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INTRODUCTION 
 

Despite considerable research effort, mastitis remains the most costly disease in dairy cattle (Bradley, 
2002). Economical losses are due to - in arbitrary order - suboptimal milk production, extra labour, treatment and 
drug costs, veterinary fees, early culling, discarded milk, death, production problems encountered by the dairy 
processors (Smith and Hogan, 2001), decreased fertility (Barker et al., 1998; Schrick et al., 2001; Santos et al., 
2004), and reduced shelf life (Barbano, 2004). In addition, the general public has become more and more 
concerned about animal welfare. In that respect, one should not ignore (per)acute mastitis (Bradley, 2002). 

The "standard mastitis control plan", as proposed by Neave et al. (1969), has had considerable success in 
reducing the prevalence of subclinical and clinical mastitis in dairy herds where it has been applied (Bradley, 
2002), and comprises 5 points: appropriate treatment of clinical mastitis, culling of chronically infected cows, 
post-milking teat disinfection, correct maintenance and use of the milking equipment, and application of blanket 
dry cow therapy. The "5-point program", as it is usually referred to, has helped to control the contagious mastitis 
pathogens Streptococcus agalactiae, and to a lesser extent, Streptococcus dysgalactiae and Staphylococcus 
aureus, resulting in a decrease of the average bulk milk somatic cell count. The program was, however, less 
effective in the fight against environmental pathogens, and has, for that reason, been extended by the National 
Mastitis Council (NMC - A global organization for mastitis control and milk quality) towards a 10-point 
"recommended mastitis control program". This extended program emphasises maintenance of a clean and 
comfortable environment, besides goal setting for udder health, good record keeping, regular monitoring of the 
udder health, evaluation of the implemented control programs, and the aforementioned 5 points (NMC, 2001). 

Still, since some years, in many countries that have adapted these control programs, coagulase-negative 
staphylococci (CNS) have become the predominant mastitis pathogens found in milk samples (Smith and Hogan, 
2001). They are the most prevalent pathogens causing intramammary infections (IMI) in pre- and postpartum in 
dairy heifers (Oliver and Mitchell, 1983; Pankey et al, 1991; Fox et al., 1995).   Additionally, CNS are cultured 
from clinical mastitis samples, which is rather unexpected as they have historically been seen as minor pathogens 
with only a slight impact of somatic cell count and milk production. Some authors have even called them 
“emerging pathogens”, also because resistance against antibiotics and biocides seems to be frequently present. 
On the other hand, some authors have reported protective effects of CNS (Linde et al., 1980; Lam et al., 1997, 
De Vliegher et al., 2003, 2004), indicating that our understanding of their importance is still very limited. This is 
probably caused by the fact that differentiation of the different species within this large group of staphylococci 
seems to be very difficult (Devriese et al., 2002), explaining part of the confusion. Still, all these conflicting and 
new findings urge us to re-evaluate what we know about CNS. Research focussing on all characteristics both in 
vivo and in vitro is needed. 

 
STAPHYLOCOCCI   

 
Staphylococci are gram-positive cocci distinguished from streptococci by the fact they are catalase 

producers. Catalase converts hydrogen peroxide into water and gaseous oxygen (Quinn et al., 2002). 
Staphylococci tend to be arranged in irregular clusters or “bunches of grapes”  as can been seen in Figure 1. 
Based on the coagulase test (slide coagulase test or tube coagulase test), they are divided into the coagulase-
positive and coagulase-negative species. The coagulase-positive species are able to convert rabbit plasma 
fibrinogen into fibrin by the coagulase enzyme, whereas coagulase-negative species are not producing this 
enzyme. 
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Figure 1: Electron microscopic image of staphylococci (Source: www.unpisi.it/images/stafilococco.jpg). 

 
COAGULASE-POSITIVE STAPHYLOCOCCI  (CPS) 
 

Staphylococcus hyicus, Staphylococcus intermedius and Staphylococcus aureus are well known 
coagulase-positive species and are considered to be major pathogens. The first one has the special feature that 
some strains are variable coagulase-positive and other are not, although a majority of isolates are positive in the 
coagulase test. S. hyicus isolates are causing exudative epidermitis in pigs (“greasy pig disease” ).  S. intermedius 
has also been shown to be an invasive pathogen causing skin, urinary tract, bone, and central nervous system 
infections in several animal species. S. aureus is still one of the most important mastitis causing pathogens in 
dairy cows (Barkema et al., 2006). S. aureus-mastitis can be combated successfully with the “standard mastitis 
control plan” as proposed by Neave et al. (1969), but eradication is not feasible. 
 
COAGULASE-NEGATIVE STAPHYLOCOCCI  (CNS) 

 
Historically, CNS have been referred to as minor or secondary pathogens of the mammary gland.  The 

group of CNS consists of at least 40 different species and subspecies (Devriese et al., 2002). They are considered 
to be “ teat skin opportunists”  (Sears and McCarthy, 2003). Several studies have differentiated the different 
species: Staphylococcus xylosus, Staphylococcus chromogenes, and Staphylococcus warneri were the 
predominant flora isolated from the teat skin from 10 heifers that were sampled repetitively over time (Boddie et 
al., 1987). Devriese and De Keyser (1980) sampled teat apices from 30 cows and found that 81, 42, 34, and 21% 
were colonized with S. xylosus, Staphylococcus sciuri, S. warneri, and Staphylococcus haemolyticus, 
respectively. In another study, the percentage of teat skin samples colonized by S. xylosus, S. warneri, and S. 
chromogenes was 23, 23, and 22%, respectively (White et al., 1989). The prevalence of positive teat orifices 
from heifers sampled approximately 2 weeks prior to calving was as follows: 28% S. chromogenes, 3.5% 
Staphylococcus simulans, 2.8% Staphylococcus hominis, and 2.1% Staphylococcus epidermidis (Matthews et al., 
1992). Some CNS, e.g. S. xylosus, Staphylococcus cohnii, Staphylococcus saprophyticus and S. sciuri, seem to 
be common in the cows' environment (Matos et al., 1991). 

Coagulase-negative staphylococci are also causing IMIs, as already mentioned before. A wide variation in 
the distribution of CNS species causing IMI has been reported: S. chromogenes and S. hyicus (Boddie et al., 
1987; Trinidad et al., 1990), S. xylosus and S. simulans (Myllys, 1995), and S. chromogenes, S. simulans, and S. 
epidermidis (Aarestrup and Jensen, 1997), respectively, account for most of the CNS IMI in heifers prepartum. 
At calving, S. chromogenes and S. simulans are the most prevalent species (Matthews et al., 1992), whereas S. 
xylosus, S. hyicus, and S. simulans were reported to be the most prevalent CNS in early lactation (van der Meer 
et al., 1993; Myllys, 1995; Aarestrup and Jensen, 1997). 

 
LABORATORY DIAGNOSTIC PROCEDURES AND SPECIES DIFFERENTIATION 
 

As mentioned before, CPS are distinguished from the CNS using a coagulase test. On blood-agar both S. 
intermedius and S. hyicus colonies are white (non-pigmented) compared with the pigmented colonies of S. 
aureus. S. aureus produces large, smooth, entire pigmented colonies on blood-esculin agar. Pigmentation is 
creamy, greyish-white, tan or golden-yellow. Haemolysis at 24 hours is characterized by a broad, distinct zone of 
incomplete haemolysis, which may be accompanied by a narrower clear zone of complete haemolysis extending 
2 mm or more from the edge of the colony (Fig. 2). Gram staining reveals gram-positive cocci in pairs or 
irregular clusters or bunches of grapes (Hogan et. al., 1999). 
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Figure 2: Staphylococcus aureus growing on blood agar (Source: www.remelinc.com/Images/Hurricane/SaurBA.jpg). 

 
Coagulase-negative staphylococci produce large, smooth, entire colonies that are white (un-pigmented), 

creamy, greyish-white, tan or golden-yellow (Figure 3). Colonies of some species may have a rough, irregular 
appearance and generally have no haemolysis or may produce a narrow (< 2 mm) diffuse zone of complete 
haemolysis at 24 hours. A few species will produce a larger, diffuse zone of incomplete haemolysis, not to be 
confused with the sharp-bordered zones of haemolysis displayed by S. aureus isolates. Gram-staining will reveal 
gram-positive cocci in pairs, tetrads or irregular clusters (Hogan et. al., 1999).  

 
Figure 3: Several CNS-species growing on blood agars (Source: S. De Vliegher). 

 
The divergent CNS distribution mentioned in the studies above (Devriese and De Keyser, 1980; Boddie et 

al., 1987 White et al., 1989; Trinidad et al., 1990; Matos et al., 1991; van der Meer et al., 1993; Myllys, 1995; 
Aarestrup and Jensen, 1997) can be associated with different herd management practices (e.g. post-milking teat 
disinfection), and cow- (e.g. age at sampling, housing) and quarter-level factors. In addition, difficulties 
encountered in CNS differentiation to species level and the use of different identification schemes or systems 
also play a role. Although simplified methods have been proposed for mastitis associated samples (Kloos and 
Schleifer, 1975; Devriese et al., 1994), identification remains difficult (Devriese et al., 2002). This is also the 
reason why routine veterinary laboratories do not usually identify CNS at the species level or use simple 
diagnostic tests like DNAse activity to differentiate clusters of CNS (Figure 4). Caution in comparing the results 
between studies using different systems or methods is therefore needed (Bes et al., 2000).  

 

 
Figure 4: DNAse test performed on a DNAse agar (Source: S. De Vliegher). 

 
Reliable identification methods that are fast and accurate remain a necessity. Recently, it was shown that 

tDNA-intergenic spacer PCR was very accurate in identifying S. chromogenes (Devriese et al., 2002). Internal 
transcribed spacer PCR, based on the polymorphism of the 16S-23S rDNA spacer region, was an adequate tool 
for the identification of staphylococcal species mainly of human origin (Mendoza et al., 1998) and from cases of 
bovine mastitis (Bes et al., 2000). Newer studies have focussed on sequencing of genes like the rpoB gene 
(Drancourt and Raoult, 2002; Zadoks et al., 2006), 16S rRNA gene and/or tuf gene (Heikens et al., 2005; 
Alexopoulou1 et al., 2006). Zadoks et al. (2006) concluded that when DNA-sequence based species 
identification is taken as gold standard, phenotypic identification is unreliable. For studies aimed at 
understanding the impact of CNS species on milk quality and udder health, DNA-sequence based speciation is 
preferable. 
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PREVALENCE OF IMI  DUE TO CNS 

 
It is common in well-managed herds (using teat dipping and dry cow therapy) to find 10-20% of quarters 

infected with CNS. Prevalence tends to be higher in first lactation cows than older cows. All cows will have a 
higher prevalence of CNS infections, which decline rapidly over the first week or two of lactation. This decline 
early in lactation is presumed to be an elimination of some teat canal infections.  

In Belgium, e.g., it was recently concluded that the majority of subclinical infections are caused by CNS 
species (Piepers et al., 2006). Around 10% of all quarters from all cows on more than 1000 herds were culture 
positive for CNS.  When sampling cows with an elevated somatic cell count, it was concluded that 
approximately 40% of the IMIs were caused by CNS.  

In 2004, 42.2% of the isolated bacteria from non-clinical milk samples submitted for bacteriological 
examination to the Dutch Animal Health Service were CNS. In Finland, CNS was also the most commonly 
isolated bacterial group in the surveys of 1995 and 2001 (Myllys et al., 1998; Pitkälä et al., 2004) 

Coagulase-negative staphylococci are the most predominant pathogens causing IMIs in heifers, before 
calving, at calving and in early lactation (Meaney, 1981; Oliver and Mitchell, 1983; Trindidad et al., 1990; 
Timms and Schultz, 1987; Pankey et al., 1991; Matthews et al., 1992; Oliver et al., 1992; van der Meer et al., 
1993; Roberson et al., 1994; Fox et al., 1995; Myllus et al.,  1995; Nickerson et al., 1995; Aarestrup et al., 1997; 
Oliver et al., 1997; Oliver et al.,  2004). In Flanders, current research shows the same trends with a majority of 
the IMs being caused by CNS (Table 3). A common finding in all studies is the fact that the prevalence of CNS 
infections decreases after some days in lactation. 

Surprisingly, CNS are also cultured from milk samples taken from clinical mastitis cases (Zadoks et al., 
2006). In Flanders, Belgium, for instance, more than 16% of all such milk samples were CNS positive and no 
other pathogen could be cultured. In the Netherlands in 14.1% of clinical mastitis cases CNS were isolated. 

 
EPIDEMIOLOGY AND PATHOGENESIS OF CNS IMI 

 
Most CNS are neither contagious nor environmental but are more likely to enter the mammary gland from 

teat skin where they commonly reside. Therefore, they are called “ teat skin flora opportunists” . Certain 
staphylococcal species such as S. xylosus, S. sciuri and S. saphrophyticus appear to be free-living in the 
environment, though these species do not seem to be a frequent cause of IMI in most herds. The latter species are 
novobiocine-resistant. It seems as if the novobiocine-sensitive species are more present on the teat skin and in 
the milk. More research based on molecular identification should clarify the epidemiological importance of the 
different species within the large CNS group. 

 
CONCLUSIONS 
 

Implementation of the standard mastitis prevention program has led to a decrease in prevalence of 
contagious pathogens and of bulk milk somatic cell counts in many countries. As a result of the decrease in 
prevalence of major pathogens the relative importance of CNS has increased. The CNS are very prevalent in 
milk samples from heifers and are more prominently present in early lactation compared to later in lactation. 
Differentiation of CNS from CPS is based on the production of coagulase by the CPS. The latter are also seen as 
major pathogens whereas the CNS are historically seen as minor pathogens. However, they seem be causing 
clinical mastitis as well, which is rather unsuspected. Research should focus on this issue, and should preferably 
be based on molecular identification methods to differentiate species. As CNS have mostly been studied as a 
group, the epidemiology of the different species is not well understood and a lot of questions remain. Some 
species seem to be contagious in nature whereas others seem to be free living in the environment.  
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Table 1: Prevalence of staphylococci in Flanders, Belgium calculated on 44,667 milk samples taken from all 
lactating cows on more than 1000 dairy Flemish herds between 2000 and 2002 (Piepers et al., 2006). 
Year Level n pos. % pos.  Herd prevalence (%) 

    tot. 1 tot.2  mean median IQR3 range 

Cow 6408 39.0  39.1 36.8 26.9 - 50.0 5.2 - 92.7 

   Quarter 10,602 16.1  16.2 13.9 9.6 - 20.1 1.3 - 60.6 

     S. aureus 2027 3.1  3.2 1.8 0.7 - 4.2 0 - 40.3 20
00

 

     CNS 5996 9.1  9.2 7.4 4.5 - 11.5 0 - 50.0 

         Cow 6791 41.7  42.1 39.5 39.5 - 51.7 6.3 - 100 

   Quarter 11,236 17.2  17.4 15.2 15.2 - 21.5 3.0 - 83.6 

     S. aureus 2148 3.3  3.6 2.1 2.1 - 4.1 0 - 45.0 20
01

 

     CNS 6460 9.9  10.2 8.2 8.2 - 12.5 0 - 76.9 

         
Cow 5150 43.0  10.9 10.2 7.7 - 13.5 2.0 - 25.0 

   Quarter 8637 18.1  18.4 15.9 11.1 - 22.8 2.0 - 84.6 

     S. aureus 1432 3.0  3.1 1.8 0.9 - 3.8 0 - 32.1 20
02

 

     CNS 4961 10.4  10.6 7.8 4.8 - 13.2 0 - 63.5 

        
Cow 18,349 41.1  41.4 39 29.3 – 52.1 5.3 - 100.0 

   Quarter 8659 17.1  17.2 15 10.4 – 21.3 1.3 - 84.6 

     S. aureus 5607 3.1  3.2 1.9 0.8 – 4.0 0 - 42.8 O
ve

ra
ll 

     CNS 17,417 9.7  9.9 7.9 4.6 - 12.3 0 - 76.9 
1Total number of culture-positive cows/quarters. 
2Percentage of total cows/quarters. 
3Interquartile range. 
4Candida, Bacillus spp., Pseudomonas aeruginosa, Pasteurella spp., gram-negative bacteria. 
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Table 2: Distribution of staphylococci in cows with an elevated somatic cell count in Flanders, Belgium (Piepers 
et al., 2006) . 
 Year 

Level 2000 2001 2002 Overall 

 N 
pos.  

% pos.  % 
pos. 

N pos.   % pos.   % 
pos. 

N pos.  % pos.  % 
pos. 

N pos.  % pos.  % 
pos. 

  tot.1 tot.2 inf.3 tot. tot. inf. tot. tot. inf. tot. tot. inf. 

Cow 1531 62.9 ... 1321 66.2 ... 1282 65.3 ... 4134 64.7 ... 

   Quarter 2872 29.5 ... 2513 31.5 ... 2386 30.0 ... 7771 30.4 ... 

      S. aureus 787 8.1 27.4 678 8.5 27.0 481 6.1 20.2 1946 7.6 25.0 

      CNS 1077 11.1 37.5 971 12.2 38.6 1144 14.4 47.9 3192 12.5 41.1 
1Total number of culture-positive cows/quarters. 
2Percentage of total cows/quarters. 
3Percentage of infected quarters.  
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Table 3. Heifer- and quarter-level prevalence of intramammary infections in early lactation in Flanders, Belgium. 
  Level Days after milking 
  Between day 1 - 4   Between day 5 - 8 
    n %pos.tot %pos.inf.   n %pos.tot %pos.inf 

         
Culture-negative Heifer 11 17.7 …  11 17.7 … 
    Quarter 117 52.2 …  138 62.7 … 
         
CNS Heifer 41 66.1 80.4  34 54.8 66.7 
    Quarter 85 37.9 79.4  57 25.9 69.5 
         
S. aureus Heifer 5 8.1 9.8  3 4.8 5.9 
    Quarter 6 2.7 5.6  3 1.4 3.7 
         
S. agalactiae Heifer 1 1.6 2.0  0 0 0 
    Quarter 1 0.4 0.9  0 0 0 
         
Esculin-positive cocci Heifer 4 6.5 7.8  6 9.7 11.8 
    Quarter 5 2.2 4.7  6 2.7 7.3 
         
C. bovis Heifer 2 3.2 3.9  6 9.7 11.8 
    Quarter 3 1.3 2.8  6 2.7 7.3 
         
Other Heifer 6 9.7 11.8  7 11.3 13.7 
    Quarter 8 3.6 7.5  10 4.5 12.2 
 


