
2476

J. Dairy Sci.  95 :2476–2484
http://dx.doi.org/  10.3168/jds.2011-4766  
© American Dairy Science Association®,  2012 .

  ABSTRACT 

  Heifer mastitis is a problem and risk factors may dif-
fer between heifers and older cows. The aim of this 
study was to estimate the heifer subclinical mastitis 
(HSCLM) incidence based on elevated somatic cell 
count (SCC) in the first 100 d in lactation and the as-
sociated risk factors in Dutch dairy herds. In 2008, 173 
farmers filled in a questionnaire regarding housing and 
herd management factors potentially related to udder 
health. In addition, monthly milk production and SCC 
data from all cattle were provided by the Dutch Royal 
Cattle Syndicate (CRV, Arnhem, the Netherlands). 
Heifer subclinical mastitis incidence was calculated at 
the herd level as the number of heifer cases divided by 
the number of heifers at risk in the first 100 d in milk. 
Linear regression models were used for the analyses. 
On average, 25.5% [95% confidence interval (CI): 23.9 
to 27.0%] of the heifers had subclinical mastitis. Heifers 
with a high SCC (>150,000 cells/mL) on the first test 
day after calving that returned to SCC levels below 
the cut-off continued to have a higher SCC through-
out the study period compared with heifers with a low 
SCC (≤150,000 cells/mL) at the first test day after 
calving. Housing heifers together with lactating cows 
close to calving was protective from HSCLM inci-
dence compared with separate housing (−4.5%; 95% 
CI: −8.7 to −0.2%). In addition, herds in which the 
farmer removed supernumerary teats of calves had a 
7.0% (95% CI: 2.8 to 11.3%) lower HSCLM incidence 
and day and night grazing was also protective (−5.9%; 
95% CI: −10.6 to −1.3%). Herds that were milked with 
an automatic milking system had, on average, a 6.9% 
(95% CI: 2.2 to 11.5%) higher HSCLM incidence and 
submitting milk samples for bacteriological culturing 
in the previous year was also associated with a higher 

HSCLM incidence (4.1%; 95% CI: 1.1 to 7.1%). Heifer 
subclinical mastitis is prevalent in all dairy herds, with 
a large variation in incidence. A high SCC in heifers 
at the first test day after calving appears to indicate 
a prolonged effect on udder health. Several manage-
ment factors were found to be associated with HSCLM 
incidence that may help in reducing HSCLM. 
  Key words:    heifer ,  subclinical mastitis ,  incidence , 
 risk factor 

INTRODUCTION

  Udder health is highly correlated to productivity, 
antibiotic use, and animal welfare and is, therefore, 
important for the dairy industry. Subclinical mastitis 
(SCLM) in heifers is an indicator for udder health 
and has been associated with production losses, higher 
probabilities of clinical mastitis, and culling (De Vlieg-
her et al., 2005; Whist et al., 2007; Steeneveld et al., 
2008). As a result, SCLM causes economic losses for 
the farmer (Huijps et al., 2009). A cow with SCLM 
has no clinically detectable abnormalities in the udder 
and the milk appears normal. However, the SCC of 
a cow with SCLM is too high. The threshold that is 
used to diagnose a cow having SCLM varies among 
studies (Schukken et al., 2003; de Haas et al., 2008; 
Sampimon et al., 2010). In the Netherlands, a threshold 
of >250,000 cells/mL is commonly used to diagnose 
SCLM in multiparous cows, whereas >150,000 cells/
mL is used in heifers (CRV, 2010; Sampimon et al., 
2010). Several studies describe the association between 
SCC in bulk milk and management characteristics 
(Barkema et al., 1998, 1999b; De Vliegher et al., 2004; 
Plozza et al., 2011). 

  The majority of dairy farmers in the Netherlands 
report that they experience problems with both heifer 
SCLM (HSCLM) and heifer clinical mastitis, especial-
ly in the first period after calving. In European studies, 
the prevalence of HSCLM ranges between 18.1 and 35% 
at the start of the lactation (De Vliegher et al., 2001; 
Svensson et al., 2006). However, the exact percentage 
of heifers developing heifer mastitis in the Netherlands 
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is not known. The etiology of heifer mastitis is often 
not understood by farmers because the udders of heif-
ers have not been in contact with hands or milking 
machines. Udders of heifers can already be infected 
with mastitis pathogens before their first calving (Fox, 
2009). This can lead to an elevated SCC or clinical 
mastitis after calving. Additionally, if infected heifers 
are introduced in the group of lactating cows, they can 
be a source for further transmission of bacteria. In the 
Netherlands, more than 20% of heifers have an SCC 
>150,000 cells/mL at the first test day. In addition, 
16% of heifers developed clinical mastitis during their 
first lactation, of which 40% occurred in the first month 
of lactation (Miltenburg et al., 1996; Barkema et al., 
1998).

Several risk factors for mastitis, such as hygiene, 
season, post-milking teat disinfection, grazing, and 
barn type (Barkema et al., 1999b; Olde Riekerink et 
al., 2007) are valid for both heifers and multiparous 
cows. However, heifers differ from multiparous cows 
with respect to dry period, production level, and nutri-
tion before calving and may have specific risk factors 
for SCLM. In addition, risk factors with respect to the 
dry period, such as dry cow treatment and dry period 
mineral supplementation are not applicable to heifers. 
Therefore, heifer mastitis may have other etiology than 
mastitis in multiparous cows. Previously, risk factors 
such as feeding concentrates, housing, proportion of 
heifers with mastitis, and using restraint measures dur-
ing milking, fly control strategy, contact with lactating 
cows before calving, and udder edema before calving 
were already identified in Sweden and Belgium (Svens-
son et al., 2006; Piepers et al., 2011). However, to what 
extent those risk factors may be applied to the farm-
ing system in the Netherlands is unknown. The aim 
of this study was to describe SCC and to identify the 
incidence of HSCLM in the first 100 d in lactation as 
well as associated risk factors in the Netherlands based 
on test-day records.

MATERIALS AND METHODS

Sampled Population and Available Data

Udder health was monitored in 380 dairy herds in 
the Netherlands between 2005 and 2009 as part of a 
national udder health program (van den Borne et al., 
2010). These herds were a random representation of 
Dutch dairy herds with more than 50 lactating cows 
of which the herd owners were younger than 50 yr. 
In the spring of 2008, these farmers were asked to 
participate and complete a questionnaire in a study to 
determine risk factors for HSCLM. The questionnaire 

was validated before use on 5 dairy farms. In total, 
189 farmers completed the questionnaire that was sent 
to them by regular mail or that was e-mailed between 
May and September 2008. Results of the questionnaire 
were entered in NETQ software (NetQuestionnaires 
Nederland BV, 2007), a program for the preparation of 
questionnaire data. Four weekly test-day records from 
all heifers in the study herds that were present in the 
period January to December 2008 were provided by 
the Dutch Royal Cattle Syndicate (CRV, Arnhem, the 
Netherlands) and contained the following cow and milk 
quality data: date of sampling; herd level: unique herd 
identification; cow level: identification number, date 
of calving, and parity; and test-day level: number of 
days in lactation, delivered kilograms of milk, fat, and 
protein, SCC, and predicted kilograms of milk, fat, and 
protein.

The data provided by CRV were aggregated to herd 
level and combined with the results of the question-
naire. The items included in the questionnaire are 
summarized in 7 categories of management practices 
in Table 1.

Definitions

The diagnosis HSCLM was based on individual SCC 
results in heifers between 4 and 100 DIM and was de-
fined as SCC >150,000 cells/mL at 1 or more of the 
regular test days (CRV, 2010; Sampimon et al., 2010). 
All test day results within the first 100 DIM were in-
cluded because the majority of the IMI in that period 
probably originated from before, or at, calving (Brad-
ley and Green, 2000). Heifers having a first elevated 
SCC after 100 DIM likely got infected during lactation 
and in those heifers, risk factors are probably similar 
to those for multiparous cows with SCLM. In addi-
tion, test-day results obtained within the first 4 d after 
calving were excluded from the analyses because an 
elevated SCC in the first days of lactation could have a 
physiological background rather than being caused by 
mastitis (Dohoo, 1993; Barkema et al., 1999a).

Statistical Analyses

The average SCC for heifers per test day in the first 
100 DIM was estimated for 3 separate groups of heifers: 
1) an elevated SCC at the first test-day measure and a 
low SCC (≤150,000cells/mL) at subsequent test days 
(HLL group), 2) heifers that had an elevated SCC at 
all test days (HHH group), and 3) heifers that had 
a low SCC at all test days (LLL group). The natural 
logarithm of the SCC (lnSCC) was analyzed to de-
termine whether the SCC of the LLL and the HLL 
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heifers differed significantly between 50 and 100 DIM 
to identify if the first test-day SCC has a prolonged 
effect on SCC. In this analysis, lnSCC was used as the 
dependent variable, the groups of heifers (HLL, LLL, 
and HHH) were included as independent variables, 
milk production was included to correct for possible 
confounding, and the model was corrected for repeated 
measures of multiple test-day results within heifers. Be-
cause the residuals of lnSCC were normally distributed, 
a linear mixed model in SAS 9.1 (SAS Institute, 2006) 
was used for the analysis.

For the analyses of the risk factors, the test-day data 
were aggregated to HSCLM incidence per herd. The 
HSCLM incidence on herd level was calculated as the 
number of cases of HSCLM in the first 100 d after calv-
ing divided by the total number of heifers in the first 
100 d of lactation that were present on the farm. The 
data of the HSCLM incidence was combined with the 
results of the questionnaire and descriptive statistics 
were performed to describe the HSCLM incidence in 
the first 100 d after calving.

In the risk factor analyses, management factors in the 
questionnaire that were hypothesized to be associated 
with HSCLM and potentially gave the farmer the pos-
sibility to intervene to reduce HSCLM were included. 
Because the results of the questionnaire concerning 
mastitis and dry cow treatment gave information on 
treatment of HSCLM instead of intervention measures 
for HSCLM, these were excluded from the analyses. The 
HSCLM incidence followed a normal distribution and, 
therefore, general linear models in SAS 9.1 (SAS Insti-
tute, 2006) were used for analyses. First, the variables 
derived from the questionnaire were subjected to uni-
variable analyses. Variables with P ≤ 0.20 were kept for 
the final multivariable model. The multivariable analy-
sis was done using a backward elimination procedure. 
After each run, the variable with the highest P-value 
was excluded from the model until all variables had P 

≤ 0.05. Confounding was monitored by the change in 
the coefficient of a variable after removing another vari-
able. If the change of the estimates exceeded 25% or 0.1 
when the value of the estimate was between −0.4 and 
0.4, the removed variable was considered a potential 
confounder and was re-entered in the model. The ro-
bustness of the final model was checked by carrying out 
the same procedure with forward selection. In the final 
model, all possible 2-way interactions were tested. The 
residuals of the final model were tested for normality 
and the coefficient of determination (r2) was calculated 
to measure the proportion of variance explained by the 
model. The model used was described as

Yi = β0 + β1X1 + β2X2 + . . . βnXn + εi,

where Yi = HSCLM incidence, β0 = intercept, βnXn 
= independent variables that are associated with the 
dependent variable Yi, and εi = standard error for each 
herd i.

RESULTS

Descriptive Data

During our study, 189 farmers completed the ques-
tionnaire. From 179 of the 189 dairy herds, SCLM in-
formation based on test-day records was available. Six 
farms were excluded because of incomplete data in the 
questionnaire and 173 herds remained. The complete 
data set contained 45,202 test-day records from 7,966 
heifers that were present in the participating herds 
between January 1 and December 31, 2008. The aver-
age lnSCC of the HHH heifers, HLL heifers, and LLL 
heifers are presented in Figure 1.

The SCC of HLL heifers remained, on average, 
higher compared with LLL heifers. The average lnSCC 
between d 50 and 100 was 4.03 (SCC = 56,000 cells/

Table 1. Summary of management factors in the questionnaire 

Management factor Description

General Herd size, barn type, purchase of cattle, udder health monitoring by veterinarian
Raising young stock Housing of young stock, treatments, moment of insemination, 

method of feeding calves, type of milk fed to calves
Housing per group of cows1 Type of barn, type of flooring, bedding material, cleaning frequency of stalls, type of 

ventilation, calving pen used, bedding type in calving pen and cleaning of calving pen
Grazing per group of cows1 Frequency, duration, parasite control of heifers during the outdoor season, 

housing of pregnant heifers and dry cows during the outdoor season
Feeding regimen per group of cows1 Type and amount of feed, percentage of corn silage in summer ration and winter ration, 

supplementation of minerals, water source and availability in the stable and in the field
Milking process and technique Number of milkers, udder preparation, milking procedures, hygiene in the milk parlor
Mastitis and dry cow treatment Preventive measures, types and amount of antibiotics used
1Groups of cows were calves <2 wk, calves between 2 and 10 wk of age, calves between 10 wk of age and insemination, pregnant young stock 
between insemination and calving, heifers, and multiparous cows.
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mL) in HLL heifers and 3.55 (SCC = 35,000 cells/mL) 
in LLL heifers in the first 100 DIM. Whether the aver-
age lnSCC between the 2 groups with SCC ≤150,000 
cells/mL differed significantly from each other was ana-
lyzed while correcting for milk production and repeated 
test-day results, and was found to be highly significant 
(Z-test; P < 0.001).

The average HSCLM incidence in the first 100 d of 
lactation was 25.5% (95% CI: 23.9 to 27.0%). Per herd, 
the HSCLM incidence varied between 0 and 60.3% 
(Figure 2). In total, 25.5% of the heifers had at least 1 
episode of elevated SCC in the first 100 DIM. In 69% 
of these heifers, HSCLM was found at the first test-day 
measure (69% of 25.5% = 17.6%); in 19.3%, HSCLM 
was found for the first time at the second test-day mea-
sure (19.3% of 25.5% = 4.9%); and in 11.8%, HSCLM 
was found for the first time at the third test day (11.8% 
of 25.5% = 3.0%; Figure 3).

New HSCLM cases in the first 100 DIM were mainly 
observed at the first test day. The elevated SCC re-
turned in 59% (59% of 17.6% = 10.2%) of the cases to 

Figure 1. Mean natural logarithm of the SCC (lnSCC) in heifers with different test-day results in the first 100 DIM in 173 Dutch dairy herds 
[low SCC in all 3 test-day measures (LLLcel; n = 5,935 heifers), high SCC in all test-day measures (HHHcel; n = 295 heifers), and high SCC at 
the first test day and low SCC in the subsequent test days (HLLcel; n = 813 heifers)].

Figure 2. Frequency distribution of heifer subclinical mastitis in-
cidence between 4 and 100 d in lactation in 173 Dutch dairy herds in 
2008.
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normal levels before the second test-day measure and 
remained low.

Herd Management Risk Factors of HSCLM

In the univariable model, 25 variables were related 
to HSCLM (P ≤ 0.20) and, therefore, entered the mul-
tivariable model (Table 2). In the final multivariable 
model, 5 factors remained and explained 24% of the 
variation in HSCLM incidence between herds (Table 
3). Herds that housed heifers that were close to calv-
ing together with lactating cows had a lower HSCLM 
incidence (−4.5%; 95% CI: −8.7 to −0.2%) than herds 
in which heifers were housed separately (Table 3). No 
effect was observed of keeping the pregnant heifers to-
gether with dry cows or other groups. Herds in which 
supernumerary teats of calves were removed at the 
same time as dehorning had a lower HSCLM incidence 
(−7.0%; 95 CI: −11.3 to −2.8%) compared with herds 
in which supernumerary teats were not removed. Fur-
thermore, day and night grazing of lactating cows also 
was protective from HSCLM incidence (−5.9%; 95% 
CI: −5.9% to −1.3%) compared with keeping the cows 
inside. Milking with an automatic milking system was 
found to be a risk factor for HSCLM incidence. Heifers 
in herds with an automatic milking system had a sig-
nificant higher incidence of HSCLM (6.9%; 95% CI: 2.2 
to 11.5%). Finally, heifers from farmers that submitted 
milk samples for mastitis culturing in the previous year 
had a higher HSCLM incidence (Table 3).

Continued

Figure 3. Outline of the percentage of heifers with subclinical mas-
titis per test-day record in the first 100 DIM in 7,966 heifers in 173 
Dutch dairy herds. L = low SCC (≤150,000 cells/mL); H = high SCC 
(>150,000 cells/mL); LHH = low SCC at the first test day and high 
SCC in the subsequent test days; LHL = low SCC at the first and 
third test days and high SCC at the second test day; LLH = low SCC 
at the first 2 test days and high SCC at the third test day; LLL = 
low SCC in all 3 test-day measures; HHH = high SCC in all test-day 
measures; HHL = high SCC at the first 2 test days and low SCC at 
the third test day; HLH = high SCC at the first and third test days 
and low SCC at the second test day; HLL = high SCC at the first test 
day and low SCC in the subsequent test days.

Table 2. Risk factors associated with the incidence of heifer subclinical mastitis up to 100 d in lactation in 173 Dutch dairy farms in the 
univariable analyses (P ≤ 0.20) 

Variable Category
Observations  

(no.)
Mean  

incidence (%) P-value

Herd size Average 79 Continuous1 0.20
Percentage of corn in summer ration Average 32 Continuous 0.01
Percentage of corn in winter ration Average 34 Continuous <0.01
Are the female calves fed with milk replacers? No 33 21

0.09Yes 139 27
Missing 1 22

Type of bedding material in the group heifers between 
 10 wk old and moment of insemination 

Wood fiber/sawdust 18 30

0.13Straw/flax 36 27
Other 13 21
Multiple bedding materials 20 20

How are the slated floors from the stable of the 
 dairycows cleaned?

Not 20 20

0.13

Manually 52 25
Tractor manure scraper 13 28
Automated manure scraper 66 26
Robotic manure scraper 14 29
Other 8 28

Location of close-to-calving heifers Separate 48 26

0.07Dry cows 78 27
Lactating cows 34 22
Other 13 23
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Table 2 (Continued). Risk factors associated with the incidence of heifer subclinical mastitis up to 100 d in lactation in 173 Dutch dairy 
farms in the univariable analyses (P ≤ 0.20) 

Variable Category
Observations  

(no.)
Mean  

incidence (%) P-value

Type of milk that is supplied to the female calves Milk replacer 116 27

0.08

Milk from lactating cows 14 20
Antibiotic-positive milk/
high-SCC milk

41 27

Other 1 24
Missing 1 22

Removing supernumerary teats at early age? No 24 32
<0.01Yes 147 24

Missing 2 24
Lactating cows on pasture? No 45 27  

During the day 96 27 <0.01
 Day and night 32 19  
Housing of precalving heifers with lactating cows <1 wk 36 25

0.11

1–2 wk 38 23
2–4 wk 41 29
4–6 wk 16 28
6–8 wk 15 26
Not 27 24

Are lactating cows housed in a freestall barn? No 4 15 0.05
Yes 169 26  

What is the source of drinking water in the field? Surface water 43 22

0.15
Tap water 21 27
Own source 72 26
Other 23 28
Multiple sources 14 25

Presence of mechanical ventilation? No 127 24 0.03Yes 46 28
Are visitors obliged to wear protective 
clothing provided by the farmer?

No 23 22
0.12Yes 105 27

Sometimes 45 24
Do you have heifers that suck on other heifers? No 147 26

0.05Yes 25 22
Missing 2 24

Number of persons that are in the milking parlor 
 at the same time

None 16 34

<0.011 127 24
2 29 27
>2 1 33

Number of milkers >1 107 25
<0.011 45 24

Automatic milking system 21 32
How many cows are treated before you attach the 
 milking unit?

<4 80 27 0.19
≥4 93 25  

Are heifers adjusted to the milking parlor before 
 first calving?

No 102 26 0.20
Yes 71 24  

Does the farmer go daily into the field to check 
 the cows?

Yes 94 24
0.08

No 79 27
Is water used by the pretreatment of the udder? Yes 16 32

0.03No 132 25
Sometimes 25 25

How are cows with a high SCC traced? By test-day results 168 25 0.09Other 5 33
Are teat liners rinsed after they are used for a 
 mastitic cow?

No 62 24

0.04Yes 27 30
Sometimes 83 25

Culturing of mastitis samples in the previous year No 77 24
0.07Yes 95 27

Missing 1 21
1Continuous (not categorical) variable; 173 observations for all continuous variables.
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DISCUSSION

In this study, the average HSCLM incidence was 
25.5% (95% CI: 23.9 to 27.0%) in the first 100 DIM, 
with 17.6% of the heifers having a high SCC on the 
first test day. This was comparable with the results of 
Svensson et al. (2006). They found that 18.1% of the 
heifers had a high SCC (>200.000 cells/mL) at the first 
test day. However, De Vliegher et al. (2001) found a 
SCC >150,000 cells/mL in 35% of the heifers at risk. In 
their study, they included only heifers with a test-day 
result during the period 5 to 14 d after calving, whereas 
in our study, the test-day results obtained between 4 
and 100 d after calving were included. Nevertheless, we 
found that the HSCLM incidence in the first 100 d after 
lactation showed large variation between herds. In our 
analyses, the first 4 DIM were excluded because it was 
assumed that a high SCC in these first days would not 
necessarily have been caused by mastitis pathogens. De 
Vliegher et al. (2001, 2004) also excluded the first 4 
d from their analyses. However, Dohoo (1993) stated 
that using SCC results before 9 DIM could overesti-
mate the prevalence of infected heifers in the herd. On 
the other hand, Barkema et al. (1999a) suggested that 
SCC results from a minimum of 2 DIM can be used for 
the determination of the udder health status. Because 

no absolute agreement exists on the number of days 
at the start of lactation that have to be excluded and 
because the higher SCC at the start of lactation seemed 
to stabilize within 4 DIM in our data, we decided to 
exclude only test-day results that were obtained in the 
first 4 d after calving.

If heifers were assigned to 1 of 3 SCC groups (HLL, 
HHH, or LLL), it was found that the SCC of HLL 
heifers remained higher throughout the study period 
compared with LLL heifers. It might be that this high 
SCC in early lactation negatively influences milk pro-
duction as described by De Vliegher et al. (2005), with 
the consequence that the SCC remains slightly higher. 
Another possibility is that, although SCC decreased, 
these heifers remained infected. This may lead to an 
increased risk of developing clinical mastitis later in 
lactation. This, however, was not studied by us and 
requires additional follow up.

In our study, 5 factors were associated with HSCLM 
incidence, of which 3 can be influenced by the farmers’ 
day-to-day management. Bacteriological culturing of 
milk samples in the previous year was an additional 
factor. It is likely that this factor represented herds 
with previous mastitis problems rather than being a 
risk factor for HSCLM. It may be that the farmers 
of these herds are more likely to carry out diagnos-

Table 3. Risk factors associated with the incidence of heifer subclinical mastitis up to 100 d in lactation in 173 Dutch dairy farms 

Variable Category
Observations 

(no.)
Model estimate  
(%; 95% CI) P-value

Intercept 26.5 <0.01
(22.3 to 30.7)

Location of close-to-calving heifers Separate 48 Reference
Dry cows 78 1.1 0.53

(−2.4 to 4.6)
Lactating cows 34 −4.5 0.04

(−8.7 to −0.2)
Other 13 −2.0 0.52

(−8.3 to 4.2)
Removing supernumerary teats at early age?1 No 24 Reference

Yes 147 −7.0 <0.01
(−11.3 to −2.8)

Lactating cows on pasture? No 45 Reference
During the day 96 0.7 0.70

(−2.8 to 4.2)
Day and night 32 −5.9 0.01

(−10.6 to −1.3)
Number of milkers >1 107 Reference

1 45 0.8 0.66
(−2.7 to 4.2)

Automatic milking system 21 6.9 <0.01
(2.2 to 11.5)

Bacteriological culturing of mastitis 
 milk samples in the previous year?2

No 77 Reference
Yes 95 4.1 <0.01

(1.1 to 7.1)
1Two observations were missing and were included as a separate category; these results did not differ significantly from the reference category 
and were not presented.
2One observation was missing and was included as a separate category; the result of this category did not differ significantly from the reference 
category and was not presented.
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tics because of the high incidence of SCLM. Keeping 
close-to-calving heifers with the lactating cows ap-
peared to be protective against HSCLM incidence. 
It is known that the first calving and the transition 
into lactation have a significant effect on heifers (Fox, 
2009). It is possible that this transition is even more 
difficult when influenced by the stress of transferring 
the heifer to the lactating cows. Transferring heifers 
into the group of lactating cows earlier may lead to 
more adjustment time, probably less stress, and get-
ting used to the lactation ration in an earlier stage 
compared with transferral after calving. The removal of 
supernumerary teats in calves was also found to reduce 
the incidence rate of HSCLM. This factor might be 
directly related to a lower HSCLM incidence because 
potential inflammation of these supernumerary teats is 
prevented. It may, however, also be an indirect relation, 
being related to the management style. Farmers that 
remove supernumerary teats may be more precise and 
have a more hygienic management style or may have 
more focus on udder health and, therefore, have lower 
HSCLM incidence (Barkema et al., 1999b). Herds in 
which the lactating cows were grazed day and night had 
less HSCLM than herds in which all lactating cows re-
mained indoors. The infection pressure in the field may 
be lower than in the barn, possibly leading to fewer new 
infections and SCLM in heifers. Olde Riekerink et al. 
(2007) showed that cows that grazed during the sum-
mer had a lower incidence rate of clinical mastitis than 
cows that were kept confined. Heifer SCLM incidence 
in cattle that were only grazed during the day did 
not differ from cattle that remained indoors. The last 
factor that was found to be associated with HSCLM 
incidence was the number of milkers that are present 
during milking. Milking with an automatic milking sys-
tem appeared to be a risk factor for incidence rate of 
HSCLM. This negative effect of an automatic milking 
system might be associated with the hierarchy in the 
herd. Optimal cow traffic is necessary if an automatic 
milking system is used, to obtain an optimal number of 
milkings (Svennersten-Sjaunja and Pettersson, 2008). 
When fresh-milked heifers enter the group of lactating 
cows, they may experience problems with reaching the 
automatic milking system and the automatic milking 
system may experience problems with adjusting to the 
new cow (Miller et al., 1995). Furthermore, the heif-
ers have to get used to the automatic milking system, 
which might lead to incomplete milkings and prolonged 
intervals between milkings that negatively affect the 
udder health. However, a study conducted in the Neth-
erlands comparing conventional and automatic milking 
parlors could not find differences in behavioral and 
physiological responses in heifers (Hopster et al., 2002).

Nevertheless, in dairy herds with automatic milking 
systems, udder health is, in general, not as good as in 
herds with conventional milking systems (Hovinen and 
Pyörälä, 2011). Automatic milking systems are less ef-
fective in teat cleaning than manual teat cleaning (Mot-
tram, 1997; Hovinen et al., 2005) and the detection of 
(sub)clinical mastitis in automatic milking systems is 
not optimal (Hovinen and Pyörälä, 2011).

CONCLUSIONS

Heifer SCLM incidence occurs in almost all herds, 
in, on average, 25.5% of the heifers in the first 100 d 
of lactation. The SCC of HLL heifers remained higher 
than the SCC of LLL heifers. This showed that HSCLM 
at the first test day after calving is indicative for de-
creased udder health at a later stage of lactation. A 
higher HSCLM incidence rate was found in herds that 
submitted milk samples for bacterial culturing in the 
year before this study. This indicates that the incidence 
of heifer mastitis is higher in herds with prolonged 
mastitis problems. In addition, 3 management factors 
existed: removing supernumerary teats; housing heifers 
that were close to calving together with lactating cows; 
and day and night grazing of lactating cows, for which 
intervention could be performed to reduce HSCLM. 
Finally, the HSCLM incidence rate in herds that were 
milked with an automatic milking system was higher 
than those with conventional milking systems.
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