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List of abbreviations used in this thesis: 

BMSCC = bulk milk somatic cell count
BW = body weight
CAMP = Christie, Atkins, Munch-Petersen reaction
CFU = colony forming unit
CI = confidence interval
CLSI = Clinical and Laboratory Standards Institute
CM = clinical mastitis
CNS = coagulase-negative staphylococci
CSCC = cow somatic cell count
df = degrees of freedom
DHI = dairy herd information
DIM = days in milk
DNA = desoxyribonucleic acid
GD = Dutch Animal Health Service
HSCC = high somatic cell count
IMI = intramammary infection
IQR = inter quartile range
LNSCC = natural logarithm of somatic cell count
LSCC = low somatic cell count
LSM = least square means
MARAN = monitoring of antimicrobial resistance and antibiotic usage in

animals in The Netherlands
MI = misidentified
MIC = minimum inhibition concentration
ML = macrolide-lincosamide (resistance)
MRSA = methicillin resistant Staphylococcus aureus
MRSE = methicillin resistant Staphylococcus epidermidis
NMC = National Mastitis Council
PCR = polymerase chain reaction
PubMed = national library of medicine
PVP = predictive value positive
SD = standard deviation
SE = standard error
SCC = somatic cell count
SCCmec = Staphylococcal cassette chromosome
UI = unidentified
UGCN = Dutch udder health centre
QSCC = quarter somatic cell count
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Introduction

Mastitis is one of the most important diseases in dairy cattle, resulting in significant

losses (Halasa et al., 2007). Economic losses caused by clinical mastitis are

estimated at € 210 per case ranging from € 164 to € 235 depending on the month

of lactation (Huijps et al., 2008). The economic losses of subclinical mastitis are mainly

caused by decrease of milk quality and lower milk production and will cost a Dutch

dairy farmer on average € 53 per cow present on a farm with a bulk milk somatic cell

count (BMSCC) <100,000 cells/ml per year and € 182 per cow on a farm with a

BMSCC >400,000 cells/ml per year (Huijps et al., 2008). Given the large number of

cows with clinical mastitis, on average 30 cases/100 cows per year, in the huge

variation in that incidence (van den Borne et al., 2008) there certainly is room for

improvement in this field in many herds. Mastitis does not only cause economic

losses, it also impairs milk quality (Barbano et al., 2006), disturbs the milking routine

(Jansen et al., 2008), and it is painful (Kemp et al., 2008). Mastitis is a multifactorial

disease which is hard to manage. Numerous management factors, such as housing

facilities, milking procedures, feeding programmes, and treatment regimes influence

udder health on a dairy farm (Sampimon et al., 2008).

More than 100 bacterial species can cause bovine mastitis (Smith and Hogan,

2001). Mastitis pathogens are traditionally classified in two groups, those that behave

as a contagious pathogen, spreading from cow to cow, and those that infect cows

from the environment. Of the most frequently isolated major udder pathogens,

Escherichia coli, Klebsiella spp. and Streptococcus uberis intramammary infections

(IMI) are traditionally considered to originate from the environment, while transmission

of IMI with Staphylococcus aureus, Streptococcus agalactiae, and Streptococcus

dysgalactiae is considered to be of a contagious nature. Over the years we have

learned that this is not a black and white distribution. The behaviour of for instance

Strep. uberis is hard to predict (Zadoks et al., 2003). Escherichia coli generally causes

short term infections but can also cause chronic IMI (Lam et al., 1996), and Staph.

aureus can infect cows from the environment (Roberson et al., 1994). The latter is

also the case for the group of coagulase-negative staphylococci (CNS), a group of

species that can behave in different ways and are frequently indicated as skin flora

opportunists (Woodward et al., 1987; Jarp, 1991; De Vliegher et al., 2003).

Coagulase-negative staphylococci can also cause clinical mastitis and although it is

generally assumed that this effect is limited when compared to major pathogens, IMI

with CNS can increase SCC (Jarp, 1991; Simojoki et al., 2009).
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The prevalence and distribution of pathogens causing mastitis may change over

the years; national mastitis surveillance studies provide information on the current

distribution in a country. In Finland for instance, these national surveys have shown that

the percentage of subclinical mastitis cases caused by major pathogens such as

Staph. aureus and Strep. agalactiae has decreased over the years (Pitkälä et al.,

2004). In the United Kingdom, Strep. uberis and Strep. dysgalactiae apparently

became relatively more important in recent years (Bradley et al., 2007). As a result of

the decrease of the prevalence of IMI with contagious major pathogens, the so-called

minor mastitis pathogens, especially the group of CNS, became relatively more

important in both countries (Pitkälä et al., 2004; Bradley et al., 2007). Because different

pathogens need different management approaches (Zadoks et al., 2003) these

findings indicate that it is important to conduct national mastitis prevalence studies on

a regular basis to monitor the distribution of pathogens. Since 1985 (Vecht et al., 1989),

no national mastitis surveillance studies were carried out in The Netherlands.

Control programmes such as the “five-point program” work well for control of IMI

with contagious major pathogens such as Staph. aureus and Strep. agalactiae (Neave

et al., 1969). However, these programs seem to be less effective in reducing the

prevalence of CNS IMI (Taponen and Pyörälä, 2007). Factors such as parity, stage of

lactation, breed, and numerous management practices can influence the prevalence

of pathogens. These factors, however, have rarely been studied in relation to CNS.

CNS species

For epidemiological investigations and assessment of their pathogenic significance,

accurate species identification of CNS is needed. The coagulase test determines the

difference between Staph. aureus and CNS. To differentiate CNS, morphology does not

suffice and additional testing is necessary to identify species. In the late 1970s, for that

purpose simple schemes based on enzymatic and sugar fermenting tests, and the

distinction in sensitivity for novobiocin have been developed. These tests are labor

intensive and a large number of affirmative tests had to be conducted (Devriese et al.,

1994). Over the years several new tests have been developed based on human CNS

isolates (Thorberg and Brändström, 2000; Taponen et al., 2006). The API Staph ID 32

(bioMérieux, Lyon, France) and the Staph-Zym test (Rosco, Taastrup, Denmark) are the

most frequently used commercial tests in veterinary laboratories. Although for

streptococci it was described that human Api-Strep tests were reliable for use in bovine

mastitis diagnostics (Watts, 1989), for staphylococci the validity of these tests is unknown.
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Udder health

Coagulase-negative staphylococci can cause both clinical and subclinical mastitis

(Jarp, 1991; Simojoki et al., 2009). In The Netherlands, 16% of the heifers obtain

clinical mastitis in their first lactation of which 38% will occur in the first week after

calving (Miltenburg et al., 1996; Barkema et al., 1999). Signs of clinical mastitis caused

by CNS are generally milder than in cases with major pathogens, with slight swelling

and a limited increase in rectal temperature (Pyörälä and Syvajarvi, 1987). In an

experimental study in Finland five lactating cows were infected with Staphylococcus

chromogenes. Inflammation signs such as udder swelling and clots in the milk were

10 to 100 times lower than in cows experimentally induced with E. coli (Simojoki et

al., 2009). In the study of De Haas et al. (2002), the distribution of cow SCC before,

during, and after a case of clinical mastitis was similar for CNS and Staph. aureus in

heifers, while in older cows SCC was higher for Staph. aureus cases. In quarters with

subclinical mastitis caused by CNS, light inflammatory and atrophic lesions were

found. The lesions were milder and less extended than in cases with

coagulase-positive staphylococci (Stabenfeldt and Spencer, 1966). The SCC of

quarters subclinically infected with CNS was 2 to 3 times higher than culture-negative

quarters (Hogan et al., 1987). Watts and Owens (1989) found that quarter SCC varied

between the CNS species, but this was not confirmed in the study of Chaffer et al.

(1999). In general, the number of CNS-positive quarters is higher at the beginning of

lactation, decreases in the middle, and increases at the end of lactation which gives

a SCC curve similar to that of other pathogens (Sheldrake et al., 1983). The impact

of CNS on BMSCC has not been examined extensively. Rainard et al. (1990)

determined that the level of BMSCC was determined for 47% by the prevalence of

major pathogens, while 18% of the level of BMSCC could be explained by the

prevalence of CNS. Because IMI with CNS increase SCC less strongly than major

pathogens, the contribution of CNS to BMSCC may only be noticeable on dairy farms

with a low prevalence of major pathogens and thus with a relatively low BMSCC. An

increase of cow SCC will on average result in a decrease in milk production. In

general, if the cow-level SCC of heifers becomes >200,000 cells/ml, milk production

will decrease with a minimum of 1 kg/day (Green et al., 2006). In Belgium, heifers

with a SCC >500,000 cells/ml in the first two weeks after calving produced 119 kg less

milk in the first lactation in comparison with heifers with a SCC of 50,000 cells/ml (De

Vliegher et al., 2004). In a study of Schukken et al. (2009), CNS-infected cows

produced 0.45 kg more milk per day in comparison with cows which were
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culture-negative. It could be hypothesized that IMI with most CNS species will not

cause significant damage to milk producing tissue. If, however, CNS do cause

significant inflammation, for instance in heifers prepartum, udder health and milk

production will be impaired. Additionally, pathogenicity may be different among CNS

species. These factors, as well as the influence of CNS on milk production under

Dutch circumstances have never been studied.

Antimicrobial sensitivity

Many different antimicrobial products are used for treatment of mastitis. If not

executed optimal, intramammary treatment with antibiotics may lead to residues in

milk, as well as to development of antimicrobial resistance. In a Dutch antimicrobial

sensitivity study (MARAN, 2007), the sensitivity of mastitis pathogens for several

antibiotics was examined according to the standards of the Clinical and Laboratory

Standards Institute (CLSI, 2007). Of the gram-positive bacteria, CNS had the highest

prevalence of antimicrobial resistance. Coagulase-negative staphylococci were more

often resistant to penicillin, methicillin, macrolides and lincosamides than Staph.

aureus described in monitoring of antimicrobial resistance and antibiotic usage in

animals in The Netherlands (MARAN, 2007). These results were similar to what was

found in Finland and Germany (Pitkälä et al., 2004; Lüthje and Schwarz, 2006). Most

studies analyzed the development of resistance in CNS with phenotypic tests only

and without species differentiation, or in CNS differentiated with commercial

phenotypic tests of unknown quality (Gentilini et al., 2002; Pitkälä et al., 2004;

MARAN, 2007; Lüthje and Schwarz, 2006). Knowledge of resistance of CNS (species)

is therefore limited.

Heifers

Non-lactating heifers are generally considered as having good udder health,

because they have had no contact with the milking machine. In reality, however, almost

60% of heifers has an IMI in at least one quarter at calving (Fox et al., 1995). The

predominant pathogens found in these cases are CNS, followed by Staph. aureus

(Myllys, 1995). Coagulase-negative staphylococci are more prevalent in heifers than

in older cows (Rajala-Schulz et al., 2004; Tenhagen et al., 2006).

Treatment with antibiotics ought to be problem solving. Our main focus, however,

is to prevent problems. This is especially true if antibiotics are used to prevent diseases,

applied at the herd level without individual diagnosis, as is the case in intramammary
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treatment of heifers prepartum. Although this practice should not be encouraged, in

some situations farmers and veterinarians are desperately seeking for timely solutions

and there is a need for knowledge on the efficacy of prepartum antibiotic treatment of

heifers. Several field trials have studied the effect of prepartum antibiotic treatment

using lactating (Oliver et al., 2004; Middleton et al., 2005; Borm et al., 2006) and dry

cow products (Trinidad et al., 1990; Owens et al., 2001) to reduce the occurrence of

heifer mastitis. The latter studies were all carried out in a limited number of dairy farms

and did not describe the long-term effect of treatment on parameters such as incidence

of clinical mastitis, test-day SCC, and test-day milk production.

Aim and objectives of this thesis

The aim of this thesis is to increase our knowledge of CNS as a group and of

several CNS species. The effect of CNS on SCC and milk production, their sensitivity

patterns, and management factors influencing the prevalence of CNS are described.

Although CNS are considered an important cause of subclinical and clinical

mastitis on many dairy farms, their contribution under Dutch circumstances was never

quantified. The overall and pathogen-specific prevalence of IMI in 49 Dutch dairy

herds is described in Chapter 2. These results are compared with the distribution of

four studies performed in the ‘70s and ‘80s in The Netherlands.

Control programmes such as the “five-point program” seem to be less effective to

reduce the prevalence of CNS IMI. Therefore, in Chapter 3 possible herd-level risk

factors are described in order to increase our knowledge of management factors

influencing CNS IMI in Dutch dairy cows.

Coagulase-negative staphylococci are a heterogeneous group of organisms.

Currently, the genus Staphylococcus consists of more than 40 named species which

can behave differently and have different effects on udder health. Sensitivity,

specificity, and positive predictive value of two frequently used phenotypic methods,

the API Staph ID 32 and the Staph-Zym test, are estimated in Chapter 4 through

comparison with species identification methods based on DNA-sequence data of

housekeeping genes.

Intramammary infections with CNS influence udder health. In Chapter 5 this effect

is studied at quarter, cow, and bulk milk level. Differences in CNS effect between

herds with different BMSCC level are evaluated.

For antibiotic treatment of CNS mastitis cases, as well as the possible exchange

of resistance genes, phenotypic and genotypic antibiotic susceptibility of CNS species
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is important. The in vitro susceptibility, of the most important CNS species to several

antimicrobial agents is described in Chapter 6.

A high percentage of heifers is infected at calving with CNS or with major

pathogens. One of the possible preventive measures to decrease those IMI is

antimicrobial treatment before calving. The effect of prepartum dry cow antibiotic

treatment on the prevalence of IMI, the incidence of clinical mastitis early postpartum,

and SCC and milk production is quantified in Chapter 7.

The findings described above, together with knowledge from literature and field

experience lead to a practical program on how to approach CNS on a dairy farm. This

program consists of aspects on management around milking, hygiene and

environment, feeding and host resistance, treatment protocols, and monitoring of

udder health parameters.
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Abstract

A survey was carried out in 2003 in 49 dairy herds to determine the overall and

pathogen-specific prevalence of intramammary infection (IMI) in Dutch dairy herds,

and to compare the distribution with four studies performed from 1973 to 1985 in The

Netherlands. Herds were randomly selected stratified over the 12 Dutch provinces,

had at least 40 lactating cows and participated in the Dutch milk recording system.

Quarter milk samples were collected from all 408 cows with a somatic cell count

(SCC) ≥250,000 cells/ml and 145 heifers with SCC ≥150,000 cells/ml at the last milk

test before the farm visit. Additionally, samples were collected of 519 (approximately

25%) of the remaining low SCC cows and heifers with a SCC at the last milk test

before the farm visit of <250,000 and <150,000 cells/ml, respectively. Bacterial growth

occurred in 37% of milk samples of high SCC cows and in 21% of low SCC cows.

Coagulase-negative staphylococci (CNS) were the most frequently isolated group of

bacteria (11% of quarters) and were found in all herds. The prevalence of

Staphylococcus aureus IMI was lower in 2003 than in 1973, respectively 2% and 6%

of quarters. Prevalence of Streptococcus uberis and Streptococcus dysgalactiae IMI

was almost the same in the five samplings during the 30-year period and ranged

between 1.1-1.7 and 0.9-1.5%, respectively. Streptococcus agalactiae was not found

in this study. Prevalence of CNS IMI was higher in lactating heifers, while prevalence

of Strep. uberis, Strep. dysgalactiae, and penicillin-resistant Staph. aureus IMI was

higher in older cows. Because distribution of pathogens changes over time, herd-level

samples for bacteriological culturing must be taken regularly to monitor the udder

health situation. Additionally, national mastitis prevalence studies give important

information through monitoring the national udder health status.

Key words: bovine, dairy, intramammary infection, mastitis, prevalence.
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Introduction

National mastitis surveillance studies provide information on the current

distribution of mastitis pathogens in a country. This information can be used for

advising veterinarians and farmers and for tailoring mastitis prevention programs

towards the pathogen distribution. The prevalence of intramammary infection (IMI)

was determined in The Netherlands in 1973, 1975, 1980, and in 1985 (Vecht et al.,

1989). In the 1970s, Streptococcus agalactiae was the predominant mastitis

pathogen, while in the 1980s Staphylococcus aureus became the most frequently

isolated pathogen. After 1985, no comparable studies were carried out in The

Netherlands. In Finland and Norway, however, large mastitis prevalence surveys were

conducted recently (Pitkälä et al., 2004; Østerås et al., 2006). The results of the 2001

Finnish study were compared with studies performed in 1995 and 1988 (Myllys et al.,

1998). The decrease in bulk milk SCC (BMSCC) from 1988 to 1995 was accompanied

by a significant shift in pathogens. Although the average Finnish BMSCC remained

stable from 1995 to 2001, distribution of pathogens changed considerably (Pitkälä et

al., 2004). Since 1985, average BMSCC in The Netherlands has decreased from

331,000 to 227,000 cells/ml in 2003. A decrease in prevalence of subclinical mastitis

and a shift in pathogens involved in IMI can therefore be expected.

The objectives of this study were therefore: 1) to determine the overall and

pathogen-specific prevalence of IMI in Dutch dairy herds, and 2) to compare the

distribution with earlier studies in The Netherlands. The implications of this for mastitis

prevention programs will be discussed.

Materials and methods

Herds and cows

Similar to earlier Dutch studies on prevalence of IMI (Vecht et al., 1989), herds

were randomly selected stratified over the 12 Dutch provinces. The number of

selected herds within the 12 provinces was based on the actual number of herds in

each province. To be selected, herds had at least 40 lactating cows and participated

in the Dutch milk recording system. To select a representative sample of the

population with respect to the prevalence of major pathogens (given that

approximately 25% of cows have a high SCC (HSCC); an accepted error of 5% and

a confidence interval of 95%) at least 400 culture-positive quarter milk samples with

major pathogens from cows with HSCC were needed. The estimation was that 20%

of HSCC samples would be culture-positive; therefore a total of 2,000 milk samples
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from these cows were needed. Additionally, a subset of approximately 25% of cows

with a low SCC (LSCC) was sampled to complete the description of the herds. To

select a representative sample of the population we conservatively calculated that

with a herd size of 40 lactating cows approximately 50 herds were needed. A total of

61 herds was selected and 49 agreed to participate in the study. Cows that were dried

off, had clinical mastitis, were culled, or treated with antibiotics in the mean time, were

excluded from sampling. Samples were collected between April 2003 and September

2004, similar to earlier Dutch studies (Vecht et al., 1989). All herds were visited by

trained personnel of the GD Animal Health Service (GD) in Deventer, The

Netherlands.

Milk samples were collected within one week after arrival of the results of DHI

from all quarters of a selection of cows, based on cow SCC (CSCC) of the last milk

recording. Two groups of cows were selected: 1) a HSCC group that consisted of all

cows with a SCC ≥250,000 cells/ml and all heifers with a SCC ≥150,000 cells/ml,

based on the currently used cut-off levels in The Netherlands used by the Dutch DHI,

and 2) a LSCC group that consisted of approximately 25% randomly chosen cows

and heifers with a SCC <250,000 cells/ml and <150,000 cells/ml, respectively. A cow

was defined as being culture-positive if at least one quarter milk sample was

culture-positive.

Bulk milk SCC was measured once, approximately two weeks before the sampling

of the individual cows. Farms were divided into three BMSCC categories for this last

analysis (low: <150,000 cells/ml, medium: 150,000 to 250,000 cells/ml, and high:

≥250,000 cells/ml).

Sampling

The selected cows were sampled during regular milking times. Pre-milking udder

preparation with a cotton or paper towel was carried out by the farmer. Single quarter

foremilk samples were collected aseptically according to the NMC protocol by trained

personnel of the GD. Teat ends were disinfected with a cotton swab soaked in

methylated alcohol, and after the third stripping, milk was collected. The milk samples

were transported on ice to the GD for bacteriology and determination of SCC.

Laboratory analyses

The samples were split and SCC was determined using a Fossomatic cell counter

(Foss Electric, Hillerød, Denmark). Bacteriological culturing was carried out according
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to NMC protocols (Harmon et al., 1990). An inoculum of 0.01 ml of milk was spread

on a 6% sheep blood agar plate and on Edward’s medium (Biotrading, Mijdrecht, The

Netherlands). Edward’s medium was used for selective isolation of streptococci

combined with morphology, hemolytic properties, CAMP reaction, and hydrolyzation

of esculin. Streptococci were grouped according to the Lancefield groups B, C, D, and

G. Streptococcus dysgalactiae and Strep. agalactiae were identified using Lancefield

media (Oxoid, Basingstoke, UK) with Strep. dysgalactiae defined as positive for group

C and Strep. agalactiae as positive for group B. Streptococcus uberis were further

identified by a negative reaction with Lancefield group D antisera and no growth in

Tryptose Phosphate Broth with 6.5% NaCl (Oxoid, Basingstoke, UK). All plates were

incubated at 37ºC and examined after 24 and 48 h. Isolates of staphylococci showing

α, α and β, or β hemolysis were presumptively identified as Staph. aureus.

Coagulase-negative staphylococci were distinguished from Staph. aureus using

Slidex Staph Plus (bioMérieux, Marcy l’Etoile, France) agglutination test. Sensitivity

to β-lactam antimicrobials such as penicillin was tested on all isolated strains of Staph.

aureus with nitrocephin (Oxoid, SR0112C, Haarlem, The Netherlands). Strains that

were β-lactamase-positive were considered to be resistant to penicillin. Escherichia

coli found on the blood agar plate were confirmed with BBL Crystal ID system

(Becton, Dickinson, and Co., Franklin Lakes, NJ). Identification of Bacillus spp. was

based on morphology of the colonies on blood agar plates and on the morphology of

the cells as large endospore-forming rods after gram staining. Identification to species

level was not carried out. Identification of Corynebacterium bovis was based on

morphology of the colonies on blood agar plates.

A milk sample was considered culture-positive if ≥100 cfu/ml of a major pathogen

(i.e. Staph. aureus, Strep. uberis, Strep. agalactiae, Strep. dysgalactiae, and E. coli) or

≥500 cfu/ml of a minor pathogen (i.e. CNS, Bacillus spp., and C. bovis) were cultured.

Milk samples that were culture-positive for more than two bacterial species were

considered to be contaminated.

Statistical analyses

Differences in quarter SCC between the HSCC group and the LSCC group were

analyzed with the two-sample t -test after natural logarithmic transformation of SCC.

Differences in age and DIM between the HSCC group and the LSCC group were

analyzed with the median test. Differences in prevalence of pathogen-specific IMI

between the two SCC groups, among parities, and among BMSCC categories were
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evaluated using chi-square analysis on contingency tables (Rothman and Greenland,

1998). These statistical analyses were performed using Statistix 8.0 (Analytical

Software, Tallahassee, FL). Statistical significance was defined at P < 0.05.

Pathogen-specific prevalence of IMI and 95% confidence intervals were calculated

on quarter and cow-level for the HSCC and LSCC group separately. To determine

herd-level and national prevalence, the number of sampled HSCC and LSCC animals

were adjusted for the total number of HSCC and LSCC animals per herd. The national

prevalence was calculated by summing the herd results. Additionally, a correction was

made for the fact that cows within a herd were more correlated to each other than

random cows by entering the herd number as repeated measurement (random effect)

in the logistic regression procedure in STATA (Version 9, 2005). Pathogen-specific

IMI prevalence was compared among parities; prevalences were calculated per parity

in the same data set by means of a regression analysis. In these analyses, culture

results were included as dependent variables, parity was included as independent

variable, and a correction was made for the repeated measurements within a herd.

Additionally, the national pathogen-specific quarter IMI prevalences that were

determined in this study were compared to the prevalences found in the studies of Vecht

et al. (1989). The distribution in time of the pathogen-specific prevalence of IMI was

tested using logistic regression in STATA with positive or negative quarter as dependent

variable and year as independent variable. A frequency weight was added to the model

to correct for the number of positive quarters sampled and number of negative quarters

sampled in each of the studies. In this analysis the correction for clustering within herds

was excluded. This way our results could be compared to those of Vecht et al. (1989),

using the same methods of analysis as was done by those authors.

Results

In the 49 herds, 22.2% (95% CI, 20.7 to 23.7%) of 2,994 lactating cows had HSCC

at the last milk test-day before sampling (Table 1). Quarter milk samples were collected

from 553 of these 665 HSCC cows. The remaining 112 HSCC cows were either dry

at the moment of sampling, had clinical mastitis, or were culled between the last milk

test day and the sampling date. Additionally, quarter milk samples were collected from

519 of 2,329 LSCC cows. The HSCC cows were older compared to the LSCC cows

(Table 1). In the LSCC group, relatively more cows had a parity ≤4, while in the HSCC

group relatively more cows had parity >4 (Figure 1).
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Figure 1. Parity distribution of the 519 sampled low somatic cell count (at last milk test day

before sampling: heifers SCC <150,000 and cows SCC <250,000 cells/ml) and 553 sampled

high somatic cell count cows.
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Table 1. Characteristics of cows with a low somatic cell count (LSCC) and cows with a high

somatic cell count (HSCC) included in the study.

LSCC1 HSCC

n = 519 n = 553

Milk production 8,332 (SD=1,692) 8,200 (SD=1,629)

Age 3.8 (IQR2=2.1-5.1) 4.3 (IQR=2.1-6.0)

DIM 179a (IQR=93-247) 202 (IQR=96-288)

Geometric mean SCC 66a (SD=2) 501 (SD=2)

(x1,000 cells/ml)
1LSCC at last milk test day before sampling: heifers with SCC <150,000 and cows SCC <250,000 cells/ml.
2Interquartile Range.
aDifferent (P < 0.05) from HSCC.
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Bacterial growth occurred in 37.7% of milk samples from HSCC cows compared

to 21.1% in milk samples from LSCC cows (Table 2; P < 0.0001). Coagulase-negative

staphylococci were the most frequently isolated group of bacteria in both the HSCC

and the LSCC group, 14.6 and 10.4%, of quarters, respectively, while at cow-level

the prevalence was 38.5 and 30.1%, respectively. All major and minor pathogens

were more frequently isolated in the HSCC group than in the LSCC group. Prevalence

of contaminated samples was 0.05%.

Somatic cell count was not different between major pathogen-positive quarters of

HSCC and LSCC cows. However, SCC of culture-negative (97,000 vs. 38,000

cells/ml), CNS-positive (163,000 vs. 60,000 cells/ml), Bacillus-positive (64,000 vs.

31,000 cells/ml) and quarters positive with other streptococci (109,000 vs. 21,000

cells/ml) was higher in HSCC cows compared to LSCC cows (P < 0.05).

Pathogen distribution differed considerably among parity groups (Table 3).

Prevalence of CNS IMI was highest in first parity heifers (P < 0.05). Prevalence of

Strep. uberis, Strep. dysgalactiae, and penicillin-resistant Staph. aureus IMI increased

with increasing parity (P < 0.05). The association was, however, not completely linear.

The prevalence of penicillin-sensitive Staph. aureus IMI was not associated with

parity.

27

Prevalence of intramammary infection

Table 3. Cow-level prevalence of the most important mastitis pathogens per parity.

Parity Overall

1 2 3 4 5 > 5 P-value

Cows 290 215 181 185 100 101

Staphylococcus aureus

penicillin-sensitive 8.6 6.5 4.7 3.3 4.1 7.4 0.76

penicillin-resistant 0.4 0.9 0.3c 2.6 2.7 0.8 0.04

Coagulase-negative 

staphylococci 49.4a,b,c,d 30.9 33.1 28.0 20.3 29.9 0.02

Streptococcus uberis 0.8c,d,e 2.7e 3.1e 8.1 5.1 8.2 <0.001

Streptococcus dysgalactiae 3.1c,e 4.9 5.3 4.5 6.0 5.3 0.004
aDifferent (P < 0.05) from parity 2.
bDifferent (P < 0.05) from parity 3.
cDifferent (P < 0.05) from parity 4.
dDifferent (P < 0.05) from parity 5.
eDifferent (P < 0.05) from parity >5.
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Coagulase-negative staphylococci were found in all herds, while penicillin-sensitive

Staph. aureus was isolated in 73.5% of the herds. Penicillin-resistant Staph. aureus

was found in 9 herds (18%), Strep. uberis and Strep. dysgalactiae were cultured in

samples of more than 50% of the herds in this study, while Strep. agalactiae was not

found in any of the milk samples cultured.

A lower proportion of HSCC cows was culture-positive for CNS in the high BMSCC

group (13 farms) compared to the low BMSCC group (19 farms) (Table 4). The

proportion of LSCC cows that was Strep. dysgalactiae or penicillin-sensitive Staph.

aureus-positive was higher in high compared to low BMSCC herds.

The overall national quarter and cow-level prevalence of pathogen-specific IMI

corrected for clustering within herds is presented in Table 5. Overall, quarter-level

prevalence of Strep. agalactiae and Staph. aureus IMI was lower in 2003 in

comparison with 1973, 0 compared to 6.9% and 1.8 compared to 6.2%, respectively

(Figure 2; P < 0.0001). Quarter-level prevalence of Strep. uberis and Strep.

dysgalactiae IMI were more stable, and ranged between 1.1 - 1.7 and 0.9 – 1.5%,

respectively.
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Discussion

Over the years, several national mastitis surveys were performed in The

Netherlands. The first one was conducted in 1973, and surveys were repeated in 1975,

1980, and in 1985 (Vecht et al., 1989). The selection strategy used was a random

stratified sampling designed to achieve a representative distribution across The

Netherlands for herd size and location. Together, the results of these studies offer a

unique opportunity to study the prevalence of IMI in dairy cows in The Netherlands over

a prolonged period of time. The studies conducted in UK, Finnish, and Norwegian herds

(Pitkälä et al., 2004; Østerås et al., 2006; Bradley et al., 2007) were also true national

surveillance studies. In all these studies, herds were randomly selected from the

national database and in that respect comparable to our study. The herds included in a

study in New York and Pennsylvania (Wilson et al., 1997) were not randomly selected,

with many herds with mastitis problems included. In a study conducted in Germany in

Brandenburg (Tenhagen et al., 2006), farms were also not randomly selected. Thus,

neither the US study nor the study conducted in Germany is comparable to our study.

30

Chapter 2

Table 5. National quarter and cow-level prevalence of mastitis pathogens.

Quarter Cow  

National 95% CI National 95% CI

prevalence prevalence 

No growth 74.7 68.1-80.8 41.5 35.4-47.5

Staphylococcus aureus

penicillin-sensitive 1.5 0.8-2.5 5.9 5.0-6.9

penicillin-resistant 0.3 0.1-0.7 1.3 0.3-2.2

Coagulase-negative staphylococci 10.8 8.5-13.8 32.1 26.6-37.6

Streptococcus uberis 1.1 0.6-2.0 4.3 2.6-5.9

Streptococcus dysgalactiae 1.2 0.5-2.1 4.9 3.2-6.5

Other streptococci 1.0 0.4-1.6 4.2 2.5-5.9

Bacillus spp. 4.2 2.0-6.4 14.4 10.0-18.8

Corynebacterium bovis 2.6 0.0-6.4 7.1 1.2-13.0

Contaminated 0.1 0.0-0.5 0.3 0.0-0.8

Mixed infections 0.2 0.0-0.4 0.9 0.0-1.7

Other bacteria 0.9 0.3-1.5 3.6 2.2-4.9
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The milk samples taken in our study were collected by trained personnel of the GD.

This procedure may explain the low number of contaminated milk samples (0.05%)

which was comparable with the study of Myllys et al. (1998). In other studies (Makovec

and Ruegg, 2003; Pitkälä et al., 2004; Østerås et al., 2006) milk samples were

collected by farmers, dairy advisors, and veterinarians, 15.3, 4.2, and 6.9% of the

samples were respectively contaminated. In the study of Bradley et al. (2007), however,

0.2% of the samples collected by farmers were contaminated. Contamination of

samples can be avoided by proper sampling techniques.

In our study, all quarters of lactating cows with an individual SCC ≥250,000 cells/ml,

and all quarters of heifers with an individual SCC ≥150,000 cells/ml were sampled, as

were a subset (approximately 25%) of the lactating cows and heifers with SCC below

these thresholds. Ideally all lactating animals in the participating herds are sampled

as was done in the earlier Dutch studies (Vecht et al., 1989), and some other

international studies (Gonzalez 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). We

choose a stratified sampling approach over a random selection independent of SCC

of cows. In this study, we have determined the overall and pathogen-specific

prevalence of IMI, while in another study the possible risk factors for IMI were reported

(Sampimon et al., 2008).

Coagulase-negative staphylococci were the most frequently isolated species

followed by Bacillus spp., Staph. aureus, and Strep. dysgalactiae of the major

pathogens. In the study of Vecht et al. (1989) CNS was not individually mentioned. In

that study CNS were included in the group “other bacteria”. Coagulase-negative

staphylococci were the most frequently isolated group of organisms isolated in almost

all recent mastitis surveys (Pitkälä et al., 2004; Bradley et al., 2007). It is not clear,

however, whether IMI with CNS always result in inflammation. Challenge studies would

be necessary to find that out. In Norway (Østerås et al., 2006), not CNS but Staph.

aureus was the most frequently isolated pathogen. Prevalence of CNS IMI was

remarkably lower in Norway than in Finland, 3.3 compared to 16.6%, respectively. In

the Finnish study and in our study, a sample was considered CNS-positive if ≥500 cfu/ml

were found, whereas in the Norwegian study a sample was considered positive if

≥4,000 cfu/ml were found. Therefore, the differences in prevalence of CNS IMI

between these studies can be partly explained by differences in definition of a positive

culture for CNS. International agreement on the definition of IMI would make studies
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more comparable. When comparing results of clinical trials and other studies selection

criteria for herds and animals, sampling techniques, and laboratory procedures may

be different (Barkema et al., 2006). The definition of a positive sample is just one of

them.

Based on earlier work in The Netherlands, we expected to find higher prevalence

of E. coli IMI (Lam et al., 1996). However, only two E. coli positive samples were found.

Because of this low number, they were categorized as “other bacteria”. Escherichia coli

IMI mainly occur during the dry period and in early lactation (Bradley and Green, 2000).

Our study, however, was a prevalence study, which was not specifically aimed at these

periods and cows were sampled in all stages of lactation. In our study, the number of

culture-negative samples was higher in the LSCC group than in the HSCC group.

The prevalence of Bacillus spp. was with 4.2% relatively high. Bacillus spp. was

found as frequent in the HSCC and LSCC groups (Table 2). The prevalence was

higher than the range of 0.8 to 1.9% found in other studies (Wilson et al., 1997;

Bradley et al., 2007), but it was comparable with results of samples submitted to our

GD laboratory. In 2003 and 2004 the prevalence of Bacillus spp. was 3.3 and 3.5%,

respectively in more than 50,000 milk samples sent to the GD laboratory on a yearly

basis of cows with a high SCC. It is not likely that the high prevalence of Bacillus spp.

is due to contamination. In both, prevalence study and routine, we found pure cultures

of Bacillus spp. Additionally, contamination of samples with Bacillus spp. is not likely

to have played an important role in this study because our sampling procedures were

very strict as is illustrated by the very low prevalence of contaminated samples. Finally,

the effect of Bacillus spp. on udder health seems to be low: in this study 68% of the

samples containing Bacillus spp. had SCC <100,000 cells/ml.

Staphylococcus aureus was the most frequently isolated major pathogen in

quarters of LSCC cows (1%). Streptococci were also found in quarters of LSCC cows.

These findings are in agreement with Schukken et al. (2003). They also found a low

number of quarters with a major pathogen IMI with quarter SCC between 96,000 and

250,000 cells/ml. This means that cows with SCC below the cut off values can have

IMI with major pathogens. Monitoring cow SCC on regular basis will give early insight

in development of these major pathogen IMI. However, as was found in our study,

cows with HSCC are more likely to harbour major pathogens.

Mean quarter SCC in quarters with a major pathogen IMI did not differ between

the HSCC and LSCC group. Culture-negative quarters of LSCC cows had on average

a lower SCC than culture-negative quarters of HSCC cows. One explanation for this
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phenomenon is that milk samples of subclinically infected cows can be cultured

false-negative as a result of the shedding pattern of Staph. aureus (Sears et al., 1990)

or other pathogens. Another explanation may be that quarters of HSCC cows have

been challenged more often by major pathogens than quarters of LSCC cows.

Distribution of mastitis pathogens varied considerably among parities.

Coagulase-negative staphylococci were significantly more frequently isolated in

heifers than in older cows, as was found by Tenhagen et al. (2006). Prevalence of

Strep. uberis, Strep. dysgalactiae, and penicillin-resistant Staph. aureus IMI was,

although the association was not linear, higher in cows with higher parity, comparable

to what was found in the German study (Tenhagen et al., 2006). Penicillin-resistant

Staph. aureus was also more prevalent in older cows, as was found by Sol (2002). In

that study older cows had a lower cure rate after treatment of subclinical mastitis

cases with antibiotics at drying off and during lactation, as well as in clinical cases. In

another Dutch study, Zadoks et al. (2001) found a higher incidence of new Staph.

aureus and Strep. uberis IMI in third and higher parity cows than in first and second

parity cows. The higher prevalence of Staph. aureus and Strep. uberis IMI in cows with

higher parity may therefore be a result of both, a higher incidence of new IMI and

selection of IMIs that are less sensitive to antimicrobial treatment. Because cure rates

of IMI decrease with duration, to increase treatment success, early detection of IMI with

Staph. aureus and Strep. uberis is important (Barkema et al., 2006).

Distribution of mastitis pathogens varied among herds. Coagulase-negative

staphylococci were present in all herds, as was the case in the study conducted in

Germany (Tenhagen et al., 2006). In our study, CNS were more frequently isolated

from cows with HSCC on farms with a low BMSCC than on farms with a high BMSCC.

Harmon and Langlois (1995) mentioned that CNS were the most prevalent organisms

isolated from milk samples in herds using effective mastitis control procedures as

reflected in the reduction of major pathogens in the herd. Instead of CNS, Staph.

aureus and Strep. dysgalactiae were more often isolated in milk samples of LSCC

cows on farms with a high BMSCC. Farms with a high prevalence of mastitis

pathogens can have cows with SCC below the cut-off values but still have quarters

containing major pathogen IMI. Comparable to what was found in other studies,

quarters with a low SCC, can have major pathogens present (Harmon, 1994). In

contrast with penicillin-sensitive Staph. aureus, penicillin-resistant Staph. aureus was

not found on the 19 farms with a BMSCC <150,000 cells/ml. It may be hypothesized

that penicillin-resistant Staph. aureus is associated with high BMSCC.
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The prevalence of IMI with the contagious pathogens Staph. aureus and Strep.

agalactiae has decreased considerably in the last 30 years. This decrease in The

Netherlands is similar to what is found in other countries (Pitkälä et al., 2004; Bradley

et al., 2007) and occurred at the same time as a decrease in BMSCC, mainly due to

the introduction of a penalty-system for high BMSCC (Nightingale et al., 2008). In

another Dutch study (Barkema et al., 1998), adoption of the 5-point contagious

mastitis prevention and control plan was significantly better in low BMSCC herds

compared with herds having a high BMSCC. The decrease in BMSCC is therefore

most likely the result of an increased adoption of the 5-point contagious mastitis

prevention and control program (Neave et al., 1969). Farmers became more aware of

the necessity to treat or cull cows to avoid BMSCC penalties (Sol, 2002). This may

also be the explanation for the absence of Strep. agalactiae in our study, and the

absence of penicillin-resistant Staph. aureus in the low BMSCC group. The same

explanation was also used in Finland to explain the decrease of IMI prevalence from

38% in 1995 to 31% in 2001 (Pitkälä et al., 2004). Sol (2002) also found a decreased

prevalence of Staph. aureus and Strep. agalactiae IMI and an increase of Strep.

uberis IMI between 1975 and 2000 in milk samples submitted to the GD. However,

milk samples submitted to the GD were mainly samples of cows with an elevated

SCC; therefore these results were less comparable with the survey of Vecht et al.

(1989) and our current study.

Apparently, the changed circumstances did not have a similar effect on the

prevalence of Strep. uberis and Strep. dysgalactiae IMI. No obvious explanation is

available to explain the Strep. dysgalactiae observations. The epidemiology of this

pathogen, based on field studies behaves intermediate between contagious and

environmental. In the study of Neave et al. (1969) the 5-point contagious mastitis

program worked well for Strep. agalactiae, less for Strep. uberis, and intermediate for

Strep. dysgalactiae. Streptococcus uberis behaves in many situations more like an

environmental pathogen being associated with nutrition and housing and in other

situation as a contagious pathogen (Barkema et al., 1999; Zadoks et al., 2003). These

streptococci seem to be less sensitive to changes in udder health management made

over the last few decades. More research is needed to provide tools to control IMI with

Strep. dysgalactiae and Strep. uberis. Although these pathogens may share some risk

factors. The incidence of Strep. uberis IMI and clinical mastitis is highest when cows

are on pasture, while the incidence of Strep. dysgalactiae IMI and clinical mastitis is

highest in winter, as was described in Norway and Canada (Østerås et al., 2006; Olde
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Riekerink et al., 2007). When knowing which factors increase the incidence of IMI

with these pathogens, the control program for Strep. uberis and Strep. dysgalactiae

IMI may need to be adjusted. In addition to these streptococci, the importance of CNS

in mastitis control programs also needs further investigation.

Conclusions

This was the first true random prevalence study on IMI in The Netherlands since

the survey of 1985. Coagulase-negative staphylococci were, in our study, the most

frequently isolated pathogen. The importance of CNS in mastitis control programs

needs further investigation. The prevalence of Staph. aureus and Strep. agalactiae IMI

is much lower now than it was in the 1970s and 1980s. The combined prevalence of

Strep. uberis and Strep. dysgalactiae IMI however, seems to have hardly decreased

during this period. These non-agalactiae streptococci seem to have become relatively

more important in The Netherlands.

Regular sampling of quarter milk samples of HSCC cows in a dairy herd is

necessary to evaluate the distribution of pathogens on a herd-level. Additionally it is

very informative to conduct national mastitis prevalence studies on regular basis

because, also at this level, the distribution of pathogens changes over time. Mastitis

control programs can be adjusted accordingly.
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Abstract

In this study, the prevalence of intramammary infection (IMI) with coagulase-

negative staphylococci (CNS) in The Netherlands was estimated on 49 randomly

selected herds with at least 40 lactating cows. In total, 4,220 quarter milk samples

were collected. The prevalence of CNS IMI in The Netherlands was estimated at 11%

at quarter level and 34% at cow level, making it the most frequently isolated group of

pathogens. Fourteen species of CNS were identified. The most frequently isolated

species was Staphylococcus chromogenes (30%) followed by Staphylococcus

epidermidis (13%) and Staphylococcus capitis (11%). Prevalence of CNS IMI was

higher in heifers compared to older cows. Geometric mean quarter SCC of

CNS-positive quarters was 109,000 cells/ml, which was approximately twice as high

as culture-negative quarters. Quarters infected with Staph. chromogenes, Staph.

capitis, and Staphylococcus xylosus had a higher SCC (P < 0.05) than culture- 

negative quarters, while quarters that were culture-positive for Staph. epidermidis

and Staphylococcus hyicus tended to have a higher SCC than culture-negative

quarters. An increased prevalence of CNS IMI was associated with the herd-level

variables source of drinking water not being tap water, housing of dry cows in one

group instead of multiple groups, measurement of cow SCC every month, udder

health monitoring by the veterinarian, pasturing during outdoor season, percentage

of stalls contaminated with milk, and BMSCC >250,000 cells/ml. Although a causal

relation between these factors and prevalence of CNS is not proven and for some

factors not even likely, knowledge of the associations found may be helpful when

approaching CNS problems on dairy farms.

Keywords: bovine, coagulase-negative staphylococci, mastitis, prevalence, risk

factors.
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Introduction

Mastitis is one of the most important diseases in dairy cattle, resulting in significant

losses (Halasa et al., 2007). It is a multifactorial disease which is hard to manage, and

numerous management factors, such as housing facilities, milking procedures,

feeding programmes, treatment regimes, and others influence udder health on a dairy

farm. 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 able to implement the correct management practices

in case of an udder health problem. Also at a population level, it is important to know

which pathogens are the most important ones, and what their antibiotic sensitivity

pattern is. This can help advisors in choosing the right strategy in problem solving

and in giving specific preventive advice.

Coagulase-negative staphylococci (CNS) are historically considered to be minor

mastitis pathogens and are frequently not reported in mastitis studies (Bramley and

Dodd, 1984). However, CNS are isolated from cases of subclinical and clinical

mastitis, and also from teat canals, teat skin, and teat ducts (Devriese and Keyser,

1979; Barkema et al., 1998; De Vliegher et al., 2003; Bradley et al., 2007; Sampimon

et al., 2007). Additionally, CNS are the most frequently isolated pathogens in heifer

mastitis (Trinidad et al., 1990; Matthews et al., 1991). Recently, several prevalence

studies have been performed around the world. In almost all studies CNS were the

most frequently isolated group of species from milk samples of cows with high SCC

(Pitkälä et al., 2004; Bradley et al., 2007; Piepers et al., 2007). However, prevalence

of CNS IMI in Dutch dairy herds has never been quantified.

Control programmes such as the “five-point program” work well for control of

intramammary infections (IMI) with contagious major pathogens such as

Staphylococcus aureus and Streptococcus agalactiae (Neave at al., 1969; Sampimon

et al., 2009). However, these programs seem to be less effective to reduce prevalence

of CNS IMI (Taponen and Pyörälä, 2007). As a result of the decrease of the

prevalence of IMI with contagious major pathogens, CNS have become relatively

more important. Although CNS have not been proven causal in all mastitis cases,

they are considered as the leading cause of subclinical mastitis on most dairy farms

implementing mastitis control practices (Harmon and Langlois, 1995). However, in

other studies CNS had a protective effect on IMI with major pathogens (Lam et al.,

1997b; De Vliegher et al., 2004). Factors such as parity, stage of lactation, breed, and

numerous management practices can influence the prevalence of a specific
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pathogen. These factors, however, have rarely been studied in relation to CNS.

The aim of this study was to determine the prevalence of IMI with CNS in Dutch

dairy cows, and possible herd-level risk factors.

Materials and methods

Herds and cows

Data were obtained from a national subclinical mastitis prevalence study of 49 herds

of at least 40 lactating cows. Herds were stratified by province (12 provinces), and the

number of randomly selected herds per province was proportional to the total number

of herds per province that had at least 40 lactating cows. To select a representative

sample of the population it was calculated that approximately 50 herds were needed

(Sampimon et al., 2009). A total of 61 herds was selected and 49 agreed to participate

in the study. These herds were sampled across the period of the study within regions.

Based on the currently used cut-off levels in The Netherlands by the Dutch DHI, all

quarters of high SCC (HSCC) cows (SCC >250,000 cells/ml) and heifers (SCC

>150,000 cells/ml) were sampled. Additionally, a subset of approximately 25% of cows

and heifers with a low SCC (LSCC), cows (SCC ≤250,000 cells/ml) and heifers (SCC

≤150,000 cells/ml), which were randomly selected were sampled once. The milk

samples were collected within 1 week after arrival of the milk recording results on the

farm. Cows that were dried off, culled, or treated with antibiotics in the mean time

were excluded from sampling. Samples were collected between April 2003 and

September 2004. Selected cows were sampled during regular milking times.

Pre-milking udder preparation with a cotton or paper towel was carried out by the

farmer. All samples were collected according to the NMC protocol by trained

personnel of the GD Animal Health Service (GD) in Deventer, The Netherlands. Teat

ends were disinfected with a cotton swab soaked in methylated alcohol, and after the

third stripping, milk was collected. The milk samples were transported on ice to the GD

for bacteriology and determination of SCC. Bulk milk SCC was measured once, in a

period 2 weeks before the sampling of the individual cows.

Laboratory analyses

The samples were split and SCC was determined using a Fossomatic cell counter

(Foss Electric, Hillerød, Denmark). Bacteriological culturing was carried out according

to the NMC protocol (Harmon et al., 1990). Major pathogens were considered to

cause an IMI if ≥100 cfu/ml was isolated, while isolation of ≥500 cfu/ml of a minor
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pathogen was defined as an IMI. A colony of CNS was distinguished from Staph.

aureus using Slidex Staph Plus (bioMérieux, Marcy l’Etoile, France). Milk samples

from which more than two bacterial species were cultured were considered to be

contaminated. Directly after culturing, all milk samples were stored at -20ºC. From the

530 milk samples in which CNS was found, 160 milk samples were randomly selected.

These samples were thawed at room temperature and then cultured again.

Coagulase-negative staphylococci were speciated with the API Staph ID 32 (bioMérieux,

Lyon, France) using the procedures recommended by the manufacturer. Probability

of the identification result in a range of 10 - 100% was calculated using the Apilab

software. Suggested tests for the delineation of species were executed.

Questionnaire

A questionnaire was conducted to obtain information on management factors of

the farms such as housing facilities, milking procedures, feeding, and treatment

regimes. The questionnaire was validated before use at 10 dairy farms. During the

farm visit to collect milk samples, the questionnaire was conducted by personnel of

GD. The questions were aimed at the year preceding the sampling date. The items

included in the questionnaire are summarized in eight categories of management

practices in Table 1.

Statistical analysis

Cow-level prevalence of CNS IMI and 95% confidence intervals were calculated

for the HSCC and LSCC groups separately. To determine a national prevalence, the

number of sampled quarters within HSCC and LSCC animals was adjusted for the

total number of quarters of HSCC and LSCC animals per herd. The prevalence was

calculated by means of a general linear model (GLM) in Stata (version 9, 2005). In this

procedure we could correct for the fact that cows within a herd are more correlated

to each other than random cows by adding the herd number as a repeated

measurement. The estimate of the result was the corrected prevalence.

After checking the data for unlikely values the information of the questionnaire was

used in a risk factor analysis, by means of a generalized linear model in SAS version

9.1 (SAS, 2004). Prevalence of CNS IMI was calculated and included as dependent

variable in the model. All variables where first screened in a univariate analysis. Risk

factors with a significant association with the prevalence of CNS IMI at P-value < 0.25

subsequently entered the multivariate analysis. Per class-variable, the biologically
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Table 1. Summary of management factors in the questionnaire.

General Number of lactating and dry cows, number of cows with low SCC,

measuring cow SCC every 4 weeks by the Dutch DHI, bulk milk SCC

category, calving pattern (spring, summer, autumn, winter, and year

round), udder health monitoring by veterinarian, season of sampling

(winter = December, January, and February; spring = March, April, and

May; summer = June, July, and August; autumn = September, October,

and November)

Housing facilities Type of barn, type of ventilation, number of stalls, bedding material,

housing heifers separately before calving, separate calving pen used, type

of flooring

Hygiene Cleaning of calving pen after each calving, percentage of dirty stalls (less

than 20% of the stall contaminated with dirt was determined as clean),

percentage of stalls contaminated with milk (counting the number of stalls

contaminated with milk during the farm visit), cleaning of stalls each day,

cleaning of walking alley each day

Feeding Percentage of feeding places per cow in the barn, percentage of corn

silage in summer ration and winter ration, cows on pasture during outdoor

season, hours on pasture, fly control of heifers during outdoor season,

number of dry cow groups, supplementation minerals to heifers, dry cows

and lactating cows, source of drinking water used in the barn, check of

drinking water by laboratory procedures 

Young stock Feeding calves milk with antibiotics or high SCC milk, method of feeding

milk 

Milking Type of milking parlor, age of milking parlor, number of clusters, height

of milk pipe, milking cows before calving

Milking procedure Method of udder preparation, pre-stripping, postmilking teat disinfection,

teat disinfection of dry cows, teat disinfection of heifers before calving,

milking high SCC cows last

Bacteriology Mastitis treatment protocol used, summer mastitis prevention by

and therapy ear tags, regiment of dry cow therapy, treatment of high SCC cows,

treatment of clinical mastitis, teat disinfection before treatment, who is

conducting bacteriology of high SCC cows
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most logical class was used as reference. Selection of variables was conducted using

a backwards elimination method. In this method every variable with the highest

P-value was removed until only variables with a P-value < 0.05 remained in the final

model. Interactions were tested between all main effects remaining in the model. A

variable was considered significant when the P-value was < 0.05 (Wald’s-test).

Normality of the data was checked on the residuals. Both skewness and kurtosis were

between -1 and +1. The adjusted R2 was calculated as a measure of the fit of the

model to explain the amount of variation explained by the model. Farms were divided

into three BMSCC categories for this analysis (low: <150,000 cells/ml, medium:

150,000 - 250,000 cells/ml, and high: >250,000 cells/ml).

After natural logarithmic transformation, SCC in CNS-positive and culture-negative

quarters was compared. Because of the low number of quarters included in this part

of the analysis, a the two-sample t-test was done using Statistix 8.0 (Analytical

Software, Tallahassee, FL). Statistical significance was defined at P < 0.05.
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Figure 1. Parity distribution of coagulase-negative staphylococci IMI at cow-level (one or

more quarters infected).
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Results

Prevalence of CNS

In total, 4,220 quarter milk samples were collected. Coagulase-negative staphylococci

were the most frequently isolated group of bacteria. Corrected for the proportion of HSCC

and LSCC cows sampled per herd, the average national herd prevalence of CNS IMI in

The Netherlands was 10.8% (95% CI: 8.5-13.8%) at quarter-level, and 34.4% (95% CI:

31.5-37.3%) at cow-level (at least one quarter CNS-positive). The corrected cow-level

prevalence varied from 5.6 to 100%. In the HSCC group CNS prevalence was 38.5%

(95% CI: 34.4-42.7%) and in the LSCC group 30.0% (95% CI: 26.0-34.1%).

Coagulase-negative staphylococci were found in quarter milk samples of all herds.

Distribution of CNS

Prevalence of CNS IMI differed considerably among parity groups. Of the 290 heifers

included in the study, 49.4% had one or more quarters shedding CNS (Figure 1). This

was significantly different from second to fifth parity cows.

In three of the 160 milk samples that were re-cultured for CNS identification,

Staphylococcus aureus was found, two samples showed no growth. In the remaining

155 samples 14 CNS species were identified with the API Staph ID 32 (Table 2). The

most frequently isolated CNS species was Staphylococcus chromogenes (30.3%)

followed by Staphylococcus epidermidis (12.9%) and Staphylococcus capitis (11.0%).

Quarters with CNS IMI had a geometric mean SCC of 109,000 cells/ml; almost twice

as high as culture-negative quarters, which had a SCC of 58,000 cells/ml (P < 0.0001)

(Table 2). Staphylococcus chromogenes, Staph. capitis, and Staphylococcus xylosus

had a significant higher SCC than culture-negative quarters (P < 0.05), while Staph.

epidermidis and Staphylococcus hyicus tended to have a higher SCC than

culture-negative quarters (P = 0.05) (Table 2).

Risk factors

A total of 18 variables entered the multivariate analysis (Table 3). The final model

to analyze the results of the questionnaire explained 50% of the variation of the data;

the adjusted R2 had a value of 0.50 (Table 4). Factors that significantly contributed to

the final model associated with a high prevalence of CNS IMI were source of drinking

water not being tap water (P = 0.0004), housing of dry cows in one group (P = 0.01),

measurement of cow SCC every month (P = 0.03), udder health monitoring by the

veterinarian (P = 0.001), pasturing during the outdoor season (P = 0.01), percentage
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Table 3. Management factors associated with the prevalence of coagulase-negative staphylococci

intramammary infection (IMI) offered to the final multivariate analysis (P-value < 0.25).

Variables Number CNS P-value 

farms IMI (%) univariate

analysis

General
Herd size 0.20
Measuring cow SCC on milk recording 0.20

Yes 48 32.4
No 1 6.9

Udder health monitoring by veterinarian 0.08
Yes 8 45.3
No 41 29.3

Bulk milk SCC category (*1,000 cells/ml) 0.18
<150 19 32.1
150-250 17 26.0
>250 cells/ml 13 39.4

Season of sampling 0.25
Winter 6 32.5
Spring 19 35.9
Summer 9 36.8
Autumn 15 23.7

Housing facilities
Separate calving pen 0.21

Yes 36 29.8
No 13 37.8

Hygiene
Percentage of stalls contaminated with milk 0.25

Feeding
Feeding places per cow 0.08
Cows on pasture during summer 0.10

Unrestrained 20 33.2
Restrained (part of the day) 25 38.2
No 2 33.2
Part of season restricted 2 63.3

Dry cows housed in two groups 0.10
Yes 28 27.9
No 21 37.9
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Table 3. (Continued).

Variables Number CNS P-value 

farms IMI (%) univariate

analysis

Source of drinking water used in the barn
Ditch water 5 44.1 0.11
Tap water 16 28.7
Own well water source 25 33.4
Other water source 1 2.4
Multiple answers 2 10.4

Milking
Type of milking parlor 0.01

Tie stall 1 43.2
Herringbone 40 31.7
Side by side 3 11.2
Tandem 2 36.0
Automatic milking system 2 21.2
Rotor parlor 1 40.5

Milking procedure
Teat disinfection of heifers before calving 0.25

Yes 6 24.7
No 43 32.9

Teat disinfection of dry cows
Yes 4 25.6 0.15
No 45 32.5

Complete milk out directly after calving 0.10
Yes 29 26.8
No 20 35.7

Bacteriology and therapy
Mastitis treatment protocol used 0.05

Yes 4 53.6
No 34 28.5
Own insight 8 30.9

Who is conducting bacteriology of high SCC cows 0.10
Veterinary practitioner 9 37.3
Animal health service 14 31.8
Both 4 12.8
Nobody 22 33.2
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of stalls contaminated with milk after milk leaking (P = 0.046), and BMSCC >250,000

cells/ml (P = 0.002). No interactions could be included in the final model due to

multicollinearity. The constant had a negative value of 47.6%. This constant together

with the coefficients of the risk factors that apply to a herd provides the predicted herd

prevalence. For example, a herd with its own water source, where udder health is

monitored by the veterinarian, dry cows are housed in two groups, cows have

restricted pasturing, SCC is measured, BMSCC is between 150,000 and 250,000

cells/ml, and no stalls are contaminated with milk would have an estimated prevalence

of:

-47.6 + 8.1 + 20.1 + 0 + 22.2 + 38.7 - 7 = 34.5%
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Table 2. Distribution of coagulase-negative staphylococci (CNS) identified with API Staph ID 32

in quarter milk samples and geometric quarter somatic cell count (SCC; x1,000 cells/ml).

CNS species n % SCC 95% CI

Staph. chromogenes 47 30.3 192a 142-260

Staph. epidermidis 20 12.9 132b 57-304

Staph. capitis 17 11.0 187a 117-299

Staph. simulans 17 11.0 93 47-182

Staph. warneri 12 7.7 129 23-337

Staph. xylosus 7 4.5 400a 183-875

Staph. haemolyticus 6 3.9 67 25-134

Staph. intermedius 4 2.6 213 8-5482

Staph. sciuri 3 1.9 61 1-6940

Staph. hyicus 3 1.9 319b 76-1313

Staph. auricularis 2 1.3 46

Staph. cohnii 2 1.3 65

Staph. hominis 1 0.7 41

Staph. saprohyticus 1 0.7 42

Mixed CNS1 13 8.4

Total 155
1Mixed CNS, two species of CNS found in a milk sample.
aDifferent (P < 0.05) from culture-negative quarters.
bTendency (P = 0.05) to differ from culture-negative quarters.
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Discussion

This is the first time prevalence of CNS has been determined in Dutch dairy cows.

However, in non-random quarter milk samples of high SCC cows submitted to the

GD Animal Health Service, CNS prevalence increased considerably in the last decade

and has become the most frequently isolated pathogen (Sol, 2002). In our current

study, CNS were also the most frequently isolated group of bacteria (calculated

national quarter prevalence 10.8%). World-wide, only very few true random
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Table 4. Final linear regression model for the prevalence of coagulase-negative staphylococci.

Variable Category Estimate SE P-value (t)

Constant -47.6

Source of drinking water Tap water Ref.1

used in the barn Ditch water 23.4 7.3 0.003

Own well water source 8.1 4.7 0.093

Combination of tap water 

with ditch or own well water

source -19.3 15.5 0.223

Other -37.1 11.5 0.003

Udder health monitored No Ref.

by veterinarian Yes 20.1 5.8 0.001

Dry cows housed Yes Ref.

in two groups No 11.4 4.3 0.012

Pasturing during  No Ref.

outdoor season Yes 18.4 11.6 0.120

Restrained 22.2 12.2 0.079

Part of the season restricted 55.0 16.2 0.002

Measuring cow SCC No Ref.

at milk recording Yes 38.7 17.2 0.031

Bulk milk SCC (cells/ml) <150,000 Ref.

150,000-250,000 -7.0 5.0 0.17

>250,000 15.6 6.0 0.014

Percentage of stalls 1.3 0.6 0.046

contaminated with milk
1Referent.
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prevalence studies on CNS have been conducted (Pitkälä et al., 2004; Østerås et al.,

2006; Bradley et al., 2007). In Finland (16.6%) and in England and Wales (14.9%)

CNS was the most frequently isolated group of organisms (Pitkälä et al., 2004;

Bradley et al., 2007). In Norway, only 3.3% of quarters were identified as positive for

CNS. In the Finnish study, as in our study, a sample was considered CNS-positive if

≥500 cfu/ml was found (Pitkälä et al., 2004), whereas in the Norwegian study a

sample was CNS IMI with ≥4,000 cfu/ml (Østerås et al., 2006). International

agreement on the definition of a CNS IMI sample would make studies more

comparable. When comparing results of clinical trials and other studies, it should be

realized that there may be differences in selection criteria for herds and animals,

sampling techniques, and laboratory procedures (Barkema et al., 2006). The definition

of a positive sample is just one of them.

In our study, more quarters of heifers compared to older cows had CNS IMI. This

finding is consistent with earlier studies (Oliver and Mitchell, 1983; Hogan et al., 1987;

Rainard et al., 1990; Matthews et al., 1992). Prevalence of CNS IMI is already high in

heifers around their first calving (Borm et al., 2006). The lower prevalence of CNS in

multiparous cows may be explained by the fact that these cows were dried off with

antibiotics and postmilking teat disinfection was applied twice a day during lactation.

More than 80% of the farms in our study used these practices.

The CNS are a heterogeneous group of organisms. Currently, the genus

Staphylococcus consists of more than 40 species (Devriese et al., 2002).

Coagulase-negative staphylococcus species differ from each other in antimicrobial

susceptibility, virulence factors, and host response to infection (Birgersson et al., 1992;

Devriese et al., 2002). Thus, identification of species may be important for

epidemiological investigations, for assessment of their pathogenic significance, and

for developing specific management practices to prevent mastitis. Although the

identification of this group of organisms is important, it is difficult and relatively costly.

For these reasons many laboratories do not include identification of CNS in their

routine procedures. In our study, a commercial test kit, API Staph ID 32 test, was

used to identify the CNS species. The API Staph ID 32 test is mainly based on human

CNS strains and a limited number of veterinary strains (Bes et al., 2000).

Nevertheless, in a study in Finland the API Staph ID 32 had an accuracy of 70 - 80%

on bovine mastitis isolates with 90% probability in comparison with the amplified

fragment length polymorphism (Taponen et al., 2006).
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Staphylococcus chromogenes, Staph. epidermidis, and Staph. capitis were the

most frequently isolated species. Although in other studies in which species

identification was done, cows were not randomly selected, they confirmed this finding

(Harmon and Langlois, 1995; Oliver and Jayarao, 1995; Taponen et al., 2006). In older

studies, other CNS species such as Staph. hyicus were isolated more frequently

(Watts and Owens, 1989), which may be due to misidentification with identification

methods used in the eighties (Bes et al., 2000). Additionally, at that time, Staph.

chromogenes was still characterized as Staph. hyicus.

Somatic cell count of quarters with CNS IMI was twice as high as SCC of

culture-negative quarters in our study and in studies by others (Hogan et al., 1987;

Honkanen-Buzalski, 1990; Harmon and Langlois, 1995). Countries with a lower

average BMSCC are more likely to culture CNS because cows with a mild increase

of SCC are more frequently selected for culturing. The effect of CNS IMI on SCC

differs among species (Watts and Owens, 1989). We found significant differences in

SCC between culture-negative quarters and infected quarters with five CNS species

(Table 2). Most species, however, were found in such low prevalence, that the power

to determine differences in SCC was lacking.

The test used in this study to speciate CNS was the API Staph ID 32 test.

Research that was carried out after this study was finalized suggests that this test is

not the best test to use for the identification of CNS. Nevertheless, based on the

distribution and the effect on SCC we suggest that Staph. chromogenes, Staph.

epidermidis, Staph. capitis, and Staph. xylosus are the most important CNS species

in The Netherlands. Further research on pathogenic significance and species specific

risk factors should be focused on these pathogens.

Control programmes reduced the prevalence of major pathogens such as Staph.

aureus and Strep. agalactiae in The Netherlands (Sampimon et al., 2009). In our study,

the five-point program was carried out by most of the farmers. The five-point plan has

an effect on major pathogens (Neave et al., 1969) and presumably also in minor

pathogens (Lam et al., 1997a). In spite of this the prevalence per herd varied markedly.

Apparently other factors than the five-point plan also influence the CNS prevalence.

Udder health monitoring by the veterinarian and measuring SCC on a regular

basis were significantly correlated with an increased prevalence of CNS IMI. This

relation may be due to confounding, because we found a high CNS prevalence in

herds with BMSCC >250,000 cells/ml. It may be hypothesized that herds with

relatively high SCC and prevalence of CNS IMI take action to improve udder health.
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Since our study is a prevalence study we cannot determine the effect of these

monitoring activities on CNS infections in the long run.

The impact of CNS on the level of BMSCC is not well-documented in the literature.

In a study of Rainard et al. (1990), the major pathogens contributed 46% of the SCC

in the BMSCC, while CNS contributed 18% of the SCC in BMSCC. In our study, a

high BMSCC (>250,000 cells/ml) was associated with a higher prevalence of CNS IMI

on a farm. In farms with a BMSCC >250,000 cells/ml a number of recommended

procedures such as blanket dry cow therapy, post-milking teat disinfection, treatment

regime of clinical cases, and hygiene management may not be optimally practiced

(Barkema et al., 1999). When bonuses for low BMSCC are given and when the

prevalence of major pathogens in a herd is low, the impact of CNS IMI on SCC will

become more important. This means that CNS IMI may become more important on

farms with a low BMSCC.

Using one instead of two groups of dry cows increased the prevalence of CNS

IMI on a farm. 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). Our data confirm this finding; we found a higher prevalence of CNS IMI

in herds with more stalls contaminated with milk. Where farmers manage dry cows as

a single group, heifers and close-up cows are often housed in the lactating group for

several weeks before parturition. This may increase leaking of milk, and may have an

effect on udder edema due to high protein intake. Heifers with udder edema were

1.65 times more likely to develop clinical mastitis (Waage et al., 2001).

Drinking water from another source than tap water during the indoor season

increased prevalence of CNS IMI. These ‘other’ water sources may have increased the

exposure to dirt. Providing water from another source than tap water was also

identified as a risk factor for environmental clinical mastitis in two other Dutch studies

(Schukken et al., 1990; Barkema et al., 1999). This could be an indication that CNS

can act as an environmental pathogen. In our study, the mixed sources of water,

including tap water were associated with a lower prevalence of CNS IMI. We have no

clear explanation for this, but it may be so that farmers using tap water use more

hygienic management procedures on their farms than farmers using only ditch water

as drinking water.

Pasturing during the outdoor season was associated with an increased prevalence

of CNS IMI on a farm. The summer period is the period when flies are active. Flies,

especially the hornfly Haematobia irritans can transmit Staph. aureus (Owens et al.,
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1998). This biting fly is very common in The Netherlands and it is possible that it also

transmits CNS.

In our study, data from 49 farms were analyzed for possible risk factors associated

with prevalence of CNS IMI. Source of drinking water, housing dry cows in one group

and pasturing cows were found to be the most significant ones, as were BMSCC and

udder health monitoring activities.
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Abstract

In this study, the accuracy of two phenotypic tests, API Staph ID 32 and Staph-Zym,

was determined for identification of coagulase-negative staphylococci (CNS) from

bovine milk samples in comparison with identification based on DNA-sequencing. A

total of 172 CNS isolated from bovine milk were classified into 

17 species. The most frequently isolated species based on rpoB sequencing were

Staphylococcus chromogenes and Staphylococcus epidermidis, followed by

Staphylococcus xylosus, Staphylococcus warneri, and Staphylococcus equorum (37,

13, 9, and 6% of isolates, respectively). The API Staph ID 32 correctly identified 41%

of the CNS isolates. Best agreement with rpoB sequence based species identification

was found for Staph. epidermidis, Staphylococcus hyicus, and Staph. xylosus (100,

89, and 87%, respectively). The positive predictive value was 89, 100, and 52%,

respectively. Poor sensitivity was observed for 3 of the 5 most frequently found

species, Staph. chromogenes (37%), Staphylococcus warneri (15%), and Staph.

equorum (0%) albeit with specificity of 100%. The Staph-Zym needed additional tests

for 66% of the isolates and identified 31% of the CNS isolates correctly. Good

sensitivity was found for Staph. epidermidis, Staph. simulans, and Staph. xylosus

(100, 78, and 73%, respectively). The positive predictive value was 89, 78, and 98%,

respectively. Poor sensitivity was observed for Staph. chromogenes, Staph. warneri,

and Staph. equorum (0, 54, and 0%, respectively) but with a specificity of 100, 99, and

100%, respectively. Both phenotypic tests misidentified a large proportion of CNS

isolates and were thus unsuitable for identification of CNS species from bovine milk

samples.

Keywords: bovine, coagulase-negative staphylococci, genotyping, mastitis,

phenotyping.
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Introduction

Coagulase-negative staphylococci (CNS) are commonly isolated from cases of

subclinical and clinical mastitis, and also from teat canals, teat skin, and teat ducts (De

Vliegher et al., 2003; Taponen et al., 2006; Sampimon et al., 2007). In several recent

prevalence studies, CNS were the most frequently isolated udder pathogens from

bovine milk samples with high somatic cell count (SCC) (Pitkälä et al., 2004; Bradley

et al., 2007; Piepers et al., 2007). Coagulase-negative staphylococci are a

heterogeneous group of organisms. Currently, the genus Staphylococcus consists of

more than 40 named species (Bes et al., 2000; Devriese et al., 2002).

Coagulase-negative staphylococcal species may differ in antimicrobial susceptibility,

virulence factors, host response to infection, and transmissibility. To assess the

pathogenic significance of individual CNS species and to develop species-specific

management practices, accurate species identification is needed.

Several schemes for the identification of CNS based on phenotypic characteristics

have been developed (Devriese et al., 1994). These phenotypic schemes require

numerous media and are labour intensive. Also, they require extended incubation

periods that limit usefulness for routine diagnostics. The ideal test for routine

diagnostic laboratory identification of CNS species in milk samples of cows would be

reliable, time and cost-effective and easy to use. Commercial test kits, like the API

Staph ID 32 (API Test, bioMérieux, Lyon France) and the Staph-Zym test (Rosco,

Taastrup, Denmark) are used for phenotypic identification of CNS in diagnostic

laboratories. However, they may lack accuracy because these tests and their

accompanying databases were mainly developed for human isolates (Watts and

Washburn, 1991; Thorberg and Brändström, 2000; Taponen et al., 2006; Zadoks and

Watts, 2008). Because of the large and increasing diversity of microorganisms and the

prevalence of organisms with rare, inconsistent or poorly defined phenotypic

characteristics, conventional methods often cannot fully characterize bacterial

isolates, and laboratories are increasingly relying on DNA-sequencing for

microorganism identification (CLSI, 2007; Zadoks and Watts, 2008). For identification

of CNS species, sequence data of housekeeping genes such as rpoB, cpn60, dnaJ,

or tuf can be used (Capurro et al., 2009; Drancourt and Raoult, 2002; Mellmann et al.,

2006; Shah et al., 2007; Zadoks and Watts, 2008).

The aim of the present study was to measure the sensitivity, specificity, and

positive predictive value of two frequently used phenotypic methods, the API Staph

ID 32 and the Staph-Zym test, for identification of CNS isolated from bovine milk
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samples through comparison with species identification based on DNA-sequence

data of housekeeping genes.

Materials and methods

Cultures

A total of 175 CNS isolates were selected at random from quarter milk samples

of clinical and subclinical mastitis cases submitted for bacteriological examination to

the GD Animal Health Service (GD; Deventer, The Netherlands). Only isolates from

a pure culture on agar plates were included, with a maximum of one isolate per herd.

Bacteriological culturing was carried out according to NMC protocols (Harmon et

al., 1990). Briefly, an inoculum of 0.01 ml of milk was spread on a sheep blood agar

plate. All plates were incubated at 37ºC and examined after 24 and 48 h. A milk sample

was considered CNS-positive if ≥500 cfu/ml of CNS were cultured. Coagulase-negative

staphylococci were differentiated from coagulase-positive staphylococci using Slidex

Staph Plus (bioMérieux, Marcy l’Etoile, France). Isolates with a negative test result on

the Slidex Staph Plus were further tested with the tube coagulase test.

Coagulase-negative staphylococci isolates were frozen and stored at -70°C.

Reference method

The identification of the CNS isolates with the API Staph ID 32 and the Staph-Zym

test was compared with species identification based on DNA-sequence data. Isolates

were grown on Colombia agar with 5% sheep blood (Gibco Technologies, Paisley,

Scotland) for 24 h at 37°C. To prepare DNA extracts, one calibrated loop (1 µl) of cells

was suspended in 20 µl lysis buffer (0.25% SDS, 0.05 N NaOH), heated for 5 min at

95°C, and diluted with 180 µl distilled water. Cell debris was spun down by

centrifugation at 16000g for 5 min and supernatants were used as PCR template. PCR

of a 751 bp fragment of the rpoB gene was performed using published primers and run

parameters (Drancourt and Raoult, 2002). PCR-products were purified with the

PureLink DNA kit (Invitrogen Corporation, Carlsbad, CA). DNA-sequencing was carried

out in two directions by the BioResource Center (Cornell University, Ithaca, NY) using

the PCR primers and Big Dye Terminator chemistry on an ABI PRISM 3700 DNA

analyzer. Sequence data were assembled and proofread using SeqMan (version 5.08,

Lasergene, DNASTAR Inc., Madison, WI). Assembled sequence data were compared

with sequence data in GenBank using the nucleotide-nucleotide BLAST algorithm of

the National Center for Biotechnology Information (http://www.ncbi.nlm.nih.gov/).
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Although 94% DNA-sequence homology is considered sufficient for identification of

CNS species using rpoB (Mellman et al., 2006), additional methods were used to

confirm or determine the identity of isolates with <98% homology to reference data.

Additional identification was performed using the amplification and sequencing of a

600 bp fragment of the housekeeping gene cpn60 (Zadoks et al., 2005) using

degenerate primers that amplify this target gene in multiple gram-positive bacterial

genera (Goh et al., 1997) or, if species identity was still unresolved, based on

sequencing of 16S rDNA (Durak et al., 2005).

API Staph ID 32

The API Staph ID 32 test strip consists of 32 capsules, 26 of which contain

dehydrated biochemical media for colorimetric tests. Tests were performed and

interpreted according to the manufacturer’s recommendations (API Test, bioMérieux,

Lyon, France). Briefly, the frozen CNS isolates were recultured on agar plates

containing 6% sheep blood (Biotrading, Mijdrecht, The Netherlands). After 24 h of

incubation, bacterial suspensions were prepared to a density of 0.5 McFarland in 6 ml

of sterile distilled water and distributed into the wells of the API test strip. The strips

were incubated at 37ºC and examined visually after 24 h. The Apiweb software was

used to calculate the probability of the identification result in a range of 10-100%

(https://apiweb.biomerieux.com). In this study, only identification with a probability

≥90% was considered acceptable (Thorberg and Brändström, 2000; Taponen et al.,

2006). If the probability of a result was <90%, isolates were considered unidentified.

Staph-Zym test

The Staph-Zym test consists of a rigid, transparent plastic strip with 10 upright

minitubes divided into four groups of tests. The manufacturer’s instructions (Rosco,

Taastrup, Denmark) were followed to conduct the test and interpret the results. Briefly,

the frozen CNS isolates were recultured on sheep blood agar plates. Bacterial

suspensions were prepared from cultures after 24 h of incubation and standardized

to a 2 McFarland standard in 3 ml physiological saline (0.9% NaCl). Approximately

0.25 ml of the bacterial suspension was dispensed into each of the 

10 tubes. After an incubation of 24 h at 37ºC, positive reactions were recorded and

converted to five-digit numbers. The five-digit number provided a numerical profile of

known CNS species and suggested additional tests, i.e., enzyme reactions,

Pyrrolidonyl Aminopeptidase 2h, Vogues Proskauer 4h, anaerobic growth,
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susceptibility to fosfomycin and nalidixic acid, and acid formation from sucrose,

cellobiose, raffinose, and xylose for species delineation. Isolates not recognized by

numerical profile and additional tests, were considered unidentified.

Data analysis

Isolates were considered to be correctly identified by API Staph ID 32 and

Staph-Zym if the same species was found as with the reference method. Misidentified

was defined as a different species found compared to reference method. For both

phenotypic methods, sensitivity, specificity, and predictive value positive (PVP) were

calculated in comparison with DNA-based species identification. Sensitivity was

calculated as the proportion of the true positive isolates that are correctly identified

with the phenotypic tests, e.g., the proportion of Staphylococcus chromogenes

isolates based on sequence data that was identified as such by phenotypic testing.

Specificity was calculated as the proportion of the true negatives that are correctly

identified with the phenotypic tests, e.g., the proportion of isolates other than Staph.

chromogenes based on sequence data that were identified as something other than

Staph. chromogenes by phenotypic testing. Finally, PVP was calculated as the

proportion of isolates identified as a specific species based on phenotypic testing that

truly represented that particular species, e.g., the proportion of isolates that were

identified as Staph. chromogenes by phenotypic testing that had been identified as

Staph. chromogenes based on DNA-sequence data.

Results

Isolates

A total of 175 isolates were analyzed by DNA-sequencing. One isolate was

identified as Streptococcus uberis and one isolate was identified as Moraxella

osloensis based on cpn60 sequencing. PCR with rpoB primers had been negative

for both isolates, which is explained by the fact that the primers are specific to the

genus Staphylococcus and neither isolate belonged to that genus. Of the remaining

173 CNS isolates, all of which yielded an amplicon with rpoB PCR, 172 were identified

at the species level. Based on rpoB, cpn60, or 16S sequence data, one isolate could

be identified at the genus level but not at the species level, suggesting that it is an

unknown species (≤92% homology to reference sequences for rpoB and cpn60; 99%

homology to Staphylococcus pasteuri as well as Staphylococcus lugdunensis based

on partial 16S sequence data). This isolate was not identified to the species level by
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API Staph ID 32 or Staph-Zym typing either. Further analyses were performed on the

172 isolates that were identified to species level. The most frequently isolated species

based on gene sequencing were Staph. chromogenes and Staphylococcus

epidermidis, followed by Staphylococcus xylosus, Staphylococcus warneri, and

Staphylococcus equorum (Table 1).
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Table 1. Identification of coagulase-negative staphylococci (CNS) with the API Staph ID 32 and

the Staph-Zym test, compared with rpoB sequencing as the reference method.

rpoB sequencing API Staph ID 32 Staph-Zym

CNS species n Correctly MI1 UI2 Correctly MI UI

identified identified

n % n % 

Staph. arlettae 1 0 0.0 0 1 0 0.0 0 1

Staph. capitis 1 0 0.0 0 1 0 0.0 1 0

Staph. chromogenes 63 23 36.5 2 38 0 0.0 2 61

Staph. cohnii subsp.

cohnii 5 0 0.0 0 5 0 0.0 1 4

Staph. epidermidis 23 23 100.0 0 0 23 100.0 0 0

Staph. equorum 10 0 0.0 9 1 0 0.0 2 8

Staph. fleurettii 5 0 0.0 0 5 0 0.0 3 2

Staph. haemolyticus 9 0 0.0 1 8 2 22.2 3 4

Staph. hominis 1 0 0.0 0 1 0 0.0 1 0

Staph. hyicus 9 8 88.9 0 1 1 11.1 0 8

Staph. nepalensis 1 0 0.0 1 0 0 0.0 0 1

Staph. saprophyticus 2 0 0.0 1 1 1 50.0 0 1

Staph. sciuri subsp.

carnaticus 3 0 0.0 0 3 1 33.3 0 2

Staph. simulans 9 2 22.2 1 6 7 77.8 1 1

Staph. succinus 2 0 0.0 2 0 0 0.0 1 1

Staph. warneri 13 2 15.4 2 9 7 53.8 0 6

Staph. xylosus 15 13 86.7 2 0 11 73.3 3 1

Total 172 71 41.3 21 80 53 30.8 18 101
1MI=misidentified, 2UI=unidentified.
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For 7 isolates with 94-97% homology of the rpoB sequence to reference data,

species identity was also determined based on cpn60 sequence data (4x

Staphylococcus hyicus and 3x Staph. warneri). For all 7 isolates, rpoB based species

identity was confirmed, with cpn60 sequences showing 97-100% homology to

reference data. In addition, species identity was determined based on cpn60 data for

8 isolates that had yielded noisy or deteriorated rpoB sequence data (3x Staph.

equorum, 2x Staphylococcus succinus, and 3x Staph. xylosus). For one isolate, rpoB

and cpn60 data were noisy, and isolate identity was determined based on 16S

sequence data (Staph. equorum). Sequence data for rpoB of isolates showing

94-97% homology with previously published sequence data were deposited in

GenBank under accession number FJ 404467, and FJ 404468 for Staph. hyicus, and

Staph. warneri, respectively.

API Staph ID 32

The API Staph ID 32 identified 71 of 172 (41%) isolates correctly (Table 1). The

best sensitivity in comparison with rpoB-sequence based identification was found for

Staph. epidermidis, Staph. hyicus, and Staph. xylosus, (100, 89, and 87%,

respectively). The specificity of detection for these species was 98, 100, and 92%,

respectively and PVP was 89, 100, and 52%, respectively (Table 2). Poor to very poor

sensitivity was observed for 3 of the 5 most commonly found species, i.e., for Staph.

chromogenes, Staph. warneri, and Staph. equorum (37, 15, and 0% sensitivity,

respectively) (Table 1). The specificity of detection of these species and PVP were

high (100%), with the exception of the PVP for Staph. equorum (Table 2). Of the 101

(59%) isolates in this set of samples that were not identified correctly, 80 were

unidentified and 21 were misidentified (Table 1), i.e., the species identification by the

Apiweb system (with probability ≥90%) was not in agreement with the reference

method. Of 9 Staph. equorum isolates 8 were identified as Staph. xylosus and one as

Staphylococcus sciuri. Two Staph. chromogenes isolates were misidentified as

Staphylococcus caprae and Staph. xylosus, respectively; one Staphylococcus

haemolyticus isolate as Staphylococcus auricularis; one Staphylococcus nepalensis

isolate as Staph. xylosus; one Staphylococcus saprophyticus isolate as Staph.

epidermidis; one Staphylococcus simulans isolate as Staph. epidermidis; two Staph.

succinus isolates as Staph. xylosus; two Staph. warneri as Staph. capitis and Staph.

simulans, respectively and finally two Staph. xylosus isolates as Staph. epidermidis

and as Staph. simulans, respectively.
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Staph-Zym test

Using the Staph-Zym test, 53 of 172 isolates (31%) were identified correctly, based

on a single suggestion for identification. Sensitivity of identification was highest for Staph.

epidermidis (100%), Staph. simulans (78%), and Staph. xylosus (73%) (Table 2).

The specificity of identification of those species was 98, 99, and 98%, respectively and

PVP was 89, 78, and 98%, respectively (Table 2). Poor to very poor sensitivity was

observed for three of the five most commonly found species: Staph. chromogenes,

Staph. warneri, and Staph. equorum (0, 54, and 0%, respectively) (Table 1). The

specificity of identification of these species was 100, 99, and 100%, respectively.

Because sensitivity of detection was 0% for Staph. chromogenes and Staph.

equorum, PVP could not be calculated. For Staph. warneri, PVP was 78% (Table 2).

No identification was obtained for 101 (59%) isolates. For 86 isolates, the Staph-Zym

test yielded more than one species name as a result. For 15 isolates the Staph-Zym

test could not suggest any species identification. Misidentification was observed for

18 of 172 (10%) isolates. One Staph. capitis isolate was misidentified as Staph.

saprophyticus; two Staph. chromogenes isolates were misidentified as Staph.

haemolyticus; one Staphylococcus cohnii subsp. cohnii as Staph. xylosus; two Staph.

equorum isolates as Staphylococcus gallinarum and Staph. xylosus, respectively;
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Table 2. Sensitivity, specificity and positive predictive value of the API Staph ID 32 and the

Staph-Zym test of most common coagulase-negative staphylococci (CNS) in this study, using

rpoB sequencing as reference method.

CNS species API Staph ID 32 Staph-Zym

Sensitivity Specificity PV+1 Sensitivity Specificity PV+

Staph. chromogenes 36.5 100.0 100.0 0.0 100.0 n/a

Staph. epidermidis 100.0 98.0 88.5 100.0 98.0 88.5

Staph. equorum 0.0 100.0 n/a2 0.0 100.0 n/a

Staph. haemolyticus 0.0 100.0 n/a 22.2 98.8 50.0

Staph. hyicus 88.9 100.0 100.0 11.1 100.0 100.0

Staph. simulans 22.2 98.8 50.0 77.8 98.8 77.8

Staph. warneri 15.4 100.0 100.0 53.8 98.8 77.8

Staph. xylosus 86.7 92.4 52.0 73.3 98.1 97.5
1 PV+ = positive predictive value.
2 n/a = not applicable.
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three Staphylococcus fleurettii isolates as Staph. sciuri; three Staph. haemolyticus

isolates as two Staph. warneri and one Staph. simulans; one Staph. hominis isolate

as Staph. epidermidis; one Staph. simulans isolate as Staph. epidermidis; one Staph.

succinus as Staph. xylosus, and three Staph. xylosus isolates as Staph. epidermidis,

Staph. equorum, and Staph. simulans, respectively. For 113 of 172 (66%) isolates

additional tests were needed.

Discussion

Coagulase-negative staphylococci as a group are increasingly seen as important

mastitis pathogens (Taponen et al., 2007). The group is comprised of many different

staphylococcal species. In a recent study of Taponen et al. (2007), CNS IMI were

persistent throughout lactation, significantly increased quarter SCC, and because of

their relatively high prevalence contributed to a higher average BMSCC. Because of

their impact on milk quality, control measures may need to be developed for CNS.

Also for epidemiological investigations and assessment of their pathogenic

significance, accurate species identification of CNS is needed.

Several commercial test kits are available for CNS identification, all of which are

based on phenotypic methods. Genotypic test methods are not available in commercial

test kits. Genotypic methods have higher typeability and accuracy than phenotypic

methods, and identify over 99% of CNS isolates from bovine milk (Zadoks and Watts,

2009). The high proportion of species identification based on DNA-sequence data is

likely due to the large reference database (GenBank) which is continuously updated

with new strains or species including species common in animals but not in humans

(Zadoks and Watts, 2009). Routine updates to methodology or databases are not

economically feasible for commercial phenotypic test kits. Because of the superior

identification obtained with genotypic methods, the implementation of such methods

by diagnostic laboratories is encouraged (CLSI, 2007).

Among 172 CNS isolates from bovine milk, 17 CNS species were identified with

rpoB sequencing, and 11 and 15 species with API Staph ID 32 and Staph-Zym,

respectively. The API Staph ID 32 and Staph-Zym identified 41 and 31%, respectively,

of the CNS isolates correctly, which was lower than reported in other studies (Watts

and Washburn, 1991; Thorberg and Brändström, 2000; Taponen et al., 2006; Carpurro

et al., 2009). An explanation could be the different study designs and associated

species distribution. Both phenotypic databases were developed to identify CNS

isolates from human origin which may explain the relatively high sensitivity for
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identification of species such as Staph. epidermidis and Staph. xylosus, which are

commonly found in humans. However, the PVP of the API Staph ID 32 for Staph.

xylosus was 52% which indicates that only about half of the isolates from bovine milk

that are identified as Staph. xylosus by API Staph ID 32 really belong to this species.

With the Staph-Zym, the PVP for Staph. xylosus was much higher, i.e., 98%, implying

that almost all isolates that are identified as Staph. xylosus by Staph-Zym testing are

indeed Staph. xylosus. However, only about three-quarters of all Staph. xylosus

isolates are recognized as such by Staph-Zym testing. The low sensitivity of the

Staph-Zym for most species in our study was mainly caused by the large number of

isolates for which identification could not be narrowed down to a single species.

Another drawback of the Staph-Zym system was the large number of additional tests

needed to obtain final results. Additional tests were needed for 66% of the isolates in

our study, compared to 45% of isolates in the study by Thorberg and Brändström

(2000) and 33% in the study by Capurro et al. (2009). Additional tests increase cost,

labor and time delay of final outcomes of the test. Despite additional testing, many

isolates could not be identified to the species level by the Staph-Zym test, in

agreement with results from Capurro et al. (2009).

Staphylococcus chromogenes was the most frequently isolated species in our

study. Approximately two-thirds of these isolates were misidentified by the API Staph

ID 32. However, the specificity and PVP were both 100% which means that the API

Staph ID 32 had a low number of false-positives in detection of Staph. chromogenes.

The Staph-Zym did not identify a single Staph. chromogenes isolate correctly, which

is a big concern considering that Staph. chromogenes is among the most common

CNS species in bovine milk. Identification of coagulase-negative Staphylococcus

aureus as Staph. chromogenes by the Staph-Zym has been reported (Capurro et al.,

2009) but was not observed in our study. Differences between countries seem to exist

in predominance of CNS species. In Sweden, USA (Tennessee), and Zimbabwe,

Staph. chromogenes was the predominant species, while in Norway, Finland and

Belgium Staph. simulans was the most common CNS species (Matthews et al., 1990;

Devriese et al., 1994; Waage et al., 1999; Thorberg and Brändström, 2000; Kudinha

and Simango, 2002; Taponen et al., 2006; Capurro et al., 2009). These may be true

differences, but differences can also be caused by differences in identification

methods. Our data suggest that prevalence of Staph. chromogenes is more likely to

be underestimated with the Staph-Zym method than with the API Staph ID 32,

whereas the reverse is true for Staph. simulans. Staphylococcus hyicus was
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commonly identified in the 1980s (Watts and Owens, 1989), but is not among the

most common species in more recent studies. This is probably explained by the fact

that Staph. chromogenes was considered a subspecies of Staph. hyicus in the 1980s,

whereas it is recognized as a separate species nowadays. True misidentification of

isolates may also have occurred (Bes et al., 2000; Zadoks and Watts, 2009).

In addition to well-known species, we found some CNS species that have thus far

rarely been associated with bovine mastitis, i.e., Staph. equorum, Staph. nepalensis,

and Staph. fleurettii. Staphylococcus equorum constituted 6% of our isolates, making

it the fifth-most frequently isolated species. The API 20 Staph test does not recognize

Staph. equorum, but both phenotypic tests used in our study should have the ability

to identify the species (bioMérieux, Lyon, France; Rosco, Taastrup, Denmark).

However, none of the nine Staph. equorum were identified correctly. In a study in

Finland, only one isolate of Staph. equorum was found (Taponen et al., 2006). We

also found Staph. nepalensis and Staph. fleurettii in pure culture from bovine samples.

Staphylococcus nepalensis was first isolated from the respiratory tract of goats kept

in the Himalayan region in 2003 (Spergser et al., 2003). Staphylococcus fleurettii was

isolated from goat’s milk cheeses for the first time in 2000 (Vernozy-Rozand et al.,

2000). These examples illustrate that new CNS species continue to be discovered,

and explain why phenotypic test methods may not be as up to date as reference

databases based on DNA-sequence data. In our study, more CNS species were found

with a genotypic method than expected from earlier studies with phenotypic tests.

The prevalence and impact of these particular CNS species on udder health is

unknown. Further studies would be necessary to determine their impact and

relevance.

We conclude that, in our study, the API Staph ID 32 and the Staph-Zym had a

high number of unidentified or misidentified CNS isolates. Both tests were insufficient

to identify CNS species from bovine milk samples as demonstrated by poor sensitivity

and positive predictive value for identification of several of the most commonly isolated

CNS species.

Misidentification or ambiguous test results can lead to erroneous interpretation of

data and to false conclusions in epidemiological or monitoring studies. Comparing

test results between studies that used different techniques is not meaningful if test

results are not accurate. For most routine laboratories it is more appropriate to report

“coagulase-negative Staphylococcus species” based on coagulase testing, than

reporting of more detailed but potentially inaccurate results. In research and to identify

70

Chapter 4

101221 - proefschrift:Opmaak 1  06-11-2009  09:12  Pagina 70



new species, genotypic methods for species identification are to be preferred over

phenotypic methods.
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Abstract

In this study the effect was quantified of coagulase-negative staphylococci (CNS)

intramammary infections on quarter- and cow-level somatic cell count (SCC) and on

bulk milk somatic cell count (BMSCC) in different BMSCC cohorts in Dutch dairy

herds. Two datasets were used for this purpose. In the first dataset, on 49 randomly

selected dairy farms a total of 4,220 quarter milk samples of 1,072 cows were

collected of all cows and heifers with a test-day SCC ≥250,000 and ≥150,000 cells/ml,

respectively, and of 25% of cows and heifers below these thresholds. In the second

dataset, on 39 selected dairy farms a total of 8,329 quarter milk samples of 2,115

cows were collected of all cows with a test-day SCC ≥250,000 cells/ml following two

consecutive SCC <250,000 cells/ml, and of heifers using the same SCC criteria but

with a threshold of 150,000 cells/ml. These cows and heifers were defined as new

high SCC. In both datasets, CNS was the most frequently isolated pathogen, 11% in

the first dataset and 12% in the second dataset. In both datasets, quarters with CNS

IMI had a lower SCC than quarters infected with major pathogens, and a higher SCC

than culture-negative quarters. The same was found for SCC at cow level.

Coagulase-negative staphylococci were more often found in quarters with SCC

≥200,000 cells/ml in dairy farms with a BMSCC <150,000 cells/ml compared with

dairy farms with a higher BMSCC. The prevalence of CNS in cows and heifers with a

high SCC was higher in dairy farms with a BMSCC <150,000 cells/ml compared to

dairy farms with a medium or high BMSCC: 30, 19, and 18%, respectively. This

indicates that CNS IMI as a cause of subclinical mastitis is relatively more important

in dairy farms with a low BMSCC and may become a point of attention in udder health

management on that type of farms.

Key words: coagulase-negative staphylococci, minor pathogens, mastitis, somatic

cell count.
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Introduction

Coagulase-negative staphylococci (CNS) were the most frequently isolated group

of mastitis pathogens in all recently conducted prevalence studies (Pitkälä et al., 2004;

Tenhagen et al., 2006; Bradley et al., 2007; Piepers et al., 2007; Sampimon et al.,

2009a). The level of the bulk milk somatic cell count (SCC), however, is mainly

determined by intramammary infection (IMI) with contagious pathogens such as

Staphylococcus aureus and Streptococcus agalactiae (Djabri et al., 2002).

Coagulase-negative staphylococci as well as Corynebacterium bovis are historically

considered of limited importance in udder health, and thus are classified as minor

pathogens. Coagulase-negative staphylococci generally lead to a mild form of mastitis

(Jarp, 1991) most frequently only causing subclinical mastitis (Taponen et al., 2006).

In a Finnish challenge experiment, Staphylococcus chromogenes caused clinical

mastitis but the clinical signs were 10 to 100 times less severe than in cows

experimentally infected with Escherichia coli (Simojoki et al., 2009).

The influence of CNS on SCC is generally considered as mild. Using field data,

Schukken et al. (2003) found that SCC in healthy quarters was 60,000 cells/ml or

less, while SCC in CNS-infected quarters can be as high as 600,000 cells/ml

(Taponen et al., 2007). On average, quarter SCC of natural CNS IMI ranged from

200,000 to 600,000 cells/ml (Boddie et al., 1987; Chaffer et al., 1999), whereas SCC

of quarters infected with Staph. aureus ranged from 357,000 to 3,200,000 cells/ml

(Djabri et al., 2002; Taponen et al., 2007). Thus, the effect of CNS on SCC is smaller

than the effect of major pathogens. However, in a recent US study in dairy farms with

a bulk milk SCC (BMSCC) <200,000 cells/ml, the contribution of CNS-infected cows

to BMSCC, based on composite milk samples, was quantified at 17.9% (Schukken et

al., 2009), suggesting a more important role of CNS in low BMSCC herds than in

herds with a higher BMSCC.

Over the years BMSCC and the prevalence of major pathogen IMI decreased,

while the prevalence of CNS IMI is still very important (Sampimon et al., 2009a). The

association between CNS IMI and quarter SCC, cow SCC, and BMSCC, however,

was never reported.

The aim of this study was to quantify the effect of CNS IMI on quarter- and

cow-level SCC, and on BMSCC, and to compare the effect of CNS IMI on SCC in

different BMSCC cohorts in Dutch dairy herds.
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Materials and Methods

Dataset 1

Details on herds were described elsewhere (Sampimon et al., 2009a). Briefly, 49

randomly selected herds participated in the study. All high SCC cows and heifers

(HSCC), based on the currently used cut-off levels by the Dutch DHI program, were

included. A cow was defined as HSCC when SCC ≥250,000 cells/ml and a heifer when

SCC ≥150,000 cells/ml. Cows and heifers with an SCC below these cut-offs were defined

as low SCC (LSCC). Of the LSCC cows and heifers, 25% was randomly selected for

inclusion. A total of 4,220 quarter milk samples of 1,072 cows were collected within 10

days after DHI test-day. The quarter milk samples were split and SCC was determined

using a Fossomatic cell counter (Foss Electric, Hillerød, Denmark). Quarters with an

SCC ≥200,000 cells/ml were defined as high SCC quarters, based on a practical

threshold under field conditions (Schukken et al., 2003). Bacteriological culture was

carried out according to NMC protocols (Harmon et al., 1990).

Bulk milk SCC was measured once, approximately two weeks before sampling of

the individual cows in dataset 1. Farms were divided into three BMSCC categories: 1)

<150,000 cells/ml: low BMSCC (19 farms), 2) 150,000 to 250,000 cells/ml: medium

BMSCC (17 farms), and 3) ≥250,000 cells/ml: high BMSCC (13 farms).

Dataset 2

Details on herds were described elsewhere (van den Borne et al., 2009). Briefly, for

a randomized treatment trial 39 dairy herds were selected, with >50 lactating cows and

with an average incidence of >10% new HSCC cows per DHI test-day in the year before

the start of the study. Cows with a test-day SCC ≥250,000 cells/ml following two

consecutive SCC <250,000 cells/ml were included in the study. The same criteria were

used for heifers using a SCC threshold of 150,000 cells/ml. These cows and heifers

were defined as new HSCC. Cows could enrol only once and were excluded if they 1)

had teat injuries, 2) received antimicrobial treatment in the last 30 days pre enrolment,

or 3) were expected to be culled or dried off in the next 60 days. A total of 8,329 milk

samples of 2,113 cows were collected within 10 days after DHI test-day. Measurement

of SCC and bacteriological culturing were carried out as described for dataset 1.

Definitions bacteriology

Quarters were defined as culture-negative if no growth occurred after 48 h of

bacteriological culture. A milk sample was considered culture-positive when ≥100 cfu/ml
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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 C. bovis) were cultured. Milk samples that were culture-positive for

more than two bacterial species were considered to be contaminated (Sampimon et al.,

2009a).

Infectious status at cow level was defined based on culture results at quarter level,

as is described in Table 1. In dataset 1, pathogen-specific IMI prevalence and 95%

confidence intervals were calculated on quarter and cow-level for the HSCC and

LSCC group separately. To determine the herd-level prevalence, the number of

sampled LSCC animals was adjusted for the total number of LSCC animals per herd.

Statistical analysis

Differences in prevalence of IMI between LSCC and HSCC cows and between

different BMSCC cohorts were evaluated using the GENMOD procedure with a

binomial distribution using SAS (SAS version 9.1.3, SAS Institute Inc., Cary, NC).

Pathogen-specific IMI was included in the analyses as a dependent variable, while

BMSCC cohort or LSCC/HSCC cow was included as an independent variable.

Furthermore, cow level corrections were made when analyses were at quarter level,

while herd level corrections were made when analyses were at cow level, because of
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Table 1. Definitions of bacteriological status at cow level, based on quarter sample culture

results.

Cow definition Criteria

Culture-negative All four quarters culture-negative

Major One or more quarters positive on one of the major

pathogens 

Coagulase-negative staphylococci One or more quarters positive on CNS; no major or other

minor pathogens present in any of the quarters

Minor other One or more quarters positive for one of the minor

pathogens; no major pathogens or CNS present in any of

the quarters

Other None of the aforementioned definitions fitted, for

example one or more quarters positive on Citrobacter

spp., Yersinia spp., Pseudomonas fluorescens
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clustered data. Statistical significance was defined at P < 0.05.

Somatic cell count at quarter and cow level were normalized using a natural

logarithmic transformation and were presented as the geometric mean. Differences

in SCC between cow- (Table 1) and quarter-level pathogen-specific IMI were analyzed

using linear mixed models in SAS (SAS version 9.1.3, SAS Institute Inc., Cary, NC).

In these analyses the natural logarithm of SCC on quarter- or cow-level was included

as dependent variable, and the pathogen-specific IMI-species was included as the

independent variable. In addition to pathogen-specific IMI, corrections were made for

parity, days in milk, and milk yield. To correct for correlated data of quarters within

cows within herds (Barkema et al., 1997), cow number and herd number were

included as random variables in the analyses at quarter level, while herd number was

included as random variable in the cow level analyses.

Results

The overall quarter-level prevalence of CNS IMI in dataset 1 was 11.4% (Table 2),

being the most frequently isolated group of pathogens. Geometric quarter SCC of

CNS-positive quarters was 77,000 cells/ml and was higher than SCC of

culture-negative quarters and quarters infected with other streptococci and Bacillus
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Table 2. Estimated quarter-level prevalence of mastitis pathogens (%) and their geometric mean

quarter somatic cell count (QSCC) in 10,125 quarters in 2,570 cows of 49 random dairy herds.

Prevalence (%) QSCC (x1,000 cells/ml) (95% CI)

Culture-negative 75.9 44 (42-45)

Major pathogens 4.9 321 (268-384)

Staphylococcus aureus 1.7 561 (420-750)

Streptococcus uberis 1.1 934 (735-1188)

Streptococcus dysgalactiae 1.2 340 (257-450)

Other streptococci 1.0 33 (23-49)

Minor pathogens 17.8 64 (59-69)

Coagulase-negative staphylococci 11.4 77a (70-86)

Bacillus spp. 4.2 44 (34-58)

Corynebacterium bovis 2.3 69 (56-87)

Other pathogens 1.3 242 (153-384)
aDifferent (P < 0.05) from quarters that were culture-negative, or were infected with major pathogens or Bacillus spp..
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spp., but lower than quarters infected with the major pathogens Staph. aureus, Strep.

uberis, and Strep. dysgalactiae.

In dataset 1 the prevalence of cows with CNS IMI in one or more quarters while no

major or other pathogens were present in any of the quarters, was 22.2% (Table 3),

being the most frequently isolated species. Average cow-level SCC of CNS-positive

cows was 90,000 cells/ml, which was higher than SCC of cows that were

culture-negative in all quarters and lower than SCC of cows with major pathogen IMI

in one or more quarters.

Quarter-level prevalence of all pathogens was higher in HSCC cows (P < 0.05)

than in LSCC cows (Table 4). Somatic cell count of quarters infected with the same

pathogen was lower in LSCC cows than in HSCC cows, as was the case in

culture-negative quarters (Table 4). In HSCC cows, quarter SCC of CNS-positive

quarters (162,000 cells/ml) was higher than in culture-negative samples (96,000

cells/ml). In dataset 2, quarter- level prevalence of CNS in new HSCC cows was

11.8%, which was 4.5% higher than new IMI with major pathogens.

In dataset 1, 121 (21.9%) of the 553 HSCC cows had a CNS IMI, without major

pathogens present in any of the other quarters while 197 (35.6%) were positive on major

pathogens (Table 5). Geometric mean SCC of CNS-positive cows was 392,000 cells/ml,

which was lower than SCC of cows with a major pathogen IMI (614,000 cells/ml) and

did not differ from culture-negative cows. In dataset 2 the CNS prevalence among

new HSCC cows was higher than the prevalence of cows positive on major

pathogens, 27.6 and 24.0% respectively.
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Table 3. Estimated cow-level prevalence (%) of quarter level intramammary infections, in 2,570

cows from 49 random dairy herds with geometric mean cow-level somatic cell count (CSCC).

Cow definition n Prevalence CSCC (x1,000 cells/ml)

(%) (95% CI)

Culture-negative 1118 43.5 81 (76-85)

Major 418 16.3 200 (176-228)

Coagulase-negative staphylococci 571 22.2 90a (82-98)

Minor other 394 15.3 105 (93-117)

Other 69 2.7 124 (88-174)
aDifferent (P < 0.05) from cows that were culture-negative or that were infected with major pathogens.
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Although prevalence of Staph. aureus IMI increased numerically with increasing

BMSCC, no significant differences in prevalence of Staph. aureus IMI were observed

between the three BMSCC categories. Analysis of data from quarters with high SCC

(≥200,000 cells/ml) revealed that the prevalence of CNS IMI was higher in herds with

a low BMSCC (<150,000 cells/ml) compared to herds with a higher BMSCC (Table 6).

Major pathogens were more prevalent in herds with a high BMSCC. Streptococcus

dysgalactiae IMI were found more often in herds with medium BMSCC than in herds

with low BMSCC, while Strep. uberis IMI was more prevalent in herds with high

BMSCC compared to herds with low BMSCC.

In dataset 1 the cow-level prevalence of CNS IMI in HSCC cows and heifers was

compared between BMSCC cohorts and was higher in low BMSCC herds (<150,000

cells/ml) compared to medium and high BMSCC herds (Table 7). Differences in cow-level

prevalence of major pathogen IMI were not significant between BMSCC cohorts.

Discussion

The effect of CNS IMI on SCC at quarter-, cow-, and bulk milk-level has not been

evaluated in many studies. Recently, Schukken et al. (2009) evaluated the effect of

major pathogens and CNS IMI on milk production and cow-level SCC. In that study,

4,200 herds were included that submitted milk samples to a service laboratory. Part

of these herds had a BMSCC >750,000 cells/ml and were obliged to send in milk

samples, others were problem based or were part of udder health programs. Thus,

these data are not fully comparable to our prospective collected datasets. Additionally,

Schukken et al. (2009) used composite milk samples which can lead to an

underestimation of the prevalence of bacteria (Lam et al., 1996). Coagulase-negative

staphylococci are the most frequently isolated group of organisms in almost all

mastitis surveys (Bradley et al., 2007; Pitkälä et al., 2004; Tenhagen et al., 2006;

Makovec and Ruegg, 2003; Sampimon et al., 2009a; Schukken et al., 2009). In

dataset 1 the Dutch national quarter-level CNS IMI prevalence was almost 10 times

higher than the prevalence of Staph. aureus IMI. This difference in prevalence was

mainly found in LSCC cows, while in quarters of HSCC cows the prevalence of CNS

IMI was approximately three times higher than Staph. aureus IMI. The same was

observed in dataset 2 in the new HSCC cows and heifers; 12% of the quarters was

CNS-positive, while 4% was positive on Staph. aureus. It is not clear whether CNS IMI

always result in inflammation. In this study SCC of quarters positive on CNS in LSCC,

HSCC, and in the new HSCC group were significantly higher than culture-negative
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Table 5. Cow-level prevalence (%) and geometric mean cow-level somatic cell count (CSCC) in

two datasets of quarter level intramammary infections in high somatic cell count cows (HSCC)

(dataset 1) and new HSCC cows (dataset 2).

Dataset 1 Dataset 2

Cow definition n % CSCC n % CSCC

(x1,000 cells/ml) (x1,000 cells/ml)

(95% CI) (95% CI)

Culture-negative 126 22.8 412 (392-428) 818 38.7 375 (348-403)

Major 197 35.6 614 (578-652) 507 24.0 474 (437-514)

Coagulase-negative 

staphylococci 121 21.9 392 (365-420) 583 27.6 327 (308-346)

Minor other 92 16.6 488 (420-561) 205 9.7 360 (323-401)

Other 17 3.1 539 (459-633) 2 0.1 153 (41-566)
a Different from quarters infected with major pathogens in the same dataset (P < 0.05).

Table 6. Estimated quarter-level prevalence (%) of intramammary infection with mastitis

pathogens in quarters with somatic cell count ≥200,000 cells/ml in three bulk milk somatic cell

count (BMSCC) cohorts (dataset 1).

BMSCC (x1,000 cells/ml)   

<150 150 – 250 >250

(n=19) (%) (n=17) (%) (n=13) (%)

Culture-negative 63.2 61.0 58.7  

Major pathogens 10.5 15.6 17.5  

Staphylococcus aureus 5.0 6.3 6.9

Streptococcus uberis 2.8b 3.9 6.2

Streptococcus  dysgalactiae 2.0a 4.8 3.7

Other streptococci 1.2 0.7 0.7

Minor pathogens 23.5 20.5 17.7

Coagulase-negative staphylococci 20.3a 11.6b 15.7

Bacillus spp. 2.3a,b 4.5b 0.7

Corynebacterium bovis 0.9a,b 4.6 2.7

Other pathogens 2.3b 2.8 4.7
aDifferent (P < 0.05) from BMSCC 150,000 – 250,000 cells/ml.
bDifferent (P < 0.05) from BMSCC >250,000 cells/ml.

a a
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quarters and thus contributes to a higher cow SCC. In LSCC cows CNS seem to be

relatively more important than in HSCC cows which can partly be explained by a

higher prevalence of major pathogens in HSCC cows (Table 4).

Quarter prevalence of the other major pathogens Strep. uberis and Strep.

dysgalactiae IMI were also slightly higher in dataset 1 than in dataset 2, but the

prevalence of culture-negative quarters was higher in dataset 2. In both datasets cows

and heifers with an SCC above established cut-off levels were sampled. In dataset 1,

however, all cows and heifers with a high SCC were sampled regardless chronicity,

while in dataset 2 only cows and heifers with their first increased SCC were sampled.

This may explain the higher prevalence of mastitis pathogen IMI in dataset 1 and the

higher prevalence of culture-negative samples in dataset 2.

In literature, SCC of CNS-infected quarters is described as mild and approximately

two to three times the level of culture-negative samples (Honkanen-Buzalski 1990;

Djabri et al., 2002). We found a slightly smaller but also significant effect: 77,000

versus 44,000 cells/ml, this effect was also found in the subgroups: LSCC, HSCC and

new HSCC cows. Coagulase-negative staphylococci IMI apparently lead to an

increase in SCC which is smaller than quarters infected with major pathogens such

Staph. aureus, 138,000 versus 357,000 cells/ml (Djabri et al., 2002). Apparently, the

effect of CNS IMI on SCC is comparable between countries. Differences can be

explained by the probable differences in CNS species occurring in different countries.

Another explanation could be that quarters subclinically infected with CNS have more
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Table 7. Cow-level prevalence (%) of quarter level intramammary infections in high somatic cell

count cows and heifers in 49 herds, in three bulk milk somatic cell count (BMSCC) cohorts.

BMSCC (x1,000 cells/ml)

<150 150 – 250 >250

Cow definition n % n % n %

Culture-negative 38 23.5 44 21.1 44 25.7

Major 48 29.6 83 39.7 63 36.8

Coagulase-negative staphylococci 49 30.2a,b 40 19.1 30 17.5

Minor other 21 13.0 42 20.0 23 13.5

Other 6 3.7 0 0 11 6.4
aDifferent (P < 0.05) from BMSCC 150-250.
bDifferent (P < 0.05) from BMSCC >250.
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lesions than culture-negative samples, but milder and less extended compared to

coagulase-positive staphylococci (Stabenfeldt and Spencer, 1966). Significant

differences in SCC between CNS species have been described (Sampimon et al.,

2009b). To evaluate the contribution of the most important CNS species to SCC large

studies are needed. In HSCC cows, also culture-negative quarters are found, which

can partly be explained by shedding patterns of bacteria, as has been described for

Staph. aureus (Sears et al., 1990). Coagulase-negative staphylococci will be found in

non-shedding, Staph. aureus infected quarters, possibly leading to false

interpretations. However, CNS IMI in quarters of HSCC cows have higher SCC than

culture-negative quarters in HSCC cows, indicating that CNS themselves do have an

effect. Cow SCC was in both datasets significantly lower in CNS-positive cows than

in cows positive on major pathogens (Table 5).

In our study, the distribution of CNS positive quarters with a SCC >200,000

cells/ml, indicated as quarters with IMI (Schukken et al., 2003), were more often found

in dairy herds with a BMSCC <200,000 cells/ml compared to herds with a higher

BMSCC. This is in agreement with the large study of Schukken et al. (2009) where

CNS prevalence was higher in dairy herds with a low BMSCC. This distribution was

in our study also found at cow level; CNS-positive cows were significantly more

prevalent in dairy herds with a low BMSCC compared with medium and high BMSCC,

30, 19, and 18%, respectively. This indicates that CNS-positive cows are relatively

more important in dairy herds with a low BMSCC than in dairy herds with high

BMSCC. This may be of interest for dairy farmers who deliver milk to dairy processors

that provide a bonus based on low BMSCC. Although the increase of SCC caused by

CNS is lower than the effect of major pathogens, for these farms CNS IMI can have

a significant effect and ought to be point of attention in udder health management. To

improve udder health management in these herds, risk factors that increased the

prevalence of CNS IMI were studied. Surprisingly CNS IMI were not specifically

associated with milking technique and milking machine but were more associated

with environmental factors such as housing of dry cows, pasturing, source of drinking

water, and proportion of stalls contaminated with milk (Sampimon et al., 2009b).

Because these risk factors are not included in the much used five-point program

(Neave et al., 1969), this may explain that with decreasing BMSCC, CNS become

more important. The more environmental CNS species probably have an increased

importance in herds with lower BMSCC (White et al., 1989; Matos et al., 1991).
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Conclusions

A substantial part of existing and new high SCC cows and heifers is associated

with CNS IMI. Quarters positive on CNS had a higher SCC than culture-negative

quarters but a lower SCC than quarters positive on major pathogens. Cows or heifers

infected with CNS had lower SCC compared with IMI with major pathogens.

Prevalence of CNS IMI is relatively higher in dairy farms with BMSCC <150,000

cells/ml compared with herds with higher BMSCC.
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Chapter 6

Antimicrobial susceptibility of 

coagulase-negative staphylococci

isolated from bovine milk samples
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Abstract

The aim of this study was to compare phenotypic and genotypic indicators of

antimicrobial resistance in coagulase-negative staphylococci (CNS) isolated from milk

of dairy cows, with emphasis on penicillin, methicillin, and macrolide-lincosamide (ML)

resistance. A total of 170 CNS were classified into 17 species based on sequencing

of housekeeping genes. The most frequently isolated species were Staphylococcus

chromogenes (36%) and Staphylococcus epidermidis (14%). In vitro, 68 (40%)

isolates were phenotypically pansusceptible, 30% expressed resistance to a single

compound, and 30% to more than one compound. Of the eight resistance genes

tested, blaZ was found most frequently, followed by lnuA and mecA, which were

detected in 80%, 19%, and 14% of the isolates, respectively. Nine percent, 68%, 19%,

4%, and 1% of isolates tested negative for all resistance genes, or positive for one,

two, three, or four resistance genes, respectively. Phenotypic resistance and detection

of resistance genes other than blaZ were relatively rare in Staph. chromogenes. In

Staph. epidermidis, phenotypic resistance to penicillin was more common than in

other species and almost half of the Staph. epidermidis isolates carried multiple

resistance genes. In our study, agreement between phenotypic and genotypic test

results was rarely perfect when detection of resistance genes was compared to

categorization of isolates as resistant or non-resistant based on MIC values. Survival

analysis, however, showed significant associations between detection of blaZ, mecA,

ermC, or lnuA, and in vitro survival at increasing concentrations of penicillin, oxacillin,

ML antibiotics or lincosamides, respectively.

Keywords: antimicrobial resistance, bovine, coagulase-negative staphylococci,

genotyping, mastitis, phenotyping.
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Introduction

Coagulase-negative staphylococci (CNS) infections of the mammary gland are

associated with increased somatic cell count (SCC) and thus affect milk quality. The

group of CNS is the predominant group of bacteria in mastitis prevalence studies

worldwide (Pitkälä et al., 2004; Rajala-Schultz et al., 2004; Bradley et al., 2007;

Sampimon et al., 2009a). Over 40 CNS species are named (Bes et al., 2000; Devriese

et al., 2002). For accurate identification of bovine CNS species, genotypic methods

are preferred over phenotypic methods (Zadoks and Watts, 2009; Sampimon et al.,

2009b). In CNS, resistance against penicillin, methicillin, lincosamides, or macrolides

has been described. Antimicrobial resistance patterns may differ between CNS

species (Gentilini et al., 2002; Lüthje and Schwarz, 2006; MARAN, 2007; Sawant et

al., 2009). Like CNS species identity, antimicrobial resistance patterns can be

identified using phenotypic or genotypic methods.

Intramammary infections (IMI) with CNS may be treated with antimicrobials in case

of clinical CNS mastitis (Simojoki et al., 2009), persistent infections (Chaffer et al.,

1999; Taponen et al., 2006; Gillespie et al., 2009), and in heifers before calving

(Trinidad et al., 1990; Borm et al., 2006). In such situations, detailed knowledge of

antimicrobial resistance patterns may contribute to treatment decisions. More

importantly, CNS can carry a number of resistance genes, including the mecA gene

that encodes methicillin resistance. Thus, CNS may act as a reservoir for evolution of

resistance in Staphylococcus aureus (Mevius et al., 2005), or pose a direct human

health hazard, as for example in the case of methicillin resistant Staphylococcus

epidermidis (MRSE) (Walther and Perreten, 2007). Knowledge of CNS-species

specific resistance patterns may contribute to species-specific treatment

recommendations and strategies to prevent potential dissemination of resistant

organisms or resistance genes.

The aim of the present study was to determine the in vitro susceptibility of

genotypically identified CNS isolates from bovine milk to several antimicrobial agents

using phenotypic and genotypic methods, and to compare results obtained with both

methods.

Materials and methods

Cultures

A total of 170 CNS isolates were selected at random from quarter milk samples

of mastitis cases submitted for bacteriological examination to the GD Animal Health
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Service (GD; Deventer, The Netherlands). Only isolates from pure cultures on agar

plates were included, with a maximum of one isolate per herd. Culture methods and

species identification with genotypic methods based on housekeeping genes were

described in detail elsewhere (Sampimon et al., 2009b). Briefly, an inoculum of 0.01

ml of milk was spread on a sheep blood agar plate. All plates were incubated at 37ºC

and examined after 24 and 48 h. A milk sample was considered CNS-positive when

≥500 cfu/ml of CNS were cultured. Pure subcultures of isolates were obtained on

Colombia agar with 5% sheep blood (Gibco Technologies, Paisley, Scotland),

incubated for 24 h at 37°C. PCR of a 751 bp fragment of the rpoB gene was performed

using published primers and run parameters (Drancourt and Raoult, 2002), and PCR

products were sequenced in both directions using the PCR primers. Assembled

sequence data were compared with sequence data in GenBank using the

nucleotide-nucleotide BLAST algorithm of the National Center for Biotechnology

Information (http://www.ncbi.nlm.nih.gov/). Additional housekeeping genes were

analyzed to confirm or determine the identity of isolates with <98% homology to rpoB

reference data.

Phenotypic susceptibility testing

Minimum Inhibitory Concentrations (MICs) of a panel of antibiotics were

determined using the microbroth dilution method for all CNS, according to the

guidelines of the Clinical and Laboratory Standards Institute (CLSI, 2007). The

resistance-breakpoints for penicillin (≥0.25 mg/l), oxacillin (≥0.5 mg/l), cephalotin (≥32

mg/l), erythromycin (≥8 mg/l), pirlimycin (≥4 mg/l), streptomycin (≥32 mg/l), and

tetracycline (≥16 mg/l) were obtained from CLSI guideline M31-A3 (CLSI, 2008). For

lincomycin (≥8 mg/l), kanamycin (≥32 mg/l), and neomycin (≥32 mg/l) breakpoints

were used according to the Dutch National Resistance Monitoring Program (MARAN,

2003). Oxacillin was included as indicator for methicillin resistance.

Genotypic susceptibility testing

Genes encoding resistance to penicillin, methicillin, macrolides, and lincosamides

were targeted (Table 1). Duplex blaZ-mecA PCR was carried out using primers blaZ1

(5'-AAG AGA TTT GCC TAT GCT TC-3') and blaZ2 (5'- GCT TGA CCA CTT TTA TCA

GC-3'), which generate a 518 bp product (Haveri et al., 2005) and primers mecA174A

(5'-AAC AGG TGA ATT ATT AGC ACT TGT AAG-3') and mecA174B (5'- ATT GCT

GTT AAT ATT TTT TGA GTT GAA-3'), which generate a 174 bp product (Martineau
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et al., 2000). Staphylococcus aureus ATCC 33591, which harbours both genes, was

used as positive control and 35 cycles (94°C 30 sec; 55°C 30 sec; 72°C 30 sec) were

run, preceded by a 4 min denaturation step at 94°C and followed by a 7 min final

elongation step at 72°C. For detection of the macrolide and lincosamide (ML)

resistance genes ermA, ermB, ermC, msrA, and lnuA (formerly known as linA),

primers and conditions as described by Lina et al. (1999) were used. For detection of

mphC, primers mphC-F (5'-GAG ACT ACC AAG AAG ACC TGA CG-3') and mphC-R

(5'- CAT ACG CCG ATT CTC CTG AT -3') were used (Lüthje and Schwarz, 2006), and

30 cycles (94°C 30 sec; 59°C 30 sec; 72°C 60 sec) were run, preceded by a 4 min

denaturation step at 94°C and followed by a 7 min final elongation step at 72°C.

Statistical analysis

For CNS species that were represented by more than 10 isolates in the dataset,

the association between phenotypic or genotypic resistance and species was

explored using two by two tables and Chi-square or Fisher exact statistics, as

appropriate, in Statistix 8.0 (Analytical Software, Tallahassee, FL). Isolates belonging

to a single species were contrasted to all other isolates, and isolates showing

95
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Table 1. Target genes and positive control strains included in genotypic antimicrobial resistance

screening of 170 coagulase-negative staphylococci from bovine milk.

Genes Resistance1 PCR Control strain

blaZ+mecA Penicillin/methicillin Duplex ATCC 33591

ermA Macrolide Uniplex ATCC 700698

Lincosamide 

ermB Macrolide Lincosamide Uniplex FSL Z3-1002

ermC Macrolide Lincosamide4 Uniplex KS.OS 1.333

lnuA (formerly linA) Lincosamide Uniplex KS.OS 2.333

msrA Macrolide Uniplex ATCC 33591

mphC Macrolide Uniplex ATCC 33591
1Drug classes shown. In phenotypic assays, drug classes were represented by penicillin, oxacillin (methicillin resistance), erythromycin

(macrolide resistance), lincomycin, and pirlimycin (lincosamide resistance).
2As described by Loch et al. (2005).
3Field isolate from the current study used as positive control after confirmation of amplicon identity based on bidirectional DNA 

sequence analysis of PCR product.
4Isolates with constitutive ermC expression display resistance to lincosamides in MIC assays, whereas isolates with inducible ermC

expression do not (Lüthje and Schwarz, 2006).
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phenotypic or genotypic resistance were contrasted to isolates that did not show

phenotypic or genotypic resistance, respectively. Methods to correct for multiple

comparisons were not employed. Statistical significance was defined at P < 0.05.

Survival analysis was used to plot survival of CNS isolates with and without specified

resistance genes against MIC values from relevant phenotypic assays. In these

analyses, the ‘time-to-event’ was given by the concentration of antibiotics (expressed

as a 2-log concentration) at which ‘no-growth’ occurred in the MIC assay, and the

event was ‘no-growth’ at the given antibiotic concentration. When an organism was still

growing at the highest antibiotic concentration (for example, MIC coded as ‘>16’, or

>4 in 2-log value), then the event (no-growth) was assumed not to have occurred and

the observation was coded as censored. The Kaplan-Meier estimator was used to

estimate survival curves and the log-rank test was used to test for significant

associations between gene presence and MIC value. To reflect the 2-fold dilution

process in the MIC assays, antibiotic concentration was expressed as 2 log + 4. A zero

on the scale indicates 0.06125 mg/ml of antibiotic, a 1 indicates 0.125 mg/ml etc.

Finally, agreement between phenotypic detection of resistance (yes/no), based on MIC

cut-off values, and detection of resistance genes (yes/no) was expressed by means of

the kappa statistic, using WinEpiscope 2.0 (available via http://www.clive.ed.ac.uk/).

Survival analysis and evaluation of test agreement were conducted for CNS as a group

rather than at species level because the number of isolates per combination of species

and resistance profile was generally too small for meaningful analysis at species level.

Results

Isolates

Based on sequencing of housekeeping genes (Sampimon et al., 2009b), 17 CNS

species were identified among 170 isolates included in the current study. The most

frequently isolated species were Staphylococcus chromogenes (36% of isolates) and

Staph. epidermidis (14%), followed by Staphylococcus xylosus (9%), Staphylococcus

warneri (8%), and Staphylococcus equorum (6%) (Table 2).

Phenotypic antimicrobial resistance

Of 170 isolates, 51 (30%) were phenotypically resistant to penicillin (Table 2).

Staphylococcus fleuretti and Staph. epidermidis had the highest proportion of

phenotypic resistance to penicillin (4 of 5 and 16 of 23 isolates, respectively).
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Forty-seven of 170 CNS isolates (27.6%) were phenotypically resistant to oxacillin.

Phenotypic oxacillin resistance was most commonly found in Staph. fleurettii,

Staphylococcus cohnii subsp. cohnii, and Staph. xylosus (4 of 5, 4 of 5, and 12 of 15

isolates, respectively). For lincomycin, erythromycin, and pirlimycin, phenotypic

resistance was observed in 24.7, 7.1, and 7.6% of isolates, respectively. Phenotypic

resistance to ML antibiotics was most prevalent in Staph. cohnii subsp. cohnii (2 of 5),

followed by Staph. equorum (2 of 10) and Staph. epidermidis (2 of 23). Phenotypic

resistance to cephalotin and neomycin was not observed. Sixty-eight of 170 (40%)

isolates were phenotypically pansusceptible (Table 2). Fifty-one (30%) isolates

expressed resistance to a single compound in vitro, and 51 isolates (30%) belonging

to 13 of 17 CNS species expressed resistance to more than one compound (Table 2).

Within species, the proportion of isolates that was pansusceptible in our assays

ranged from less than 15% for e.g. Staph. cohnii subsp. cohnii, Staph. xylosus, and

Staph. epidermidis to more than 75% for Staphylococcus hyicus and Staphylococcus

simulans (Table 2). In Staph. chromogenes, phenotypic lincomycin or oxacillin

resistance was significantly less common than in other species (8 of 61 isolates (13%)

resistant to lincomycin or oxacillin in Staph. chromogenes versus 34 of 109 isolates

(31%) resistant to lincomycin and 39 of 109 (36%) resistant to oxacillin in other

species; P ≤ 0.01). In Staph. epidermidis, phenotypic resistance to penicillin was

significantly more common than in other species (16 of 23 isolates (70%) resistant in

Staph. epidermidis versus 35 of 147 isolates (24%) in other species; P < 0.0001). In

Staph. equorum, both phenotypic erythromycin and lincomycin resistance were

overrepresented (3 of 10 isolates (30%) and 6 of 10 isolates (60%), respectively, in

Staph. equorum vs. 9 of 160 isolates (6%) and 36 of 160 (23%), respectively, in other

species; P = 0.02 for both comparisons). In Staph. xylosus, phenotypic oxacillin

resistance was overrepresented (12 of 15 isolates resistant in Staph. xylosus vs. 35

of 155 in other species; P < 0.001).

Genotypic antimicrobial resistance

Of the eight resistance genes tested, blaZ was found most frequently, followed by

lnuA and mecA, which were detected in 136 (80.0%), 34 (19.4%), and 24 (14.1%)

isolates, respectively (Table 3). The blaZ gene was not detected in Staphylococcus

arlettae (n = 1), Staph. fleurettii (n = 5), and Staphylococcus sciuri subsp. carnaticus

(n = 3). However, all Staph. fleurettii and Staph. sciuri subsp. carnaticus isolates tested

positive for mecA (Table 3). Additional blaZ-negative, mecA-positive isolates included
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one each of Staph. chromogenes, Staph. epidermidis, and Staph. equorum. The

remaining mecA-positive isolates (n = 13) were also positive for blaZ. In Staph.

epidermidis, mecA was significantly more common than in other species (7 of 23

isolates (30%) resistant in Staph. epidermidis versus 17 of 147 isolates (12%) in other

species; P = 0.02). On a population basis, mecA was also most commonly detected

in Staph. epidermidis (7 of 170 isolates, or 4% of the CNS population tested), followed

by Staph. chromogenes (6 isolates, 3.5% of CNS population) and Staph. fleurettii

(5 isolates, 3% of CNS population).

Among ML resistance genes, the RNA methylase genes ermA and ermB were not

detected whereas ermC was detected in five isolates belonging to four CNS species,

i.e. Staph. cohnii subsp. cohnii, Staph. epidermidis, Staph. equorum, and Staph.

warneri (Table 3). The efflux gene msrA was detected in a single Staphylococcus

saprophyticus isolate, which was also the only isolate testing positive for the

inactivating phosphorylase gene mphC (Table 3). The inactivating transferase lnuA,

which encodes resistance to lincosamides but not macrolides, was detected in 34

isolates, representing 11 CNS species (Table 3). In Staph. chromogenes, lnuA was

significantly less common than in other species (7 of 61 isolates (12%) positive in

Staph. chromogenes versus 27 of 109 isolates (25%) in other species; P = 0.04). In

Staph. equorum, lnuA was significantly more common than in other species (7 of 10

isolates (70%) positive in Staph. equorum versus 27 of 160 isolates (17%) in other

species; P = 0.0006). lnuA was also common in Staph. fleurettii (3 of 5 isolates) and

Staph. haemolyticus (3 of 9 isolates). On a CNS population basis, lnuA was most

common in Staph. chromogenes, Staph. epidermidis, and Staph. equorum (7 positive

isolates for each species).

Fifteen isolates (8.8%) tested negative for all resistance genes that were

evaluated, and 116 isolates (68.2%) tested positive for a single resistance gene.

Presence of multiple resistance genes was observed in 32 isolates (18.8%) that

tested positive for two resistance genes, 6 isolates (3.5%) that tested positive for three

resistance genes, and 1 Staph. epidermidis isolate (0.6%) that tested positive for four

resistance genes (Table 3).

Comparison between phenotypic and genotypic methods

For 70 isolates (Table 4), there was agreement between detection of phenotypic

resistance to penicillin and blaZ (26 isolates negative in both tests, 44 isolates positive

in both tests; Kappa = 0.06).
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For the remaining 100 isolates, phenotypic and genotypic methods gave discordant

results, mostly as a result of detection of blaZ in isolates that were phenotypically

sensitive to penicillin (n = 93) (Table 4). Survival analysis showed a significant

association between detection of blaZ and survival at increasing penicillin MICs

(Figure 1A; Log rank statistic, chi-square 7.6, 1 df, P = 0.006). For 123 isolates (Table

4), there was agreement between detection of phenotypic resistance to oxacillin and

mecA (111 isolates negative in both tests, 12 isolates positive in both tests; Kappa =

0.19). Twelve mecA-positive isolates were phenotypically susceptible to oxacillin.

Thirty-five isolates were phenotypically resistant to oxacillin and mecA negative. A

significant association was found between detection of mecA and survival at

increasing concentrations of oxacillin in vitro (Figure 1B; Log rank statistic, chi-square

12.8, 1 df, P = 0.0004).
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Figure 1A. Survival of bacteria with (dashed line) and without (full line) blaZ versus penicillin

concentration. Antibiotic concentration is expressed as 2 log + 4. A zero on the scale indicates

0.06125 mg/ml of antibiotic, a 1 indicates 0.125 mg/ml etc.
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For 164 isolates (Table 5), there was agreement between detection of phenotypic

resistance to erythromycin and macrolide resistance genes (6 isolates positive in both

tests, i.e. 5 isolates positive for ermC and one isolate positive for msrA and mphC; 158

isolates negative in both tests; Kappa = 0.65). In six phenotypically resistant isolates,

resistance genes were not detected with our methods. Presence of resistance genes

without phenotypic resistance was not observed. Figure 2A shows the survival curve

for bacteria with presence or absence of ermC at increasing erythromycin MICs. The

presence of ermC indicated perfect survival up to the highest MIC. The survival curve

for ermC positive isolates was significantly different from the curve for isolates without

ermC (log rank statistic, chi-square 27.5, 2 df, P = 0.0001).
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Figure 1B. Survival of bacteria with (dashed line) and without (full line) mecA versus oxacillin

concentration. Antibiotic concentration is expressed as 2 log + 4. A zero on the scale indicates

0.06125 mg/ml of antibiotic, a 1 indicates 0.125 mg/ml etc.
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Figure 2A also includes results for the lincosamide resistance gene lnuA. Survival of

lnuA positive isolates at different erythromycin concentrations was not significantly

different from survival of lnuA negative isolates (log-rank statistic, chi-square 3.9, 2 df,

P = 0.13).

Genes encoding resistance to lincosamides were detected in 36 isolates (Table 5),

of which 2 were positive for ermC but not lnuA, 3 were positive for ermC and lnuA, and

31 were positive for lnuA but not ermC. Agreement between phenotypic results for

lincomycin resistance and results for ermC or lnuA detection was observed for 150

isolates (29 resistant in both assays, 121 susceptible in both assays; Kappa = 0.67).

Seven isolates harbored lnuA but were phenotypically susceptible to lincomycin, whilst

13 isolates displayed phenotypic resistance without detection of resistance genes.
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Figure 2A. Survival of bacteria with ermC (full line), lnuA (dashed line) or neither (dotted line)

versus erythromycin concentration. Antibiotic concentration is expressed as 2 log + 4. A zero

on the scale indicates 0.06125 mg/ml of antibiotic, a 1 indicates 0.125 mg/ml etc.
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Figure 2B shows the survival curve for bacteria with or without ermC or lnuA at

increasing lincomycin concentrations. The presence of ermC indicated perfect survival

up to the highest antibiotic concentration. The survival curve for ermC positive isolates

was significantly different from the curve for isolates without ermC (log rank statistic,

chi-square 68.6, 2 df, P < 0.0001). Isolates with lnuA showed better survival than lnuA

negative isolates (log-rank statistic, chi-square 57.5, 2 df, P < 0.0001).

Agreement between phenotypic results for pirlimycin resistance and results for

ermC or lnuA detection was observed for 145 isolates (Table 5) (12 resistant in both

assays, 133 susceptible in both assays; Kappa = 0.43). Twenty-four isolates harbored

lnuA but were phenotypically susceptible to pirlimycin, whilst one isolate had

unexplained phenotypic pirlimycin resistance. Of the 24 lnuA positive isolates that

were not pirlimycin resistant based on a cut-off value of 4 mg/l, 17 had MIC values of

1 or 2 mg/l and all of those isolates were phenotypically resistant to lincomycin. Eight

additional isolates that were negative for lnuA also had MIC values of 1 or 2 mg/l for
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Figure 2B. Survival of bacteria with ermC (full line), lnuA (dashed line) or neither (dotted line)

versus lincomycin concentration. Antibiotic concentration is expressed as 2 log + 4. A zero on

the scale indicates 0.06125 mg/ml of antibiotic, a 1 indicates 0.125 mg/ml etc.
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pirlimycin and were resistant to lincomycin (MIC ≥8 mg/l). Figure 2C shows the

survival curve for bacteria at increasing pirlimycin concentration in the presence or

absence of ermC or lnuA. The presence of ermC indicated perfect survival up to the

highest antibiotic concentration. This survival curve was significantly different from the

curve for isolates without ermC (log rank statistic, chi-square 70.6, 2 df, P < 0.0001).

Isolates with lnuA showed a better survival than lnuA negative isolates (log-rank

statistic, chi-square 39.0, 2 df, P < 0.0001).

Discussion

The aim of this study was to compare phenotypic and genotypic indicators of

antimicrobial resistance in CNS isolated from milk of dairy cows, with emphasis on

penicillin, methicillin and ML resistance. Previous studies on antimicrobial resistance

of bovine CNS have considered genotypic determinants in isolates that were

phenotypically resistant to antimicrobials of interest, specifically ML compounds
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Figure 2C. Survival of bacteria with ermC (full line), lnuA (dashed line) or neither (dotted line)

versus pirlimycin concentration. Antibiotic concentration is expressed as 2 log + 4. A zero on

the scale indicates 0.06125 mg/ml of antibiotic, a 1 indicates 0.125 mg/ml etc.
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(Lüthje and Schwarz, 2006), but not in isolates that were phenotypically susceptible.

When categorical analysis was used with classification of isolates as susceptible or

resistant based on published thresholds, agreement between phenotypic and

genotypic resistance in our study ranged from low (kappa value 0.06) to substantial

(kappa values of 0.61-0.80) (Martin et al., 1988). Using survival analysis, a significant

association was observed between detection of genes encoding resistance to

penicillin, methicillin, erythromycin, lincomycin, or pirlimycin, and MIC values in our

study. For example, ermC encodes resistance to ML antibiotics and ermC positive

isolates were significantly more likely than ermC negative isolates to survive up to

high concentrations of macrolide (erythromycin) and lincosamide (lincomycin,

pirlimycin) antibiotics. lnuA encodes resistance to lincosamide antibiotics only, and

lnuA positive isolates were significantly more likely than lnuA negative isolates to

survive up to high lincosamide but not macrolide concentrations.

Discrepancies between phenotypic and genotypic test results, as observed in our

study, may occur due to detection of phenotypic resistance in the absence of detected

genotypic determinants, or phenotypic susceptibility despite presence of genotypic

determinants. In bovine Staph. aureus, both types of discrepancies between phenotypic

and genotypic test results have been reported for penicillin resistance. Using the same

breakpoint for phenotypic resistance and the same primers for detection of blaZ as in

our study, 40% of Staph. aureus isolates possessing blaZ were phenotypically classified

as susceptible (Haveri et al., 2005). Haveri and colleagues (2005) suggested that the

commonly used resistance breakpoint may be too high for prediction of penicillin

resistance in Staph. aureus. Other authors emphasized that Staph. aureus isolates with

inducible penicillin resistance may appear penicillin susceptible based on broth

microdilution assays and stated that laboratories should induce strains to detect all

isolates capable of producing beta-lactamase (De Oliveira et al., 2000). In some

countries, e.g. Sweden, 58% of beta-lactamase positive Staph. aureus isolates from

bovine mastitis cases showed inducible beta-lactamase expression (De Oliveira et al.,

2000). Without induction, these isolates would be misclassified as penicillin-sensitive in

phenotypic assays. In our study, a similar percentage, i.e. 65% of blaZ-positive CNS

isolates, were classified as susceptible using microbroth dilution assays. From Figure

1A it can be seen that 65% of isolates are killed immediately at low concentrations of

penicillin. With increasing penicillin concentrations, a delineation between blaZ carriers

and non-carriers becomes clear. Little is known about blaZ expression and regulation

in CNS, apart from the fact that blaZ in CNS tends to be chromosomally located
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whereas blaZ in Staph. aureus is predominantly plasmid borne (Olsen et al., 2006).

Detection of phenotypic penicillin resistance in the absence of blaZ was observed for

a few isolates in our study. Similar results have been reported for Staph. aureus, and

were tentatively attributed to mutations in primer annealing sites resulting in failure to

amplify the blaZ gene (Haveri et al., 2005).

Discrepancies were also observed between phenotypic resistance to oxacillin and

detection of mecA. We here report presence of mecA in Staph. fleuretti for the first

time. Staphylococcus fleurettii has been isolated from ruminants and their milk

products (Vernozy-Rozand et al., 2003; Sampimon et al., 2009b) but not from humans

(Stepanovic et al., 2003). Among 170 bovine CNS isolates tested, Staph. fleurettii

and Staph. sciuri were isolated 5 and 3 times, respectively, and all isolates from both

species tested positive for mecA by PCR (Table 3). In both species, mecA was present

in the absence of the penicillin resistance determinant blaZ. Constitutive presence of

mecA or its homologues in the absence of phenotypic oxacillin resistance has been

described for Staph. sciuri, which has been postulated to be one of the original

sources of mecA (Couto et al., 1996; Chambers, 1997). The mecA-like gene may not

function as an antimicrobial resistance factor in this species, which would explain its

susceptible phenotype (Rahman et al., 2005). It is possible that mecA originated in

CNS species other than Staph. sciuri (Chambers, 1997). Our results suggest that

Staph. fleurettii, which is closely related to the Staph. sciuri group (Vernozy-Rozand

et al., 2003), may be another original source of mecA. In some CNS species,

phenotypic oxacillin resistance was observed, as defined by an MIC of 0.5 mg/l

(MARAN, 2007), but mecA was not detected. In a study of bovine CNS isolates from

Korea, 7 of 19 oxacillin resistant isolates were mecA negative (Moon et al., 2007). In

bovine Staph. aureus and CNS, phenotypic oxacillin resistance may be due to

over-expression of beta-lactamase rather than presence of altered penicillin-binding

protein (De Oliveira et al., 2000; Moon et al., 2007). Beta-lactamase overexpressors

can be recognized by their decreased susceptibility to amoxicillin-clavulanate (Moon

et al., 2007), but this was not evaluated in our study. Across CNS species,

approximately 50% of bacteria in our study were killed at low concentrations of

oxacillin. With higher concentrations of oxacillin, a delineation of mecA carriers and

non-carriers became clear (Figure 1B).

In recent years, a large number of ML resistance genes have been identified

(Roberts, 2008). In bovine CNS, ML resistance is quite heterogeneous (Lüthje et al.,

2007). In our study, phenotypic ML resistance without genotypic ML resistance was

109

CNS and antimicrobial susceptibility

101221 - proefschrift:Opmaak 1  06-11-2009  09:13  Pagina 109



observed in six isolates. This may be due to the presence of resistance genes that

were not targeted with our PCR reactions. Presence of macrolide resistance genes

without phenotypic expression was not observed in our study and all ermC genes

were constitutively expressed (Figure 2A, B, C). In other studies, inducible expression

of ermC was relatively common in bovine and human CNS isolates (Lüthje and

Schwarz, 2006; Gatermann et al., 2007). Detection of the macrolide resistance genes

ermC, msrA, and mphC in our study was rare compared to levels of detection in

human and bovine isolates from Germany (Lüthje and Schwarz, 2006; Gatermann et

al., 2007). Differences between human and bovine CNS isolates could result from

differences in the distribution of CNS species isolated from different hosts (Gatermann

et al., 2007; Sampimon et al., 2009b; Zadoks and Watts, 2009). Differences between

countries in antimicrobial usage could contribute to differences in resistance gene

profiles of CNS isolates originating from the same host species in different countries.

Of the macrolide resistance genes, ribosomal methylases but not msrA and mphC

also encode resistance to lincosamides. In addition, lincosamide resistance can be

encoded by lnuA, which does not confer resistance to macrolides. In CNS, lnuA is

associated with lower MIC values than ermC (Lüthje and Schwarz, 2006; Figure 2B,

C). Detection of lincosamide nucleotidyltransferases with low-level phenotypic

resistance to lincosamides has also been described for bovine Streptococcus uberis

(Schmitt-van de Leemput and Zadoks, 2007). Current guidelines for interpretation of

MIC data for pirlimycin are specific for bovine mastitis, but do not include an

intermediate category. It has been suggested that such a category should be defined,

and could be associated with presence of nucleotidyltransferases (Schmitt-van de

Leemput and Zadoks, 2007). Expression of MIC values in survival curves (Figures 1

and 2) rather than susceptible, intermediate, and resistant categories allows for

evaluation of associations between resistance genes and phenotype over the full range

of antimicrobial concentrations that is evaluated and showed a significant association

between lnuA and MIC. The lnuA gene is generally located on plasmids, and the level

of expression of the gene may differ between plasmids (Lüthje et al., 2007). This could

result in differences in phenotypic resistance levels. In addition, resistance levels may

differ for different lincosamides. This was observed in our study, where phenotypic

resistance to lincomycin was higher than phenotypic resistance to pirlimycin. Similarly,

in the study of bovine CNS isolates from Germany, phenotypic resistance to pirlimycin

was higher than phenotypic resistance to clindamycin (Lüthje and Schwarz, 2006).

Although the primary aim of this study was the comparison of phenotypic and
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genotypic methods, it is worth considering the prevalence of antimicrobial resistance

in the CNS population as a whole and at species level. In the survival analyses, we

have used 'CNS' as a single population of bacteria. This would ignore the specific

species, but is relevant for most practical applications where 'CNS' is often used as the

final diagnosis. Hence, the survival analyses are of particular value for the situations

where 'CNS' is reported without further speciation. Of 170 CNS isolates representing

17 species, only 15 isolates tested negative for all 8 resistance genes evaluated in this

study. The most common CNS species in cattle is Staph. chromogenes (Lüthje and

Schwarz, 2006; Sampimon et al., 2009b; Zadoks and Watts, 2009). Phenotypic

resistance and detection of resistance genes other than blaZ were relatively rare in

Staph. chromogenes. Thus, the most common CNS species in cattle is least likely to

carry antimicrobial resistance. By contrast, high prevalence of genotypic resistance,

particularly carriage of mecA, or presence of multiple resistance genes, were primarily

detected in species with relatively low prevalence, such as Staph. cohnii subsp. cohnii,

Staph. equorum, Staph. fleurettii, or Staph. sciuri. Of most concern is the intermediate

position occupied by Staph. epidermidis. It was the second most common CNS species

in this study and carried multiple resistance genes in close to half of the isolates.

Antimicrobial resistance, multidrug resistance, and methicillin resistance in bovine

Staph. epidermidis have been described before (Sawant et al., 2009). Staphylococcus

epidermidis is also the most common CNS species in humans (Gatermann et al.,

2007). Humans and dairy cattle may share indistinguishable Staph. epidermidis strains.

Although it is difficult to demonstrate the direction of interspecies transmission, it has

been suggested that Staph. epidermidis is more likely to spread from humans to dairy

cattle than vice versa (Thorberg et al., 2006).

In addition to transfer of resistant bacteria, the transfer of resistance genes

between pathogenic and commensal bacteria of humans and animals is a concern.

The penicillin resistance gene blaZ can be chromosomally encoded or plasmid borne.

Chromosomal and plasmid borne blaZ have largely separate phylogenetic histories,

suggesting that transfer of blaZ between chromosomal and plasmid DNA is an

extremely rare event (Olsen et al., 2006). Because bovine CNS primarily carry

chromosomal blaZ, whereas blaZ in bovine and human Staph. aureus is primarily

plasmid borne, it would be tempting to conclude that they do not represent a risk as

potential source of blaZ genes for Staph. aureus. Indeed, it has been stated that

Staph. aureus and CNS do not normally share the blaZ gene pool (Olsen et al., 2006).

However, plasmid borne blaZ in bovine CNS does exist, and it is highly homologous
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to human plasmid borne blaZ (Olsen et al., 2006). Given the size of the bovine, human

and CNS populations, rare events will happen. Thus, exchange of plasmid borne blaZ

between human and bovine CNS should be considered a possibility, although it is

unknown how often or in which direction such transfer might occur.

A bigger concern than transfer of blaZ is transfer of mecA (Chambers, 1997).

Staphylococcus aureus is thought to have acquired SCCmec, the cassette that

includes mecA and its regulatory genes, on at least 20 occasions (Deurenberg et al.,

2007). mecA-positive CNS are a potential reservoir for these elements (Hanssen and

Ericson Sollid, 2006). Examples of likely transfer of mecA from CNS to Staph. aureus

include the formation of MRSA in a patient during treatment through horizontal

transfer of mecA DNA from an Staph. epidermidis strain (Wielders et al., 2001), and

development of an MRSA strain in a neonatal ward due to horizontal transfer of an

SCCmec element from methicillin resistant Staph. haemolyticus (Berglund and

Söderquist, 2008). Methicillin resistant Staph. aureus in dairy cattle is largely thought

to be of human origin (Devriese and Hommez, 1975; Moon et al. 2007), but there is

concern that use of antimicrobials for mastitis treatment promotes the survival and

possibly the emergence of methicillin resistant staphylococcal strains, including

MRSA, in dairy cattle (Moon et al., 2007).

In contrast to blaZ and mecA, the majority of ML genes in CNS are plasmid-borne

(Lüthje and Schwarz, 2006; Lüthje et al., 2007). This favors transfer of resistance genes

within and across species, and even across genus borders. The same mobile ML

resistance genes have been detected in multiple CNS species and in Staph. aureus

isolates of human and bovine origin (Lüthje and Schwarz, 2006). Close to 5% of CNS

isolates in our study carried ML resistance genes and mecA. For these isolates the

number of commercially available treatment products may be limited. Otherwise, ML

resistance in bovine staphylococci is not a therapeutic problem (Lüthje et al., 2007).

Macrolide and lincosamide antibiotics, however, are important therapeutic agents for

treatment of staphylococcal infections in humans with penicillin allergy (Gatermann et

al., 2007). Because of that, and of the potential for spread of resistance determinants

across pathogen and host species, monitoring of ML resistance among bovine CNS

is important.

Conclusion and outlook

Agreement between phenotypic and genotypic test results for assessment of

resistance of CNS of bovine origin to penicillin, oxacillin, and ML antibiotics depended
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on the antimicrobial compound of interest and on methods used to analyse and

interpret test results, but was rarely perfect. A number of explanations for such

discrepancies have been offered. Ultimately, when determining antimicrobial

resistance for diagnostic purposes, the outcome of interest is clinical cure after

antimicrobial treatment of CNS infections in vivo. No data are available on the

association between phenotypic or genotypic resistance of CNS isolates in vitro and

treatment outcome in vivo. Ideally, such data would be used to guide interpretation of

laboratory results as predictors of clinical success.
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Abstract

A high percentage of heifers calve with intramammary infections (IMI). One of the

measures available to control IMI is treatment with antibiotics before calving. In this

study the effects of prepartum treatment of nonlactating heifers with a 600 mg

cloxacillin dry cow treatment on the prevalence of culture-positive milk samples at

calving and 10 to 14 d in milk (DIM), the incidence of clinical mastitis, somatic cell

count (SCC), and milk production during first lactation were quantified. A total of 184

heifers on 13 dairy farms were treated with antibiotics 8 to 10 wk before the expected

calving date. Another 185 heifers served as untreated controls. Coagulase-negative

staphylococci (CNS) were the most frequently isolated group of bacteria in the

treatment and control groups at calving (32 and 42%), and at 10 to 14 DIM (15 and

19%) respectively. The prevalence of minor pathogens at calving was lower in the

treatment group compared to the control group 34 and 43%, respectively.

Staphylococcus aureus was the most frequently isolated major pathogen in the

treated and control heifers at calving (4 and 5%) and at 10 to 14 DIM (2 and 3%),

respectively. The prevalence of major pathogens was lower in the treated heifers at

10 to 14 DIM compared to the control group (4 and 6%, respectively). Cumulative

incidence risk of clinical mastitis during the lactation was 9 and 18% in the treatment

and control groups, respectively. Treatment with cloxacillin 8 to 10 wk before calving

resulted in a lower prevalence of culture-positive milk samples at calving and lower

quarter milk SCC in early lactation (30,000 ± 4,600 (SD) cells/ml in treated heifers

versus 40,000 ± 4,600 cells/ml in control heifers), and was associated with lower

average test-day SCC 55,000 ± 1,400 cells/ml in treated heifers versus 71,000 ±

1,500 cells/ml in control heifers) and lower incidence of clinical mastitis throughout

lactation. The improved udder health resulted in a higher average test-day milk

production in the first lactation 24.5 ± 3.2 kg in treated heifers versus 23.6 ± 3.1 kg in

control heifers. Dairy farms with heifer mastitis problems need to analyze their mastitis

management. Prepartum treatment of heifers with dry cow antibiotics may be helpful

by decreasing the prevalence of mastitis causing pathogens at calving and at 10 to

14 DIM.

Key words: dry cow treatment, heifer, mastitis, prepartum.
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Introduction

Generally, heifers are assumed to have good udder health, and their glands and

secretions are often not checked until calving (Nickerson, 2009). The prevalence of IMI

in heifers at parturition is assumed relatively low by farmers, possibly because they

think that mastitis inducing pathogens are transmitted only at milking. But, IMI in

primigravid heifers does occur frequently (Fox, 2009). Intramammary infections (IMI)

can develop in young stock, and mastitis-causing bacteria were found in mammary

secretions of heifers as early as 8 mo of age (Boddie et al., 1987). Almost 60% of

heifers have an IMI in at least 1 quarter at calving, most often with coagulase-negative

staphylococci (CNS) (Oliver and Mitchell, 1983; Trinidad et al., 1990a; Fox et al.,

1995). As a result of the IMI, heifers often develop subclinical mastitis manifesting

itself after calving as a high SCC. Calving with an elevated SCC results in udder health

problems (De Vliegher et al., 2004), decreased milk production (De Vliegher et al.,

2005a), and an increased culling hazard (De Vliegher et al., 2005b) in the first

lactation. Occasionally, heifers infected before calving freshen with 1 or more

nonfunctional quarters (Nickerson et al., 1995). Approximately 16% of Dutch heifers

develop clinical mastitis (CM) during their first lactation, of which at least 30% occur

within 14 d postpartum (Barkema et al., 1998). Additionally, introducing infected

heifers into the milking herd may lead to spread of contagious pathogens, which may

influence the udder health situation of the whole herd. The cost of heifer mastitis in

early lactation on a Dutch/Flemish dairy farm varied from € 4 to € 82 per heifer with

an average of € 31 (Huijps et al., 2009).

Several field trials have studied the effect of prepartum antibiotic treatment using

lactating cow products (Oliver et al., 2004; Middleton et al., 2005; Borm et al., 2006)

and dry cow products (Trinidad et al., 1990b; Owens et al., 1994, 2001) to reduce the

occurrence of heifer mastitis. Treatment with lactating cow antibiotic formulations was

associated with less IMI after calving (Oliver et al., 2004; Middleton et al., 2005; Borm

et al., 2006). Treated heifers produced 455 to 531 kg more milk in the first lactation

than control heifers (Oliver et al., 2003). But, in a recently conducted trial performed

in 9 research herds, in 5 of the 9 herds, untreated control heifers produced more milk

during the first 200 DIM than heifers infused once with a lactating cow product

containing cephapirin 2 wk before calving (Borm et al., 2006). This was probably

caused partially by a low prevalence of major pathogen IMI in these 5 herds. Similar

results were found by Middleton et al. (2005). All studies on efficacy of dry cow

antibiotics in heifers before parturition reported a lower prevalence of IMI at calving
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in treated heifers (Trinidad et al., 1990b; Owens et al., 1994, 2001). But, these studies

were all carried out on a small number of farms. Additionally, long-term effects such

as incidence of clinical mastitis, test-day SCC, and test-day milk production, which are

needed to evaluate the true effect of treatment, were not studied or were not reported.

The purpose was to determine the effect of treating heifers prepartum with a

commercially available dry cow antibiotic treatment containing cloxacillin on

prevalence of culture-positive milk samples at calving, incidence of CM, test-day SCC,

and test-day milk production in the first lactation.

Materials and methods

Herds and heifers

The trial included 392 heifers in 13 commercial dairy herds, located in a radius of

50 km around the GD Animal Health Service (GD) in Deventer, The Netherlands. Herd

owners were approached by practitioners for their willingness to participate. All herds

had a good animal identification system, milk recording was carried out every 4 wk

and good record-keeping of treatments was in place. Herd size ranged from 38 to

118 lactating cows with an average milk production of 8,518 kg ranging from 6,908

to 10,474 kg per cow per lactation. The geometric mean bulk milk SCC per herd in the

6 mo period before the study started was 219,000 cells/ml ranging from 122,000 to

359,000 cells/ml.

Treatments were applied by trained personnel of the GD in alternating order per

herd for every heifer reaching the 8 to 10 wk prior to the expected calving date. The

first heifer of a herd that entered the trial was randomly assigned to either the

treatment or the control group. One hundred-and-ninety-six heifers were treated with

1 injection of a dry cow antibiotic containing 600 mg cloxacillin (Orbenin Extra Dry

Cow, Pfizer, Capelle aan de IJssel, The Netherlands) in each quarter, while 196

heifers were left untreated. Before infusion the udder was cleaned with an individual

paper towel, and teats were scrubbed with cotton swabs soaked in methylated

alcohol. Treatment was made using partial insertion. A limited number of heifers was

excluded from the trial because of having teat lesions, being systemically ill at day of

treatment (rectal temperature >39.5oC, anorexia, or dehydration), or if they had been

treated with antibiotics or anti-inflammatory compounds within 30 d prior to the

treatment date. At the time of treatment, weight of all heifers was estimated by

measuring its girth using a calibrated tape line.
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Data collection

Milk recording data (cow-level milk production and SCC) of the included heifers

were collected with an interval of 4 wk until 275 DIM. The herdsman recorded at

calving (d 0) whether or not assistance was given during calving, whether the placenta

was still retained 24 h after calving, while the udder and the milk were visually checked

for signs of CM at calving and at every milking thereafter. Pre-milking udder

preparation with a cotton or paper towel was carried out before milk samples were

collected. Quarter foremilk samples were collected aseptically at d 0, 10 to 14 d after

calving (d 10-14), and when CM was observed by trained personnel of the GD. Teat

ends were disinfected with a cotton swab soaked in methylated alcohol, fore-stripped,

and after the third stripping, milk was collected. Milk samples were transported on ice

to the GD for bacteriological culture and determination of SCC.

Laboratory analyses

All milk samples were stored at -20°C before quarter SCC and bacteriological

analyses were performed. The samples were thawed at room temperature and the d

10-14 samples were split; SCC was determined on the d 10-14 samples using a

Fossomatic cell counter (Foss Electric, Hillerød, Denmark), and bacteriological

culturing was carried out according to the NMC protocols (Harmon et al., 1990). An

inoculum of 0.01 ml was spread on a 6% sheep blood agar plate and on Edward’s

medium (Biotrading, Mijdrecht, The Netherlands). All plates were incubated at 37ºC

and examined after 24 and 48 h. Edward’s medium was used for selective growth of

streptococci. Morphology, hemolytic properties, CAMP reaction, and hydrolyzation of

esculin were used to group streptococci according to the Lancefield groups B, C, D,

and G. Streptococcus dysgalactiae and Streptococcus agalactiae were identified

using Lancefield media (Oxoid, Hampshire, UK) with Strep. dysgalactiae defined as

positive for group C and Strep. agalactiae as positive for group B. Streptococcus

uberis was further identified by a negative reaction with Lancefield group D antiserum

and a negative reaction in Tryptose Phosphate broth with 6.5% NaCl. Isolates of

staphylococci showing α, α and β, or β hemolysis were presumptively identified as

Staphylococcus aureus. Coagulase-negative staphylococci were distinguished from

Staph. aureus using Slidex Staph Plus (bioMérieux, Marcy l'Etoile, France) agglutination

test. Escherichia coli found on blood agar plates were confirmed with the BBL Crystal

ID system (Becton, Dickinson, and Co., Franklin Lakes, NJ). Identification of Bacillus

spp. was based on morphology of the colonies on blood agar plates and on the
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morphology of the cells as large endospore-forming rods after Gram staining.

Identification of Corynebacterium bovis was based on morphology of the colonies on

blood agar plates.

A milk sample was considered culture-positive if ≥100 cfu/ml of a major pathogen

(i.e., Staph. aureus, Strep. uberis, Strep. agalactiae, Strep. dysgalactiae, and E. coli)

or ≥500 cfu/ml of a minor pathogen (i.e., CNS and C. bovis) were cultured (Barkema

et al., 1997). Milk samples that were culture-positive for more than 2 bacterial species

were considered contaminated.

Statistical analyses

Differences in prevalence of culture-negative and positive quarters between the
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Table 1. Distribution of udder health measures and milk production in the 13 participating herds

in dairy heifers treated with prepartum dry cow antibiotics and control heifers.

Heifers included Average test-day Average test-day Clinical mastitis (n)

SCC milk production

(x1,000 cells/ml)1 (kg)1

Herd Treated Control Treated Control Treated Control Treated Control

1* 3 6 69 63 29.0 26.7 2 0

2* 7 6 46 52 25.3 24.4 0 2

3 12 11 34 62 24.3 24.0 2 2

4* 20 19 76 65 22.9 23.5 3 4

5 20 20 56 79 28.0 28.2 1 1

6 27 23 60 76 23.9 22.5 1 2

7* 14 16 58 80 24.2 23.7 0 2

8 5 7 61 60 24.0 20.3 0 1

9* 14 15 50 78 23.8 23.5 0 2

10* 23 21 83 106 28.3 28.2 6 4

11 15 18 43 53 22.5 21.3 0 6

12* 5 5 39 57 20.6 20.1 0 0

13* 19 18 58 83 24.1 20.5 2 7
1Least squares means based on models including herd and herd by treatment interaction as fixed effects (milk yield not corrected for

LnSCC at test-day).

*Denotes farms having a heifer mastitis problem: geometric mean first test-day SCC of control heifers between 10 and 35 DIM >200,000

cells/ml.
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treatment groups at first (d 0) and second sampling (d 10-14), respectively, were

evaluated using Mantel-Haenszel chi-squared analysis on contingency tables.

Differences in prevalence of culture-negative and positive quarters within the

treatment groups between first and second sampling were evaluated using

McNemar’s test on contingency tables. No errors were detected in any of the analyses

with homogeneity over the different herds (Breslow-Day test > 0.05). Differences in

CM cases caused by gram-positive and gram-negative pathogens between the

treatment groups were evaluated using Pearson chi-squared analysis or Fisher’s

exact test on contingency tables as well (SPSS 16.0., SPSS Inc., Chicago, IL).

Mantel-Haenszel adjusted relative risks were calculated using the CM incidence

data over all pathogens of 3 intervals (0 to 30 DIM, 0 to 60 DIM, and 0 to 275 DIM).

Using Breslow-Day test no problems with homogeneity over herds were detected

(OpenEpi version 2.2.1,www.OpenEpi.com).

Differences in quarter natural log SCC (LnSCC) between the treatment groups

were evaluated with a linear mixed model correcting for clustering of quarters within

heifer (SAS version 9.1.3, SAS Institute Inc., Cary, NC).

Mixed models were fit with daily milk yield (kg) and LnSCC (natural logarithmic

transformation of SCC) as outcome variables, including herd and heifer as random

effects. An AR(1) covariance structure was included to model the repeated

measurements within heifers. Different categorical (treatment, calving season,

assistance at calving) as well as continuous predictor variables (BW at start of the

trial, DIM at milk recording test day, quadratic effect of DIM, milk yield, and LnSCC at

milk recording test-day) were included in the regression models. An additional herd

level predictor variable (0/1) was calculated to summarize the heifer mastitis status of

the herd. If the geometric average test-day SCC measured between 10 and 35 DIM

of all control heifers per herd was >200,000 cells/ml, the herd was classified as a

heifer mastitis problem herd. Using this definition, 5 herds were categorized as not

having heifer mastitis problems. First, univariate associations were tested, and

significant (P ≤ 0.15) predictor variables were included in the multivariable models.

The multivariable model was constructed omitting non-significant (P > 0.05) predictors

from the full model starting with the 2-way interactions (SAS version 9.1.3, SAS

Institute Inc.).
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Results

Heifers

Twenty-three heifers were excluded from the trial. Four heifers were not pregnant;

3 in the treated and 1 in the control group. Two heifers in the treatment group and 3
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Table 4. Incidence risk of first clinical mastitis in different periods after calving in heifers treated

with prepartum dry cow antibiotics.

Item 0 – 30 DIM 0 – 60 DIM 0 – 275 DIM

Treatment group (%) 8.2 (n = 15) 8.7 (n = 16) 9.3 (n = 17)

Control group (%) 13.7 (n = 25) 15.4 (n = 28) 17.9 (n = 33)

Risk ratio1 0.60 0.57 0.52

95% CI risk ratio2 0.33-1.09 0.32-1.01 0.30-0.90

P-value 0.095 0.052 0.015
1Mantel-Haenszel adjusted - Breslow-Day test for interaction over herds was not significant.
2CI = confidence interval.

Table 5. Final repeated measures mixed model for test-day LnSCC in heifers treated with

prepartum dry cow antibiotics.

Variables  β SE P-value

Intercept 5.471 0.158   

DIM 0.000 0.000 0.015

Treatment <0.0001

Yes Ref.1 …

No 0.428 0.092

Assistance at calving 0.0054

None Ref. …

Calf puller -0.050 0.083

Using ropes or chains -0.344 0.108

Milk production (kg/d) -0.054 0.005 <0.0001

DIM x treatment 0.0100

Treated Ref. …

Control -0.001 0.000
1Referent.
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in the control group were sold shortly before calving for export. No samples were

collected at d 0 and d 10-14 from 5 heifers in the treated group and from 7 heifers in

the control group. One heifer aborted and 1 heifer was treated i.m. for several days for

metritis, both from the treated group.

Thus, data were analyzed for 184 heifers in the treatment group and 185 heifers

in the control group. Distribution of the number of heifers per herd and treatment group

is presented in Table 1. Eight of the 13 herds had a heifer mastitis problem.

Bacteriological culture results in early lactation

Coagulase-negative staphylococci were the most frequently isolated group of

bacteria in all heifers, both at d 0 and d 10-14 (Table 2). Staphylococcus aureus was

the most frequently isolated major pathogen in both treatment and control groups.

At d 0 and d 10-14, more quarters were culture-negative in the treated heifers

(52.7 and 75.5%) compared with the untreated heifers (41.6 and 68.8%; Table 2).

Significantly more quarters were major pathogen positive at d 10-14 in the control
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Figure 1. Natural logarithm of test-day SCC in heifers treated with prepartum dry cow antibiotics

and control heifers during 275 DIM. Data are presented as least squares means and 95%

confidence interval.
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heifers (6.0%) compared with the treated heifers (3.6%), although this was not true

at calving (Table 2). Prevalence of minor pathogen-positive quarters was higher at

calving in control heifers compared with treated heifers (43.3 vs. 33.9%), but the

difference was smaller at the d 10-14 sampling.

Clinical mastitis

Most cases of CM were found at calving, particularly in the control heifers (Table 3).

The incidence risk of CM was higher throughout lactation in control heifers compared

with treated heifers (Table 4); over the entire lactation the incidence of CM was

approximately 2 times higher in untreated control heifers compared with treated

heifers (Table 4).

In the treatment group, less cases of CM were caused by gram-positive bacteria

compared to the control group (P = 0.031), while for gram-negative the opposite was

true (P = 0.022; Table 3).
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Figure 2. Test-day milk production (kg/d) in heifers treated with prepartum dry cow antibiotics

and control heifers during 275 DIM. Data are presented as least squares means and 95%

confidence interval.
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Somatic cell count

Least squares means of quarter LnSCC at d 10-14 was 3.4 ± 1.5 (SD) in treated

heifers compared to 3.7 ± 1.5 in control heifers (P = 0.010), corresponding to an SCC

of 30,000 ± 4,600 and 40,000 ± 4,600 cells/ml. Least squares means of test-day
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Table 6. Final repeated measures mixed model for test-day milk production in heifers treated

with prepartum dry cow antibiotics.

Model without LnSCC1 Model with LnSCC  

Variables β SE P-value β SE P-value

Intercept 19.867 1.825 23.073 1.803

DIM 0.039 0.005 <0.0001 0.038 0.004 <0.0001

DIM x DIM -0.000 0.000 <0.0001  -0.000 0.000 <0.0001  

Treatment 0.0008 0.0880

Yes Ref.2 … Ref. …

No -1.420 0.421 -0.588 0.344

BW (kg) 0.009 0.002 0.0003 0.009 0.002 0.0002

Calving season <0.001 <0.0001

Jan – Mar -0.550 0.544 -0.730 0.530

Apr – Jun -1.610 0.542 -1.530 0.531

Jul – Sep -2.569 0.516 -2.607 0.504

Oct – Dec Ref. … Ref. …

Assistance at calving 0.001 0.0021

None Ref. … Ref. …

Calf puller 1.625 0.445 1.441 0.434

Using ropes or chains 0.435 0.570 0.066 0.562

Retained placenta 0.011 0.0124

Yes Ref. … Ref. …

No 1.431 0.561 1.366 0.544

LnSCC -0.775 0.070 <0.0001

DIM x treatment 0.049

Treated Ref. …

Control 0.004 0.002
1LnSCC = natural logarithm of test-day SCC.
2Referent.
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LnSCC during first lactation in the treatment group was 4.0 ± 0.4 and in the control

group 4.3 ± 0.4, respectively, corresponding to a SCC of 55,000 ± 1,400 and 71,000

± 1,500 cells/ml (P < 0.0001; Figure 1, Table 5).

Distribution of test-day LnSCC per herd and treatment group is in Table 1.

Assistance at calving using a mechanical calf puller or with ropes or chains was

associated with a lower LnSCC (Table 5). Neither the herd-level predictor indicating

herds as having a heifer mastitis problem, nor the interaction of this variable with the

variable treatment was significant.

Milk production

Least squares means of test-day milk production in treated and control heifers

was 24.5 ±3.2 and 23.6 ±3.1 kg, respectively (P = 0.0008) (Figure 2). Test-day milk

yield per herd and treatment group is in Table 1. When LnSCC was included in the

model, the effect of treatment on test-day milk production tended to decrease to 0.6 kg

(P = 0.088; Table 6). Heifers calving in autumn had the highest milk production.

When no assistance was needed at calving, production was lower than when a

mechanical calf puller or ropes or chains were used. Retained placenta was

associated with a lowered milk production as well. On the other hand, heavier heifers

at 8 to 10 wk before calving produced more milk. Neither the herd-level predictor

indicating herds as having a heifer mastitis problem, nor the interaction of this variable

with the variable treatment were significant.

Discussion

The prevalence of heifer IMI increases considerably during the last trimester of

pregnancy (Fox et al., 1995). Although Owens et al. (2001) found no effect of time of

treatment of dry cow antibiotics used in heifers, Fox et al. (1995) stated that methods

of controlling mastitis in heifers would likely be most effective if administered during

the last trimester of pregnancy. When using dry cow antibiotics, it is necessary to treat

at least 60 to 45 d before calving to avoid residues in milk. In our study, the heifers

were treated 56 to 70 days before calving.

Supporting another study (Borm et al., 2006), CNS was the most frequently

isolated group of bacteria followed by Staph. aureus in both groups. The proportion

of culture-negative and CNS-positive quarters was higher and lower, respectively, at

d 0 in the treatment group compared to the control group, supporting  significant

decreases in IMI after treatment ranging from 30 to 76% (Trinidad et al., 1990a;
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Owens et al., 2001; Borm et al., 2006). Prevalence of major pathogen-positive

samples between d 0 and d 10-14 decreased more in the treatment group (5.5%)

than in the control group (4.8%), which supports other studies (Owens et al., 2001;

Oliver et al., 2003). Both, duration of treatment and concentration of the antimicrobial

agent in the udder affect the result of treatment of IMI (Barkema et al., 2006).

If performed by untrained personnel, intramammary treatment of non-lactating

heifers can be a hazardous experience for both farm personnel and heifers. As a

result, the treatment may even result in an increased incidence of gram-negative IMI

and CM, particularly if a product is used that has no efficacy for gram-negative

bacteria. In our study, all heifers were treated by trained personnel of the GD who

disinfected teats and carefully inserted the short canula in the teat canal.

Nevertheless, the number of CM caused by gram-negative bacteria was significantly

higher in the treated quarters, while for the gram-positive cases the opposite was true

(Table 3). This may be because cloxacillin is efficacious against gram-positive and

not against gram-negative bacteria (Bradley and Green, 2001). Despite the latter

finding, the lactational incidence risk of CM was significantly lower in the treated group

compared to the control group (Table 4). We hypothesize that the low incidence of

CM in the treatment group was due to the lower prevalence of major pathogen positive

milk samples in early lactation. To our knowledge, the proportion of CM in the first

lactation was not evaluated in other studies as a measure of efficacy of treatment.

Somatic cell count is an important measure in monitoring udder health in dairy

farms. Animals without IMI had a geometric average SCC of approximately 100,000

cells/ml (Schukken et al., 2003). In De Haas et al. (2002), the lactation SCC curve of

heifers without CM started shortly after calving with a SCC of 370,000 cells/ml,

decreased at 50 DIM to 98,000 cells/ml, and increased slowly to 139,000 cells/ml at

the end of lactation. Thirty-five percent of 12,994 Belgian heifers had a SCC >150,000

cells/ml between 5 and 14 DIM (De Vliegher et al., 2001), whereas 22% of 13,706

Dutch heifers had an SCC >150,000 cells/ml at the first DHI test after calving

(unpublished data). In our study, test-day SCC of treated and control heifers was

55,000 and 69,000 cells/ml, respectively. Treatment with a dry cow antimicrobial

product before calving had a significant effect on SCC during the first lactation. The

effect of treatment on SCC was the result of a decrease in proportion of major

pathogen in early lactation and CM after calving, supporting other studies (Trinidad

et al., 1990a; Owens et al., 1994). In Oliver et al. (2003), where heifers were treated

7 to 14 d before parturition with a lactating cow antimicrobial product, SCC was lower
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during the first lactation. But, in the multi-state study of Borm et al. (2006) no difference

in SCC was found after a single treatment with lactating cow antibiotic formulation 10

to 21 d before calving. This difference may be explained by the selection criteria of the

farms, but also by the concentration of antimicrobial products.

In our study, milk production in the first lactation was higher in treated heifers,

supporting Trinidad et al. (1990a) and Oliver et al. (2003) who used a dry cow and a

lactating cow product, respectively. But, in other studies using a lactating cow

formulation (Middleton et al., 2005; Borm et al., 2006), no effect on milk production in

the first lactation was found. We found that the decrease in SCC (reflecting improved

udder health) was associated with increased milk production. When LnSCC was

included in the model, the association between treatment and milk production was no

longer significant, indicating that the positive effect of treatment on milk production is

probably the effect of a decreased prevalence of subclinical mastitis, as reflected by

the significant effect of LnSCC (Table 6).

In our study, more culture-negative quarters and less CM were found in the first

lactation of treated heifers compared to the untreated heifers. Also, treatment with

600 mg cloxacillin effectively decreased SCC and increased milk production in the first

lactation. Thus, treatment with dry cow antibiotics before calving may be

advantageous to prevent CM, and reducing the risk of antimicrobial residues in

lactating heifers during the first lactation, while there was no milk loss when heifers

are treated before calving. Blanket dry cow therapy in cows is an accepted procedure

worldwide in dairy farms. Although a positive effect was found in most herds in this

study, adopting blanket treatment with dry cow antibiotics in non-lactating heifers as

a routine procedure may not be warranted. The 13 dairy herds in our study were not

randomly chosen. Also, 8 out of 13 had a heifer mastitis problem as reflected by the

average first test-day SCC of the control heifers. Still, it was not possible to show that

treatment only worked well in those herds as an interaction between treatment and

the herd-level variable reflecting the heifer mastitis status was not significant.

Nevertheless, all herds included were interested in preventing heifer mastitis, based

on recent or historical heifer mastitis problems. Prepartum treatment of heifers with

dry cow antibiotics may temporarily help in solving the problem, but dairy farms with

heifer mastitis problems need to analyze their mastitis management. Additionally,

when carried out by not sufficiently trained personnel, intramammary treatment of

non-lactating heifers is not without risk for the personnel and the heifer.
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Conclusions

Intramammary treatment with a dry cow product containing 600 mg cloxacillin at 8

to 10 wk before calving on 13 commercial dairy herds resulted in a lower prevalence of

culture-positive milk samples containing mastitis-causing bacteria at calving and at

10-14 DIM. Prevalence of major pathogen-positive samples was lower in treated heifers

at 10-14 DIM as well. In early lactation quarter milk SCC was lower in treated heifers.

During the rest of the lactation, average test-day SCC and incidence risk for of CM were

lower in treated heifers, which resulted in a higher average test-day milk yield.
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Introduction

Based on epidemiological characteristics, mastitis pathogens have historically

been classified in two groups: contagious and environmental pathogens. In the

PhD-thesis of Zadoks (2002) a diagram was presented where Streptococcus

agalactiae was classified as mainly contagious and Escherichia coli as a mainly

environmental pathogen, with all other pathogens classified in between. Scientists

worldwide agree more and more that classifying pathogens as either contagious or

environmental is not as black and white as has been assumed for a long while. The

most frequently isolated group of mastitis pathogens, the coagulase-negative

staphylococci (CNS), can be found in the middle of this field. Coagulase-negative

staphylococci cannot simply be classified as either contagious or environmental. The

CNS group consists of several species (Devriese et al., 1985; Timms and Schultz,

1987; Woodward et al., 1987; Jarp 1991) that can be found in milk samples, on the

skin of the cow, in the teat canal, on teat apex, and teat skin of heifers (De Vliegher

et al., 2003; Taponen et al., 2006) but can also live in bedding materials such as fresh

saw dust (White et al., 1989). Although its contagious character has been described

(Lam et al., 1997a), little is known on the epidemiological behavior of CNS.

The overall objective of this thesis was to increase our knowledge on CNS in

relation to its effect on udder health in dairy cows and heifers. More specifically, the

relative importance of CNS was studied, as well as management factors influencing

the prevalence of CNS in dairy herds. Also, tests used for identification of CNS

species were compared, and antimicrobial resistance patterns of CNS were identified.

Finally, the effect of intramammary antimicrobial treatment in heifers was studied and

its effect on udder health was determined.

Importance of CNS

Many scientists and veterinary practitioners are convinced that the importance of

CNS has increased. In a short internet-based questionnaire (unpublished data) sent

to 82 mastitis researchers worldwide in 2009 with a response of 61%, 65% of the

researchers replied that the relative importance of CNS in udder health had increased

over the past 10 years. The same questionnaire was sent to 106 bovine practitioners

in The Netherlands of which 27% responded. Of these 81% confirmed that opinion.

In the 1960s and 1970s CNS was not frequently isolated as an udder pathogen. In the

1990s, with increasing attention for heifer mastitis, CNS became more prominent

(Trinidad et al., 1990; Fox et al., 1995). In this period the protective effect of CNS
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against major pathogens and clinical mastitis was also discussed (Matthews et al.,

1990a; Lam et al., 1997a). The possibility to identify CNS to the species level using

tests mainly developed for human isolates received more attention (Matthews et al.,

1990b; Watts and Washburn, 1991).

At the GD Animal Health Service (GD) in The Netherlands, the increase of CNS

in the culture-positive milk samples of clinical and subclinical mastitis was also

noticed. The increase in CNS prevalence was substantial in both, subclinical and

clinical mastitis cases (Figure 1). Although it should be noticed that these data were

generated in our service laboratory, and thus may be biased, the effect is noticeable.

The increase in attention on CNS is also reflected in the number of scientific

peer-reviewed manuscripts published about CNS and bovine mastitis. In Figure 2 an

overview is presented of the distribution of scientific articles published on the subject

from 1960 to 2009. A PubMed search was done with the key-words “mastitis”,

“coagulase-negative staphylococci”, and “bovine”.
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Figure 1. Distribution of coagulase-negative staphylococci in culture-positive milk samples from

cows with subclinical and clinical mastitis sent to the GD in The Netherlands from 1998 to 2005.
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A total of 248 scientific manuscripts was found, with an obvious increase over the

years. In that same period bulk milk somatic cell count (SCC) decreased worldwide,

going hand in hand with a decreasing prevalence of major pathogens (Pitkälä et al.,

2004; Bradley et al., 2007). This may have led to a (relative or absolute) increase of the

importance of CNS, and therefore to an increase of scientific studies on the subject.

In the 1960s bulk milk somatic cell count (BMSCC) was introduced in The

Netherlands as a milk quality parameter. At the start of its use as a regulatory

parameter in 1971 average BMSCC was 560,000 cells/ml. In the subsequent years

BMSCC gradually decreased, probably mainly caused by the introduction of a penalty

system (Nightingale et al., 2008). Also, the 5-point contagious mastitis prevention and

control program (Neave et al., 1969) was introduced, helping the farmers to meet the

new challenges they were facing. The decrease of BMSCC was found in most

European countries such as Finland and Norway, but also in the United States (Pitkälä

et al., 2004; Østerås et al., 2006; Schukken et al., 2009). After a small increase in the

beginning of the 21th century, average Dutch BMSCC stabilized at approximately

220,000 cells/ml (Figure 3).
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Figure 3. Average bulk milk somatic cell count (BMSCC) from 1971 to 2008 in The Netherlands

(data from Qlip, 2008).

Table 1. Distribution of the average number of cows farms and milk production in The Netherlands

(data from CRV, 2008).

Number Average

Year Dairy farms Cows Cows Kg milk 
per farm per cow 

per lactation

1950 208,000 1,518,091 7.3 4,110

1960 183,000 1,628,391 8.9 4,420

1970 122,345 1,896,000 15.5 4,639

1980 67,165 2,356,013 35.1 5,466

1990 46,977 1,877,684 40.0 6,873

2000 29,467 1,504,097 51.0 8,418

2008 20,750 1,466,134 70.7 9,358
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Over the years, many things have changed in the Dutch dairy industry and also

worldwide. The main factors that have changed are the housing system, with the move

from tie-stalls to free-stalls, the decrease in the number of herds, the increased

number of cows per herd, and the increased average milk production per cow per

lactation (Table 1).

The distribution of mastitis pathogens has changed over time. The prevalence of

contagious major pathogen IMI decreased, resulting in a decrease of BMSCC, as is

described in Chapter 2 and is supported by other studies (e.g. Pitkälä et al., 2004). The

prevalence of mastitis pathogens was determined in The Netherlands in 1973, 1975,

1980, and in 1985 (Vecht et al., 1989). In these studies Staphylococcus aureus and Strep.

agalactiae were the predominant isolated pathogens, but their prevalence decreased

over the years. In the 2003 study described in Chapter 2, the prevalence of major

pathogens had further decreased. This decrease in prevalence of Strep. agalactiae and

Staph. aureus has also been described in other countries (Pitkälä et al., 2004; Bradley

et al., 2007), and is accompanied by a decrease of BMSCC in the same period. National

mastitis surveillance studies provide information on the current distribution of mastitis

pathogens in a country. This information can be used to advise veterinarians and farmers

and for tailoring mastitis prevention programs towards the pathogen distribution. In the

most recent Dutch mastitis prevalence studies, as described in Chapter 2, CNS were the

most frequently isolated pathogens. This group of different species was incorporated in

the group “other bacteria” in the earlier studies of Vecht et al. (1989) and their importance

in mastitis, particularly in clinical mastitis, was considered limited at that time. However,

in almost all recent mastitis surveys CNS were the most frequently isolated group of

organisms (Pitkälä et al., 2004; Tenhagen et al., 2006; Bradley et al., 2007; Sampimon

et al., 2008). This is probably associated with decreasing prevalence of contagious major

mastitis pathogens, as it is found in most countries in this period.

The effect of CNS

Somatic cell count

The distribution of quarter SCC of CNS-positive samples submitted in 2002 and

2004 to GD in The Netherlands is presented in Table 2. Approximately 42% of CNS

positive-quarters had an SCC above 200,000 cells/ml which indicates that these

quarters actually were not only infected with CNS but this IMI also caused an

inflammation (Schukken et al., 2003). On the other hand, approximately 58% of the

CNS infected quarters had a quarter SCC lower than 200,000 cells/ml.
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In literature, quarter SCC of CNS-positive quarters was described to be on

average three times the SCC of culture-negative quarters (Honkanen-Buzalski, 1990).

Harmon and Langlois (1995) found that 48.3% of the CNS-positive samples had a

SCC <100,000 cells/ml, while 10.5% of the CNS-positive samples had a SCC

>500,000 cells/ml. Nickerson and Boddie (1994) found that quarter SCC of

CNS-positive quarters varied from 140,000 to 330,000 cells/ml. In this study

culture-negative quarters had an average SCC of 87,000 cells/ml. In the random

studies described in Chapters 3 and 5 of this thesis, SCC of CNS-positive samples

was approximately twice as high as in culture-negative samples. This may indicate

that the effect of CNS on SCC differs between random cows and problem cows that

are sampled to be sent to a laboratory. However, in a 1989 Finnish mastitis survey,

average quarter SCC of CNS-positive quarters was 776,000 cells/ml, while in 39.6%

of CNS-positive samples SCC was >500,000 cells/ml (Honkanen-Buzalski, 1990).

The variation of quarter SCC in CNS-infected quarters may also be caused by

differences between CNS species. In Chapter 3 a significant variation in SCC between

CNS species was described. For example Staphylococcus haemolyticus infected

quarters had an average SCC of 67,000 cells/ml, while the average SCC of

Staphylococcus xylosus infected quarters was 400,000 cells/ml. To evaluate the

contribution of the most important CNS species to SCC large studies are needed.

In a prevalence study with data from 4,200 herds by Schukken et al. (2009),

CNS-infected quarters contributed twice as much to BMSCC in low BMSCC herds

compared to high BMSCC herds (18 vs. 8%), while the opposite was found for Staph.

aureus (13 vs. 15%). Based on these findings it is likely that CNS mainly influences udder
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Table 2. Distribution of somatic cell count (SCC) of 5,301 respectively 4,767 quarter milk samples

positive on coagulase-negative staphylococci sent to GD in The Netherlands in 2002 and 2004.

%

Quarter SCC (cells/ml) 2002 2004

≤50,000 25.9 26.1  

51 – 100,000 13.3 13.1  

101 – 200,000  15.8 16.4  

201 – 300,000 9.0 9.7  

301 – 400,000 5.9 5.7  

>400,000 27.2 27.4  
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health in dairy farms with lower BMSCC. This probably reflects the increased relative

importance of CNS, with decreasing BMSCC over time. In Chapter 5 it was found that

CNS significantly contributes to both, the prevalence of high SCC cows, as well as the

incidence of new HSCC cows and heifers. In herds with a BMSCC <150,000 cells/ml,

30% of HSCC cows was infected with CNS, while 30% was infected with major

pathogens. For herds with BMSCC >250,000 cells/ml, this was 18 and 37%, respectively.

Especially dairy farmers who deliver milk to dairy processors that provide a bonus based

on low BMSCC will earlier have a problem with CNS as a cause of subclinical mastitis.

This increase of SCC caused by CNS is lower than caused by major pathogens as was

described in Chapter 5. Nevertheless, especially for low BMSCC herds CNS IMI can be

a significant problem and a specific point of attention in their udder health management.

Milk production

De Vliegher et al. (2005) found that heifers with a test-day SCC in early lactation

(5 to 14 DIM) of 500,000 cells/ml produced 119 kg less milk than herd mates with a

SCC of 50,000 cells/ml. In a Finnish study on farms with high milk production and low

BMSCC, heifers with clinical mastitis had a higher genetic potential for milk

production, but produced less than healthy control heifers (Myllys and Rautala, 1995).

According to Timms and Schultz (1987) CNS culture-positive cows had a significantly

lower milk production in the first, second, and third and higher lactation, when

compared with animals that were culture-negative. This led to a decrease in milk

production of 776, 940, and 658 kg milk, respectively. In a study of Schukken et al.

(2009) the reverse was found. Cows with a CNS IMI produced 0.45 kg milk per day

more in comparison with cows which were culture-negative. Gröhn et al. (2004) found

that older cows with clinical CNS-mastitis produced 2.3 to 2.7 kg milk per day more

than control cows in the period before the clinical mastitis case occurred. It can be

hypothesized that CNS are more common in higher producing cows and have a

higher average milk production than herd mates without culture-positive quarters. It

may also be true that a certain percentage of culture-negative samples comes from

quarters that are infected with Staph. aureus, but that are found negative due to its

shedding pattern (Sears et al., 1991). This may lead to high SCC in both,

culture-negative as well as CNS-infected quarters in HSCC cows. In Chapter 5,

however, it was described that CNS do have an increasing effect on SCC. Additionally,

in Chapter 7 it was described that heifers with CNS IMI have higher SCC and lower

milk production than heifers without CNS IMI.
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Identification of CNS

Classification of mastitis pathogens in routine laboratories is mainly based on

phenotypic characteristics such as morphology, color, growth of the species, reaction

on substrates, and resistance patterns. Coagulase-negative staphylococci are

gram-positive cocci which grow to colonies of 2 to 5 mm (after 24 h of incubation) to

3 to 8 mm (after 48 h) in diameter. Colonies of CNS in general are smooth with a

color varying from hoary, yolk, or blank without pigment to cream, brown, or gold yolk

(Hogan et al., 1999). Coagulase-negative staphylococci colonies virtually have no

hemolysis or a very small area of less than 2 mm which is diffuse (Hogan et al., 1999).

Coagulase-negative staphylococci do not have the extracellular protein coagulase

which attributes as a virulence factor though adherence of the bacterium to tissue

surfaces (Fox et al., 1996). Based on these characteristics CNS can be distinguished

from Staph. aureus.

To identify CNS on species level, several laboratory tests were developed, that

were based on phenotypical characteristics (Kloos and Schleifer, 1975; Devriese et

al., 1994). Although these tests generally are easy to use, misclassification can occur

due to differences in phenotypic expression of CNS isolates. Additionally, the

subjectivity of the interpretation and the reproducibility of the tests can influence the

test characteristics (Zadoks and Watts, 2009).

The most often used phenotypical tests for identification of CNS species from

bovine milk samples are the API Staph ID 32 (bioMérieux, Lyon, France) and the

Staph-Zym test (Rosco, Taastrup, Denmark). Both were developed for diagnostics in

humans because CNS play an important role in for example bacteriaemia, central

nervous system shunt infections, endocarditis, urinary tract infection, and surgical site

infections (Heikens et al., 2005; Piette and Verschraegen, 2009). Coagulase-negative

staphylococci are, however, rarely associated with mastitis in humans; which is

predominantly caused by Staph. aureus. These tests are relatively easy applicable,

but that the identification of bovine CNS isolates is not always correct when compared

with rpoB gene sequencing (Chapter 4).

Because of the large and increasing diversity of microorganisms and the prevalence

of organisms with rare, inconsistent, or poorly defined phenotypic characteristics,

conventional methods often cannot fully characterize bacterial isolates. Therefore, and

also because the knowledge in this field is increasing, laboratories more and more

rely on DNA sequencing for identification of microorganism (CLSI, 2007; Zadoks and

Watts, 2009). For identification of CNS species, sequence data of housekeeping genes
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such as rpoB, cpn60, dnaJ, or tuf can be used (Drancourt and Raoult, 2002; Mellmann

et al., 2006; Shah et al., 2007; Capurro et al., 2009; Supré et al., 2009; Zadoks and

Watts, 2009). Based on genotypic methods, 43 named Staphylococcus spp. and more

than 50 unnamed Staphylococcus spp. are mentioned in taxonomy database

(http://www.ncbi.nlm.nih.gov/).

Importance of different CNS species

Species identification and definition of IMI is important to compare studies, to be

able to monitor the distribution of different species in time, and to study the

epidemiology of the different CNS species. There is a worldwide debate going on to

come to better definitions of IMI. The definitions used in Finland (Pitkälä et al., 2004)

are similar to the ones in The Netherlands (Barkema et al., 1997). In our studies a milk

sample was defined as CNS-positive if ≥5 cfu/ml were found. In Norway (Østerås et

al., 2006), a sample was defined as CNS-positive if ≥40 cfu/ml were found, while in

Canada (Dingwell et al., 2004) a milk sample was defined as CNS-positive if ≥50

cfu/ml were found. These different cut-off values make it difficult to compare studies.

It is necessary to first agree on what we call a positive quarter, before consensus on

definitions on CNS IMI is achievable.

Watts and Owens (1989) found that quarter SCC varies between the CNS species.

This was not confirmed in the study of Chaffer et al. (1999); they found no difference

in the quarter SCC between Staphylococcus intermedius, Staph. haemolyticus, and

Staphylococcus chromogenes. In the study of Jarp (1991) virtually no difference was

found between CNS species as related to more or less clinical or subclinical mastitis.

Aforementioned studies were based on phenotypical tests. As described in Chapter

4, phenotypical tests used for human CNS isolates are not accurate in identification

of bovine CNS species. Additionally, the classification of CNS species has changed

over time and these tests were not always up-to-date with new classifications.

Therefore, some of the species identified with phenotypical tests in these studies

probably were not classified correctly. When the epidemiology of different CNS

species is studied it is important to identify the exact species with a test with a high

accuracy to prevent incorrect identification. As is described in Chapter 4, genotypic

methods for species identification are to be preferred over phenotypic methods for

that purpose.

To date, the added value of identification of CNS species for practice is limited.

Unpublished data from the above mentioned questionnaire among mastitis
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researchers and bovine practitioners revealed that 70% of them indicated that the

knowledge on how different CNS species act on a dairy farm is not available. It may

be important to determine which species within the group of CNS are more

contagious and which ones are more environmental. This knowledge could then be

used in the preventive management measurements on a dairy farm. Also, species

identification may be of importance when CNS species can be associated with

pathogenicity, for instance in relation to treatment with antibiotics. This knowledge,

however, is still lacking.

If in the future, species identification becomes more important, a test kit should be

developed to differentiate the most important CNS-species based on genotypical

characteristics. Such a kit should be practical, rapid to carry out, reliable, and have a

reasonable price. At this moment it is of greater importance to pay attention to CNS

species identification in laboratories, as part of scientific studies. As described in

Chapter 4, the current phenotypical tests are not accurate to identify bovine CNS

species. In order to prevent wrong conclusions, it is recommended not to distinguish

CNS species if laboratories do not have the technique available to genotypically

identify mastitis pathogens.

Antimicrobial resistance

Treatment regimes in dairy farms with CNS problems are hardly supported by

scientific research reports because the spontaneous cure of CNS is high, ranging

from 15 to 70% (McDougall et al., 1998; Deluyker et al., 2005). Persisting cases of

CNS IMI, however, have also been reported (Laevens et al., 1997; Chaffer et al., 1999;

Taponen et al., 2007). The only studies where CNS predominantly are involved are

studies where heifers before or around calving are treated with antimicrobials (Trinidad

et al., 1990; Owens et al., 1994; Oliver et al., 2003; Borm et al., 2006). Treatment

results of these studies were based on CNS as a group, studies at the species level

are scarce.

Treatment of heifers before calving with dry cow antibiotics will reduce the

incidence of clinical mastitis, decrease SCC, and increase the milk production in the

first lactation (Chapter 7). These results were also found in earlier studies (Trinidad et

al., 1990; Owens et al., 1994; Oliver et al., 2003). In a study with lactational products

(Borm et al., 2006) the prevalence of IMI at calving decreased, but no decrease of

SCC was found. Precalving antibiotic treatment of heifers, however, has a number of

serious disadvantages. First, in today’s large dairy herds (Table 1) the time a farmer
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can spend per animal is decreasing. Treatment of heifers before calving is not without

risks. Also, when time is limited it has to be done carefully and in a very hygienic way,

otherwise clinical mastitis caused by environmental pathogens or damage of the teat

canal can be a negative consequence of the treatment. Finally, it cannot be excluded

that in the long run preventive use of antibiotics in this way, may lead to an increase

in antibiotic resistance among mastitis pathogens. Precalving treatment of heifers

with antibiotics to reduce SCC and clinical mastitis is effective, but should not be

advised without implementing proper preventive management measures and should

only be a temporary activity on a dairy farm.

In addition to culture results it is important to identify the antimicrobial resistance

pattern of bacteria cultured. In the questionnaire, 63% of the bovine practitioners and

43% of the mastitis researchers considered antimicrobial resistance of CNS to be a

problem. Coagulase-negative staphylococci are more resistant to antimicrobials that

are frequently used for treatment of mastitis, than Staph. aureus. Multidrug resistance

is more often found in CNS than in Staph. aureus (MARAN 2007; Taponen and

Pyörälä, 2009). As described in Chapter 6, antibiotic resistance may restrict the

spectrum of antimicrobials that can be used to treat clinical and subclinical mastitis.

Based on phenotypical results, resistance for penicillin, oxacillin, and lincosamide

have the biggest consequences in practice. Genotypic blaZ, mecA, and lnuA genes

were more often found than ermC genes. The correlation between phenotypic and

genotypic resistance for penicillin, oxacillin, erythromycin, and lincomycin, however,

was not high. The reason for this phenomenon is unclear but it can be hypothesized

that the breakpoints for example in penicillin are too high (Haveri et al., 2005), or that

some strains are penicillin inducible (De Oliveira et al., 2000).

The most frequently isolated species in our study was Staph. chromogenes, as

was found in other studies (De Vliegher et al., 2003; Rajala-Schulz et al., 2004; Luthje

and Schwarz, 2006). Staphylococcus chromogenes is found in milk samples, teat

skin, and teat apex (De Vliegher et al., 2003), can raise quarter SCC (Laevens et al.,

1997), persists intramammary for a long period of time during lactation (Taponen et

al., 2007), and was found in our study to be less resistant in comparison with other

species. On the other hand, Staph. epidermidis, the second CNS in frequency, was

one of the most resistant species (Chapter 6). The mecA gene was more common in

Staph. epidermidis isolates than in Staph. chromogenes. Isolates positive on mecA

can be considered as potentially resistant to all beta-lactam antibiotics including the

cephalosporins (Chambers, 1997). Ultimately, however, the outcome of interest is
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clinical and bacteriological cure after antimicrobial treatment of CNS infections in vivo.

No data are available on the association between phenotypic or genotypic resistance

of CNS isolates in vitro and treatment outcome in vivo. Ideally, such data would be

used to guide interpretation of laboratory results as predictors of clinical success.

Management

Although diseases in infected animals have to be treated optimally, the biggest

gain will always be found in prevention of diseases. This is also the case for IMI with

CNS. Although little research results specifically for the management of CNS are

available, all disciplines of the farm work ought to be examined critically in relation to

the udder health management, as it is done for other pathogens. This is also

suggested in the aforementioned questionnaire, in which 85% of the mastitis

researchers and 89% of the bovine practitioners advise dairy farmers with a CNS

problem in the way they advise a dairy farmer with a Staph. aureus or a heifer mastitis

problem. Control programs such as the five-point plan predominantly have an effect

on contagious major pathogens (Neave et al., 1969), but other factors than those in

the five-point plan may also influence the CNS prevalence. In Chapter 3 the main

management factors related to CNS IMI have been described. These factors are,

surprisingly, more environmental related: using drinking water not being tap water,

housing dry cows in one group instead of multiple groups, the percentage of stalls

contaminated with milk, and cows on pasture during the outdoor season were

associated with an increased CNS prevalence.

Housing

The changed housing system over the years due to the increasing number of cows

per herd (Table 1), is probably one of the factors that influenced the udder health

situation, including prevalence and incidence of CNS IMI. Milk leaking between the

milkings is one of the risk factors which can increase the prevalence of CNS IMI in a

dairy farm (Chapter 3). Probably the main cause of milk leaking is increased milk

production (Table 1), and selection of sires on high peak milk flow rates and short

teats for a very long time (Klaas et al., 2005). A higher milk flow will increase the

pressure on the teat sphincter (Politiek, 1981). An open teat canal in the period

between milkings is like an open door for mastitis pathogens, including CNS, to invade

the udder. Milk leaking can also be a problem in the housing of the dry cows if all dry

cows are housed as one group. Bedding material contaminated with milk can increase
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the prevalence of environmental pathogens (Schukken et al., 1990). Housing of dry

cows in more than one group decreased the risk of CNS (Chapter 3). Housing dry

cows in two groups, a far-off and a close-up group, is more effective in controlling

animals and in improving the feeding program according to the needs of a specific dry

cow group.

In addition to a balanced feeding program, offering fresh drinking water is

important especially during hot summer days. Drinking water other than tap water

was a risk factor for a higher prevalence of CNS in a dairy farm. It can be hypothesized

that water other than tap water is less hygienic. In earlier Dutch studies, drinking water

other than tap water was found to be a risk factor for clinical mastitis caused by

environmental pathogens (Schukken et al., 1990; Barkema et al., 1999). No reports

were found of studies that cultured drinking water, identifying CNS species. The

aforementioned risk factors are mainly associated with the environment, suggesting

that CNS are not only acting as contagious pathogens, which is supported by other

studies (White et al., 1989; Matos et al., 1991). However, little is known on the

epidemiological characteristics of the CNS species Staphylococcus sciuri, Staph.

xylosus, Staphylococcus cohnii, and Staphylococcus saprophyticus, that were

isolated from the environment of the cow (Matos et al., 1991).

Pasturing dairy cows during the outdoor season increased the prevalence of CNS,

as was described in Chapter 3. In the outdoor season flies, especially the horn fly

Haematobia irritans, can transmit Staph. aureus between heifers (Owens et al., 1998).

This biting fly is very common in The Netherlands and it is likely that it also can

transmit CNS.

Udder health monitoring

Udder health monitoring is an important tool on every dairy farm to evaluate

prevention strategies and treatment regimes. In The Netherlands, bovine practitioners

often visit dairy farms every 4 to 6 weeks to check the cows, data of BMSCC and

DHI. In our study, BMSCC >250,000 cells/ml and participation in a veterinary herd

health program were both marked as risk factors for a higher CNS prevalence

(Chapter 3). This relation may be due to confounding, and it may be hypothesized

that herds with relatively high SCC and prevalence of CNS IMI take action to improve

udder health. In Chapter 5 the prevalence of cows only positive on CNS was higher

in dairy farms with a BMSCC <150,000 cells/ml (30%) than in dairy farms with a

BMSCC >250,000 cells/ml (18%).
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The approach of CNS in a dairy farm in practice

A continuous debate is going on with respect to the importance of CNS in udder

health. As described above, CNS can be of importance in certain situations. This is

also the opinion of mastitis researchers and bovine practitioners; 84% of the mastitis

researchers and 96% of the bovine practitioners know of dairy farms where CNS is

an important or the most important cause of subclinical mastitis.

It is important to translate the available knowledge and experience into advices for

the dairy farmer and their practitioners in daily practice. What to do as an udder health

advisor when coming across CNS as a culture result as presented in Figure 4? Is it

advisable to treat cow number NL 35, to cull her, or to do entirely nothing with this

animal? And what do you do at herd level? A practical approach is presented below

on how to approach CNS in the field.

Cow level approach

Generally, of course, preventive measures are most important, and one should

not treat cows without taking appropriate measures to prevent new infections. In

practice, however, problems also have to be solved at short notice. Therefore, in high
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BMSCC herds it is often appropriate to treat cows with high SCC. In dairy farms with

high BMSCC, cows infected with major pathogens often have the highest contribution

to BMSCC (Schukken et al., 2003). In dairy farms with a relatively low BMSCC

(<200,000 cells/ml), however, high SCC cows more often are associated with CNS

(Chapter 5). To reach and maintain that low level of BMSCC and to prevent spreading

of IMI and the development of chronic IMI, it is appropriate to treat CNS-infected cows

with antimicrobials. Cows with an individual SCC >200,000 cells/ml in two subsequent

DHI samples, should be selected for culturing. Based on cow characteristics such as

lactation stage, parity, and number of quarters culture positive with an SCC >200,000

cells/ml, and based on the sensitivity pattern of the bacteria cultured, a treatment

decision for this cow should be taken.

Herd problem definition

Before discussing a herd-level approach of CNS, it is important to describe a dairy

farm with a CNS problem. Discussions on this topic have to be based on field

experiences because literature is lacking. Dairy farms with CNS problems can be

divided into two groups. The first group, also mentioned in the study of Harmon and

Langlois (1995) consists of modern well-organized dairy farms with a BMSCC <200,000

cells/ml. In these dairy herds, prevalence of IMI with major contagious mastitis

pathogens such as Staph. aureus and Strep. agalactiae is low. Often, much attention

is paid to the traditional five point program and generally, postmilking teat dipping and

blanket dry cow therapy are practiced as standard operating procedures. The second

group of CNS problem farms have a heifer mastitis problem. The average geometric

test-day SCC of heifers, measured between 10 and 35 days in milk is >200,000 cells/ml,

as described in Chapter 7. In Chapter 7 it is also described that CNS are the

predominant group of pathogens causing udder health problems in heifers.

Herd level approach

The approach of a dairy herd with CNS problems is, to a certain degree, similar to

the approach of Staph. aureus herd and can be divided in five parts; milking and milking

technique, the environment of the cow, feeding and resistance, treatment, and monitoring.

Milking machine and milking technique

Currently, knowledge is not available to divide CNS species in contagious and

environmental species. Spreading of contagious species will often take place during
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milking and CNS will act like Staph. aureus. Transmission from cow to cow can be

reduced by wearing milkers’ gloves (Olde Riekerink et al., 2008), using one piece of

paper or one cotton towel for udder preparation, and changing rubber liners after

2,500 and silicon liners after 5,000 milkings. To optimize the milking process and to

prevent hyperkeratosis a good working milking machine is necessary (Neijenhuis et

al., 2000). Optimization of milk quality is the reason that it is required that once every

year, a technician has to check the milking machine, in accordance with ISO standard

procedures. Postmilking teat disinfection is important to reduce the prevalence of

contagious mastitis pathogens around the teat apex and on the teat skin. In the study

by Lam et al. (1997b) the number of quarters with CNS and Corynebacterium bovis

IMI increased when the farmers discontinued postmilking teat disinfection. Nowadays,

with an increasing number of cows per farm (Table 1) and bigger milking parlors, time

is more and more a limiting factor, and some farmers even quit postmilking teat

disinfection. Also, with the increasing number of automatic milking systems (in 2009

more than 1,500 dairy farms in The Netherlands) postmilking teat disinfection is less

adequate in more and more herds, which may result in an increase of Staph. aureus

and CNS IMI on Dutch dairy farms. Around calving the prevalence of CNS is higher

compared to the rest of the lactation, which is probably due to the lack of postmilking

teat disinfection during the dry period (Matthews et al., 1992). After milking, the teat

canal is still open and environmental CNS species can invade easily. Feeding fresh

feed with locked head gates and closing the entrance of the stalls are good

opportunities to prevent cows from lying down immediately after milking.

Environment of the cow

The environment of the cow is generally considered to be less attractive for Staph.

aureus (Zadoks, 2002), but probably can be an important source for CNS (Chapter 3).

Free living species such as Staphylococcus saprophyticus, Staphylococcus sciuri,

and Staphylococcus cohnii were found in environment of the cow (Matos et al., 1991).

In udder health management for CNS it is thus necessary to improve the environment

in the barn, but also on pasture.

Another hygiene measurement is to prevent milk leaking of cows in the stalls. Based

on field experience and research described in Chapter 3 contamination of stalls with

milk specifically increases the prevalence of CNS. In practice if more than 5% of the

stalls are contaminated with milk the dairy herd is defined as having a problem with milk

leaking. Control of milking intervals, effectiveness of the milking machine, cleaning of
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the stalls twice a day at minimum, and the use of sanitizers in stalls (lime) can control

this problem. This is also important in the stalls of the dry cows. Housing dry cows in two

groups further prevents milk leaking and reduce the prevalence of CNS in a dairy herd

(Chapter 3). Fly control by ear tags or pour-on during the outdoor season both on pasture

and inside the barns can prevent transmission of CNS and Staph. aureus by flies.

Finally, it is very important to limit the number of heifers that suckle teats of other

heifers. Suckled teats are more open to the environment and mastitis pathogens such

as CNS, which are common around the teat apex (De Vliegher et al., 2003) can easily

invade the teat canal in that situation. The heifer who suckled the teats of other heifers

has to be removed from the group and heifers with suckled teats should be treated

with antimicrobials.

Feeding and resistance

Feeding and resistance against mastitis are two important parameters on a dairy

farm, and are very much linked to each other. Although important, it is hard to define

and quantify resistance of dairy cows. Roughly, resistance is influenced by four main

topics: stress, genetic background, energy balance, and feeding. Resistance against

CNS mastitis is even more difficult to explain because only limited information on

epidemiology and virulence of CNS is available. Thus, one has to try and optimize

resistance in general terms, although a few of the risk factors associated with CNS

IMI described in Chapter 3, are related to resistance. The most important factor

among them is milk leaking, which is mainly genetically determined.

Stress is associated with housing and milking of the cows. The association with the

prevalence of CNS is described in Chapter 3 and in the aforementioned topic milking

and milking technique. The effect of genetic characteristics on resistance against

mastitis has recently been quantified (Ouweltjes et al., 2008). Apart from the genetic

component, milk leaking can also influenced by milking intervals and by housing. If

farms manage their dry cows as a single group, heifers and close-up cows are often

housed in the lactating group for several weeks before parturition, which may increase

leaking of milk, and have an effect on udder edema due to high protein intake. Heifers

with udder edema were 1.65 times more likely to develop clinical mastitis (Waage et al.,

2001). At the end of the dry period the body condition changes, as does the hormonal

status of the cow. Feed intake and production level determine the energy balance of the

cow, which may result in an increased risk of ketosis and, due to mobilization of body

fat, to a fatty liver. Cows in negative energy balance or with ketosis are more susceptible
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to mastitis (Kremer et al., 1993). In the period before parturition, the transition period,

a balanced ration with Vitamin E is important to decrease the level of oxidative stress

around calving (Bouwstra et al., 2008). Higher levels of oxidative stress may increase

the prevalence of clinical mastitis and SCC (Moyo et al., 2005).

Treatment

It is sometimes necessary to treat cows in addition to preventive practices. Mastitis

researchers and bovine practitioners were unanimous that clinical cases need to be

treated with antimicrobials also when the involved bacteria is unknown. To optimize

mastitis treatment, a herd protocol based on culturing, sensitivity patterns, and clinical

scores of mastitis cases is a useful tool, especially when several milkers work on a

dairy farm.

Subclinical CNS mastitis cases would be treated by 30% of mastitis researchers

and by 85% of the bovine practitioners in the questionnaire. Seventy-three percent of

the bovine practitioners only treat subclinical CNS IMI with a quarter SCC >200,000

cells/ml. The current advice is that cows with an individual SCC >200,000 cells/ml in

two subsequent DHI samples should be selected for culturing. As described above,

treatment decisions should be based on lactation stage, quarter SCC, culture results,

and sensitivity testing. There are, however, limitations to the use of mastitis

antimicrobials when treating CNS IMI. In CNS isolates the presence of the blaZ gene

as described in Chapter 6 is much higher than in Staph. aureus (MARAN, 2007;

Taponen and Pyörälä, 2009). Also, the prevalence of the mecA gene is higher in CNS

in comparison with Staph. aureus (MARAN, 2007), which implies potential resistance

to all beta-lactam antimicrobials including the cephalosporins. Although it seems that

this best visualized by genotypical sensitivity testing, research on this subject has

only recently been started (Chapter 6) and the clinical relevance and applicability of

these methods in practice has to be studied further (Lüthje and Schwarz, 2006). In

practice, CNS isolates that are resistant against cloxacillin are suspected to be

positive on the mecA gene, and treatment with beta-lactam antimicrobials is not

recommended in those cases.

In addition to lactation therapy, resistance patterns are also important in relation

to therapy at drying off. It is, for instance, not recommended to treat cows with CNS

IMI that are resistant against cloxacillin (and thus suspected for being positive on the

mecA gene), with products containing cloxacillin at drying off. Herd level treatment

protocols have to be adapted according to the found resistance patterns.
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Some dairy farms have serious heifer mastitis problems around calving. These

IMI are often associated with CNS (Chapter 7). In a number of cases it is not easy to

identify and solve the cause of the problem at short notice, while there is an acute

problem. In those situations, farmer and veterinarian can decide to preventively treat

the heifers 8 to 10 wk before the expected calving date with dry cow antibiotics, as has

been described in Chapter 7. In the mean time it is important to identify the factors that

caused the problem such as deviant levels of vitamin E in the feeding regimen,

housing of the heifers before calving, and heifers suckling teats of other heifers

(Owens et al., 1998; Østerås et al., 2006).

Monitoring

Monthly cow SCC, BMSCC data, and culture data provide information on the

distribution of mastitis pathogens and provide the dairy farmer and the bovine practitioner

with the most up-to-date information to compose optimal treatment protocols, prevention

schemes and overall farm management measures. Measuring cow SCC on regular basis

(every four weeks) is necessary to diagnose changes in udder health early enough and

to be able to select cows and heifers for bacteriological culture. The advice is to sample

at least 10 cows with a high SCC and 10 cows with a clinical mastitis on yearly basis to

know what kind of pathogens are important in a herd, to evaluate treatments regimes and

to develop and evaluate the herd treatment protocol (Lam et al., 2008).

Conclusions

Research on CNS has only started in recent years, and our knowledge on the

effect of CNS on udder health and milk production is still limited. The main conclusions

of this thesis on CNS are:

Chapter 2

- While the prevalence of Staph. aureus and Strep. agalactiae IMI decreased

enormously since the 1970s and 1980s, CNS was found to be the most frequently

isolated group of pathogens in milk samples of animals with increased SCC.

Chapter 3

- The prevalence of CNS IMI is higher in heifers than in older cows. 

- An increased prevalence of CNS is associated with environmental factors such as

drinking water, housing of dry cows, pasturing, and milk leaking.
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Chapter 4

- The most frequently occurring CNS species are Staph. chromogenes, Staph.

epidermidis, followed by Staph. xylosus, and Staph. equorum.

- The Api Staph ID 32 test and the Staph-Zym test are unsuitable for species

identification of CNS from bovine milk samples.

- Without a reliable technique to identify mastitis pathogens genotypically it is unwise

to distinguish CNS species.

Chapter 5

- Cows or heifers infected with CNS have higher SCC than culture-negative animals,

but lower SCC than animals infected with major pathogens.

- Coagulase-negative staphylococci are the most frequently found pathogens in high

SCC and in new high SCC cows and heifers.

- Prevalence of CNS IMI is relatively and absolutely higher in dairy farms with BMSCC

<150,000 cells/ml compared with herds with higher BMSCC.

Chapter 6

- Coagulase-negative staphylococci have a high proportion of phenotypic resistance

to penicillin (30%).

- In bovine CNS isolates, agreement between phenotypic and genotypic test results

for penicillin, methicillin, and macrolide-lincosamide resistance was moderate.

- Phenotypic resistance and detection of resistance genes other than blaZ were

relatively rare in Staph. chromogenes, while Staph. epidermidis carried multiple

resistance genes in close to 50% of the isolates.

Chapter 7

- Treatment of heifers with a dry cow antibiotic 8 to 10 wk before calving results in

lower prevalence of culture-positive milk samples at calving and at 10 to 14 d in milk.

- Average test-day SCC and incidence risk of clinical mastitis are lower in heifers that

are treated with antibiotics before calving than in untreated herd mates, resulting in

higher average test-day milk yield.

Future research

Little is known on the differences in effect on udder health of different CNS species.

More research is needed in that field, to identify characteristics per CNS species
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influencing persistence of IMI over time, quarter SCC, and the occurrence of clinical

mastitis. To get insight in these matters, a small number of farms with a CNS problem

needs to be studied in great detail. Cows and heifers should be sampled on a regular

basis on a moment correlated with the DHI, to be able to study milk production effects.

Based on the results of such a study the epidemiological behavior of the most

important CNS species can be described. Subsequently, it would be of interest to

develop mastitis prevention programs for specific CNS species accordingly.

A better understanding of phenotypical and genotypical antimicrobial resistance of

CNS is needed. The consequences of the occurrence of multiresistant CNS species

in dairy practice are unknown. Furthermore, to identify the role of CNS as reservoir

of antimicrobial resistance genes for other CNS species, for other mastitis pathogens

such as Staph. aureus, and for infections in humans, more in dept research is needed.

Because CNS IMI are present on every farm, it would be interesting to know the

economic impact of CNS on milk production. The impact seems to be higher in dairy

farms with a low BMSCC (Chapter 5), which is supported by the study of Schukken

et al. (2009). For an optimal quantification, it would be ideal to repeatedly identify the

cause of subclinical mastitis at quarter level.
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Summary

Mastitis is one of the most important diseases in dairy cattle, resulting in significant

losses and annoyance. Losses, such as decreased milk production, use of antibiotics,

and associated discarded milk, and penalties due to a high bulk milk somatic cell count

(SCC) are historically mainly associated with major pathogens such as

Staphylococcus aureus, streptococci, and Escherichia coli. Recently another group of

pathogens, the so-called minor pathogens, of which coagulase-negative staphylococci

(CNS) are the most important group of bacteria, has received more and more attention.

This thesis focuses on the role of CNS in udder health of dairy cows.

Coagulase-negative staphylococci form a large group of species often described as

skin flora opportunists (Chapter 1). However, CNS are often isolated from subclinical

and clinical mastitis samples and are associated with increased SCC.

Coagulase-negative staphylococci are considered as an important cause of subclinical

and clinical mastitis on many dairy farms. With a decreasing bulk milk SCC (BMSCC)

and the associated decreasing prevalence of major udder pathogens, the role of CNS

intramammary infections (IMI) seems to become relatively more important. The aim of

this thesis was to increase our knowledge on the effect of CNS on SCC, their antibiotic

sensitivity patterns, and management factors influencing the prevalence of CNS IMI.

This led to a practical program on how to approach CNS on a dairy farm.

In Chapter 2, the relevance of CNS is studied in a prevalence study of 49 Dutch

dairy herds. The goal of this study was to determine the overall and pathogen-specific

prevalence of IMI in Dutch dairy herds. Results were compared with the distribution

found in four studies performed in the ‘70s and ‘80s of the last century in The

Netherlands. Quarter milk samples were collected from cows with a SCC ≥250,000

cells/ml (n = 408) and heifers with SCC ≥150,000 cells/ml (n = 145) at the last Dairy

Herd Improvement test before the farm visit. Additionally, samples were collected from

approximately 25% of the remaining low SCC cows and heifers per herd (n = 519).

Coagulase-negative staphylococci were the most frequently isolated group of bacteria

(11% of quarters) and were found in all herds. The prevalence of IMI with the

contagious pathogens Streptococcus agalactiae and Staph. aureus had decreased

enormously since the ‘70s. The prevalence of Streptococcus uberis and

Streptococcus dysgalactiae IMI has, however, hardly changed. Prevalence of CNS

IMI was higher in lactating heifers, while prevalence of Strep. uberis, Strep.

dysgalactiae, and penicillin-resistant Staph. aureus IMI increased with increasing

parity. This study showed that CNS was the most frequently isolated group of
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pathogens and that the role of CNS in mastitis control programs needs more attention.

Control programs such as the “five-point program” work well for control of IMI with

contagious major pathogens. These programs, however, seem to be less effective to

reduce the prevalence of CNS IMI. Therefore, possible herd-level risk factors for CNS

IMI were studied in Chapter 3. In the milk samples collected in the prevalence study

described in Chapter 2, 14 species of CNS were identified; the most frequently

isolated species was Staphylococcus chromogenes (30%), followed by

Staphylococcus epidermidis (13%) and Staphylococcus capitis (11%). Geometric

mean quarter SCC of CNS-positive quarters was 109,000 cells/ml, which was

approximately twice as high as in culture-negative quarters.

In Chapter 3 the prevalence of CNS IMI was found to be associated with

environmental herd level variables such as source of drinking water not being tap

water, housing of dry cows in one group instead of multiple groups, measurement of

cow SCC every month, udder health monitoring by the herd veterinarian, pasturing

during the outdoor season, proportion of stalls contaminated with milk, and BMSCC

>250,000 cells/ml. Although the causality of these factors in relation to the prevalence

of CNS is not proven, the knowledge on the associations found may be helpful when

approaching CNS problems on dairy farms.

As was found in Chapter 2, CNS are a heterogeneous group of organisms. Currently,

the genus Staphylococcus consists of more than 40 named species. Identification of

CNS at the species level in service laboratories is generally carried out using phenotypic

tests. The accuracy of two phenotypic tests, API Staph ID 32 and Staph-Zym, was

determined in comparison with identification based on DNA-sequencing in Chapter 4.

A total of 172 CNS isolates from bovine milk samples were classified into 17 species.

The most frequently isolated species based on rpoB sequencing were Staph.

chromogenes and Staph. epidermidis, followed by Staphylococcus xylosus, and

Staphylococcus equorum. The API Staph ID 32 correctly identified 41% of the CNS

isolates, while this was 31% for the Staph-Zym test. Best agreement of these tests with

rpoB sequence based species identification was found for Staph. epidermidis and

Staph. xylosus. The Api Staph ID 32 and Staph-Zym test both had a poor sensitivity for

3 of the 5 most frequently found species: Staph. chromogenes, Staphylococcus warneri,

and Staph. equorum. Both phenotypic tests misidentified a large proportion of CNS

isolates and were thus unsuitable for identification of CNS species from bovine milk

samples. For most routine laboratories it is more appropriate to report “CNS” , than to

give more detailed but potentially inaccurate results.
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The effect of CNS on SCC of quarter, cow, and bulk milk was studied in Chapter

5. Two datasets were used, one from the study described in Chapter 2 with 4,220

quarter milk samples of 1,072 cows of 49 dairy herds and one from a randomized

clinical trial where 8,329 quarter milk samples of 2,115 cows were collected of new

high SCC cows on 39 selected dairy herds. In both datasets, CNS were the most

frequently isolated pathogens in quarter milk samples: 11% in dataset 1 and 12% in

dataset 2. Quarters with a CNS IMI had a lower SCC than quarters with a major

pathogen IMI but a higher SCC than culture-negative quarters. This was also found

for composite SCC. Cow-level prevalence of CNS IMI was higher in dairy farms with

a BMSCC <150,000 cells/ml than in dairy farms with a medium or high BMSCC, 30,

19, and 18%, respectively. This indicates that CNS IMI as a cause of subclinical

mastitis can be a significant problem in dairy farms with a low BMSCC and ought to

be a point of attention in udder health management in these herds.

Coagulase-negative staphylococci are associated with mastitis and quarters

infected with these pathogens sometimes need to be treated with antibiotics. Thus, the

antibiotic susceptibility of CNS species is of importance. Therefore, the susceptibility

for various antibiotics of 170 CNS isolates from milk samples of Dutch dairy cows

were analyzed in Chapter 6. Species identification of all strains was done with rpoB

sequencing as described in Chapter 4. The MIC of the CNS species was determined

using the microbroth dilution method, according to the guidelines of the Clinical and

Laboratory Standards Institute (CLSI). Of the CNS isolates 40% were phenotypically

pansusceptible. Besides phenotypical resistance, also genotypic resistance was

studied with emphasis on blaZ, mecA, ermC, and lnuA genes. In 9% of the isolates

no resistance genes were found, while blaZ was observed in 80% of the CNS isolates

and was the most frequently isolated gene in this study. The agreement between

phenotypic and genotypic resistance in our study was not very good. However, using

survival analysis, significant associations were found between resistance genes and

increasing concentrations of antimicrobials needed to kill CNS.

A high percentage of heifers is infected with major pathogens or CNS at calving.

In several countries one of the measures taken to decrease those IMI is treatment with

antimicrobials before calving. In Chapter 7, 184 heifers on 13 Dutch dairy farms were

treated with dry cow antibiotic treatment 8 to 10 wk before the expected calving date.

Another 185 heifers in these herds served as untreated controls. Coagulase-negative

staphylococci were the most frequently isolated species in milk samples collected at

calving in both groups. Treatment of heifers before calving resulted in a lower
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prevalence of major and minor pathogens after calving. In this study the heifers were

followed during their first lactation. Treated heifers had a lower risk of clinical mastitis

than untreated herd mates, 9 and 18%, respectively. Also, a lower Dairy Herd

Improvement test-day SCC was found in the treated heifers compared with the control

group, 55,000 cells/ml versus 71,000 cells/ml, respectively. A better udder health

resulted in a higher test-day milk production in the treated group of 24.5 kg compared

with 23.6 kg in the control group. Based on these results, treatment of heifers before

calving with dry cow antibiotics is effective in solving the immediate effects of heifer

mastitis problems. However, although prepartum treatment of heifers with dry cow

antibiotics will temporarily help in solving heifer mastitis problems, dairy farms with this

problem need to analyze their mastitis management to find long-term prevention

strategies.

In conclusion, udder health problems have been known for decades and major

pathogens such as Staph. aureus and Strep. agalactiae have been studied

intensively. With a decreasing BMSCC minor pathogens such as CNS have become

more prevalent in dairy farms, especially in heifers and in dairy farms with a low

BMSCC. Although differences between species may be present, risk factors generally

were mostly associated with the environment. Identification of CNS at species level

cannot be done with phenotypic tests, because these tests have a poor sensitivity for

3 of the 5 most frequently found CNS species. The antimicrobial resistance pattern of

CNS species including multiresistance is a serious problem especially in Staph.

epidermidis. This may affect the health of both cattle and humans. Additionally, some

of the CNS species may serve as a reservoir for resistance genes for Staph. aureus.

Treatment of heifers before calving with dry cow antibiotics is successful and can be

advised in dairy farms with heifer mastitis problems, although these farms need to

analyze their mastitis management as well. In addition to management factors known

for Staph. aureus, the most important points of attention for CNS problem herds are:

improvement of the environmental hygiene, using tap water instead of ditch water, fly

control, preventing teat suckling, and sensitivity testing of CNS before treatment with

antimicrobials.
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Samenvatting

Mastitis is één van de belangrijkste aandoeningen op een melkveebedrijf, heeft

grote financiële consequenties en leidt tot veel ergernis voor veehouders.

Economische schade wordt met name veroorzaakt door een lagere melkproductie,

gebruik van antibiotica, melkderving en eventuele korting op het melkgeld bij

overschrijding van de celgetalgrens. Deze schade werd in het verleden vooral

veroorzaakt door Staphylococcus aureus, streptokokken en Escherichia coli.

Tegenwoordig wordt een andere groep pathogenen, de zogenaamde “minor

pathogenen” waarvan de coagulase-negatieve stafylokokken (CNS) de belangrijkste

zijn, steeds vaker geassocieerd met uiergezondheidsproblemen. Dit proefschrift richt

zich op de rol van CNS in uiergezondheid bij melkvee.

Coagulase-negatieve stafylokokken vormen een grote groep van verschillende

species en worden vaak omschreven als huidopportunisten (Hoofdstuk 1). Echter,

CNS worden ook vaak geïsoleerd uit melkmonsters van subklinisch en klinische

mastitisgevallen en worden geassocieerd met celgetalverhogingen. Op veel

melkveebedrijven worden CNS als een belangrijke oorzaak van subklinische en

klinische mastitis beschouwd. Door de verlaging van het gemiddelde tankmelkcelgetal

in Nederland en de daarmee samenhangende afname van de prevalentie van major

pathogenen, lijkt het relatieve belang van CNS als veroorzaker van intramammaire

infecties toegenomen. Het doel van dit promotieonderzoek was om het effect van

CNS op celgetal, de mate van resistentie tegen antibiotica en de invloed van

managementfactoren op de prevalentie van CNS op melkveebedrijven te

onderzoeken. Dit heeft geleid tot richtlijnen voor een praktische benadering van CNS

op het melkveebedrijf.

In Hoofdstuk 2 is in een prevalentie studie op 49 melkveebedrijven het belang van

CNS onderzocht. Het doel van dat onderzoek was om de prevalentie van alle

mastitispathogenen op Nederlandse melkveebedrijven in beeld te brengen. De

resultaten van dit onderzoek zijn vergeleken met soortgelijke studies uitgevoerd in

Nederland in de jaren 70 en 80 van de vorige eeuw. In het huidige onderzoek zijn

kwartiermelkmonsters verzameld van melkkoeien met een koecelgetal ≥250.000

cellen/ml (n = 408) en vaarzen met een celgetal ≥150.000 cellen/ml (n = 145) tijdens

de laatste melkcontrole voorafgaand aan het bedrijfsbezoek. Aanvullend werden

kwartiermelkmonsters verzameld van 25% van de dieren per bedrijf met een

koecelgetal lager dan de bovengenoemde grenswaarden. In de verzamelde

melkmonsters werden CNS het vaakst geïsoleerd (11% van alle kwartieren) en CNS
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werden op alle bedrijven gevonden. De prevalentie van intramammaire infecties met

de contagieuze mastitis pathogenen Streptococcus agalactiae en Staph. aureus is

aanzienlijk gedaald sedert de jaren 70. De prevalentie van Streptococcus uberis en

Streptococcus dysgalactiae was echter nauwelijks veranderd. De prevalentie van

CNS was hoger in vaarzen dan in oudere dieren terwijl de prevalentie van Strep.

uberis, Strep. dysgalactiae en penicilline resistente Staph. aureus bij oudere dieren

hoger was. Dit onderzoek toont aan dat CNS de meest voorkomende groep van

mastitispathogenen is en dat de rol van CNS in uiergezondheidsprogramma’s meer

aandacht behoeft.

De verbetering van uiergezondheid op een melkveebedrijf met behulp van het

zogenaamde “vijf punten schema” werkt goed voor contagieuze major pathogenen.

Deze aanpak lijkt minder geschikt om de prevalentie van CNS te verlagen. Daarom

is een onderzoek naar risicofactoren voor CNS uitgevoerd (Hoofdstuk 3). In dit

onderzoek is gebruik gemaakt van materiaal uit Hoofdstuk 2. In totaal werden 14

verschillende CNS species gevonden waarvan Staphylococcus chromogenes (30%)

het meest frequent werd geïsoleerd, gevolgd door Staphylococcus epidermidis (13%)

en Staphylococcus capitis (11%). Het geometrisch gemiddelde kwartiercelgetal van

CNS positieve kwartieren was 109.000 cellen/ml en was ongeveer twee keer zo hoog

als het celgetal van bacteriologisch negatieve kwartieren.

De prevalentie van CNS bleek geassocieerd te zijn met omgevingsfactoren zoals

drinkwater anders dan leidingwater, huisvesting van droge koeien in één groep in

plaats van meerdere groepen, het laten uitvoeren van koecelgetal bepaling elke

maand bij de melkcontrole, maandelijkse bedrijfsbegeleiding door de dierenarts,

weidegang gedurende het weideseizoen, percentage boxen gecontamineerd met

melk en een tankmelkcelgetal hoger dan 250.000 cellen/ml (Hoofdstuk 3). Hoewel

een causaal verband tussen de prevalentie van CNS en deze factoren niet is

bewezen, kan de kennis op basis van de gevonden associaties van belang zijn bij de

aanpak van een CNS probleem op een melkveebedrijf.

Zoals beschreven in Hoofdstuk 2 is de diversiteit aan CNS species groot. Op dit

moment bestaat het genus Staphylococcus uit meer dan 40 species. Identificatie van

CNS species in routinelaboratoria wordt vaak uitgevoerd met behulp van fenotypische

testen. De resultaten van twee fenotypische testen, Api Staph ID 32 en de Staph-Zym

test, zijn in Hoofdstuk 4 vergeleken met species identificatie middels rpoB gen

sequentiering. In totaal zijn 17 verschillende CNS species gevonden bij 172 CNS

isolaten afkomstig uit melkmonsters. Staphylococcus chromogenes en Staph.
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epidermidis waren de meest voorkomende species, gevolgd door Staphylococcus

xylosus en Staphylococcus equorum. De Api Staph ID 32 test identificeerde 41% van

de CNS isolaten correct en de Staph-Zym test 31%. De beste overeenkomst werd

voor beide testen gevonden voor Staph. epidermidis en Staph. xylosus. Beide

fenotypische testen hadden een slechte sensitiviteit voor 3 van de 5 meest gevonden

CNS species namelijk: Staph. chromogenes, Staphylococcus warneri en Staph.

equorum. In dit onderzoek bleek dat beide fenotypische testen een groot aantal CNS

isolaten foutief identificeren en dus niet geschikt te zijn om CNS isolaten afkomstig uit

melkmonsters van koeien te typeren. Routinelaboratoria die melkmonsters

bacteriologisch onderzoeken kunnen beter “CNS” op de uitslag vermelden, dan een

mogelijk foutieve CNS species aan te geven.

Het effect van CNS op kwartier-, koe- en tankmelkcelgetal is onderzocht in

Hoofdstuk 5. Voor dit onderzoek zijn twee datasets gebruikt, de eerste is beschreven

in Hoofdstuk 2, waarin 4220 kwartiermelkmonsters van 1072 koeien op 49 bedrijven zijn

verzameld. De tweede dataset is afkomstig van een gerandomiseerde klinische

veldstudie waarin 8329 kwartiermelkmonsters zijn verzameld van 2115 koeien met een

eerste celgetal attentie op 39 geselecteerde bedrijven. In beide datasets vormde CNS

de meest voorkomende groep van pathogenen; 11% in dataset 1 en 12% in dataset 2.

Kwartieren geïnfecteerd met CNS hadden gemiddeld een lager celgetal dan kwartieren

die positief waren voor major pathogenen. Dit gold ook voor het koecelgetal. In

vergelijking met bacteriologisch negatieve kwartieren hadden CNS-positieve kwartieren

gemiddeld een hoger celgetal, ook dit werd op koeniveau bevestigd. De prevalentie van

CNS op koeniveau was hoger op melkveebedrijven met een tankmelkcelgetal <150.000

cellen/ml in vergelijking met bedrijven die een gemiddeld of een hoog tankmelkcelgetal

hadden, respectievelijk 30, 19 en 18%. Dit geeft aan dat CNS op bedrijven met een

laag tankmelkcelgetal een rol kan spelen als veroorzaker van subklinische mastitis en

op die bedrijven een aandachtspunt is bij de verbetering van de uiergezondheid.

Omdat CNS in aantal situaties als oorzakelijk agens van mastitis wordt gezien,

kan het van belang zijn om CNS positieve kwartieren te behandelen met antibiotica.

Het is dus goed om te weten wat de gevoeligheid van CNS voor antibiotica is en of

er verschillen tussen CNS species bestaan. Om dit in beeld te brengen, is gebruik

gemaakt van 170 CNS isolaten afkomstig uit de melk van Nederlandse koeien, zoals

beschreven in Hoofdstuk 6. De CNS species zijn getypeerd met behulp van rpoB gen

sequentie zoals beschreven in Hoofdstuk 4. De MIC-waarde van de CNS species

werd bepaald volgens de richtlijnen van het Clinical and Laboratory Standards
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Institute (CLSI), met behulp van de agarverdunningsmethode. In deze fenotypische

test bleek 40% van de onderzochte CNS isolaten gevoelig te zijn voor alle

onderzochte antibiotica. Naast fenotypische testen is de resistentie in dit onderzoek

ook beoordeeld met genotypische testen, waarbij gekeken is naar de genen blaZ,

mecA, ermC en lnuA. In 9% van de CNS isolaten werden geen resistentiegenen

aangetoond, terwijl 80% van de isolaten positief was op het blaZ gen, het meest

frequent gevonden resistentiegen in dit onderzoek. De overeenkomst tussen

fenotypisch en genotypische resistentie in dit onderzoek was niet optimaal. Door

gebruik te maken van survival analyse, is echter wel een significante relatie

aangetoond tussen de aanwezigheid van resistentiegenen en een toenemende

concentratie van antibiotica die nodig is om CNS af te doden.

Een hoog percentage vaarzen is bij het afkalven geïnfecteerd met major

pathogenen of CNS. Om dit probleem aan te pakken wordt in diverse landen gebruik

gemaakt van antibiotica die voor het afkalven worden toegediend. In Hoofdstuk 7 zijn

184 vaarzen op 13 Nederlandse bedrijven behandeld met antibiotica door 8 tot 10

weken voor de verwachte afkalfdatum een droogzetinjector toe te dienen. Op dezelfde

bedrijven dienden 185 niet behandelde vaarzen als controlegroep. In dit onderzoek

vormden CNS op het moment van afkalven de meest voorkomende groep bacteriën

in zowel de behandelde als de controlegroep. Behandeling van vaarzen met

antibiotica voor afkalven resulteerde in een lagere prevalentie van major en minor

pathogenen na afkalven. In dit onderzoek zijn de vaarzen gedurende de eerste

lactatie gevolgd. Behandelde vaarzen hadden een lager risico op klinische mastitis

(9%) dan niet behandelde vaarzen (18%). Ook werd bij de melkcontrole een lager

gemiddeld celgetal gevonden bij de behandelde dieren (55.000 cellen/ml) dan bij de

controledieren (71.000 cellen/ml). De betere uiergezondheid resulteerde ook in een

hogere melkproductie, de vaarzen in de behandelde groep produceerden gemiddeld

24,5 kg melk ten opzichte van 23,6 kg in de controle groep. Op basis van dit

onderzoek kan worden geconcludeerd dat het behandelen van vaarzen voor afkalven

met droogzetantibiotica effectief is voor het verminderen van

uiergezondheidsproblemen direct na afkalven. De behandeling van vaarzen voor

afkalven met antibiotica is echter een tijdelijke oplossing, een duurzame oplossing

moet worden gezocht in de verbetering van managementmaatregelen.

Concluderend: problemen met de uiergezondheid zijn al decennia bekend en

major pathogenen zoals Staph. aureus en Strep. agalactiae zijn intensief onderzocht.

Bij een in de loop der jaren dalend tankmelkcelgetal, zijn minor pathogenen, zoals
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CNS, een belangrijkere rol gaan spelen op het melkveebedrijf, met name bij vaarzen

en op bedrijven met een laag tankmelkcelgetal. Hoewel verschillen tussen de diverse

CNS species bestaan kan worden aangegeven dat risicofactoren in het algemeen

vooral gezocht moeten worden in de omgeving. De typering van CNS species is niet

mogelijk met de huidig beschikbare fenotypische testen omdat deze een lage

sensitiviteit hebben voor 3 van de 5 meest voorkomende CNS species. Resistentie

van CNS species, inclusief multiresistentie, is een belangrijk probleem, vooral bij

Staph. epidermidis. Dit kan gevolgen hebben voor de gezondheid van zowel het dier

als de mens. Sommige CNS species kunnen bovendien een reservoir van

resistentiegenen vormen voor Staph. aureus. In de aanpak van een

uiergezondheidsprobleem bij vaarzen kan behandeling met antibiotica voor afkalven

goed worden toegepast. Melkveebedrijven met vaarzenmastitis worden echter

geadviseerd om eerst de toegepaste managementmaatregelen kritisch te evalueren

voordat een behandeling met antibiotica wordt gestart. In aanvulling op de bekende

managementmaatregelen voor Staph. aureus gelden als belangrijke maatregelen

voor de aanpak van CNS: verbeteren van de omgevingshygiëne, gebruik van leiding-

in plaats van slootwater als drinkwater, toepassen van vliegenbestrijding, voorkomen

van zuigers in de groep jongvee en het gebruik maken van antibioticum

gevoeligheidstesten om de optimale behandeling vast te stellen.
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Dankwoord

Het schrijven van een dankwoord is minder eenvoudig dan menigeen denkt. Ik

kreeg van een collega de tip om de methodologische opbouw, die gebruikelijk is bij

het schrijven van wetenschappelijke artikelen, overboord te zetten en je hart te volgen.

Jan dank voor de tip. Het dankwoord zou eigenlijk niet aan het eind van het

proefschrift moeten staan maar aan het begin en wel om twee redenen. De eerste

omdat dit onderdeel van het proefschrift het beste wordt gelezen, dit voor iedereen

herkenbaar en begrijpbaar is en de aard van de promovendus zichtbaar wordt. De

tweede reden is volgens mij de belangrijkste omdat het schrijven van het proefschrift

door de promovendus wordt ondersteund door een groep van enthousiaste mensen

die veel interesse voor onderzoek hebben en voor wie een woord van dank zeker op

zijn plaats is. Tijdens het onderzoek en het schrijven heb ik bij elk hoofdstuk mijzelf

de vraag gesteld wat de veehouder / practicus, naast de koe staand, met dit

onderzoek kon doen. Dit punt is voor mij erg belangrijk omdat ik, met mijn achtergrond

als hbo’er en dus meer een doener, een man van de praktijk, die vertaalslag zou

moeten kunnen maken. Daarom ben ik na 18 jaar werkzaam te zijn geweest bij de

Gezondheidsdienst voor Dieren (GD) nog altijd blij dat ik die keus heb gemaakt.

Resultaten van praktijkgericht onderzoek worden zichtbaar gemaakt in de advisering

en in de diverse producten van de GD.

Mijn carrière bij de GD startte tijdens mijn halfjaar stage in opdracht van de

Christelijke Agrarische Hogeschool in Dronten. Mijn begeleider in die tijd was Jan Sol

en ook mijn afstudeeropdracht over droogzetten van koeien met antibiotica heb ik

onder zijn begeleiding afgerond. Toen zich de mogelijkheid voordeed om het

praktijkgerichte onderzoek bij de GD als full time baan te kunnen invullen heb ik die

met beide handen aangegrepen. Jarenlang hebben Jan, mijn mentor bij de GD, en ik

samen onderzoeken opgezet en vragen over mastitis uit de praktijk beantwoord.

Menig onderzoek hebben we aan het papier toevertrouwd zoals blijkt uit de lange lijst

van publicaties. Ook de basis voor dit proefschrift hebben we samen gelegd. Jan dank

voor je kennis en je passie voor praktijkgericht onderzoek die ik van je heb mogen

overnemen. Het resultaat ligt er en ik ben blij dat je nu mijn paranimf hebt willen zijn,

zoals ik in 2002 jouw paranimf ben geweest.

De start van mijn promotietraject was in 2003. Een raamwerk voor het onderzoek

met de bijbehorende begrotingen werd, na vele discussies, ingediend bij de

Commissie Diergezondheid en Kwaliteit Runderen (DKR). De DKR moest in die tijd

tegelijk een ander groot onderzoek op het gebied van mastitis beoordelen. Dit werd
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de DKR wat teveel en daarom werd besloten dat het wenselijk was om de prioriteiten

binnen het aandachtsveld mastitis op een rij te zetten en een structuur voor te stellen

om de geformuleerde prioriteiten uit te voeren. Ik herinner mij nog heel goed de eerste

vergadering hierover op een vrijdagmiddag in oktober 2003 in Nijkerk met een

delegatie van de DKR en mensen die nauw betrokken waren bij uiergezondheid en

onderzoek. Dit overleg resulteerde in een projectvoorstel  waarvan Henk van der

Zwaag projectleider en woordvoerder werd en dat, na goedkeuring door de DKR,

leidde tot de geboorte van het UGCN, het UierGezondheidsCentrum Nederland.

Henk, dank voor je enthousiasme en je deskundigheid om onderzoekers te coachen

en telkens weer terug te brengen naar het doel van de missie.

Binnen het UGCN zijn een aantal van mijn projecten door de

onderzoekscommissie (OC) goedgekeurd waardoor mijn promotieonderzoek in een

stroomversnelling kwam. Bij deze wil ik de OC van het UGCN, bestaande uit Henk

Hogeveen, Gerrit Hooijer, Tine van Werven, Francesca Neijenhuis, Kees de Koning,

Hilde Smith, Gerben de Jong, Gerdien van Schaik, Reint-Jan Renes en Sophie van

der Ploeg, bedanken voor de nuttige tips bij het opzetten en uitvoeren van het

onderzoek. Om de tijdlijn te vervolgen was er in mei 2006 een bijeenkomst van alle

assistenten in opleiding (Aio’s) waar Ynte Hein Schukken van het Quality Milk

Production Services in Cornell, New York een aantal presentaties verzorgde. Een

onderdeel daarvan was een één op één gesprek waar de promovendus zijn of haar

onderzoek kon toelichten. Uiteraard was ik niet de persoon met een standaard aio

profiel maar had ik wel de mogelijkheid om mijn onderzoek te presenteren. Ynte

oordeelde dat mijn onderzoek interessant was voor de veehouderij en dat het

wereldwijd interesse maar ook de nodige scepsis had. Verder twijfelde hij wat aan de

voortgang van mijn onderzoek en gaf hij mij de gouden tip om iemand te zoeken die

mijn begeleiding strak zou kunnen kaderen. Ik hoop Ynte dat je na drie jaar tevreden

bent en ik ben trots op het feit dat we hebben mogen samenwerken aan één van de

artikelen.

Mijn voortgang was inderdaad een probleem. Ondanks het harde werken was

deze begeleiding werkelijk nodig om mijn grootste valkuil, het kunnen “nee” zeggen

tegen allerlei interessante vraagstellingen, wat minder diep te maken. Deze moeilijke

opdracht is door Theo Lam, projectleider van het UGCN, met glans ingevuld. Uiteraard

ging dit niet zonder slag of stoot en menig keer ging ik met lood in mijn schoenen

naar een overleg omdat ik mijn deadline niet had gehaald. De inzet van Theo was

letterlijk grenzeloos. Ik kreeg mijn revisies terug uit de US, Nieuw Zealand, Zuid Afrika
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en Vorden. Een aantal exemplaren heb ik ingelijst omdat de kleuren, strepen in

combinatie met de wijn en olijfolievlekken, een bijzondere schakering gaven welke

niet zouden misstaan in een art galerie. Een ander sterk punt wat ik van jou heb

geleerd is het spreekwoord: “In der Beschränkung zeigt sich erst der Meister”. Met

andere woorden: wat is je doel en schrijf dat dan ook op. Theo, dank voor je

vertrouwen en je enorme inzet. Ik ben blij dat je mijn co-promotor hebt willen zijn en

ik hoop dat we in de toekomst nog veel projecten samen kunnen opzetten.

Naast Theo voor de dagelijkse begeleiding, was Herman Barkema van de

veterinaire faculteit in Calgary mijn begeleider van over zee. Begin 2000 voorspelde

hij al dat het mij zou lukken om ook te promoveren. Echter in zijn voorspelling werd

niet duidelijk op welke manier en wanneer. Herman, dank voor je snelle reacties op

de diverse versies van de artikelen, voor het bijschaven van mijn Engels met, zoals

jij dat aangaf, “draken van zinnen” en voor de ideeën om het onderzoek nog

interessanter te maken. Na een eerste of tweede versie mailde jij vaak al dat het een

goed artikel zou worden wat zeker geplaatst zou kunnen worden in de Journal of

Dairy Science. Echter niet elke voorspelling kwam uit maar je had dan ook het

vermogen om direct te bellen, al was het voor jou midden in de nacht, om mij gerust

te stellen dat er meer tijdschriften zijn dan alleen de Journal of Dairy Science.

Uiteindelijk is je voorspelling uitgekomen en ben ik trots dat je mijn tweede promotor

hebt willen zijn.

In een wat later stadium werd professor Arjan Stegeman als promotor bij mijn

promotietraject betrokken. Dit had ook een reden die ik mijzelf had toebedacht,

namelijk dat ik eerst maar eens wat zou moeten publiceren. Zo kon ik laten zien dat

ik serieus met dit traject bezig was. Ook zal mijn Twentse afkomst daar een rol in

hebben gespeeld om niet direct hoog van de toren te blazen. De gesprekken met jou

verliepen informeel en je stelde mij meteen op mijn gemak door te zeggen dat een

promotie zeker tot de mogelijkheden behoorde. Het invullen van de nodige formulieren

en de ontheffing, in verband met mijn niet academische vooropleiding, verliepen

zonder problemen. Verder wil ik je bedanken voor de aanvullingen in het denken

binnen een breder kader zoals dat beschreven staat in de General discussion.

De bijdrage van Sarne De Vliegher van de veterinaire faculteit in Gent strekte zich

uit van een enorme gastvrijheid, het samen uitgebreid lunchen en discussiëren over

wel of niet behandelen met antibiotica van dieren positief op CNS. Deze vorm van

samenwerking op een multi-level niveau heeft zich geuit in een prachtig artikel over

de behandeling van vaarzen voor afkalven. Een artikel wat in de praktijk direct
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toepasbaar is. Sarne, ik hoop dat we in de toekomst samen nog de nodige discussies

mogen voeren. In dezelfde lijn wil ik Ruth Zadoks, werkzaam aan de universiteit in

Cornell in New York en later op het Moredun onderzoekscentrum in Edinburgh,

bedanken. Ik ben blij dat we ook in mijn onderzoek hebben mogen samenwerken.

Jouw interesse voor en kennis van nieuwe DNA technieken, je enorme vermogen om

iets ingewikkelds eenvoudig weer te geven en de prettige manier van samenwerken

heeft mij enorm gemotiveerd. Dit geldt ook voor Inge Santman-Berends van de

afdeling epidemiologie van de GD. Jij had altijd wel even tijd om mijn vragen over

statistiek aan te horen. Echter dat “even” resulteerde vaak in uren werk om een model

opnieuw te berekenen of in een discussie om mij duidelijk te maken dat een bepaalde

methode niet de juiste was. Ik wens jou heel veel succes met jouw promotietraject. De

laatste in de rij is Dik Mevius van het Centrale Veterinaire Instituut in Lelystad en van

de veterinaire faculteit in Utrecht. Dik, we kennen elkaar al lang en jij hebt mij de

nodige kennis bijgebracht over resistentie. Hoewel deze wereld voor mij nog vele

vraagtekens kent is het goed om mensen zoals jij te kennen die tipjes van die sluier

kunnen oplichten.

A thesis requires an evaluation by a scientific committee. I wish to acknowledge

the members of the committee who generously gave their time to evaluate my thesis:

Prof. dr. Ynte Hein Schukken of the Cornell University at Ithaca in New York, Prof. dr.

Andrew Bradley of the University at Bristol, Prof. dr. Dik Mevius, Prof. dr. Jaap

Wagenaar, and Prof. dr. Johanna Fink of the Veterinary Faculty at Utrecht.

Bij de GD wil ik als eerste Theo Heling, mijn baas, bedanken voor het meedenken

in de afronding van mijn promotietraject. Hij heeft het mogelijk gemaakt dat ik niet

alle vergaderingen in het laatste deel van mijn promotietraject hoefde bij te wonen

waardoor het gewone werk en mijn onderzoek niet onnodig in de knel kwamen. Theo

bedankt en volgend jaar zal ik wat meer gebruik gaan maken van mijn stuwmeer aan

vrije dagen. Richard Olde Riekerink, de opvolger van Jan Sol, wil ik bedanken voor

de opbouwende discussies die we bijna dagelijks voeren over mastitis. Deze

discussies monden vaak uit in nieuwe onderzoeksvragen die mogelijkheden bieden

voor nieuw onderzoek. Het is prachtig om te zien dat we de dezelfde passie delen

maar ook het tekort aan tijd. Bij deze wil ik je bedanken dat je samen met Jan mijn

paranimf hebt willen zijn. Binnen de GD wil ik in het bijzonder Herman Scholten van

de afdeling Kleine Herkauwers bedanken omdat hij het wel en wee van de

promovendus dagelijks als kamergenoot heeft moeten aanhoren. Herman, jouw

dagelijkse portie humor, al dan niet begeleid door een specifieke kalender, heb ik
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altijd gewaardeerd. Ik hoop dat we nog een aantal jaren samen de kamer mogen

delen. Vanuit de afdeling Kleine Herkauwers kwam Piet Vellema altijd op

maandagochtend vroeg (07.15) tijdens een kop koffie met de vraag of er al een datum

was geprikt. Dank voor je interesse. Dit geldt ook voor de koffiemomenten met Anita

ten Wolthuis-Bronsvoort en Anton Gosselink. Dank voor het aanhoren van mijn

frustraties, de mooie momenten als er weer eens artikel was geaccepteerd en het

letterlijk en figuurlijk meeslepen van ondergetekende om te gaan lunchen. Mijn

vreugde-uitingen werden altijd nauwlettend gevolgd door Joost Snoep en Menno

Holzhauer. Beide dank voor de opbouwende discussies die ook breder voerden dan

alleen mastitis en uiteraard de congresbezoeken waar het World Buiatrics Congress

in Nice er één was om nooit te vergeten. Verder wil ik iedereen bedanken binnen het

HGZ team en in het bijzonder het mastitisteam (Richard, Joost, Anton, Jan, Hans en

Johan) voor de interesse in mijn onderzoek en het overnemen van mijn

telefoondiensten in afgelopen maanden. Mijn dank gaat ook uit naar het UGCN team,

Judith, Jansje, Anita en Alice. Binnen dit dynamische team was er altijd tijd om even

bij te praten. De afdeling Bacteriologie en in het bijzonder Anja Rothkamp en Michel

Swartz bij wie ik altijd terecht kon met mijn vragen over uitslagen en met nieuwe

ideeën om het onderzoek nog interessanter te maken. De interesse voor bacteriologie

heb ik geleerd van Ep Hartman en de vrijdagmiddagen in het lab heb ik bijzonder

gewaardeerd. Als laatste in de rij de “epi-unit”, onder de bezielende leiding van Wim

waar statistiek, epidemiologie en de praktijk in opbouwende discussies worden

besproken.

Het onderzoek, zoals ik heb mogen uitvoeren, was niet mogelijk geweest zonder

de enthousiaste hulp van veel studenten van de verschillende agrarische hoge

scholen. De laatste tijd werden zij deskundig begeleid door Vera Boelens-Eerland.

Vera dank voor het plannen van de bedrijfsbezoeken en het afhandelen van de nodige

vragen. Verder wil ik de veehouders en dierenartsen betrokken bij mijn onderzoek

hartelijk danken voor hun inbreng. Op basis van hun vragen en ideeën worden vaak

nieuwe onderzoeken opgezet en kan het praktijkgerichte onderzoek voor beide

partijen winst opleveren. Ook de samenwerking met de farmaceutisch industrie vind

ik boeiend en het uitvoeren van de nodige veldproeven leverde nieuwe kennis op die

kon worden toegepast in de praktische advisering. Onderzoek is de basis voor een

goed advies. Voortschrijdend inzicht is daar direct aan gekoppeld waardoor het een

dynamische geheel wordt.
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Tijdens het proces van het schrijven van het proefschrift is de vrije tijd schaars. De

weinige vrije tijd vulde ik graag in met het maken van landschapsfoto’s al dan niet

gevuld met koeien. Ook deze vorm van ontspanning vraagt inspanning om tot een

hoger niveau te komen. Ik wil daarom de vakfotografie club van Geurt Besselink in

Apeldoorn bedanken voor de mooie momenten in het veld maar ook de intensieve

discussies tijdens de bespreekavonden waardoor mijn kennis en kunde van fotografie

is gegroeid.

Aan het eind van de rij mijn familie, zij staan op de eerste plaats maar wilden

beslist niet als eerste worden genoemd. Jeanette, zonder jouw creatieve manier van

een gezin managen zou ik dit proefschrift nooit hebben kunnen voltooien. Ik wil je

daarom enorm bedanken voor je begrip dat ik voor de zoveelste keer te laat was voor

het eten of dat ik ’s morgens om 5.00 weer naar een veehouder moest. Nooit was dat

voor jou teveel. Ik weet niet of de regelmaat na het afronden van het proefschrift beter

wordt, maar een ding weet ik wel dat ik het altijd zal proberen. Jochem en Maarten,

het onderzoek waar ik mee bezig ben geweest was voor jullie vaak een raadsel,

echter het aantal bladzijden en de tijd die ik ermee bezig was sprak tot de verbeelding.

Jullie gaven meer dan eens aan om mee te gaan vissen of de camera te pakken om

foto’s te maken. Jullie bezorgdheid om het harde werken bracht mij weer terug naar

de werkelijkheid. Ik ben daarom blij dat we samen het rondje hardlopen weer hebben

opgepakt om zo wat meer aan de conditie te werken en om beter te kunnen

ontspannen. Ook wil ik mijn opa, waar ik de passie voor koeien van heb meegekregen

en mijn ouders van wie ik de bagage heb gekregen om ergens voor te gaan, ook al

zit het niet altijd mee, bedanken. Ik hoop dat ik dat op deze wijze heb laten zien.
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Tenslotte, het schrijven van een proefschrift heeft een overeenkomst met

fotografie, een andere hobby van mij. De overeenkomst is de focus, het scherpstellen

op het onderwerp. Het scherpstellen kan met een spiegelreflex camera handmatig

maar ook automatisch. Ook kan een bepaald scherpstelpunt (19 verschillende

punten) worden ingesteld. Zonder scherpstellen levert de foto een wazig beeld op. Zo

is het ook met het schrijven van een proefschrift. Wanneer niet duidelijk het doel is

geformuleerd wordt het een wollig verhaal zonder duidelijke samenhang (scherpte).

Vanaf nu zal ik de focus ook wat meer verleggen naar de andere scherpstelpunten.
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Europese landen. In 2004 is de start gemaakt van het promotietraject met als

onderwerp: coagulase-negatieve stafylokokken mastitis op Nederlandse melkvee-
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Raalte, from 1983 until 1986. He passed his Bachelor study in Agriculture Science at
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interested in applied scientific research. Since October 1991 he is employed by the

GD Animal Health Service in Zwolle and after 1992 in Deventer as a member of the

ruminant department. He is in charge of conducting field studies on bovine mastitis,
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and was since 1994 intensively involved in the PhD studies of Jan Sol and Ruth

Zadoks. Currently he is active in consultancy on mastitis problems in dairy farms,

providing clinical support to the bacteriology department, developing and conducting

field trials, writing manuscripts for farmers magazines and scientific journals, and

giving presentations for farmers and veterinarians in The Netherlands and other

European countries. In 2004 he started his PhD study on the role of

coagulase-negative staphylococci mastitis in Dutch dairy herds.
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At the end...

The photograph on the cover with a heifer looking over her herd mates to see what

is happening in front. This symolizes the spirit of writing this thesis. You have to be

curious, not being afraid for the unknown. Canon EOS 20D with 70-200 f2.8 L lens,

ISO 100, 1/200sec at f/8, tripod.
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