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ABSTRACT

Recently, many changes have been implemented in 
Dutch dairy herds. Herd sizes have increased and anti-
microbial use has been reduced. Certain types of anti-
microbials can only be used in specific circumstances, 
and the preventive use of antimicrobials in dry cows 
is prohibited. The aim of this study was to quantify 
clinical mastitis (CM), subclinical mastitis (SCM), and 
risk factors associated with CM in Dutch dairy herds 
in 2013, in the context of these changes. For this study, 
240 dairy herds were randomly selected from farms 
that participated in test-day milk recording, used a 
conventional milking system, and agreed to participate 
in the study. Eventually, 233 Dutch dairy farmers had 
complete records of CM in their herds in 2013 and 224 
of these farmers completed a questionnaire on man-
agement factors potentially associated with CM. All 
participating farmers gave consent to use their rou-
tinely collected herd data such as test-day records and 
cow identification and registration data. Clinical and 
subclinical mastitis incidence rate (CMI and SCMI, 
respectively) per 100 cows per year, subclinical mastitis 
prevalence, and average bulk tank milk somatic cell 
count were obtained for 2013. The risk factor analysis 
was conducted using a generalized linear model with a 
log link function and a negative binomial distribution 
on herd level in Stata 13.1. A median CMI of 28.6 per 
100 cows at risk per year, SCMI of 70.1 per 100 cows 
at risk per year, SCM prevalence of 15.8%, and bulk 
tank milk somatic cell count of 171 × 103 cells/mL 
were observed in 2013. Factors that were significantly 
associated with a higher CMI were cleaning slatted 
floors only once per day compared with more than 4 
times a day (i.e., mechanical), a higher percentage of 
Holstein Friesian cows present in the herd, treating less 
than 50% of the cows with CM with antimicrobials, 
postmilking teat disinfection, and treatment of cows 
with elevated somatic cell count with antimicrobials. 

The results of this study indicated that udder health 
had not deteriorated compared with udder health in 
previous Dutch studies where herd sizes were somewhat 
smaller and before the restrictions in antimicrobial use. 
Several of the risk factors that were found can be in-
fluenced by the farmer and can prevent the occurrence 
of CMI. Still, when cases of CM occur, treatment with 
antimicrobials might be necessary to cure the CM case 
and is beneficial for the overall udder health in the 
herd.
Key words: dairy cattle, clinical mastitis, risk factor, 
udder health

INTRODUCTION

Worldwide, mastitis is an important disease because 
of its common occurrence and its significant economic 
effect (Huijps et al., 2008; Olde Riekerink et al., 2008; 
Lam et al., 2013). In the Netherlands, the last rep-
resentative estimate of CM was conducted as part of 
the national udder health program in 2009 (Lam et 
al., 2013). Nevertheless, since that study many changes 
have been implemented in Dutch dairy herds. Herd size 
has increased from an average of 82 cows (>2 yr) in 
2009 to 90 cows (>2 yr) in 2013, and antimicrobial 
use (AMU) was restricted by a new policy aiming 
to avoid the development of antimicrobial resistance 
(Hendriksen et al., 2008; Graveland et al., 2011; Scott 
and Menzies, 2011). For Dutch dairy herds, this meant 
that antimicrobials that were supplied to farmers by the 
veterinary practice had to be registered and monitored, 
restrictions on the use of second and third preference 
antimicrobials were put into place, and all prophylactic 
applications of antimicrobials such as blanket dry cow 
treatment were banned (KNMvD, 2013). As a result, 
the average animal defined daily dose of AMU per year 
(ADDD/yr) in the dairy industry decreased from 5.0 
in 2010 (Hage and Van Deur, 2011) to 3.0 and 2.3 in 
2013 and 2014, respectively (SDa, 2014, 2015). These 
developments may have had an effect on udder health 
in general and increased the need to optimize man-
agement to prevent mastitis and maintain good udder 
health.
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Many studies have investigated management factors 
associated with subclinical mastitis (SCM) (Breen et 
al., 2009a; Devries et al., 2012; Cicconi-Hogan et al., 
2013; Gordon et al., 2013) or clinical mastitis (CM; 
Barkema et al., 1999; Barnouin et al., 2005; O’Reilly 
et al., 2006; Breen et al., 2009b; Jansen et al., 2009; 
Richert et al., 2013). These studies were performed, 
however, in a situation without restrictions on AMU. A 
study of Passchyn et al. (2014) showed that risk factors 
for intramammary infections differed between treated 
and untreated heifers.

Whether the changes in the Dutch dairy industry 
such as increasing herd size and AMU restriction had 
an effect on udder health and whether it changed the 
risk factors for CM was unknown. Therefore, the aim 
of this study was to estimate udder health parameters 
and to identify risk factors associated with CM inci-
dence rate (CMI) in Dutch dairy herds in 2013, in the 
context of these changes.

MATERIALS AND METHODS

Study Population

Based on sample size calculations, at least 200 dairy 
herds had to be included to be able to estimate the 
CMI with a maximum accepted error of 5 to 6%, and to 
detect risk factors with an incidence rate ratio of 2.5 or 
higher (assuming 95% confidence, 80% power, and an 
expected CMI of 25–30). The drop-out percentage was 
expected to be at most 20%. Therefore, it was decided 
to include 240 dairy herds in this study. The inclusion 
criteria for enrollment into the study were farms with a 
conventional milking parlor and routine 4 to 6 weekly 
test-day milk recording to ensure a uniform detection 
method of CM and similar routine herd data among the 
study herds. A total of 1,350 dairy herds that met the 
inclusion criteria were randomly selected using Stata 
version 13.1 (StataCorp, 2014) and were requested to 
participate in the study by mail. The first 240 farmers 
that responded were included.

Data Collection

All enrolled herds were visited during the first month 
of the study by an employee of GD Animal Health who 
was specialized in udder health management. At each 
of these visits, the aim of the study and the definition 
of CM were explained and farmers were asked to use 
standard forms to register CM. Farmers were asked to 
register all CM cases from January 1 to December 31, 
2013. During the farm visit, the farmer completed a 
questionnaire on daily management practices (Table 1). 
This questionnaire included questions on factors that 
were assumed to be associated with the occurrence of 
CM and potentially gave the farmer the possibility to 
improve and reduce CM. The answers of the question-
naire were digitalized using NetQ premium (NetQues-
tionnaires Nederland BV, 2014). Finally, all participat-
ing farmers gave consent for usage of their routinely 
collected herd data.

To ensure high data quality and reduce bias, farm-
ers were reminded by e-mail and telephone to return 
the forms at the end of each month. A procedure was 
developed in Stata 13.1 (StataCorp, 2014) to be able to 
timely detect incomplete records and administrative er-
rors. When abnormalities were detected, the farmer was 
contacted immediately and the submitted data were 
corrected. For analytical purposes, herd level CM data 
were combined with the results of the questionnaire 
and routine test-day milk recording data [provided by 
the Dutch Royal Cattle Syndicate (CRV, Arnhem)], 
cow identification and registration data [I&R, provided 
by the Dutch Enterprise Agency (RVO, Den Haag)], 
and bulk milk SCC (BMSCC) data at a 2-wk inter-
val (provided by Qlip Laboratories, Zutphen). Finally, 
records on antimicrobial supplies (originating from the 
MediRund database) were provided by the Dutch Com-
modity board for dairy (PZ, the Hague). From these 
data, the ADDD/yr was calculated for intramammary 
treatment (antimicrobials applied for CM and dry 
cow treatment) according to the method described by 
Santman-Berends et al. (2015).

Table 1. Questionnaire topics potentially associated with clinical mastitis in the study herds

Topics  Description

General  Herd size, pasturing in summer, replacement rate, growth in herd size in 2013, purchase of cattle in 2013
Housing  Number of cubicles, bedding, type of floor, usage of antiseptics in the cubicles
Hygiene  Cleaning frequency of cubicles and slatted floors
Milking hygiene  Cleaning udder, management of the cows directly after milking, usage of milking gloves, pre- and postmilking teat 

disinfection, cleaning milk parlor (when, how, and frequency)
Mastitis  Farmers’ definition of clinical mastitis, mastitis detection methods, antimicrobial treatment of subclinical and clinical 

mastitis, dry cow therapy, motivation for selective dry-cow treatment, usage of internal teat sealants
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Definitions

For each of the herds, udder health parameters that 
were evaluated were CMI per 100 cows per year, sub-
clinical mastitis incidence rate (SCMI) per 100 cows at 
risk per year, average subclinical mastitis prevalence in 
2013 (SCMP), and average BMSCC in 2013.

Clinical Mastitis Incidence Rate. The CMI was 
calculated as the number of CM cases divided by the 
number of cow days at risk (DAR), multiplied by 
365 d and 100 cows. In this study, CM was defined as 
every abnormality of udder, milk, or both according 
to the definition described in Lago et al. (2011). Ab-
normalities in milk included abnormal color, viscosity, 
or consistency, with or without accompanying heat, 
pain, redness, or swelling of the quarter, or generalized 
illness. The CM cases occurring in the same quarter 
within 14 d after the previous case were considered to 
be the same case (Jansen et al., 2009; van den Borne 
et al., 2010; Lam et al., 2013). Days at risk were calcu-
lated as the total sum of the number of days each cow 
was present in the herd during the study period. Cows 
were assumed to be always at risk for CM because 
even if they suffered from CM in a quarter, they were 
still at risk for developing CM in one of the other 
quarters.

Subclinical Mastitis Incidence Rate. The SCMI 
was calculated per 100 cows at risk per year as the 
number of new SCM cases divided by DAR, multiplied 
by 365 d and 100 cows. Diagnosis of SCM was based 
on individual SCC results at test-day level and was 
defined as having an elevated SCC, >150 × 103 cells/
mL for primiparous and SCC > 250 × 103 cells/mL 
for multiparous cows (CRV, 2010; Lam et al., 2013). 
A new case of SCM was defined as either a cow with 
an elevated SCC on the first test-day milk recording 
after calving, representing either a dry period or an 
early lactation originated infection, or a cow with a 
new elevated SCC at the second to later test-day mea-
surement. A new elevated SCC at the second to later 
test-day measurement was defined as an elevated SCC 
after 1 or 2 earlier low SCC measurements (≤150 × 
103 cells/mL primiparae and ≤250 × 103 cells/mL mul-
tiparae). 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 is likely 
due to a physiological effect (Dohoo, 1993; Barkema et 
al., 1999). The DAR for developing a new case of SCM 
was calculated for each cow as the number of lactating 
days the cow was at risk for developing an elevated 
SCC in 2013. During the dry period, the time before 
first calving, the first 4 d after calving, and the time 

between successive recordings while the cow is defined 
as infected as measured by SCC, the cow was not at 
risk for SCM and these days were not included in the 
DAR. From d 5 in lactation, the cow was assumed to 
be at risk for developing SCM. The cow remained at 
risk until the test-day milk recording on which an el-
evated SCC was detected. The DAR on cow-level were 
summed for each of the participating herds to obtain 
DAR at herd level in 2013.

Average Subclinical Mastitis Prevalence. The 
SCMP was calculated per herd as the average percent-
age of cows with elevated SCC in each of the test-day 
observations in 2013. The percentage of cows with an 
elevated SCC per test-day measure was calculated by 
dividing the total number of elevated SCC cows by the 
total number of cows participating in the test-day milk 
recording.

Average Bulk Tank Milk SCC. For each of the 
participating herds, bimonthly BMSCC results were 
available and the average BMSCC was calculated as 
the mean of all individual BMSCC results in 2013.

Statistical Analyses

Results of the udder health parameters were present-
ed using descriptive statistics in Stata 13.1 (StataCorp, 
2014). For the risk factor analyses, a generalized linear 
model with a log link function and a negative binomial 
distribution model on herd level was used with the 
number of CM cases as dependent variable and DAR 
as exposure. The variables derived from the question-
naire were subjected to univariable analyses. Variables 
with P ≤ 0.3 (Z-test) were retained for inclusion in the 
multivariable model. The multivariable analysis was 
done using a backward stepwise selection and elimina-
tion procedure. After each run, the variable with the 
highest P-value was excluded from the model until 
all variables had P ≤ 0.05. The most optimal model 
was evaluated using the Akaike information criterion 
(AIC), where an AIC closest to zero was deemed the 
best model (Akaike, 1974). Confounding was monitored 
by the change in the coefficient of a variable after re-
moving another variable from the model. 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 robustness of the final 
model was checked by carrying out the same procedure 
with forward stepwise selection and elimination. In the 
final model, all biological credible 2-way interactions 
were tested. Model fit was evaluated by checking nor-
mality of the residuals.
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RESULTS

Descriptive Statistics of Participating Herds

From the 240 dairy farmers that initially started to 
participate in the study, 233 completed data collection. 
Seven farmers dropped out during the year because the 
administrative work was perceived to be too laborious 
(n = 4) or because of personal circumstances (n = 3). 
In the 233 herds, a total of 6,760 quarter-level CM 
cases in 4,947 different cows were registered in 2013. 
In most cows with CM, only one quarter was affected 
(95% of the cases). In 4% of the cases, 2 quarters were 
affected and in 0.3% and 0.4%, respectively, 3 and 4 
quarters with CM were observed. The participating 
dairy herds [104 cows (>2 yr)] appeared slightly larger 
than the average Dutch herd (94 cows, census data). 
The geographical distribution of the study herds did 
not differ from the geographic distribution of all Dutch 
dairy herds.

In the participating herds, the average ADDD/yr (i.e., 
the number of antimicrobial treatments per cow during 
2013) was 0.71 for mastitis treatment and 1.46 for dry 
cow therapy compared with an average of, respectively, 
0.8 and 1.8 in all Dutch dairy herds (SDa, 2014). This 
meant that, in a herd with 100 milking cows, each cow 
needed on average 0.71 d of antimicrobials treatments 
for the treatment of one case of CM. Additionally, on 
average 1.46 treatments with antimicrobials for dry 
cow therapy were used. Given the yearly replacement 
rates in the Netherlands and the median percentage 
of 66% of the Dutch milking cows that are dried off 

per year (census data), an average ADDD/yr of 2.4 for 
dry cow therapy would be expected, when blanket dry 
cow therapy would be applied (using antimicrobials at 
drying off in one cow results in ADDD of 4). It ap-
peared that in the study herds, only 61% (1.46/2.4) of 
the milking cows that were dried off were treated with 
antimicrobials in 2013.

Udder Health Parameters

Data of all 233 herds were included to calculate CMI 
and BMSCC. For calculating SCMI and SCMP, data of 
3 herds were excluded because no test-day records were 
available, and the number of SCM cases and days at 
risk for calculating SCMI were not available (Figure 1).

The median CMI was 28.6 and the mean CMI was 
32.2 per 100 cows per year in the 233 participating 
herds in 2013. The CMI ranged from 2 to 120 with an 
interquartile range of 20 to 41. Data on SCMI were 
normally distributed with a median of 70.1 and a mean 
of 71.2 (interquartile range: 54–86) per 100 cows at risk 
per year. The SCMI varied between 8 and 166.

The mean SCMP in the participating herds was 
17.0% and varied from 1.3% to 56.6%. The median 
SCMP was 15.8% and the interquartile rage varied be-
tween 12.2 and 21.1%. Finally, BMSCC varied between 
a minimum of 35 × 103 and a maximum of 359 × 103 
cells/mL in the participating herds in 2013. The median 
BMSCC was 171 × 103 cells/mL and the mean was 182 
× 103 cells/mL (interquartile range: 146 × 103 to 221 × 
103 cells/mL) and was lower than the average BMSCC 

Figure 1. Schematic overview of the 240 initially enrolled herds and the number of herds included for calculating of the udder health param-
eters and evaluation of risk factors for clinical mastitis in 2013.
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in the Netherlands during the same period (199 × 103 
cells/mL, census data).

Risk Factors Associated with CMI

Of the participating herds, 224 of the 233 completed 
the questionnaire and were included in the risk factor 
analyses, evaluating 21 variables potentially associated 
with CMI. Thirteen variables were potentially associ-
ated with CMI (P < 0.30) in the univariable analyses 
and were included in the full multivariable model (Table 

2). Correlations between the variables that entered the 
multivariable model were low (r > 0.3).

The final model contained 5 variables that were sig-
nificantly (P < 0.05) associated with CMI. The final 
model (AIC value closest to 0) explained 2% (pseudo 
R2) of the variation in CMI. The residuals of the final 
model were normally distributed. The backward selec-
tion and elimination method and the forward selection 
and elimination method resulted in the same final 
model. Cleaning slatted floors more than 4 times per 
day was associated with a lower CMI compared with 

Table 2. Descriptive results of risk factors univariable associated (P < 0.30) with clinical mastitis incidence rate (CMI) per 100 cows per year 
in 224 Dutch dairy herds in 2013

Variable
Number  
of herds

Median CMI  
(interquartile range)

P-value  
(z-test)

Purchase of cattle in 2013
 None 147 29.0 (21–41) 0.04
 At least one cow 77 28.2 (18–39)
At least part of the cows with elevated SCC are treated with antimicrobials 
 during lactation
 No 124 27.5 (19–39) <0.01
 Yes 100 30.6 (22–45)
Clinical mastitis cases are treated with antimicrobials
 ≤50% of the cases 51 30.6 (20–55) 0.02
 >50%, ≤75% of the cases 39 25.8 (16–38)
 >75% of the cases 134 28.4 (21–39)
Cows are grazed on pasture during summer months  
 No 32 26.2 (19–32) 0.04
 Yes 192 29.4 (20–41)
Teat sealant is used as part of dry cow treatment
 Yes, ≥90% of cows 60 30.7 (21–41) 0.29
 Sometimes, 11–89% of cows 47 28.0 (20–36)
 No, ≤10% of cows 113 28.4 (19–43)
 Missing 4 24.6 (19–39)
Premilking teat disinfection is practiced
 No 197 28.3 (20–40) 0.04
 Yes, with dip or spray 8 43.4 (30–59)
 Missing 19 29.0 (19–40)
Postmilking teat disinfection is practiced   
 No 17 20.7 (13–30) 0.04
 Yes, with spray 56 28.6 (21–39)
 Yes, with dip 151 29.5 (20–42)
Frequency of cleaning slatted floors of the lactating cows
 <1 time/d 23 35.2 (28–43) 0.02
 1–4 times/d (presumed manually) 114 29.1 (21–44)
 >4 times/d (presumed automated) 87 26.1 (17–37)
Percentage of cows that are treated with antimicrobials at drying-off
 ≤25% of the cows 16 33.2 (19–42) 0.11
 26–50% of the cows 26 31.8 (24–44)
 51–75% of the cows 27 35.9 (25–41)
 ≥76% of the cows 155 26.7 (19–40)
Percentage of Holstein Friesian cows in the herd
 ≤75% of the cows 72 26.9 (20–34) 0.03
 >75% of the cows 152 30.0 (20–42)
Herd size (>2 yr old) divided into 4 quartiles
 <72 cows 55 30.6 (21–47) 0.04
 72–91 cows 55 31.0 (20–42)
 92–118 cows 58 27.2 (20–38)
 >118 cows 56 28.3 (19–38)
Continuous variable Median (IQR)1 IRR1 P-value (z-test)
Utilization degree [number of cubicles divided by the herd size 
 (cows >2 yr old)]

0.87 (0.8–1.0) 0.76 (0.5–1.1) 0.16

1IQR = interquartile range; IRR = incidence rate ratio.
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cleaning the slatted floors less than once every day. 
A higher percentage of Holstein Friesian (HF) cows, 
postmilking teat disinfection and treatment of elevated 
SCC cows with antimicrobials was associated with a 
higher CMI (Table 3). Treatment of more than half of 
the CM cases with antimicrobials was associated with 
a lower CMI compared with treatment of less than 50% 
of the CM cases (Table 3). The final model did not have 
confounding or multi-collinearity. In addition, none of 
the 2-way interactions were significantly associated 
with CMI, and these were therefore not included in the 
final model.

DISCUSSION

The aim of this study was to quantify udder health 
and risk factors associated with CMI in 2013. In that 
year, AMU was restricted in the Netherlands, but other 
factors also changed, such as an increasing herd size, 
possibly anticipating on the disappearance of the milk 
quota system in the forthcoming years The results 
showed a median CMI of 28.6 (mean 32.2) cases per 
100 cows at risk per year and the final model showed 
5 herd level variables that were associated with CMI. 
Although the variation in CMI that was explained by 
this model was low, the risk factors were in line with 
those that were described earlier (Elbers et al., 1998; 
Barkema et al., 1999; van den Borne et al., 2010). Our 
findings were in contrast with Passchyn et al. (2014), 
who found that risk factors for mastitis differed be-
tween heifers that were either treated or not treated 
with antimicrobials. However, the study of Passchyn et 
al. (2014) was not comparable to ours because of the 

differences in study design (clinical trial versus field 
study), the level of aggregation (quarter versus herd 
level) and because Passchyn et al. (2014), only included 
heifers whereas this study involved both primiparous 
and multiparous cows.

Our study showed that frequently cleaning of slatted 
floors in the lactating cow facilities (>4 times per day), 
was associated with a lower CMI. These herds were 
assumed to have automated scrapers, which result in 
cleaner floors, cleaner claws, and thus less fecal con-
tamination of the cubicles, which subsequently result in 
cleaner udders as has been described before (Barkema 
et al., 1999). A higher proportion of HF cows in the 
herd was associated with a higher CMI. From the lit-
erature, it is known that in general, HF cows have a 
higher milk yield compared with other breeds (Walsh 
et al., 2007; Prendiville et al., 2010; Vance et al., 2012; 
Piccand et al., 2013). Cows with a higher milk produc-
tion may be less resilient and therefore more susceptible 
to CM. However, milking almost exclusively HF cattle 
might also be an indicator for other management prac-
tices associated with CM that were not included in the 
study. Treatment of more than half of the CM cases 
with antimicrobials was associated with a lower CMI 
compared with treatment of less than 50% of the cases. 
We have to realize, however, that diagnosis of CM is 
subjective and differences in diagnosis between dairy 
farmers have been described before (Lam et al., 1993). 
Cases of CM that are not treated properly may lead 
to chronic intramammary infections that are clinically 
cured but remain bacteriologically infected, resulting in 
a higher risk of recurrence (van den Borne et al., 2010; 
Swinkels et al., 2014). In our study, during the initial 

Table 3. Results of the multivariable regression model evaluating risk factors associated with clinical mastitis incidence rate in 224 Dutch dairy 
herds in 2013

Variable
Number  
of herds

Incidence  
rate ratio 95% CI

P-value 
(z-test)

Frequency of cleaning slatted floors of lactating cows
 <1 time/d 23 Reference    
 1–4 times/d 114 0.98 0.79–1.22 0.87
 >4 times/d 87 0.77 0.62–0.96 0.02
Percentage of Holstein Friesian cows
 ≤75% of the cows 72 Reference    
 >75% of the cows 152 1.20 1.05–1.38 <0.01
Cases of clinical mastitis are treated with antimicrobials  
 ≤50% of the cases 51 Reference    
 >50%, ≤75% of the cases 39 0.82 0.67–1.00 0.05
 >75% of the cases 134 0.81 0.69–0.94 <0.01
Postmilking teat disinfection
 No 17 Reference    
 Yes, with spray 56 1.38 1.06–1.79 0.02
 Yes, with dip 151 1.39 1.09–1.78 <0.01
At least part of the cows with elevated SCC are treated with 
 antimicrobials during lactation
 No 124 Reference    
 Yes 100 1.25 1.11–1.42 <0.01
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farm visit, we tried to standardize the diagnosis of CM 
and prevent differences in diagnosis between farmers as 
much as possible by explaining and discussing diagnos-
tic methods and definitions of CM.

In our model, both treated and nontreated cases of 
CM were included as dependent variables. Farmers 
were asked to register whether antimicrobials were used 
in all cases of CM. From our data it appeared that 
farmers treated on average 72% of the registered CM 
cases with antimicrobials. Whether decisions to treat 
CM were based on culture results or merely clinical 
signs is unknown, although in the Dutch situation, it 
is more likely that the decision to treat a CM case is 
based on the severity of clinical signs. We evaluated 
whether the risk factors that were associated with CMI 
would change if we exclusively included treated CM 
cases as a dependent variable in our model. That mod-
el, however, remained unchanged, with the exception 
of one additional factor that entered the model, which 
was the frequency of cleaning the cubicles. Cleaning the 
cubicles once a day as compared with cleaning 2 to 4 
times/d was associated with a higher incidence of CM 
cases that were treated with antimicrobials.

Applying postmilking teat disinfection was associ-
ated with higher CMI compared with no postmilking 
teat disinfection. This finding has been described in 
earlier studies (Schukken et al., 1990; Elbers et al., 
1998; Barkema et al., 1999; Peeler et al., 2000) in which 
postmilking teat disinfection were described as risk fac-
tor. It might be that application of postmilking teat 
disinfection resulted in decreased infections with mi-
nor pathogens leading to an increased risk of infection 
with major pathogens (Lam et al., 1997a,b). This may 
partly explain this effect. Another explanation may be 
due to the fact that herds with a high CMI are more 
likely to take additional measures such as postmilking 
teat disinfection to try to reduce the CMI. Finally, we 
found that herds that never treated elevated SCC cows 
with antimicrobials had a lower CMI compared with 
herds in which part of the elevated SCC cows were 
treated. Elevated SCC is an important indicator for 
the development of CM (van den Borne et al., 2011). 
Therefore, it is possible that farmers with an elevated 
CMI in their cows decided to treat part of the cows 
with an elevated SCC during lactation to lower infec-
tion pressure and to prevent development of clinical 
signs. Additionally, it may be that treating SCM results 
in removal of minor pathogens leading to increased risk 
of infection with opportunistic pathogens (Sérieys et 
al., 2005). Nevertheless, it is also possible that farmers 
treating SCM with antimicrobials are also more dedi-
cated on finding and treating CM cases, trying to be a 
good farmer (Swinkels et al., 2015).

We decided not to include AMU as independent vari-
able in our models because we wanted to detect man-
agement practices that can be adapted to reduce the 
CMI. Nevertheless, data were available on the amount 
of delivered antimicrobials for intramammary use and 
for dry cow treatment during the study period, which 
is a proxy for AMU (Santman-Berends et al., 2015). 
When we included parameters on AMU in our model, 
a higher amount of usage of antimicrobials for intrama-
mmary treatment was associated with a significantly 
higher CMI. A higher AMU for drying off cows was 
associated with a significant lower CMI at the herd 
level, as was earlier described by Scherpenzeel et al. 
(2014). Our study was not comparable to the study 
of Scherpenzeel et al. (2014) because they evaluated 
dry cow treatment as such, ignoring the potential pre-
ventive effect of internal teat sealants (Bradley et al., 
2010). In our study, the use of internal teat sealants was 
evaluated, although no significant effect of teat sealants 
was observed in the final model.

The CMI (mean 32.2, median 28.6) found in this 
study was higher compared with the last CMI measure 
in 2009 (mean 28.1, Lam et al., 2013). This could in-
dicate that the restricted AMU including the limited 
possibilities to use antimicrobials at drying off resulted 
in higher CMI. This increase might also be associated 
with the increase in herd size from an average of 82 
cows (>2 yr) in 2009 to 90 cows (>2 yr) in 2013 (based 
on census data, data not shown). Increase in herd size 
led to reduced replacement percentages and thus less 
cattle being removed from the herd because of, among 
others, udder health issues. Finally, the difference in 
CMI that was found may also be associated with a very 
strict protocol for data collection in the participating 
herds. In this study, recall bias was prevented as much 
as possible by sending monthly reminders to the farm-
ers to submit recorded cases of CM, whereas in the 
previous study, farmers were reminded less frequently. 
This might have resulted in a slight underestimation of 
the CMI in 2009. This latter hypothesis was supported 
by the fact that the SCMP that was found in this 
study, which is a more objective parameter, was lower 
(median 15.8%; mean 17.1%) than the SCMP found in 
2009 (mean 22.2%), before restrictions on AMU were 
in place (Lam et al., 2013). Furthermore, a national 
udder health program (Lam et al., 2013) has increased 
awareness about CM, and farmers may have adopted 
a stricter routine for detection of CM cases. It seems 
fair to conclude that the CMI found in our study was 
in the same range as previous Dutch studies. In Great 
Britain and Denmark, the CMI seems slightly higher 
than in the Netherlands, with averages of 36 and 48 
cases per 100 cows per year, respectively (Bartlett et 
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al., 2001; O’Reilly et al., 2006; Bradley et al., 2007; 
Sato et al., 2008). In Canada and Switzerland, the 
observed CMI was lower than the CMI found in our 
study with averages of 14.7 21.3 cases per 100 cows 
per year, respectively (Gordon et al., 2013; Elghafghuf 
et al., 2014). The CMI in these studies may differ 
because of differences in herd size, milk production, 
AMU, and enrolment criteria for participation in the 
different studies. Nevertheless, whether there were any 
restrictions on AMU in previous studies, and whether 
AMU in other countries was comparable to AMU in the 
Netherlands, was unknown. The average BMSCC (182 
× 103 cells/mL) in our study appeared to be lower than 
in other studies, where it ranged from 206 × 103 to 470 
× 103 cells/mL (Lukas et al., 2005; Norman et al., 2010; 
Gillespie et al., 2012; Olde Riekerink et al., 2012).

When we compared our results to the average Dutch 
dairy herd, both the SCM prevalence and the BMSCC 
were slightly lower in the study herds (17% versus 18%, 
respectively, and 182 × 103 cells/mL versus 199 × 103 
cells/mL, respectively, in the study and average Dutch 
dairy herd). This indicated that the participating herds 
were performing slightly better with regard to udder 
health compared with the Dutch average. Thus, the 
study herds may not be completely representative for 
the Dutch population. For this study, a random group 
of dairy herds was selected from all herds that milked 
with a conventional milking parlor and participated in 
the milk recording system. Nevertheless, the farmers 
that responded to our request might have had a more 
than average interest in udder health. This might have 
led to some selection bias. However, voluntary partici-
pation is the only way to obtain a reliable estimate of 
CM because the participating farmers had to be dedi-
cated to finish a whole year of observing CM in their 
cows.

The questionnaire was conducted within a 1-mo pe-
riod during the first visit to exclude seasonal influences. 
Subsequently, CMI was monitored during the rest of 
the year and linked to the answers of the questionnaire. 
We believe that the fact that the questionnaire was 
conducted during the start of the study, whereas the 
CMI was measured thereafter, did not have a large ef-
fect on the study outcomes because we did not provide 
any advice with regard to udder health management 
during the study period. In addition, the farmers did 
not receive any information on preliminary outcomes 
that could have influenced them. For validation pur-
poses, we compared the percentage of treated CM cases 
registered by the famer during 2013, with the farmers’ 
answer on the percentage of CM cases treated with 
antimicrobials. The percentage of treated CM cases in-
dicated by the farmer at the beginning of the study ap-
peared to be a good prediction of the actual registered 

percentage of CM cases during 2013 (correlation r = 
0.6). The actual percentage of treated CM cases based 
on registrations during 2013 probably gave a slightly 
better indication of treatment of CM compared with 
the answer of the questionnaire. However, our conclu-
sions did not change when we included the registered 
percentage of treated CM cases in the model instead 
of the indicated percentage (data not shown). We de-
cided to keep the indicated percentage of treated CM 
recorded by the farmer.

From this study, it could not be concluded that the 
restricted AMU resulted in decreased udder health in 
Dutch dairy herds. Although with this type of study no 
causality is proven, the risk factors for CM were bio-
logically plausible and were not different as compared 
with the period before 2013, the year of the AMU re-
strictions. When restricted AMU is combined with suf-
ficient preventive management measures, it seems that 
the CMI can remain at the same level. In our study, 
we did not have any have any information regarding 
AMU of the studied herds before the study period. 
Nevertheless, we do know that AMU in the studied 
herds was in the same range of the average Dutch dairy 
herd, that the possibilities to use antimicrobials were 
significantly decreased due to the change in policy and 
that the proportion of cows that received DCT during 
the study year was quite low (61%). Thus, although 
we cannot prove this, we concluded that the AMU in 
our study herds in 2013 would be lower compared with 
previous years. Other factors that were not included in 
the model might have led to a change in udder health 
between 2009 (Lam et al., 2013) and 2013, such as year-
to-year variation in temperature, milk, and meat prices, 
and increased herd size. Nevertheless, the year 2013 
was quite average with regard to the temperature and 
we know from our bi-annual analyses on udder health 
parameters in all Dutch dairy herds that the effect of 
milk and meat price on udder health in the Netherlands 
is negligible (data not shown). The increased herd size 
was assumed not to have led to a too optimistic view 
on udder health in our study because increasing herd 
sizes are assumed to have a detrimental effect on udder 
health. Following that, there were, to our knowledge, 
no additional changes other than restrictions on AMU 
that might have led to a change in udder health of 
Dutch dairy cattle. Thus, although we did not include 
a control group with which we could prove that the 
restriction in AMU truly did not result in decreased ud-
der health, we believe from this study that it is possible 
to remain high udder health standards in a herd when 
the possibilities for AMU are restricted. Nevertheless, 
from our study, it seems important to treat CM cases 
with antimicrobials, which is beneficial for the overall 
udder health in a herd.
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CONCLUSIONS

This study determined the udder health status and 
risk factors for CMI in Dutch dairy herds in 2013. The 
evaluated udder health parameters such as CMI, SCMI, 
SCMP, and BMSCC appeared not to have changed and 
was comparable to previous studies in the period with 
smaller herd sizes and before the restricted AMU policy 
was in place. Cleaning slatted floors less than one time 
per day, a higher percentage of HF cows, postmilking 
teat disinfection, treatment of cows with an elevated 
SCC with antimicrobials, and treatment of less than 
half of the CM cases with antimicrobials were associat-
ed with a higher CMI. This indicates that management 
measures can reduce CMI. Nevertheless, this study 
indicated that when cases of CM occur, treatment with 
antimicrobials is necessary to cure CM and seems ben-
eficial to the overall udder health in the herd.
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