cows were considered as having a chronic mastitis infection if they had 2 or more 
ISCCs over 250,000 cells/ml in two consecutive lactations. By definition this group 
could not include heifers.

HOM:	 Cows were considered to be high over mating if they had an ISCC>250,000 cells/ml 
at any herd test over the mating period or within two weeks of the mating period.

VHOM: 	 Cows were considered to be very high over mating if they had an ISCC>500,000 
cells/ml at any herd test over the mating period or within two weeks of the mating 
period.

HIL: 	 Cows were considered to have had intra-mammary infection (high in lactation) if 
they had at least any one ISCC>250,000 cells/ml.

Outcome of interest

In a Southern Hemisphere pasture based dairying system it is important that cows calve at 
a time appropriate to harvest the peak of pasture growth which occurs in late September-
October. The reproductive outcome measured was whether the cows were Pregnant to calve 
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within this Seasonal Time Frame (PregSTF). The desirable calving period varied with the 
location and management of the farm. The average calving spread of the 7 farms was 8.7 weeks 
(range 7.5-10, SD 0.99). The planned start of calving varied between 6-16 Augusts.

The effect of the variables Age, Farm, CM, HOM, VHOM and HIL on the outcome PregSTF 
were analysed at the univariate level. Risk factors that were significant (P<0.2) at a univariate 
level were included in a multinomial logistic regression model. Possible interactions between 
risk factors, e.g. Age and HIL, Farm and HIL were explored. A backwards stepwise elimination 
model was created by removing risk factors and interactions from the model at P<0.1.

Results

Age

As can be seen in Figure 1, some animals 11 years of age or older had difficulty getting in calf 
in the seasonal time frame (P=0.008). When this small group (n=53) was excluded there was 
no significant difference in the %PregSTF between age groups (P =0.199). For inclusion in 
the final model Age was grouped into cows 2-3 years old, cows 4-6 years old, and cows over 
7 years. 

Farm

As shown in Figure 2 there was a significant difference in %PregSTF between farms 
(P=0.006).

Somatic cell count

Table 1 shows that only the risk factors HOM, VHOM, and HIL had a significant enough 
effect on %PregSTF to be included in the final model. VHOM was not included in the model 
because of co-linearity with HOM.

Figure 1.  Effect of Age on whether cows got Pregnant within the 
Seasonal Time Frame
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Figure 2.  Effect of Farm on whether cows got Pregnant in the 
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Figure3.  Interaction between Farm and HOM
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Figure 4.  Interaction between Farm and HIL
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Figure 1. Effects of age on whether cows got pregnant within the seasonal time frame.
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Interaction between farm and HOM and farm and HIL

The effect of having an ISCC over 250,000 cells/ml during mating was not significantly different 
between farms (P =0.122) (Figure 3). The effect of having one or more herd tests over 250,000 
cells/ml did not differ significantly between farms (P=0.130) (Figure 4).

Final model

The variables HOM, Farm, HIL, along with interaction terms Farm*HOM and Farm*HIL were 
included into the multinomial logistic regression model. However, when factors not significant 
at P<0.1 were removed, only Farm and HIL remained in the model (see Table 2).

Figure 1.  Effect of Age on whether cows got Pregnant within the 
Seasonal Time Frame
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Figure 2. Effect of farm on whether cows got pregnant within the seasonal time frame.

Table 1. Effect of risk factors on PregSTF at the univariate level.

Risk factor No. cows No. PregSTF %PregSTF P value

Chronic mastitis 
(CM)

Chronic 312 239 76.6 0.777
Not Chronic 3256 2537 77.9

High over mating 
(HOM)

HOM 710 533 75.1 0.05
Not HOM 2858 2243 78.5

Very high over 
mating (VHOM)

VHOM 436 321 73.6 0.025
Not VHOM 3132 2455 78.4

High at any herd test 
in lactation (HIL)

HIL 1319 995 75.4 0.009
Not HIL 2249 1781 79.2



Mastitis control - From science to practice � 411

Cows that had no ISCC elevations above 250,000 cells/ml on any of four herd tests during the 
lactation were 1.24 times more likely to be in calf within the seasonal time frame (Table 2.) 
(95% confidence interval 1.053-1.461). 
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Figure 3. Interaction between farm and HOM.

Figure 1.  Effect of Age on whether cows got Pregnant within the 
Seasonal Time Frame

40.00%

45.00%

50.00%
55.00%

60.00%

65.00%

70.00%
75.00%

80.00%

85.00%

2 3 4 5 6 7 8 9 10 11 12 13

age (years)

%
Pr

eg
ST

F

 
 
Farm 

Figure 2.  Effect of Farm on whether cows got Pregnant in the 
Sesasonal Time Frame 

68.00%
70.00%
72.00%
74.00%
76.00%
78.00%
80.00%
82.00%
84.00%
86.00%

1 2 4 5 6 7 8 Total

Farm Code

%
Pr

eg
ST

F

 
 

Figure3.  Interaction between Farm and HOM

60

65

70

75

80

85

90

95

1 2 4 5 6 7 8

Farm number

%
Pr

eg
ST

F

Hi over mating

low over mating

 
Figure 4.  Interaction between Farm and HIL

60

65

70

75

80

85

90

1 2 4 5 6 7 8

Farm No.

%
Pr

eg
ST

F

dirty clean
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Table 2. Likelihood ratio tests.

Effect
 

Model fitting criteria
-2 log likelihood of 
reduced model

Likelihood ratio tests ExpB

Chi-square df sign.

Intercept 129.953(a) 0.000 0 .
Farm 148.679 18.726 6 0.005
HIL 136.544 6.591 1 0.010 1.240
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Discussion

A nation-wide and industry-lead action plan, ‘Seasonal Approach to Managing Mastitis’ 
(SAMM) was released in New Zealand in 1991. In the first years after it was introduced good 
progress was made and the national Bulk Somatic Cell Count reduced. In recent years this 
trend has slowed, if not reversed. We have the research and the knowledge to control mastitis 
on farms, but farmers still need the motivation to adopt such plans and approach consultants 
for advice. For most of our farmers this motivation needs to be financial.

While there is good information that mastitis control does ‘pay’ within the New Zealand 
and Australian situation (Malcolm, 2006, 2008; Dyson, 2008) there is also some research 
disseminated to farmers that is contradictory (Newman, 2008). Most information on the 
economics of mastitis control focuses on production losses, and treatment and labour costs. 
The consequences of reduced reproductive performance are not included because they have 
not been adequately quantified.

The current study did not show reduced fertility in chronically infected cows. Chronic systemic 
inflammation in humans is increasingly being linked to auto immune disease, diabetes and 
cardiovascular disease (Duncan and Schmidt, 2006). Chronic periodontitis in women can 
predispose to premature birth (Moutsopoulos and Madianos, 2006). It was surprising that we 
could not demonstrate an effect of chronic ISCC elevation on reproduction. Perhaps this was 
because the outcome ‘Pregnant within Seasonal Time Frame’ is a relatively insensitive measure 
of reproductive performance. Other studies into the reproductive effects of mastitis have 
used days to first service, days open and services per conception as reproductive parameters 
(Schrick et al., 2001; Barker et al., 1998). This study was retrospective and the normal timing 
of pregnancy testing practices in large seasonally calving herds meant that more detailed 
pregnancy testing data was not available. Use of non-cycling cow treatments on the majority 
of farms would affect days to first service measurements. 

Clinical case information was not available electronically for all herds so was not included. 
This meant that clinically and sub-clinically affected cows could not be differentiated in any 
way in this study. We did, however, conclusively show that a high ISCC at any one or more 
herd tests within a season will negatively impact on the reproductive outcome for that cow. 
Controlling mastitis will lead to improved reproductive outcomes. It was surprising that 
even a single high ISCC at any stage in the lactation could have an impact on a reproductive 
outcome when a high ISCC over mating did not seem to have an effect. It may be that an 
intra-mammary infection in the months prior to mating, during follicular development, or 
post mating is as important as infection over the mating period. Again, because of the practice 
of performing one or two whole herd pregnancy scans in a lactation/season, the embryonic 
loss in the post mating period could not be confirmed.
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The predominant intra-mammary pathogens over the calving and mating period in New 
Zealand are Gram positive bacteria (McDougall, 1998, 2002). Moore et al. (1991) showed 
cows with clinical mastitis due to Gram negative bacteria twice as likely to have altered inter 
oestrus interval than those without mastitis. However in another herd with predominantly 
Staph. aureus infections no significant changes in inter oestrus interval were detected. This 
may explain why the chronically infected animals (likely to be infected with Staph. aureus) did 
not appear to have poorer reproductive performance. It is possible that the species of bacteria 
causing mastitis in New Zealand have less systemic and reproductive effect than the Gram 
negative bacteria that sometimes predominate in Northern Hemisphere farming systems.
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Abstract

Dynamic processes do play an important role in the pathogenesis of intramammary infections 
(IMI). However, the dynamics of IMI were not considered in previous models to estimate the 
economic impact of IMI. A bio-economic model that includes the dynamics of infection was 
developed to simulate IMI caused by Staphylococcus aureus, Streptococcus uberis, Streptococcus 
dysagalactiae, and Escherichia coli to estimate there economic impact in Dutch dairies. The 
model simulates 100 dairy cows in a quota situation for one year. The dynamics of IMI were 
incorporated based on a Reed-Frost model for S. aureus, S. uberis, and S. dysagalactiae 
IMI, and based on a Greenwood model for E. coli IMI. Economic analysis was conducted 
per pathogen for clinical and subclinical IMI; separately. The model was validated based on 
literature methods and deemed a credible and valid. The total annual net costs varied widely 
for S. aureus, clinical or subclinical IMI costs were €1497 (0-4867) and 1097 (0-3640) per 
herd; respectively. Most important factors contributing to the total net cost were culling and 
milk production loss. The total annual net cost increased exponentially with the increase 
in the transmission rate of infection and was highly sensitive in case of S. aureus IMI. The 
relationship seemed linear in case of E. coli IMI. The model is a good tool to incorporate IMI 
management to provide precise economic advices for decision making.

Keywords: bio-economic modelling, dynamics of infection, economics, simulation

Introduction

Stochastic models that integrate the dynamics of biological process, such as diseases, with 
economic calculations are usually referred to as bio-economic models. These models are robust 
and able to reflect the merit of reality, which makes them an attractive choice to simulate 
diseases such as intramammary infections (IMI) when costs of conducting experiment are 
high (Zadoks et al., 2002). 

Recent research has shown that new intramammary infection (IMI) within a herd is generated 
based on the number of infectious and susceptible animals in that herd (Zadoks et al., 2002, 
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2003). This indicates that the probability an individual susceptible cow will contract an IMI 
is variable over time (dynamic). Modelling the dynamics of IMI is essential to mimic reality 
to be able to provide accurate estimation of IMI cost in dairy herds. The objective of this 
research was to describe a developed bio-economic model that integrates the dynamics of 
IMI between cows with economic calculations.

Materials and methods

A stochastic and pathogen-specific bio-economic model was developed to simulate the 
dynamics of IMI in Dutch dairy herds in one quota year. The model consisted of 4 independent 
sub-models, where Reed frost models were used to explain the dynamics of IMI caused by 
S. aureus, S. uberis, and S. dysgalactiae. A Greenwood model was developed to consider the 
dynamics of E. coli IMI (Becker et al., 1989). The model was written in Mathematica (Wolfram 
Research, USA).

Dynamics of IMI 

The IMI model defines two states for every cow per two weeks time period based on the 
probability of IMI in that time period: A cow is either free of IMI and considered susceptible, 
or infected. Because IMI can be either clinical or subclinical, the infectious state was split into 
clinical and subclinical IMI. A susceptible cow can become infected based on the number of 
infected cows in the previous time period, the total number of cows and the transmission rate 
of that pathogen IMI. Each infected cow was considered to be infectious throughout the course 
of the disease. Clinically infected cows were treated for 3 days, and based on past bacteriologic 
recovery; they either recover and became susceptible again, or became subclinically infected 
until the end of that time period. Subclinically infected cows could flare up and become clinical 
IMI or recover based on probability of spontaneous recovery. All probabilities were obtained 
from literature (Barkema et al., 1998; Döpfer et al., 1999; Golodetz et al., 1983; Hogan et al., 
1994; Hogan and Smith, 2003, Swinkels et al., 2005; Zadoks et al., 2002, 2003).

Herd, milk production, and somatic cell count

The model starts with 100 dairy cows. Parity number and calving season were assigned based 
on random discrete distributions. A lactation stage was assigned to each cow based on a 
uniform distribution and relative to the calving season. The extra time in production after 308 
days was assigned, based on the probability of conception after insemination in a geometric 
distribution. Lactational milk yield was assigned to each cow based on a normal distribution 
with a mean of 8,500 kg/d and a standard deviation of 1,200 kg/d. The sum of lactational milk 
yield of all cows was assumed to resemble the milk quota of that herd. Based on the Wood’s 
lactation curve (Wood, 1976) and the lactational milk yield, the predicted milk production 
of each cow was calculated at each time period. The sum of predicted milk yield at each time 
period resembles the milk production share of that time period from the whole quota. The 
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actual milk yield was similarly calculated for each cow, but taking in to account the decrease 
in milk production because of clinical IMI (Grohn et al., 2004), subclinical IMI (Halasa et al., 
2008), and culling (milk production was set to 0). The sum of actual milk yield at each time 
period reflected the amount of milk produced at that time period from all lactating cows. 
The difference between sum of the predicted milk yield and the sum of the actual milk yield 
would be the amount of milk that should have been produced at that time period in order to 
fulfil the quota by the end of the quota year, but was not produced. A cumulative difference 
was calculated over the different time periods. When the cumulative difference was ≥ the 
production of an average cow, a new heifer entered the process with the chance of being 
susceptible, clinical IMI, or subclinical IMI based on Zadoks et al. (2003).

The probability that clinical IMI cows were culled was based on the production level, parity, 
and pregnancy status according to Houben et al. (1994). The probability that subclinical IMI 
cows were culled was based on production level and Beck et al. (2004). Susceptible cows were 
culled for reasons other than IMI (Hadley et al., 2006). Somatic cell count (SCC) was assigned 
to susceptible cows to be <50,000 cells/ml, to clinical IMI cows to be 750,000 cells/ml, and 
to subclinical cows to be between 100,000 to 1,000,000 cells/ml (De Haas et al., 2002; Halasa 
et al., 2008).

The bulk tank SCC (BTSCC) was calculated at each time period based on the SCC of each cow 
weighted by the milk production. Thereafter the geometric mean BTSCC was calculated to 
be the exponential value of the mean of the logarithm of BTSCC at the current and previous 
2 time periods.

Economic effects of IMI 

The economic losses due to IMI were calculated according to (Halasa et al., 2007). The costs 
consisted of:
1. Cost of milk production loss, feed and high geometric BTSCC: In a quota situation, the 

production potential of the farm is the quota and not the number of animals. This means 
that the decreased production due to IMI can be compensated by milking extra cows or 
changing the feed regime so that cows would produce more kilograms of milk (Halasa et 
al., 2007). The cost was calculated according to the following equation:

	                  26    R     PLti	 CMYL = ∑ ∑ (____) × (PH + FC – RFC + OC)� (1)	                 t=1 i=1   PrH

	 Where CMYL is the cost of milk yield loss, PLit is the production loss of cow i with IMI 
at time period t, PH is the price of a heifer depreciated over 3 years, PrH is the total 
production of a heifer during one lactation, and FC is the feed cost necessary to maintain 
the heifer during that lactation. RFC is the reduction in feed cost that might occur because 
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IMI cows will produce less and therefore would be fed less. The amount of silage was 
assumed to be fixed in the herd and sufficient to satisfy a production up to 23 kg per cow 
per day (CVB, 2005). The changes in necessary energy were assumed to be covered with 
additional concentrate. OC is other costs including labour and barn, which were assumed 
to be 0 because the calf of the replacement heifer will balance these costs. The CMYL was 
calculated separately for clinical and subclinical IMI. A penalty of 0.045 €/kg milk was 
forced to every shipment with a GBTSCC >400,000 cells/ml.

2. 	 Cost of medicines, veterinary service and labour: Clinical IMI as assumed to be treated 
for 3 days (Huijps and Hogeveen, 2007). Cost of medicines was calculated as the number 
of clinical IMI cases multiplied by the price of medicines per case. Cost of veterinary 
service was calculated as the number of clinical IMI cases multiplied by the price of the 
veterinary consultancy per case taking in to account that not all clinical IMI are visited 
by a veterinarian. The cost of labour was calculated as the number of clinical IMI cases 
multiplied by the time spent per case and the hourly wage of labour.

3. 	 Cost of culling: Cost of culling varies, depending on the characteristics of the culled cow 
and the replacement heifer, which would change the retention payoff (RPO) of the culled 
cow (Houben et al., 1994). An average RPO value was used in the model based on different 
RPO values based on the parity, lactation stage, pregnancy status, and production level of 
the culled cows based on (Houben et al., 1994) and updated to recent prices.

Total annual net cost of IMI

The total annual net cost of clinical IMI was calculated as the sum of the cost of milk yield 
loss due to clinical IMI, cost of culling, cost of veterinary service, and cost of labour minus the 
saved cost of less concentrate due to clinical IMI. The total annual net cost of subclinical IMI 
was calculated as the sum of the cost of milk yield loss due to subclinical IMI, cost of culling, 
and penalty, minus the saved cost of less feed due to subclinical IMI. The net cost of clinical 
and subclinical IMI was calculated per herd per year and per IMI case per year. The net cost, 
expressed per IMI case, was calculated by dividing the total annual net cost of clinical or 
subclinical IMI by the number of clinical or subclinical IMI cases within the simulated year.

Model validation, run and sensitivity analysis

Because data was not available to validate the model, it was validated according to several 
literature methods (Law, 2007; Sørensen, 1990). The 4 sub-models were run separately for 4 
years until a stable incidence was reached, which was used as the probability of infection at 
start for each of the 4 sub-models. Sensitivity analysis was carried out on all parameters of 
the dynamics of IMI, economics and production parameters, and all herd parameters that 
were not stochastic. 
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Results

The different validation methods provided results as expected deeming the validity and 
credibility of the model. On average, 31% of the assigned cows were primiparous, producing 
23 kg (±4) milk per day. Multiparous cows produced on average 27 kg (±4.6) milk per day. 
Peak production was reached 60-80 days postpartum. The average length of lactation was 
338 days and the calving interval was 398 days. On average, 25% of the cows were culled per 
year for reasons other than IMI and another 25% replaced them. When the effect of IMI was 
included, culling was on average 28% per year.

The annuals incidence of IMI differed based on the involved pathogen (Table 1). The highest 
annual incidence of clinical and subclinical IMI was caused by S. aureus; 6 (0-26) and 9 (0-
34) cases per herd, respectively. Of the 6 clinical IMI, 4 flared up from subclinical IMI, and 
3 of the 9 subclinical IMI originated from clinical IMI. Variation in the annual incidence of 
S. uberis and S. dysgalactiae was lower than that for S. aureus, but still large; 0 to 7 cases per 
herd. The median herd incidence of subclinical E. coli was the lowest, 1 case per 2 years, with 
less variation than other pathogens.

The total annual net cost depended also on the involved pathogen. Similar trends in the 
variation of the total annual net cost to the annual incidences were also obtained for all 
pathogens. The highest total annual net costs and variation in costs were observed in S. aureus 
IMI. Annual clinical and subclinical S. aureus IMI costs € 1,497 (0-4,867) and 1,097 (0-3,640) 
per herd; respectively (Table 2). Other pathogens contribute lower costs but still with large 
variations, which indicates that high losses could occur, for instance in some cases an outbreak 
of S. uberis could happen leading to a loss of € 2,656 per herd per year (Table 2). 

The costs of culling and milk loss were the highest of all IMI cost factors for all pathogens 
(Figure 1). However, the proportional contribution of each of these factors differed between 

Table 1. Median herd annual incidence and (5 and 95 percentiles) of new IMI as estimated 
by the model.

S. aureus S. uberis S. dysgalactiae E. coli 

Clinical IMI 6 (0-26) 2 (0-7) 2 (0-7) 4 (1-9)
Subclinical IMI 9 (0-34) 3 (0-7) 2 (0-7) 0.5 (0-2)
Flare ups 4 (0-19) 1 (0-5) 1 (0-5) 0 (0-1)
Remission 3 (0-13) 1 (0-3) 1 (0-4) 0 (0-5)
Culling due to

Clinical IMI 1 (0-4) 0 (0-1) 0 (0-1) 0 (0-1)
Subclinical IMI 1 (0-6) 0 (0-2) 0 (0-2) 0 (0-1)
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pathogen infections, for instance, in case S. aureus IMI, cost of culling is just above 60% of 
the total annual cost of clinical and subclinical IMI. In case of E. coli IMI, culling contributes 
to approximately 30 % of the total annual cost (Figure 1). No penalty was encountered on 
BTSCC.

The total annual cost of IMI assuming an independent process of infection is € 4,719 per 
herd. Results of the sensitivity analysis indicated that this cost was highly influenced by the 
transmission probability, where the relationship was exponential and highly sensitive in case 
of S. aureus IMI. The relationship seemed linear in case of E. coli IMI. Other factors such as 
recovery of subclinical IMI affected the total annual net costs drastically, for instance when 
the probability of recovery was highest, the total annual net cost decreased to € 1,571 per 
herd, and when it was lowest the total annual net cost was € 7,581 per herd. 

Table 2. Mean and (5 and 95 percentiles) values of the herd annual net cost of clinical 
intramammary infection (CIMI) and subclinical intramammary infection (ScIMI) (€).

S. aureus S. uberis S. dysgalactiae E. coli 

Total cost of IMI 2,594 (0-8,479) 765 (0-2,656) 631 (0-2,476) 729 (106-2,036)
Cost of CIMI 1,497 (0-4,867) 443 (0-1,466) 418 (0-1,580) 702 (106-1,765)
Cost of ScIMI 1,097 (0-3,640) 322 (0-1,220) 213 (0-1,001) 27 (0-272)
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Figure 1. Percentage contribution of the cost factors of intramammary infection to the total 
annual net cost of clinical and subclinical intramammary infection per herd.
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Discussion

This stochastic bio-economic model is the first to include dynamics of infection between cows 
when calculating the cost of IMI in a quota situation. The inclusion of the dynamics of IMI 
between cows is clear from the variations in the number of infections per year (Table 1), and 
consequently, on the variations in the total annual net costs (Table 2). In a situation with a 
specific set of IMI management, the median of the annual incidence of clinical and subclinical 
S. aureus IMI would be 15 cases per herd. However, using the same set of management, but 
in another year, the annual incidence of clinical and subclinical S. aureus IMI could become 
60 cases per herd leading to a very dramatic loss of € 8,479 per herd per year. 

Assuming an independent process of infection, the total annual net cost of clinical IMI was € 
3,060 per herd. Translating this cost to a cost per clinical case of IMI, the cost was on average € 
219. For a case of subclinical IMI, the net cost was € 114. On average, literature estimations of 
the net cost of a clinical and subclinical IMI cases were € 155 and € 102 per case; respectively 
(Halasa et al., 2007). Our estimation is higher than the average literature cost of a clinical IMI 
case, but very close to the cost of a subclinical case. A recent Dutch study found on average 
the net cost of clinical and subclinical IMI per case were € 210 and € 106; respectively (Huijps 
et al., 2008), which are very close to our estimations.

In future research, the model will be a good tool to challenge several IMI control decisions 
such as treatment of subclinical IMI, to provide efficient economic advices for farmers. 
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Abstract

The main aim of the present study was to examine the economic consequences of a reduction of 
the incidence of clinical mastitis (CM) at herd level under current Swedish farming conditions. 
A second aim was to ask whether the estimated cost of CM alters depending upon whether 
the model reflects the fact that in different stages of lactation CM gives rise to different yield-
loss patterns or postulates just one type of yield-loss pattern irrespective of when, during 
lactation, CM occurs. A dynamic and stochastic simulation model, SimHerd, was used to 
study the effects of CM in a herd with 150 cows. Technical and economic results given the 
initial incidence of CM (25.6 per 100 cow/year) were studied together with the consequences 
of reducing the initial risk of CM by 50% and 90% throughout lactation and the consequences 
of reducing the initial risk by 50% and 90% before peak yield. A conventional way of modelling 
yield losses – i.e. one employing a single yield-loss pattern irrespective of when, during the 
lactation period, the cow develops CM – was compared with a new modelling strategy in 
which CM was assumed to affect production differently depending on its lactational timing. 
The yearly cost of CM at herd level was estimated at € 14,504, corresponding to 6.9% of the 
net return given the initial incidence of CM. Expressed per cow/year, the cost was € 97. The 
cost per case of CM was estimated at € 427. There were no major differences in the results 
obtained using the new and the conventional modelling strategy, with the exception of the yield 
loss per case of CM. The study, consequently, suggests that it is not worthwhile in decision 
making in CM prevention to put effort into deriving specific yield-loss patterns for different 
periods in lactation.

Keywords: clinical mastitis, economics, simulation

Introduction

Controlling clinical mastitis (CM) is of paramount interest to dairy farmers, because CM 
causes both animal suffering and economic losses. Preventive measures can, however, be 
costly, so farmers will want an assurance that any expenses they incur will be offset by financial 
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gains. Accurate estimates of the economic impact of a reduced incidence of CM are therefore 
important in the decision-making process.

In previous work on the economic consequences of CM (Kossaibati and Esslemont, 1997; 
Yalcin, 2000; Østergaard et al., 2005), yield loss has been described in the same manner 
irrespective of when in lactation CM occurred. Recent results from Hagnestam et al. (2007) do, 
however, indicate that the magnitude of yield loss depends on the week of lactation in which the 
cow develops CM. As loss of milk production is the single largest factor in the total economic 
loss caused by CM (Degraves and Fetrow, 1993; Kossaibati and Esslemont, 1997; Seegers et 
al., 2003), the timing of the disease event is likely to have a substantial impact on the cost per 
case. Until now, no study assessing the economic impact of CM has investigated the idea that 
the magnitude of the yield loss caused by CM varies in different weeks of lactation. 

The main aim of this study was to assess, at herd level, the economic impact of reducing the 
incidence of CM under current Swedish farming conditions. A second aim was to ask whether 
recognition that yield loss varies depending on when, during lactation, CM occurs results 
in an evaluation of the cost of CM that differs from that derived when just one yield-loss is 
modelled and the modelling ignores the point, during lactation, that CM occurs. 

Material and methods

A modified version of SimHerd IV (Østergaard et al., 2005) was used. SimHerd is a dynamic 
bio-economic model with stochastic elements. It simulates production and associated events 
in a dairy herd through weekly time increments. SimHerd was parameterised to model an 
average Swedish herd with 150 cows and an initial CM incidence of 25.6 per cow/year. Milk 
yield was calibrated to a level of 9,000 kg of ECM per cow/year. No quota constraint was 
modelled and a non-grazing system was assumed. 

Risk factors for CM

Whether or not a cow developed CM was generated stochastically through a disease risk 
parameter. The base risk, which differed in primiparous and multiparous cows, was determined 
by week in lactation. This base risk and a risk factor, yield level, were assumed to determine 
the overall risk for an individual cow.

Modelling the effect of CM on milk yield

The estimates of the yield loss caused by CM occurring in different weeks of lactation were 
obtained from the study by Hagnestam et al. (2007). Yield loss was expressed relative to the 
potential yield of mastitic cows, had they not developed CM. The yield potential of mastitic 
cows was obtained by comparing their milk yield prior to 3 weeks before diagnosis with the 
production of non-mastitic cows in the same weeks of lactation. In order to implement the 
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estimates from Hagnestam et al. (2007) into SimHerd the results had to be generalised and 
transformed into three-phase linear spline functions. For that reason, five periods of lactation, 
in which the yield losses from CM were similar (lactation weeks 1, 2, 3, 4-8 and 9+), were 
created. Shorter mastitis periods were specified in early lactation, because most cases develop 
then, and the shapes of the yield-loss patterns also differed more. Different yield-loss patterns 
were defined for each of the five mastitis periods (Figure 1). A linear yield-loss pattern was 
applied as a scenario contrasting with yield-loss patterns specific to each mastitis period. 
It described a more conventional way of modelling the yield loss because it was applied 
irrespective of the timing of CM. 

Simulated scenarios and analysis of results

Herd-level consequences of applying additional preventive measures were addressed by 
reducing the initial risk of CM by 50 and 90%. The initial CM risk was reduced to 10% 
rather than zero because there will always be some cases that cannot be avoided simply by 
management. Most CM cases occur before peak yield, and it is also in early lactation that 
the yield loss is the greatest (Hagnestam et al., 2007). Some preventive measures, such as dry 
cow therapy, are applied in the dry period with the aim of reducing CM incidence during this 
critical period. To investigate the impact of such measures, we also simulated a reduced risk of 
CM before peak yield while holding the risk of CM after peak yield constant. The risk before 
peak yield was decreased to 50 and 10% of the risk given the initial management practice, and 
the risk of CM after peak yield remained at the initial level.
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Figure 1. Yield loss (kg of ECM/day) expressed relative to the cow’s own yield potential in cows 
diagnosed with clinical mastitis in week 1 of lactation (×), week 2 of lactation (   ), week 3 of 
lactation (   ), week 6 of lactation (   ) and week 15 of lactation (   ). The solid line represents 
conventional modelling. Diagnosis occurred at the time of peak yield loss. 

Figure 1. Yield loss (kg of ECM/day) expressed relative to the cow’s own yield potential in cows 
diagnosed with clinical mastitis in week 1 of lactation (×), week 2 of lactation (p), week 3 of 
lactation (r), week 6 of lactation (n) and week 15 of lactation (®). The solid line represents 
conventional modelling. Diagnosis occurred at the time of peak yield loss.
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Stable estimates were attained by replicating each scenario 250 times. Scenarios were simulated 
over 10 years, but only the average annual results from the last five years were studied in order 
to eliminate the effects of the parameterisation of the initial herd. The results were analysed 
by univariate ANOVA. Simultaneous pair-wise comparisons of scenarios were conducted 
using T-tests (P<0.05). 

Economic factors

The impact of the scenarios on herd-level profit was evaluated by applying prices and costs to 
the results. Prices and costs were the 2005 Swedish market prices, expressed in Euro. The cost 
per case of CM was € 133. It included veterinary costs and the cost of antibiotics, priced at € 
101 (A. Persson, personal communication), and additional labour requirement (2 h/case). The 
applied cost per case of CM did not include yield loss, because this was modelled separately. 
Milk from cows treated with antibiotics was not fed to calves, and hence was not given an 
alternative value. 

Results

Consequences of reducing the incidence of CM

Various outcome variables describing the herd given different risks of CM are shown in 
Table 1. 

A reduction of the risk of CM to 10% of the initial risk throughout the lactation increased the 
net return by 6.9%. Reducing the initial risk of CM before peak yield to 10% gave a higher net 
return at herd level than did halving the initial risk throughout lactation. The smallest effect 
on net return was observed when the initial risk of CM before peak yield was halved. The 
maximum avoidable cost of CM in a herd of 150 cows was estimated at € 14,504. Expressed 
per cow/year, the cost of CM was € 97. The cost per case of CM in Sweden today is thus € 427 
(calculated by dividing the cost per cow/year by the reduction in incidence when the initial 
risk of CM was reduced to its biological minimum). 

There was no significant difference between the increase in either production or feed intake 
when the initial risk of CM was halved throughout lactation or halved solely before peak 
yield. The same finding was made when the risk was reduced to 10% of the initial risk. The 
average production per cow/year increased by 1% when the initial risk of CM was halved 
throughout lactation and by 2% when it was reduced to 10%. The average yield loss per 
case of CM was 797 kg of ECM, calculated by dividing the increase in production when the 
risk of CM was reduced to its biological minimum by the corresponding reduction in CM 
incidence per cow/year. A reduced risk of CM had a marked effect on both the average SCC 
of the milk produced in the herd (delivered and discarded) and the proportion of milk that 
had a SCC of less than 200,000 cells/ml. The proportion of milk with a SCC below 200,000 
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cells/ml increased by almost 40 percentage units when the risk of CM was reduced to 10% 
of the initial risk throughout lactation. A small, but significant, decrease in replacement rate 
was observed when the risk of CM was reduced. 

Effects of strategy for modelling the yield loss

The estimated response to a reduction of the risk of CM to its biological minimum was similar 
for all results, irrespective of the method used for modelling the yield loss (Table 2). The 
average yield loss per case of CM was, however, largely dependent on the choice of method 
for modelling the yield loss. Using the conventional method, the estimated loss was 100 kg of 
ECM less than that obtained using the new method. The average cost per case of CM was €427 
when the new method was applied and € 418 when the conventional method was used.

Table 1. Technical and economic results on herd level given the initial risk of clinical mastitis and 
when that risk was reduced. Different superscripts within rows indicate significant differences 
between the results achieved given different risks of clinical mastitis (P<0.05).

 
 

 
I1

 
S.D.

Effects of a reduced risk of clinical mastitis

I x 0.5 I x 0.1 IBP2 x 0.5 IBP x 0.1

Mastitis incidence per 100 
cow/year

25.6a 1.67 -12.0b -22.7c -6.3d -11.5e

Herd net return, € 209,297a 2,385 +7,771b +14,504c +5,452d +10,489e

Net return per cow/year, € 1,407a 16 +52b +97c +37d +70e

Milk yield3, kg of ECM 9,193a 59 +94b +181c +91b +175c

Feed intake3, SFU4 6,339a 26 +41b +79c +39b +76c

Milk withdrawal3, kg of 
ECM

67a 4.7 -31b -59c -17d -32e

Vet treatment3, € 35a 2.3 -16b -31c -9d -16e

Average SCC, x103 cells/ml 229.9a 3.07 -15.8b -29.7c -10.7d -19.0e

Milk with SCC <200x103 
cells/ml, %

17.6a 3.48 +18.5b +37.5c +12.1d +23.8e

Replacement rate, % 37.5a 1.71 -0.7bc -0.6bc -0.4b -0.8c

1 I = Initial risk. 
2 IBP = Initial risk before peak yield.
3 Per cow/year.
4 SFU = Scandinavian feed unit.
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Discussion

Consequences of reducing the incidence of CM

The reduction of total CM incidence observed when the initial risk of CM was reduced solely 
before peak yield was half that obtained when a similar reduction was imposed throughout 
lactation. Moreover, there was no significant difference between the increase in milk yield 
per cow/year achieved when the initial risk of CM was reduced solely before peak yield and 
the corresponding increase achieved when the risk of CM was reduced throughout lactation. 
The net return per cow/year did, however, respond differently; a reduction of the initial risk 
of CM solely before peak yield, rather than throughout lactation, gave a significantly lower 
increase in the net return per cow/year. These findings indicate that quite a large effect on 
herd results can be achieved by concentrating preventive measures on the first 8 weeks of 
lactation; they also indicate that if the aim is to maximise the net return per cow/year, the 
risk of CM should be reduced throughout lactation. 

Table 2. Effects of the method used for modelling yield loss on technical and economic results. 
Results given the initial risk of clinical mastitis and after a reduction to 10% of that risk are 
shown. Different superscripts indicate a significant difference between the methods as regards 
the effects of reducing the initial risk of clinical mastitis (P<0.05).

 
 

New Conventional

I1 I x 0.1 I I x 0.1

Mastitis incidence per 100 cow/year 25.6 -22.7a 26.0 -23.1b

Herd net return, € 209,297 +14,504a 209,648 +14,408a

Net return per cow/year, € 1,407 +97a 1,410 +97a

Milk yield2, kg of ECM 9,193 +181a 9,216 +161b

Feed intake2, SFU3 6,339 +79a 6,349 +70b

Milk withdrawal2, kg of ECM 67 -59a 72 -64b

Vet treatment2, € 35 -31a 35 -31b

Average SCC, x103 cells/ml 229.9 -29.7a 231.7 -31.0b

Milk with SCC <200x103 cells/ml, % 17.6 +37.5a 16.4 +38.7b

Replacement rate, % 37.5 -0.6a 37.3 -0.6a

1 I = Initial risk.
2 Per cow/year.
3 SFU = Scandinavian feed unit.
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Herd-level cost expresses maximum expenditure on preventive measures per year. The yearly 
cost of CM in a 150-cow Swedish dairy herd was estimated at € 14,504. This is a high figure, 
corresponding to 6.9% of the net return achieved given the initial risk of CM. The estimated 
cost of CM equates to the cost of 2.3 hours additional labour per day (at a cost of € 17.5/h, 
Agriwise, 2006), labour that could be spent on preventive work in the herd.

The estimated cost per case of CM was high relative to estimates obtained in previous studies 
(Kossaibati and Esslemont, 1997; Yalcin, 2000; Østergaard et al., 2005). The main component 
of economic loss caused by CM is reduced milk yield (Degraves and Fetrow, 1993; Kossaibati 
and Esslemont, 1997; Seegers et al., 2003), and the loss in production in the present study was 
high relative to previous work. The high yield loss, at least partly, explains the high estimates 
of the cost per case of CM. 

Effects of strategy for modelling yield losses

There were no major discrepancies between new and conventional modelling regarding the 
response of the outcome variables to a reduced risk of CM, except for the yield loss per case 
of CM. This was a surprising result, since the amount of detail in the modelling strategies 
differed considerably. The present study, consequently, suggests that the conventional way 
to model yield losses, i.e. using one yield-loss pattern irrespective of when, in lactation, CM 
occurs, is good enough, and that no additional effort needs to be put into deriving specific 
yield-loss patterns for different periods in lactation. 
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Abstract 

Although many control practices to improve the udder health situation on a farm and to 
reduce economic losses due to mastitis are available nowadays, the adoption rate and level 
of compliance of these measures are generally low. Costs are to be made for implementing 
new measures. These costs can be divided in long term investments, short term investments, 
labour, and changing of routines. In this study we specified the cost factors to factors regarding 
the milking parlour and factors regarding other issues. Independent of the type of costs, they 
can all be expressed in Euros per year. From an economic point of view, that may be correct, 
but farmers value different costs in different ways, which can influence the adoption rate of 
advices. The objectives of this study were to explore differences in importance of cost factors, 
and to distinguish different groups of farmers regarding the importance they give to different 
cost factors. 136 farmers were questioned through an Adaptive Conjoint Analysis approach, 
about the valuation of cost factors, resulting in individual preferences. The results show a large 
difference between the perceived importance by farmers. Analysing individual preferences, 
overall, long term investments regarding other issues were judged as most important, whereas 
changing routines regarding other issues got the lowest importance ranks. The results of the 
study show that it is important to take the valuation of advises into account, to improve their 
adoption rate. 

Keywords: adaptive conjoint analysis, economics, management

Introduction

Although many control practices regarding the improvement of mastitis management are 
available, the adoption rate and level of compliance are considered to be low. Studies to 
the cost-efficiency of management measures have been conducted but it is still unclear 
why cost-efficient measures are not implemented. Mastitis is the most frequent and costly 
disease in the dairy industry (Halasa et al., 2007) and therefore one would expect farmers to 
be very motivated to adapt management measures to improve udder health. That this is not 
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always the case may be partly explained by the fact that the calculated economic results of 
these advises are generally based on averages. A farmer may have the feeling that his farm is 
different from the average and thus that average costs do not apply to his farm. This might 
affect his willingness to implement preventive measures (Huijps et al., 2008). Another aspect 
can be the difference in importance perceived with different types of management measures 
which are associated with different types of cost factors (e.g. long term investment, short 
term investment, changing routines and labour). Until now, little knowledge is available on 
the significance of such differences in importances of management measures. Traditionally, 
cost-benefit analyses have been used to improve the adoption rate of control measures. In 
these analyses, different cost factors such as long term investments, short term investments, 
labour, and change of routines are transferred to Euros per year. When it is the goal of a farmer 
to maximise profits, this approach would be sufficient. Farmers however, may value different 
costs differently. If this is true, the different valuation might influence their decision to adopt 
a certain management measure. The objectives of this study were (1) to explore differences 
between the perceived relative importances of cost factors for farmers and (2) to distinguish 
different groups of farmers regarding the importances of cost factors. 

Materials and methods

Data collection

Three major Dutch dairy companies (Campina, DOC, and Friesland Foods) approached 650 
farmers in total to participate in this study. With the aim to include the entire range of herdsizes 
in the Netherlands, farms were arrayed from the smallest to the largest size and every xth farm 
was selected, where x represents the proportion of farms that needed to be approached to 
reach our goal of 130 farmers. Of the farmers approached, 145 initially agreed to participate. 
Ultimately, 136 farmers were visited to collect the data. The visit, lasting approximately 1 hour, 
started with a short introduction, was then followed by a traditional questionnaire and ended 
with the computerised questionnaire. All farm visits were carried out by 2 persons. 

Survey design

The questionnaire, including supporting material, was based on scientific literature and was 
pretested on a farmer from the ambulatory practice of the Utrecht Faculty of Veterinary 
Medicine. The survey was discussed to find out whether the farmer understood his task, easily 
became familiar with the applied techniques, and that the interpretation of the questions 
was consistent with the intent of the researchers. The survey consisted of a traditional paper 
questionnaire and a computerised questionnaire. The paper questionnaire covered information 
on farm size, milk quota, number of cows, labour, Bulk tank somatic cell count (BTSCC) 
level, age, education, experience, successor, perception of his mastitis situation, and currently 
implemented management measures regarding mastitis. The computerised questionnaire 
had a clear focus on valuation of different types of costs regarding mastitis management. 
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The questionnaire dealt with 8 different types of cost factors: (1) long term investment in 
the milking parlour (lt.milk), (2) long term investment other issues (lt.other), (3) short term 
investment in the milking parlour (st.milk), (4) short term investment other issues (st.other), 
(5) labour routines milking parlour (rout.milk), (6) labour routines other issues (rout.other), 
(7) projects milking parlour (proj.milk), and (8) projects other issues (proj.other). For every 
cost factor, 3 related management measures were described. All these management measures 
were set on an economic equal value. Farmers were asked to judge importance of the measure 
(independent of costs), and to try not to make a weighing between efficacy and costs. All 
questions started with the remark that the measures were set to be economically equal. 

The computerised questionnaire was set up using adaptive conjoint analysis (ACA). Conjoint 
analysis is a popular marketing research technique used to determine desirable features and 
price of new products. In this study the conjoint model is used to look at the preference of 
farmers for management measures against mastitis based on their cost factor characteristic. 
The goal is to determine the cost factor that the respondents prefer most. Adaptive conjoint 
analysis is one of the available conjoint techniques. Interviews using ACA are performed in 
an ‘intelligent way’: the computer program adapts the selected profiles according to earlier 
answers given by the participant in order to maximise the information gain, while limiting 
the number of combinations of profiles to be evaluated. Adaptive conjoint analysis combines 
aspects of composition (self-explicated task, i.e. respondents rate the importance of the 
difference between the best and worst levels separately for each attribute) and decomposition 
approaches (conjoint task, i.e. respondents indicate preference intensity judgments for paired 
partial profiles) (Wittink et al., 1994). It obtains the final preference function coefficients by 
pooling the 2 types of data (Wittink and Bergestuen, 1999). Part-worths (relative values or 
utilities respondents derive from the attribute levels) for these more important attributes are 
then refined (in a ‘Bayesian’ updating sense) through a series of graded paired comparisons 
where the respondent’s previous answers are used at each step to select the next paired 
comparison question to collect most information. This allows ACA to investigate many 
attributes without asking the respondents to deal with too much information on the computer 
(Green and Srinivasan, 1990). 

The ACA survey carried out in this study, consisted of four different types of questions. In the 
first part, for every management measure (level) the farmer was asked about his preference 
for this implementing this on his farm. The second part asks about differences between 
two management measures. The farmer was asked if he has a preference for one of the two 
measures. In the third part, different combinations of management measures are shown and 
the farmer is asked to indicate which of the combinations has his preference. In the last part, a 
package of management measures is shown, and the farmer is asked to give the whole package 
a value between 0 (I would never implement this combination of measures) and 100 (I would 
definitely implement this combination of measures). 
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Data analysis

Before performing statistical analysis, data were examined for potential outliers concerning 
general farm characteristics. Data representativeness was evaluated by comparing sample 
means with Dutch population means. The differences between these means were checked using 
a one sample t-test. Differences were considered significant at P≤0.05. To explore valuation of 
the different cost factors a 2-step approach was used. In the first step data samples collected 
by the computerised questionnaires were analysed using ACA software (Sawtooth Software, 
2002). Because each of the management measures belongs to a cost factor, the conjoint model 
can estimate the value of each of the cost factors, using the choices that respondents made 
during the questionnaire. The utilities, or part-worths, for every management measure of each 
cost factor are the result of such a process. These part-worths of were estimated for respondents 
individually. The relative importance of each cost factor was derived for every respondent by 
obtaining the differences between the part-worths of the most preferred and the least preferred 
factor level and is expressed as a percentage (Churchill, 1999). In the second step differences 
between the valuations of cost factors were explored. After a descriptive exploration, different 
groups of farmers, based on farm characteristics, are defined. 

Results

Descriptives

On average the participating farmers milked 85 cows, with a quota of 719,000 kg on 50 ha of 
land and 1.5 labour units. The average BTSCC was 198,000 cells/ml and the most common 
milking system was the herringbone. Thirteen farmers had an automatic milking system. The 
average age of the farmers was 45 with on average 30 years experience. Of the farmers, 26.5% 
indicated to have a successor, 12.5% did not and 61% did not know yet. 

Relative importance of different cost factors

Based on the initial analysis of individual ACA results, the data of one farmer were removed 
from the analysis because of inconsistency. From the other farmers the individual utilities 
were calculated and summarised in relative importances. Differences between farmers were 
large, as is shown in Figure 1. 

The range of the relative importances is large, with quite a few outliers present. The difference 
between the averages of the different importances of the cost factors is not very large, but 
between the least preferred and most preferred the preference is doubled. In general the short 
and long term investment as well as in the milking parlour as in other issues is preferred more 
then investments in labour or projects in the milking parlour or in other issues. The overall 
importances (and their ranking between parentheses) for the total group of dairy farmers, 
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and the differences for farms with different BTSCC levels, different intensity, and difference 
between BTSCC last year and this year are shown in Table 1. 
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Figure 1. Relative importances of different cost factors as judged by Dutch dairy farmers.  
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Figure 1. Relative importances of different cost factors as judged by Dutch dairy farmers. 

Table1. Relative importances and the ranking between parentheses for the total group of dairy 
farmers and for two groups of BTSCC level farms (BTSCC1 = BTSCC ≤250,000 and BTSCC2 
>250,000), for two groups of hectares per cow (ha/cpw1 ≤0.5 and ha/cow2 >0.5), and for two 
groups of difference in BTSCC between this year and last year (dBtscc1= this year better as 
last year, dBtscc2 = this year worse then last year). The same superscripts in a line mean a 
significant difference (P≤0.05) between groups.

Cost 
factor

Total BTSCC1 BTSCC2 ha/cow1 ha/cow2 dBtscc1 dBtscc2

lt.other 15.13 (1) 15.42 (2) 14.19 (3) 13.43 (4) 15.91 (1) 16.25 (1) 13.65 (5)
st.other 15.11 (2) 15.43 (1) 13.91 (4) 14.09 (3) 15.59 (2) 15.69 (2) 14.76 (2)
lt.milk 15.09 (3) 14.88 (3) 16.02 (2) 15.43 (2) 14.94 (3) 14.49 (4) 15.66 (1)
st.milk 15.01 (4) 14.31 (4)a 19.76 (1)a 17.29 (1)b 13.97 (4)b 15.48 (3) 14.17(4)
rout.milk 11.61 (5) 12.04 (5) 8.84 (6) 10.55 (7) 12.09 (5) 10.39 (6)c 14.39 (3)c

proj.other 10.86 (6) 10.73 (6) 10.79 (5) 11.42 (5) 10.59 (6) 10.76 (5) 10.77 (6)
proj.milk 8.87 (7) 8.89 (7) 8.83 (7) 10.63 (6) 8.06 (8) 8.89 (7) 9.02 (7)
rout.other 8.31 (8) 8.29 (8) 7.66 (8) 7.15 (8) 8.84 (7) 8.04 (8) 7.56 (8)
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The ranking of importance of the different factors differs for different groups. Farmers with 
a good level of BTSCC (<250,000) consider short term investments in other issues of highest 
importance, while farmers with BTSCC >250,000 rank short term investment that are related 
to the milking parlour higher. More intensive farms, farms with more cows per hectare (ha/
cow1) consider short term investments in the milking parlour most important, while less 
intensive farms (ha/cow2) rank long term investments in other issues higher. Farmers with an 
improvement of BTSCC also considered long term investments in other issues highest, while 
farmers with increased BTSCC thought long term investments related to the milking parlour 
to be of highest importance. The group of farmers with an increased BTSCC is the only group 
that has labour routines in the milking parlour in the top 3 of most important activities.

Discussion

The large differences in perceivement of importance of the different cost factors indicate that it 
is important to take this into account when advising a farmer. Although none of the cost factors 
really stands out in relative importance, between the least and most preferred cost factor the 
relative importance is doubled. The outliers were checked for their farm characteristics, but 
no strong deviations from the average could be found. This implies that, although farmers can 
have similar farm characteristics, the may consider the importance of the cost factors very 
different. Advising a farmer to implement a management measure associated with long term 
investments, while he considers this type of factors of very low importance, may not be a very 
effective way of giving the advice. It would be helpful to take the perceived importances of 
the cost factors into account when giving the advice. Maybe the compliance to the ‘next best’ 
management measure is better than to the best. A good advisor-client relation might help 
understand the differences between farms and allow more farm and person-specific advice.

For implementing the knowledge on relative importance of cost factors in the advice, grouping 
of farmers with comparable views can be useful. Factors for grouping farmers found were the 
level of BTSCC, the intensity of the farm, and the difference of BTSCC between last year and 
this year. For these groups significant differences were found for the view on the importance 
of cost factors. The relative importance for other groups differ as well, but these differences 
were not statistically significant. When grouping farmers to the level of BTSCC, advices 
for farmers with BTSCC <250,000 cells/ml would preferably be directed toward short term 
activities not related to the milking parlour, while for farmers with an increasing BTSCC 
this is short term activities related to the mailking parlour. When looking at the difference 
in BTSCC, farmers with an improved BTSCC consider long term investments related to the 
milking parlour of a high importance, as do farmers with a BTSCC > 250,000. When grouping 
farmers on intensity, the more instensive farmers would ideally be adviced in the direction 
of short term activities in relation to the milking parlour, while less intensive farmers would 
prefer long term activities not related to the milking parlour.
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For all groups, the changing of routines and extra labour generally are considered of low 
importance. Farmers prefer to invest (short or long term) money instead of investing in labour 
and/or change routines. To improve the adoption rate of the advice it is important to take this 
into account when communicating about possible management measures. 
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A national resource platform for mastitis management, planning 
and control research in Canada 
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Individual mastitis management, planning and control research projects are often limited in 
impact and scope by high costs of extensive field data collection and processing. To mitigate 
this the Canadian Bovine Mastitis Research Network (CBMRN) has created a single mastitis 
research platform that optimises data collection for several different research endeavours 
simultaneously. The platform is multi-institutional and national in scope. It supports the 
collection, archiving and distribution of data for the applied and fundamental mastitis research 
projects currently forming the CBMRN research program. Ninety-one commercial dairy 
farms in six provinces were enrolled in 2007 for a two year period of data collection. Uniform 
protocols are implemented for repeated quarter milk samplings on clinical mastitis cases, 
randomly selected non-clinical mastitis lactating cows, and on a selection of cows at dry-
off and after calving. Milk bacteriology results are recorded in a central database and the 
bacterial isolates are archived in a culture collection. Management, demographic, health 
and treatment, and production data are collected at the individual cow and farm levels and 
archived in the central database and cross referenced with the culture collection database. 
Innate host resistance data and host DNA from a sub-population are also archived. These 
data and biological materials provide a nationally uniform and comprehensive data set that 
enables interlinked applied and fundamental research leading to mastitis solutions at the cow, 
herd and regional levels. International scientists are encouraged to make use of this extensive 
archive of data and material to enhance their own mastitis research projects. The available 
data and descriptive parameters will be described.

Keywords: data collection, management



440 � Mastitis control - From science to practice

Relationship between somatic cell count and bacteria plate counts
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Belfield, Dublin 4, Ireland
3 Statistical Dept., University College Cork, Cork, Ireland
Corresponding author: paddy.kelly@teagasc.ie

Somatic cell count (SCC) is increasing in Ireland and this has economic repercussions for 
dairy farmers. Other studies have reported that factors associated with bulk tank SCC were 
related to the incidence of clinical mastitis caused by Staphlycoccus aureus. The objective of 
this study was to examine the relationship between bacteria found in bulk tank samples and 
milk SCC of grass based dairy herds. A 20 ml milk sample was taken aseptically (and frozen 
at -15 °C) from each of 300 farm bulk milk tanks during a farm visit between April and June, 
2006. Samples were thawed and 10 µl of each was inoculated onto blood agar plates (base 
no. 2; Merck KGaA 64271, Darmstadt, Germany) and incubated at 37 °C overnight (16-18 
h). Bacteria were identified visually by an experienced laboratory person. Bulk tank SCC data 
for all milk collections 365 days prior to the visit to each specific farm were obtained and the 
average of the natural logarithm calculated (SCS). Analyses were undertaken using a linear 
model in PROC GLM (SAS, 2006) with SCS as the dependent variable. Farm SCC ranged 
from 82,209 to 773,028 cells/ml; the median SCC was 282,887 cells/ml. Of the 300 bulk tank 
milk samples taken, 50% of the samples tested positive for the presence of S. aureus, 38% of 
samples had between 1 and 40 cfu while 12% of milk samples had >40 cfu. No other bacteria 
were isolated.As the presence of S. aureus (0, ≤40, >40 cfu) increased so did SCS (P<0.001).

Keywords: bulk milk culture, somatic cell count
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Farm management factors associated with bulk milk total bacterial 
count on Irish dairy farms
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The total bacterial count (TBC) of herd bulk milk has economic importance for dairy farms. 
Other studies have shown a relationship between farm management and herd bulk milk TBC. 
The objective of the current study was to quantify the association between herd management 
factors and bulk milk TBC in Irish, spring calving, grass‑based dairy herds. Bulk milk TBC data 
were collected from 398 randomly selected, yet representative, Irish dairy farms, where the 
basal diet was grazed grass. Median bulk milk TBC for the farms was 18,483 cells/mL ranging 
from 10,441 to 130,458 cells/ml. Two questionnaires relating to farm management practices 
were administered through face-to-face contact with each farmer. Herd factors associated 
with bulk milk TBC were determined using linear models with annual total bacterial score 
(i.e. arithmetic mean of the natural logarithm of bulk tank TBC) included as the dependent 
variable. All herd factors were individually analysed in separate regression models and a 
multiple regression model was subsequently developed. Management practices significantly 
associated with low milk TBC (P<0.05) included use of heated water, participation in milk 
recording schemes, tail clipping of cows at a frequency greater than once per year and an 
increased level of hygiene in the milking parlour, cubicle house and roadways. Additionally, 
the multiple regression model (P<0.05) indicated that the cumulative effect of all best practices 
was to reduce TBC by 20,167cells/ml compared to the poorest alternative in each case.

Keywords: bulk milk culture, management



442 � Mastitis control - From science to practice

Milk yield in the subsequent lactation after selective treatment of 
cows at dry-off
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Corresponding author: paivi.rajala-schultz@cvm.osu.edu

Mastitis is the most costly disease in dairy herds around the world. One of the control measures 
for this disease, antimicrobial treatment of cows at dry-off (DCT), can be administered to 
all cows or selectively to infected cows only (SDCT). The objective of the present study was 
to evaluate the effect of SDCT on daily milk yield during the subsequent lactation after 
treatment. Cows with somatic cell counts (SCC) <200,000 cells/ml during the last 3 months 
of lactation and no history of clinical mastitis (CM) were considered uninfected; additionally, 
a cow was considered uninfected if she experienced CM during the first 3 months of the 
lactation and her SCC was < 100,000 cells/ml for the rest of the lactation (low-SCC cows). 
These cows were randomly allocated either to receive or not to receive treatment at dry-off; 
others were considered high-SCC cows and were treated. Daily milk yields were compared 
using repeated measures analysis (PROC MIXED, SAS®, SAS Institute Inc., Cary, NC, USA). 
Data from 411 low-SCC (206 treated, 205 untreated) and 393 high-SCC Holstein cows in 
two commercial and two institutional Ohio dairy herds were included in the analyses. Daily 
milk yield during the following lactation among treated and untreated low-SCC cows did 
not differ significantly, adjusting for parity, previous 305-d milk yield, days dry, and SCC and 
occurrence of diseases during the lactation. Cows with high SCC at dry-off had lower milk 
yield in the subsequent lactation than cows with low SCC at dry-off (P>0.05). Herd was an 
important source of variation and the effect of SDCT on milk yield was different in various 
herds, beneficial in some, detrimental in some. In conclusion, careful consideration of farm 
characteristics and SCC of cows at the end of lactation is needed to maximise the benefits of 
dry cow therapy in dairy herds.

Keywords: dry cow therapy, milk yield
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Economic loss due to milk yield loss caused by new subclinical 
mastitis cases estimated using a test-day model
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Studies regarding the economic losses resulting from mastitis focus on clinical mastitis. 
However, many studies have shown that milk yield losses due to subclinical mastitis can be 
considerable. Production losses in previous studies were not estimated precisely enough for 
economic calculations. Our objective was to estimate the economic impact of milk production 
losses due to new cases of subclinical mastitis. Clinical mastitis and production data were 
collected from 400 randomly selected Dutch dairy farms. A cow was considered to have a 
new case of subclinical mastitis if the SCC of the previous test-day was <50,000 cells/ml and 
the SCC of the current test-day was >100,000 cells/ml. A random regression test-day model 
was used to predict production at the first subclinical mastitis test-day of a cow based on 
healthy test-days and compared it to the actual production at that subclinical mastitis test-day 
to estimate the milk yield loss. In a next step, a stochastic model simulating 100 dairy cows 
for one year was developed. Using a binomial distribution, each cow was given a probability 
of 90% to have a new case of subclinical mastitis based on recent Dutch data. The loss was 
calculated in a quota (€ 0.12 per kg milk) and non-quota (€ 0.31 per kg milk) situations. When 
the duration was 30 days the loss in quota and no-quota situations was € 3 and € 8 per cow per 
year, respectively. When the duration was 200 days the loss was € 16 and € 52 per cow per year 
for quota and no-quota situations; respectively. The production loss due to new subclinical 
mastitis cases contribute to a substantial economic loss under quota and non-quota market 
situations and therefore control of subclinical cases is important.

Keywords: economics, subclinical mastitis
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Analysing clinical and subclinical mastitis data: understanding 
mastitis epidemiology on individual units
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Over 50 years of implementation of mastitis control programs, in the developed world, has 
resulted in a dramatic reduction in sub-clinical and contagious mastitis and an increase in 
the diversity of mastitis aetiology and epidemiology. This change means that it is no longer 
possible or appropriate to deliver ‘generic’ advice to dairy units and it is necessary to tailor 
the approach to mastitis control to the specific issues facing an individual unit. The first 
steps in tailoring advice are to accurately define mastitis patterns on a unit and to institute a 
system that allows detailed monitoring of disease. Key indices and targets, easily measured on 
farm or collated from existing records, will enable the practitioner to determine the relative 
importance of the dry period and lactation on a unit and monitor the behaviour of pathogens 
in terms of persistence of infection. These indices need to encompass both SCC and clinical 
mastitis records, to enable monitoring of herds not involved in DHI programs and also for 
very low SCC herds where clinical mastitis may be of overriding importance. Insights can be 
gained by monitoring and calculating indices such as: (1) proportion of cows 1st developing 
clinical mastitis when <31 days in milk (DIM) (Target <1/12), (2) proportion of cows 1st 
developing clinical mastitis when >30 days in milk (DIM) (Target <2/12), (3) proportion of 
cows ‘calving’ with an elevated SCC (Target <1/10), (4) proportion of cows developing a new 
infection in lactation (as measured by SCC (Target <1/20 per month)). Analysis of data from 
a large number of herds has demonstrated that the relative importance of the dry period can 
vary dramatically, contributing from 7% to 75% of disease on a unit.

Keywords: control program, epidemiology
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Mastitis control program for severe coliform outbreak

E. Izak and J. Bonazza
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Corresponding author: eizak@fibertel.com.ar

An outbreak of severe coliform mastitis was found in three dairy farms ranged from 400 
to 1,200 milking cows, after a long period with low bulk milk somatic cell counts. High 
proportion of clinical mastitis cases occur in five percent of calving and early lactation cows 
under rainy and muddy conditions, with high proportion of treatment failures by conventional 
intramammary therapy. Coliform organisms were the predominant agents in bacteriological 
milk samples and 30% of all samples have no bacterial growth. The outbreak mastitis control 
based on the improvement of hygiene in milking time by the use of predipping and barrier dip 
for postmilking teat disinfection, keep cows standing for an hour after milking by providing 
fresh feed and clean up all areas that could be a source of bacterial growth. All dry and lactating 
cows and heifers received in their base ration on a daily basis 1,000 IU of vitamin E and 0.3 
ppm of selenium. Immediately after detection of the clinical case, was administered 2.2 mg/kg 
of ceftiofur intramuscularly, and the ceftiofur dose was repeated at 24-h intervals for a total 
of five doses in combination with oxytocin and flunixin meglumine. This therapy reduced the 
proportion of cases that resulted in cow death or culling by 25%, compared with conventional 
intramammary therapy. After the implementation of mastitis control program for the outbreak 
of coliform mastitis, clinical mastitis incidence remained below 2% of the lactating herd per 
month. Increasing intensification of milk production systems in Argentina, will further increase 
coliform mastitis. Results of this study suggest that therapy is a necessary consequence of 
clinical mastitis, however, prevention is the key to coliform mastitis control.

Keywords: control program, treatment
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