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Summary 
 
In this paper the relation between management practices and the level of BMSCC on organic dairy farms is 
described. Because Staphylococcus aureus is the pathogen that is most frequently cultured, at first this 
pathogen has been characterised and an outbreak of subclinical mastitis associated with S. aureus is 
described. In case studies attention is paid to nine organic farms that were successful in the control of a too 
high BMSCC.  
 
 
Introduction 
 
Mastitis is one of the most important health problems in organic dairy herds (Offerhaus et al., 1993; Vaarst, 
1995; Krutzinna et al., 1996). Udder health is affected by a number of interrelating components such as 
presence and pathogenicity of micro organisms (mostly bacteria), environment, and management, cow 
factors such as conformation and immunological performance, and treatment and prevention strategies 
(Schukken et al., 1997). The health status of an animal or a herd is a fluctuating equilibrium. Although there 
should always be a pathogen to speak about an infection, most of the pathogens are present in the normal, 
healthy environment of the animal. Depending on several (stress) factors the pathogen really will develop 
into an inflammation (mastitis) (Baars en Ellinger, 1997). Several (known and unknown) environmental and 
animal factors influence the development of mastitis. It depends on the management abilities of the farmer at 
which level the equilibrium will be. 
In conventional dairy systems a low bulk milk somatic cell count (BMSCC) level can only be maintained by 
the use of certain practices that decrease the concentration of pathogens. Apart from hygienic measures and 
control of the milking machine, post-milking teat disinfection (PMTD), antibiotic dry cow therapy (DCT) 
and the treatment of (sub)clinical mastitis with antibiotics are fundamental to maintain a low BMSCC. 
In organic systems continuous use of antibiotics is not allowed. Preventive strategies like DCT, developed in 
conventional farming, do not fit within the principals of organic farming. Therefore, it is important to 
develop whole farm strategies to maintain animal udder health. Especially in organic farming, a well 
developed preventive health strategy is the best solution in reducing the use of chemical resources such as 
antibiotics (Boehncke, 1997). To be able to control mastitis it is important to look at cow factors as animal 
resistance (i.e. via nutrition), and anatomy of the udder and teats. Culling of chronically infected animals 
often cannot be avoided. Transmission of pathogens and existence of stress factors for the development of 
mastitis should be minimised. 
Solutions for problems with a multifactorial background must be distinguished in short term, medium term 
and long term solutions (Spranger, 1995). Solutions differ between farms, but can generally be found in the 
following areas: 
-  milking machine: the machine as a stress factor for teats and udder, and transmission of pathogens; 
-  milking routine and milking hygiene: transmission of pathogens; 
-  housing: amount of straw for bedding, ventilation, hygiene; 
-  culling of chronically infected animals: decrease of exposure to pathogenic bacteria; 
-  ‘closed’ farming system: no introduction of diseases by new animals; 



- nutrition: amount of roughage, equilibrium of energy and protein in the rumen, minerals, trace elements 
and vitamins, milk production goal; 

-  animal handling: man-animal relationship, stress, quietness, attention; 
- animal breeding: other goals instead of only milk and meat; line breeding. 
 
Characteristics of Staphylococcus aureus 
Staphyloccus aureus is a animal-related micro-organism that is ubiquitaryly present. It can be found on the 
skin of the cow, in external orifices, in the environment, on the skin of the farmer, on animals other than 
cows, on equipment and in the air (Roberson et al., 1994). Transmission of the pathogen between cows 
within the herd occurs mainly during milking time. About six rounds after milking of an infected animal, S. 
aureus can still be isolated from the milking liner (Blowey and Edmondson, 1995). Fingerprinting of DNA 
showed, that within each herd only a few (1 to 3) selective strains can be found. Even between non-related 
herds similar strains are found (Lam et al., 1996). 
Mastitis caused by S. aureus is mostly subclinical. Lam et al. (1996) found that in a herd with 40 cases of S. 
aureus mastitis, only 5 were clinical, the others were subclinical. Clinical mastitis was defined as changes in 
milk-structure and/or a higher temperature of the quarter. Besides, the udder of a high percentage of non-
lactating heifers is already infected with Staphylococcus aureus. The moment of infection is not known. 
Antibiotic treatment of (sub)clinical S. aureus mastitis during lactation is not very successful. Dry cow 
therapy with antibiotics has a higher cure rate, but the result decreases with an increasing parity. The poor 
cure cate of antibiotic therapy is caused by several properties of the pathogen. Staphylococcus aureus has 
developed several mechanism to survive in tissues and white blood cells. Secondly, although is has not 
changed in the last decade, resistance of S. aureus against several antibiotics has been developed. 
In The Netherlands surveys were made on the subclinical udder health status. The prevalence of S. aureus 
decreased from 1973 to 1985, but was the highest compared with other bacterial species (Vecht et al., 1987). 
 In a survey made by the Louis Bolk Institute S. aureus was the most prevalent organism in udder quarter 
milk (Figure 1). In an epidemiological study on 300 farms Barkema et al. (1997) concluded ,that, although 
no correlation between the incidence rate of clinical mastitis and BMSCC was found, the incidence of 
clinical S. aureus mastitis increased with the level of BMSCC. 
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Outbreak of Staphylococcus aureus (non-organic herd) 
The Dutch Friesian cows are housed in a tying stall. Mean milk production is high (approx. 9000 kg 
milk/cow/year) and the cows are milked 3 times a day. The farm has a long period (over ten years) of a 
constant BMSCC of about 150.000 cells/ml. DCT and PMDT were not used at all. The incidence of clinical 
mastitis is low. 
In 2 to 3 months time BMSCC increased rapidly (Figure 2). Staphylococcus aureus was isolated from 80% 



of the quarter milk samples taken of cows with a high SCC at the last milk recording. An analysis of the 
heifers showed, that during the lactation there was an increase of individual cell-count. The percentage of 
heifers with a healthy udder (defeined as SCC <100.000 cells/ml) decreased at the same time (Table 1). 
 
Antibiotic treatments of affected animals did not improve the situation. Neither did culling of the animals 
with highest SCC solve the problem, because a permanent flow of newly infected animals existed. Dynamic 
measurement of the milking machine and examination of the milking technique showed vacuum fluctuations, 
a too slow milk removal from the udder and wet teats after milking. The advice was to install larger claws, 
because the milk flow was too high in relation to the claw. 

Although a flare-up of an endemic infection may be the origin of the problems, the farmer assumes, that the 
a new more virulent strain of S. aureus was brought into his herd from a neighbour farm. Transmission was 
possible because one of the milkers also milks at the neighbour farm. At this farm there was also an outbreak 
of S. aureus some weeks earlier. This example shows that, if many susceptible cows are present, the 
character of an outbreak is very similar to a primary infection as BHV1 (the causal organism of Infectious 
Bovine Rhinotracheitis).  If no inhibition of transmission by PMDT is practised, spread of the infection can 
occur rapidly. 

Outbreak of S.aureus
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Table 1. Individual SCC (heifers) and percentage of heifers with SCC lower than 100.000 cells/ml in relation 
to days after calving 
 
days after calving SCC percentage 
   x 1.000  

    6-50 184 63% 
  51-100 276 44% 
101-150 429 21% 
151-200 469 20% 
201-300 559 4% 

 
 
 
 
 



Case study of nine successful organic herds 
 
Starting January 1 1994 calculation of EC BMSCC regulatory limit changed from a geometric mean of three 
four-weekly measurements to a single four-weekly sample with BMSCC >400,000 cells/ml. Additionally, 
bulk milk penalties on milk price in The Netherlands have been doubled in 1996. Furthermore, when the 
geometric mean BMSCC of the last three deliveries is >500,000 cells/ml, milk will not be used for human 
consumption. Forty of the approx. 100 organic dairy farms in The Netherlands deliver the milk to the organic 
milk factory ‘De Vereeniging’. Bulk milk SCC of those farms decreased in the last five years (Figure 3). 
With of arithmetic mean of about 270,000 cells/ml in 1995 and 1996, BMSCC of the 40 organic herds is still 
higher than BMSCC of conventional dairy herds (approx.  200,000 cells/ml). 
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Bulk milk SCC of the 40 organic dairy herds was not significantly correlated with the housing system (Table 
2). The variance in BMSCC of the deep litter barns was largest. The worst and the best farms are found in 
this type of stable. Our findings coincide with what Krutzinna et al. (1996) describe about the German 
situation (Table 2). 
 
 
Table 2.  Bulk milk somatic cell count (BMSCC x 1000 cells/ml) and housing system of the lactating 
cows of 40 Dutch and 230 German organic dairy farms. 
 
Housing system  # farms1 BMSCC SD BMSCC  

   Netherlands2  Germany3 

Tying stall  12 259 54.8 261 
Cubicles    8 288 84.5 258 
Deep litter  20 317 92.1 352 
 
1 Number of farms in the Dutch study. 
2 Calculated over 1994 to 1996. 
3 Calculated over 1990 to 1992 (Krutzinna et al., 1996). 



 
Herds successful in decreasing BMSCC 
In the group of 40 organic dairy farms 10 farms had a history of a successful decrease of their BMSCC. The 
farmers were asked what they considered the base of their success. At one of these farms it was clear that 
almost all udders were infected with Streptococcus agalactiae. After a so-called Blitz therapy (Loeffler et al., 
1995) (all infected animals received intramammary antibiotic therapy) this pathogen was eradicated from the 
farm and the BMSCC decreased dramatically. On the other 9 farms S. aureus was isolated from udder 
quarters, sometimes together with Streptococcus uberis. 
 
Farm 1  (figure 4) 
Milking on the farm is performed by mental and social handicapped people. This work is controlled by the 
farmer. Among the personnel, the different kinds of work in the stable (milking, feeding, etc.) rotate every 
two weeks, which means that there is a regular change in milking routine. Originally the cows were housed 
in a tying stall. Figure 4 shows the development of BMSCC. At time 1 PMTD was introduced. At time 2 the 
cows were housed in a new deep litter stable. Milking was still done with the old machinery. At time 3 the 
milking machine was revised: larger pipe size, larger capacity of the vacuum pump, resulting in a shorter 
milking time. At time 4 a change was made from total DCT to selective DCT, PMTD is still practised. 
In November 1996 the milking technique was documented. The cows were milked by two workers, each 
using one cluster. The interval between premilking treatment and attachment was too long and irregular in 
length. Most of the time blind milking occurred. Nevertheless a constant and low BMSCC is the result. 
According to the farmer the improvement of the milking machine was the most important factor in the 
control of the BMSCC. 
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Farm 2  (figure 5) 
The animals are housed in an old cubicle stall. A dynamic measurement of the milking machine was 
performed. The milking machine showed irregular vacuum fluctuations during milking. The vacuum buffer 
was increased and BMSCC decreased rapidly. According to the farmer the udders were now better milked 
empty and the teats were no longer wet and purple at the end of milking. 
 



Farm 3  (figure 6) 
At this farm the Holstein-Friesian cows were originally housed in a tying stall. In 1994 a new deep litter 
stable and a new milking parlour were built. Directly after these changes were made BMSCC decreased. 
Data were only available from a period before and after the change. At the tying stall rest milk and purple 
teats after milking were a problem. The vacuum fluctuation in this milking system was too high, because too 
small claws and pipes. In the new milking parlour the udder quality improved. At the farm no PMTD and 
only selective DCT in animals that had clinical mastitis in the preceding lactation were used. 
 
 
 
Farm 4  (figure 7) 
The Dutch Friesian cows are housed in an old tying stall. In the middle of 1994 BMSCC decreased rapidly 
to one of the lowest levels as compared with other organic farms. No explanation was found for this result. 
Since 1985 the cows are only treated by homeopathic remedies. The farm has a very poor hygiene. Animals 
are all treated with the same wet towel before milking. The milking machine is very old and badly 
controlled. At this farm no DCT and no PMTD are practised. 
 
Farm 5  (figure 8) 
The Holstein-Friesian cows are housed in cubicles with a lot of straw refreshed each day. At a dynamic 
measurement of the milking machine at time 1 irregular vacuum fluctuations were found. The pulsators were 
renewed as well as the claws and milk liners (resulting in better milk removal). At the same time all animals 
received complete DCT at the end of the lactation. At time 2 total DCT changed to selective DCT of animals 
with high SCC. At time 3 PMTD was introduced. Nowadays the farm maintains an acceptable BMSCC by 
means of fast culling of cows with chronic subclinical mastitis, dry testing of the milking machine (2 
times/year), selective DCT and total PMTD.  
 
 
Farm 6  (figure 9) 
The red Holstein-Friesian cows are housed in a deep litter barn. At the end of 1994 BMSCC increased 
sligthly. Pulstators were all checked and repaired. At time 1 again the pulsators were repaired. At time 2 the 
place of the pulstators was changed to a drier area of the milking parlour and an electronic pulsation system 
was installed. The old pulsators were completely corroded during the last 3 years. At this farm no DCT and 
no PMTD are practised. 
 
Farm 7  (figure 10) 
The red Holstein-Friesian cows are housed in a deep litter barn. According to the farmer several years ago 
BMSCC increased and started to fluctuate when two in stead of only one milker were working at the farm. 
Dry testing of the milking machine never was performed. In 1994 the farmer had to cull 50% of his 40 cows 
because of subclinical mastitis. A dynamic measurement of the milking machine showed that the vacuum 
capacity of the system was not sufficient. Irregular vacuum fluctuations during milking time were present. 
Milk removal from the udder was not good enough. In the beginning of 1995 the farmer decided to invest 
ECU 9.500,- to improve his milking parlour. In two steps the vacuum capacity was increased and bigger 
claws were installed. At the same time PMTD was introduced. The udder quality improved strongly and 
BMSCC decreased.  
 
 
Farm 8  (figure 11) 
The Holstein-Friesian cows are housed in cubicles. After an increase of BMSCC up till 1993 (Figure 12) the 
farmer changed several things in his management. The milking machine was tested via dynamic 
measurement. The vacuum regulation was irregular. This has been improved, but since that time also PMTD 
plus DCT of all cows were introduced. Because of the herd did not have any problems with BMSCC during 
the last years, the farmer fears to stop with the antibiotic treatments. 
 



 
Farm 9  (figure 12) 
Originally the cows of the Blaarkop breed were housed in a tying stall. Bulk milk SCC fluctuated between 
200,000 and 500,000 cells/ml. At time 1 a completely new loose housing (sloping floor with straw), 
including a new milking parlour were built. The udder quality decreased also because of starting problems in 
the new barn. At time 2 the farmer decided to change his management and used DCT of all cows and PMTD. 
Bulk milk SCC dropped to approximately 100,000 cells/ml. 
 
At these nine farms the control and improvement of the milking machine played an important role in the 
reduction of BMSCC. In this group of organic dairy farms of the complex of factors predisposing to mastitis 
the quality of the milking machine was very important. If problems with (sub)clinical mastitis arise via a 
dynamic measurement irregularities of the milk vacuum can be found. Important to control were: 
- vacuum capacity of the pump; 
-  milk removal from the udder and size of the claws; 
-  vacuum regulation and stability (size of pipes). 
 
Post-milking teat disinfection was also an important factor in preventing infection of the udder of four of the 
nine organic dairy farms. In general one can say that organic farmers who have started to use DCT of all 
cows, but also conventional farmers who are converting to organic farming have problems to stop with the 
use of antibiotics. Although it is in conflict with the organic standards, farmers continue the use of DCT. 
 
 
Nutrition 
 
In the control of mastitis the role of nutrition is often not included. In general the mastitis control program 
consists of hygienic measures, quality of the milking machine and milking technique, PMTD, DCT of all 
cows, treatment of clinical mastitis with antibiotics, and culling of chronically infected cows (Neave at al., 
1968). In the short term control of mastitis it is also important to look at the role of nutrition as one of the 
predisposing factors. To improve the specific and non-specific immune reaction on a bacteriological 
infection the energy and protein level and several minerals and trace elements might be important (Weiss et 
al., 1990). Especially in the first weeks after calving the animals do have a negative energy balance. The 
intake of feed stuffs is too low in relation to the milk production. Therefore the period after calving is an 
important period of stress for the animals, especially heifers. 
Several organic farmers only feed a low level of concentrates. Krutzinna et al. (1996) reported that in 
Germany 50% of the organic dairy farmers do not buy any roughage or concentrates. Only 53% of the 
farmers use a conventional mix of minerals, the others use a mix of foliage hay, herbs and vegetables or 
yeast. This is different from the Dutch situation, where in the bought concentrates a mixture of minerals, 
vitamins and trace elements is supplemented.  
In organic dairy farming, without any supply from fodder or minerals from outside the farm, a risk of 
shortage of several minerals and trace elements exists. An example is one of the mixed organic farms (farm 
10) where no concentrates at all are fed. At this farm there is a long history of elevated BMSCC. The last 
years not only BMSCC gave problems, but there were also problems with fertility and retained placenta. 
Heifers that had calved at the age of 2.3 years developed very quickly a high SCC as compared with heifers 
who calved at an older age (2.9 years). This tendency could also be found at second calving animals. This 
farm is situated in the new polder area of the Netherlands on a heavy clay soil. Potassium and pH of the soil 
are high, phosphate status is low. The cows are only fed grass/clover, lucerne and hay from a nature area. 
Because of the demand of fresh milk the farmer has a peak in calving in the months August to October. 
Bulk milk SCC went up to over 1,000,000 cells/ml in 1991. From the beginning it became clear that the 
milking machine was not functioning very well. After control of this problem since 1991 BMSCC decreased 
mainly because of culling of problem animals and later because of improved hygiene (paper towels and dryer 
walking areas). Since 1994 BMSCC fluctuates at a level of about almost 250.000 to 300.000 cells/ml. 
Measurements of urea in bulk milk of this farm showed that there is a high surplus of protein in the diet of 
the animals. Values in between 35 and 45 mg/litre are a signal for a shortage of available energy in the diet. 



Also bloodsamples were taken for Zinc, Selenium (via GSH-Px) and Copper. Zinc was at an acceptable, but 
low level, Selenium was very low in all groups and copper was (very) low in young stock and heifers (Table 
3). 
 
 
Table 3. Trace-elements in blood of different animals of farm 10 
 
Group    Zn Se (GSH-Px) Cu 
 
Young stock   13 23 5 
Heifers    15 47 3 
Older cows   13 46 10 
 
Recommended level:  12 - 23 120 - 350 7.5 - 18 
 
In a clinical trial on a conventional dairy farm with high yielding Holstein cows, Schukken et al. (not yet 
published) found a significant effect of Selenium/vitamine E supplementation on the health status of the 
animals. Looking at this result in relation to our findings in low-input dairy systems this means that on low 
as well as on high levels of animal production an equilibrium has to be found between production figures and 
health figures. In organic farms with no or a very low level of concentrates in the diet, and in farms with only 
home grown concentrates, trace element levels might be too low. If there are problems in the soil to deliver 
enough minerals and trace elements to the plant and there is no extra supplementation of these elements by 
bought concentrates, organic farmers should look very well after the supplementation of these elements by 
mixtures of minerals or herbs. 
Besides the importance of minerals and trace elements it is necessary to look after the energy level in de diet 
especially in the first 6 - 8 weeks of the lactation. A shortage of energy can be strengthened by a surplus of 
protein. This situation is easily reached in a clover rich diet and will lead to high levels of urea in blood and 
urine.  
To improve the immunity reaction in organic farming via nutrition special attention should be paid at several 
levels of nutritional values (Van der Brug, 1996). The following levels are recommended: 
 

bloodlevel norms: 
- ketonebodies (shortage of energy) < 0.07 mmol/l 
-  urea (shortage/surplus of protein) 3.3 - 6.6 mmol/l 
-  in combination with protein/fat - ratio  
-  Selenium via GSH-pX 120 - 350 U/g Hb 
-  Copper   7.5 - 18.0 μmol/dl 
-  Zinc   12.0 - 23.0 μmol/dl 
-  Iron   27 - 45 μmo/dl 
-  Beta-carotene (Vitamin A)  200 μg/dl 
-  Vitamin E   via Selenium  
 
 
Conclusions  
 
Because the health status of animals is a fluctuating equilibrium, under organic conditions the milking 
machine and the animal diet are important predisposing factors for the development of subclinical mastitis. 
Organic dairy farms differ from conventional dairy farms. However, if problems with BMSCC will arise, 
factors like hygiene, milking technique, milking machine, nutrition, and culling of problems cows, should be 
examined. 
To develop instruments for maintaining an equilibrium on BMSCC it is also necessary to obtain more 
knowledge about the ecology of the contagious bacteria, Staphylococcus aureus.  Knowledge about 



spreading of this bacteria within a farming system should be further developed and the question why heifers 
before calving already are infected by S. aureus  must be studied. 
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