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ABSTRACT

An abrupt method to dry off cows has disadvantages 
and is considered inappropriate for current dairy cows 
due to welfare issues and risks for intramammary infec-
tions (IMI). A gradual cessation of lactation (by feeding 
or milking frequency reduction) has been the generally 
recommended method for drying off cows to prevent 
these adverse effects. However, a new alternative to the 
gradual approach is to abruptly stop milking at the same 
time as using cabergoline (CAB), a prolactin inhibitor. 
The aim of the study was to compare the net costs of 
3 different methods of drying off cows [gradual reduc-
tion in feed (referred to as gradual feeding), gradual 
reduction in milking frequency (referred to as gradual 
milking), and abrupt cessation of milking with CAB]. A 
stochastic Monte Carlo simulation model, at cow level, 
was developed to calculate the net costs of applying 
these methods. All inputs for the model were based on 
literature information, authors’ expertise, and expert 
knowledge. The net costs were determined by only in-
cluding costs and benefits, which varied between the 3 
methods. The model simulated a cow from 7 d before 
the day of drying off until the end of the next lactation. 
The likelihood of whether a cow was leaking milk early 
in the dry period was determined. Subsequently, it was 
determined whether or not the cow will get an IMI 
during the dry period, where the probability of getting 
an IMI was higher for cows leaking milk than for cows 
not leaking milk. If the IMI was not cured during the 
dry period, the cow had an IMI at calving. Also, milk 
production and feed requirements were modeled, and 
labor for applying the drying off method was included. 
For all methods, the net costs were calculated as the 
sum of costs for feed during the gradual feed reduction 
period, costs for applying the gradual-milking method, 

and the IMI costs during the dry period and lactation, 
minus the milk revenues during the transition from 
lactation to the dry period. Under default conditions, 
the average net cost of abrupt cessation of milking with 
CAB was €49.6/cow. The data showed that 90% of the 
net costs ranged from −€13.7 to €307.8/cow. The aver-
age net costs for gradual feeding and gradual milking 
were €99.1 and €71.5/cow, respectively. In conclusion, 
abrupt cessation of milking with CAB saved €49.5 and 
€21.9/cow on average compared with gradual feeding 
and gradual milking, respectively. This difference was 
mainly due to more milk returns and lower labor and 
IMI costs during lactation.
Key words: dairy cow, drying off, cabergoline, 
intramammary infection, economics

INTRODUCTION

The dry period allows time for mammary tissues to 
recover and repair. Moreover, by using an antibiotic 
treatment at the moment of dry-off, there is a chance 
that existing infections can be cured. Milk yields per 
cow per year greatly increased in recent decades in both 
the United States (Zobel et al., 2015) and Europe (e.g., 
CRV, 2017). Consequently, milk yields at dry off have 
also increased considerably from 9 (Natzke et al., 1975) 
to 12 to 30 kg/d in Europe (Steeneveld et al., 2013; Vi-
lar et al., 2018) and to 24 to 30 kg/d in North America 
(Annen et al., 2004; Chapinal et al., 2014).

Several methods are used to dry off cows that can be 
divided into 2 main groups: gradual drying off, when 
there is an intention to reduce the milk production be-
fore the dry-off through feeding or milking reduction 
(or both), and abrupt drying off in case this does not 
happen. An abrupt cessation of milking has previously 
been applied in some countries (Dingwell et al., 2004) 
and is also still applied (Bertulat et al., 2015). However, 
this method has several disadvantages, namely that it 
results in a high udder pressure and elevated stress 
levels (Bertulat et al., 2013), and that the excessive 
accumulation of milk at the time of dry off may lead to 
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milk leakage (ML; Dingwell et al., 2004). Milk leakage 
and a high milk yield at dry off are risk factors for IMI 
established during the dry period (Klaas et al., 2005; 
Rajala-Schultz et al., 2005; Gott et al., 2016). Based on 
these disadvantages, abrupt cessation of milking is not 
recommended for cows producing more than 15 kg/d at 
dry off (NMC, 2006; Zobel et al., 2013).

There are some alternatives to abruptly drying off 
high-producing cows. It has been recommended to stop 
concentrate feeding 2 wk before the anticipated dry off 
(referred to as gradual feeding) for cows producing more 
than 15 kg/d and thus to end up with a milk produc-
tion at dry off below 15 kg/d (NMC, 2006). A recent 
study reported that cows were dried off gradually in 
96% of the farms, and that the ration was changed and 
feed intake restricted before the dry period in 87% of 
the farms (Vilar et al., 2018). However, this approach 
has been linked to cows experiencing hunger (Valiza-
heh et al., 2008; Tucker et al., 2009;), demonstrating 
signs of stress (Odensten et al., 2007a,b), and creating 
a temporary state of negative energy balance that may 
lead to metabolic problems (Odensten et al., 2005). Na-
tional Mastitis Council (NMC, 2006) recommendations 
also mention that milking once per day (referred to as 
gradual milking) could be used as a method to achieve 
the target yield. Less ML was found in cows with these 
gradual methods in comparison with cows that were 
dried off abruptly (Zobel et al., 2013).

An alternative method to facilitate dry off is to in-
duce a decrease in milk yield by reducing galactopoietic 
hormones in the blood, such as prolactin (Bach et al., 
2015; Lacasse et al., 2016; Bertulat et al., 2017). For 
example, cabergoline (CAB), a dopamine D2 receptor 
agonist, is a prolactin-release inhibitor at the level of 
the pituitary gland and a single injection of CAB at 
abrupt dry off (referred to as abrupt CAB) reduced 
blood prolactin concentrations for up to 8 d (Boutin-
aud et al., 2016). As a result, applying CAB at dry off 
reduced ML, udder pressure, and signs of udder pain 
(Bach et al., 2015; Bertulat et al., 2017). Less ML and 
faster mammary gland involution (Boutinaud et al., 
2016, 2017) may result in less IMI.

Gradual reduction of milking results in fewer milk re-
turns. Recently, a 33% lower milk yield during the final 
week of lactation was found for such cows compared 
with those where abrupt cessations of milking was used 
(Gott et al., 2016). When applying a gradual method, 
the labor costs will increase as the farmer must apply 
an individual cow approach to lower the milk produc-
tion of the cow. When applying gradual feeding, the 
feed costs will decrease due to a lower energy-dense ra-
tion (e.g., another ration), and when applying gradual 
milking the feed costs will decrease because less concen-
trates are used (e.g., during the once per day milking). 

When using the abrupt-CAB method, the labor costs 
will be low, but the CAB injection has a cost. The IMI 
costs will also be influenced because of less ML.

No study has so far determined the economic differ-
ences between applying a gradual method to dry-off 
cows (by either feeding or milking frequency reduction) 
versus an abrupt method with a CAB injection. The 
aim was to compare the net costs of 3 different methods 
of drying off cows (gradual feeding, gradual milking, 
and abrupt CAB).

MATERIALS AND METHODS

Model Development

A stochastic Monte Carlo simulation model at the 
level of the cow was developed to calculate the net costs 
of 3 different methods of drying off cows (gradual feed-
ing, gradual milking, and abrupt CAB; Velactis, Ceva 
Sante Animale). The net costs were determined by only 
including costs and benefits, which varied between the 
3 methods. These costs and benefits include feed costs 
during the milk reduction period, labor costs for ap-
plying the dry-off method, costs for applying the dry-
off method (e.g., cost of CAB, costs for extra animal 
segregation fences), IMI costs during the dry period 
and the subsequent lactation, and milk revenues dur-
ing the milk reduction period before the dry off. The 
model was developed using Microsoft Excel (Microsoft 
Corp., Redmond, WA) with @Risk add-in software 
(2002; Palisade Corp., Newfield, NY). All discrete 
events and variability with regard to the 3 different 
dry-off methods were triggered stochastically using ran-
dom numbers drawn from relevant distributions. These 
distributions were based on knowledge of the model 
domain, information from the literature, and if no other 
information was available, on expert assumptions made 
by the authors. Input values and sources of information 
are presented in Tables 1 and 2. Model outcomes were 
generated in 2 steps. Every one of the 10,000 iterations 
during the simulation process simulated the cow events 
around drying off, related to the ultimate cessation of 
milk production. A total of 10,000 iterations were used 
to ascertain stable results on the economic outcomes. 
For each simulation, the net costs of the milk dry-off 
method were calculated. The model was run 3 times, 
once for each dry-off method.

Simulation of a Cow

The model simulated a cow from 7 d before the day 
of drying off until the end of the next lactation, assum-
ing freestall housing and a TMR. Therefore, 2 consecu-
tive lactations were modeled in daily time steps. First, 
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cow parity was determined using a discrete distribution 
with possible values of 1 (P = 0.32), 2 (P = 0.25), 3 (P 
= 0.18), 4 (P = 0.11), or 5 (P = 0.14; Inchaisri et al., 
2010). Subsequently, the calving interval of the cow was 
determined with a pert distribution with a minimum 
value of 336 d, a most likely value of 410 d and a maxi-
mum of 556 d. The length of lactation was determined 
by the calving interval duration less 60 d. The 305-d 
milk production of a cow was determined by using a 
normal distribution with a mean of 10,000 kg and SD 
of 500 kg. The 305-d milk production of the subsequent 
lactation was based on the 305-d milk production of the 
previous lactation (from parity 1 to 2: 14% increase, 
from parity 2 to 3: 8% increase, from parity 3 to 4: 1% 
increase, and from parity 4 to 5: 2% decrease; CRV, 
2017). Daily milk production during both lactations 
were estimated using Wood’s lactation curve (Wood, 
1967). Based on a results of a trial it was assumed that 
there is no difference in milk production in subsequent 
lactation between gradual-feeding, gradual-milking, 
and abrupt-CAB treatments (unpublished data). Based 
on the milk production of the cow, the relative feed re-
quirements were determined (Remmelink et al., 2017). 
Feed requirements were expressed as energy require-
ments using feed units for lactation (VEM; 1 VEM = 
1.65 kcal of NEL) as defined by van Es (1978).

Using a discrete distribution, it was determined 
whether or not a cow had ML during the beginning of 
the dry period. The probability of ML was dependent 
on the milk production at dry off and whether CAB 
was used (Table 1). It was assumed that using CAB 
resulted in an 81% reduction in ML (EMA, 2015). Sub-
sequently, it was also determined whether the cow will 
get an IMI during the dry period, and the probability of 
getting an IMI was higher for cows with ML (P = 0.53) 
than for cows without ML (P = 0.24; Table 1). When 
a cow gets an IMI during the dry period, the dynamics 
of this infection were simulated following the scheme in 
Figure 1 and the probabilities in Table 1. Input values 
on the dynamics of infection were based on available 
literature, authors’ expertise, and if needed, supple-
mentary estimates. For instance, it was known that the 
difference in IMI at calving between abrupt cessation 
of milking and abrupt cessation of milking along with 
CAB was 21% (EU/2/15/192/001–004; EMA, 2015); 
therefore, some input values were calibrated so that this 
difference was reached. For the purpose of the study, 
it was assumed that IMI are caused by environmental 
pathogens because the infection starts during the dry 
period and during that period it is less likely that IMI 
are caused by contagious pathogens. When cows were 
not cured during the dry period, the cows had an IMI 

Table 1. Input data on probability of milk leakage (ML), probability of IMI, and the dynamics of an IMI infection for gradual feeding, gradual 
milking, and abrupt cessation of milking with cabergoline (CAB)

Item  Abbreviation Value  Source

Probability of ML with milk production at dry off of <13 kg 
with and without CAB

 0.03; 0.141 Authors’ expertise

Probability of ML with milk production at dry off of 13 to 21 
kg with and without CAB

 0.05; 0.281 Authors’ expertise

Probability of ML with milk production at dry off of >21 kg 
with and without CAB

 0.07; 0.351 Authors’ expertise

Probability of IMI during dry period with and without ML  0.53; 0.242 Calibrated to reach EU/2/15/192/001–004,3 
EMA, 2015

Probability of IMI during dry period to be clinical Pdry_cm 0.01 Calibrated to reach EU/2/15/192/001–004,3 
EMA, 2015

Probability of clinical flare up during the dry period Pdry_flare-up 0.15 Calibrated to reach EU/2/15/192/001–004,3 
EMA, 2015

Probability of cure clinical IMI during the dry period Pdry_cm_cure 0.80 Calibrated to reach EU/2/15/192/001–004,3 
EMA, 2015

Probability of spontaneous cure for subclinical IMI during the 
dry period

Pdry_scm_cure 0.30 Calibrated to reach EU/2/15/192/001–004,3 
EMA, 2015

Probability of IMI at calving to be clinical Plact_cm 0.59 Adapted from Halasa et al., 2009a
Probability of clinical flare up during lactation Plact_flare-up 0.08 Adapted from Halasa et al., 2009a
Probability of bacteriological and clinical cure for clinical IMI Pcomplete_cure 0.75 Adapted from Steeneveld et al., 2011
Probability of no bacteriological and clinical cure for clinical 
IMI

Pclin_cure 0.20 Adapted from Steeneveld et al., 2011

Probability of no bacteriological and no clinical cure for 
clinical IMI

Pno_cure 0.05 Adapted from Steeneveld et al., 2011

Probability of clinical IMI for clinically cured IMI that are not 
bacteriologically cured

 0.50 Expert opinion

1Difference between with and without CAB based on an 81% reduction in ML with CAB (EMA, 2015).
2Difference between with and without ML based on an odds ratio of 2.2 of getting IMI with ML.
3Difference in probability of IMI at calving between abrupt cessation and CAB of 21%.
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at calving, and this IMI can be either subclinical or 
clinical. For subclinically infected cows, the duration of 
infection was determined using a pert distribution with 
a minimum of 1 d, a most likely duration of 97 d, and 
a maximum of the whole of lactation. Subclinically in-
fected cows had a probability of having a clinical flare-
up, and the day of the clinical flare-up was determined 
using a uniform distribution with a minimum value of d 
1 of lactation, and a maximum value of the last day of 
the subclinical IMI period. For every clinical IMI case, 
it was determined using a discrete distribution whether 
the veterinarian will attend the cow using a probability 
of 0.05. It was assumed that every clinical IMI was 
treated with a 3-d antibiotic treatment, and that these 
cases can either cure completely, cure only clinically, 
or not be cured at all. Information on labor time and 
withdrawal period for milk for treated cases of clinical 
IMI is given in Table 2.

Only completely noncured clinical IMI cases (bac-
teriologically and clinically) were culled immediately. 
All other clinical IMI cases had a probability to be 

culled, which was determined using a discrete prob-
ability distribution. The day of culling was determined 
using a uniform distribution from 5 d after the clinical 
IMI event until the last day of lactation. Also, cows 
with subclinical IMI had a probability to be culled. 
For cows with subclinical IMI, the day of culling was 
determined using a uniform distribution, with the first 
day of lactation as the minimum and the last day of 
infection as the maximum.

A distinction in milk production losses for clinical 
IMI was made between cases directly occurring at 
calving or flare-up cases later in lactation. Milk pro-
duction losses due to subclinical IMI were modeled as 
a function of SCC. The SCC of a cow was described 
using a pert distribution. Minimum cow SCC for cows 
with subclinical mastitis was assumed to be 200,000 
cells/mL. The most likely cow SCC was assumed to 
be 1,349,519 cells/mL. This number was based on a 
single quarter infected with Streptococcus uberis and 
having a SCC of 5,248,075 cells/mL (Schepers et al., 
1997) and 3 uninfected quarters with a SCC of 50,000 

Table 2. Values and source of parameters used in the simulation model

Variable Value  Source

IMI   
 Cost of medicines for CM1 (€) 22 van Soest et al., 2016
 Probability of veterinary visit for CM (%) 5 van Soest et al., 2016
 Cost of veterinary visits for CM (€/visit) 22 van Soest et al., 2016
 Withdrawal period for CM (d) 6 van Soest et al., 2016
 Treatment time for CM during dry period (min) 60 Authors’ expertise
 Treatment time for CM during lactation (min) 45 van Soest et al., 2016
 Production losses for clinical IMI at calving (%) 8 Huijps et al., 2008
 Production losses for clinical flare-up (%) 5 Huijps et al., 2008
 Cost of production losses (€/kg) 0.35 Blanken et al., 2018
 Average duration of subclinical IMI (d) 97 Adapted from Lam et al., 1997
Reproduction   
 Calving interval (d) 410 CRV, 2017
 Extra days open due to CM before 20 DIM 25 Santos et al., 2004
 Extra days open due to subclinical IMI at calving 49 Pinedo et al., 2009
 Cost of extra days open (€/d) 2 Adapted from Inchaisri et al., 2010
Culling   
 Probability of culling CM cows 0.15 van Soest et al., 2016
 Probability of culling subclinical mastitis cows 0.12 Swinkels et al., 2005
 Rearing costs (€) 1,567 Mohd Nor et al., 2012
 Slaughter value of a cow (€) 500 Authors’ expertise
 Life span of a cow (yr) 5 Authors’ expertise
Labor   
 Cost (€/h) 24 Blanken et al., 2018
Drying off   
 Gradually drying off (no. of days) 7 Authors’ expertise
 Cost of cabergoline (€) 25 Authors’ expertise
 Labor for applying cabergoline (min) 1.5 Authors’ expertise
 Labor for applying gradual milking (min/d) 10 Huijps et al., 2010
 Labor for applying gradual feeding (min/d) 20 Huijps et al., 2010
 Cost of gradual drying off (fences; €/cow) 2 Adapted from Huijps et al., 2010
Feed   
 Cost2 (€/kVEM) 0.16188 Remmelink et al., 2017
1CM = clinical mastitis.
2Feed requirements estimated as energy requirements in feed units for lactation (VEM; 1 VEM = 1.65 kcal of 
NEL) as defined by van Es (1978).
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cells/mL. Quarter milk can reach 13,000,000 cells/mL 
without clinical symptoms (Pyörälä and Mattila, 1987). 
Therefore, the maximum cow SCC was 3,287,500 cells/

mL [(13,000,000 + 3 × 50,000)/4]. The cow SCC was 
determined for each day of the subclinical IMI period. 
The estimates for daily milk production losses were 

Figure 1. Schematic overview of the dynamics of infection for a cow having an IMI during the dry period. Pdry_cm = probability of IMI dur-
ing dry period to be clinical; Pdry_flare-up = probability of clinical flare-up during the dry period; Pdry_cm_cure = probability of cure for clinical IMI 
during the dry period; Pdry_scm_cure = probability of spontaneous cure for subclinical IMI during the dry period; Plact_cm = probability of IMI at 
calving to be clinical; Plact_flare-up = probability of clinical flare-up during lactation; Pcomplete_cure = probability of bacteriological and clinical cure 
for clinical IMI; Pclin_cure = probability of no bacteriological and clinical cure for clinical IMI; Pno_cure = probability of no bacteriological and no 
clinical cure for clinical IMI; bact = bacteriological; clin = clinical.
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based on Hortet et al. (1999), and were dependent 
on cow SCC, parity (2 or ≥3), and DIM. Before the 
clinical flare-up, the milk production losses are equal 
to milk production losses due to subclinical IMI, and 
from the moment of the clinical flare-up onward, the 
milk production losses are equal to 5% for the rest of 
the lactation.

Cows that had a clinical IMI at calving, and cows 
that get a clinical flare-up before d 20 of lactation, 
have a 25-d longer calving interval (Santos et al., 2004). 
Cows that had a subclinical IMI at calving have a 49-d 
longer calving interval (Pinedo et al., 2009).

Simulation of Different Methods of Drying Off

For simulation of the different drying off methods 
European circumstances are assumed, which in most 
cases will include setting up fences for gradual cessa-
tion of lactation. For the gradual milking treatment, it 
was assumed that cows were milked only once a day 
for the last 7 d of lactation. Milk yield was reduced 
daily by 5, 15, 25, 30, and 40% for d 1 until ≥5 for 
the gradual-milking treatment, respectively. Feed re-
quirements were adjusted downward for the reduced 
milk yield. For the gradual-feeding treatment, it was 
assumed that cows get a dry-cow feed ration during the 
last 7 d of lactation with feed requirements of 10,000 
VEM per day. Milk yield was reduced daily by 15, 25, 
35, 40, and 50% for d 1 until ≥5 for the gradual-feeding 
treatment, respectively. For both gradual-feeding and 
gradual-milking treatments, it was assumed that cows 
were housed separately from the other milking cows, 
and costs of extra fences were assumed (Table 2). 
Also, extra labor time was assumed for housing the 
cows separately (Table 2). For applying CAB, it was 
assumed that farmers applied it during the last day of 
lactation. The CAB is applied only once, immediately 
after dry off. The product is sold as an injectable and 
can be stored at room temperature.

Economic Calculations

Milk revenues during the milk reduction period were 
calculated based on the milk yield of the last 7 d of 
lactation and the milk price. Feed costs during the milk 
reduction period were based on the total VEM in the 
last 7 d of lactation and the price of VEM. Costs for 
applying CAB included the costs for CAB and extra la-
bor. Costs for the gradual-feeding and gradual-milking 
treatments included costs for labor and making fences. 
Cows that had a subclinical IMI during the dry period 
had no IMI costs during the dry period. Cows that 
had a clinical IMI during the dry period had costs for 

antibiotics, labor, and veterinary visits. The costs for 
a subclinical IMI during the lactation included costs 
for milk yield losses, culling, and a prolonged calving 
interval. The costs for a clinical IMI during lactation 
included costs for milk yield losses, treatment (antibi-
otics and milk withdrawal), labor, veterinary visits, a 
prolonged calving interval (only when clinical IMI cases 
occurred before 20 d after calving), and culling. Clinical 
IMI that are clinically cured but not bacteriologically 
cured had a risk of repeated clinical mastitis cases. To 
take this into account, the costs for antibiotics, milk 
withdrawal, labor, and veterinarian of these clinical 
IMI were multiplied by 1.5. Clinical cured IMI cases 
that are not bacteriologically cured are subclinical IMI 
and had costs for milk yield losses and culling.

Cows that were culled before the end of parity 5 were 
assumed to be culled too early, resulting in extra costs 
for rearing extra heifers (Mostert et al., 2018). The 
culling costs were based on the price of purchasing a 
new heifer and the revenues gained from selling the cow 
for slaughter. In addition to these, the loss of future 
returns from the culled cow was taken into account. 
First, the difference between the rearing costs of a new 
heifer and the slaughter value was determined. Sub-
sequently, this difference was depreciated over the life 
span of the cow (5 yr). The culling costs are the number 
of missed lactations multiplied by the depreciated value 
(Getaneh et al., 2017).

The net costs for the 3 dry-off methods were calcu-
lated as the sum of costs (feed, labor, and IMI costs 
during the dry period, IMI costs during lactation, and 
other costs (CAB and fences), minus the milk revenues.

Validation and Sensitivity Analyses

Because data for external validation of the model 
were not available, an internal validation was per-
formed. A large number of inputs (e.g., probability of 
ML and probability of IMI) were compared with the 
output (e.g., number of cows with ML, number of cows 
with IMI during and after dry period) to check the 
consistency and credibility of the model output.

Sensitivity analyses were conducted to verify the val-
ues of the input parameters. The results of the sensitiv-
ity analyses on each parameter were compared with the 
results of the model outcome in the default situation 
to assess the effect of each parameter on the marginal 
economic effect. When sensitivity analyses were car-
ried out on one parameter, the other parameters were 
retained at default values. Sensitivity analyses were 
performed for the probability of IMI during the dry 
period without ML, odds ratio of getting IMI with ML, 
the percentage reduction in ML when using CAB, the 
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number of days for gradually drying off, labor time for 
gradual milking, and the average 305-d milk production 
of the herd.

RESULTS

Biological output for the 3 dry-off methods is pre-
sented in Table 3. Abrupt-CAB cows gave, on aver-
age, 20.8 kg/d of milk at drying off, and 90% (5 to 
95 percentiles) of the cows had a milk yield at drying 
off between 17.6 and 24.3 kg/d. Using gradual-milking 
and gradual-feeding methods, the average milk yield at 
drying off was 12.5 and 10.4 kg/d, respectively. With 
abrupt CAB, 5.7% of the cows had ML compared with 
19.7 and 14.7% of the gradual-milking and gradual-
feeding cows, respectively. With abrupt CAB, 25.8% 
of the cows had an IMI in the dry period, compared 
with 29.6 and 28.3% of the gradual-milking and grad-
ual-feeding cows, respectively. The percentage of cows 
having an IMI at calving was 20.5, 23.2, and 22.0% for 
the abrupt-CAB, gradual-milking, and gradual-feeding 
treatments, respectively.

The average net cost of the abrupt-CAB method, 
as presented in Table 4, was €49.6/cow. This number 
included feed costs during the gradual period (€18.6/
cow), labor costs (€0.6/cow), IMI costs during the dry 
period and lactation (€1.1 and €56.0/cow), cost of CAB 
(€25/cow), and milk returns (€51.7/cow). The average 
IMI costs during lactation (€56.0/cow) included costs 
for medicines (€3.0/cow), labor (€2.5/cow), veterinar-
ian (€0.1/cow), production losses (€37.1/cow), milk 
withdrawal (€8.7/cow), culling (€9.9/cow), reproduc-
tion (€14.4/cow), and reduced feed costs (€19.7/cow). 
Compared with abrupt CAB, gradual feeding and 
gradual milking resulted in lower milk returns, lower 
feed costs, higher labor costs, higher IMI costs during 
lactation, and lower costs for fences. Overall, abrupt 
CAB resulted in the lowest average net cost (€49.6/
cow) compared with gradual feeding (€99.1/cow) and 
gradual milking (€71.5/cow). In total, 90% of the net 

costs for gradual feeding are between €32.3 and €359.5/
cow. For abrupt CAB, 90% of the net costs are be-
tween −€13.7 and €307.8/cow. The negative net costs 
(−€13.7) means that for some cows the benefits (milk 
revenues) are higher than all the costs (feed, labor, IMI, 
and CAB).

Results of the sensitivity analyses are presented in 
Table 5. A higher probability of IMI during the dry pe-
riod without ML (0.4 instead of 0.24) resulted in higher 
average net costs for the 3 dry-off methods. Also, a 
higher odds ratio (3 instead of 2.2) for having IMI with 
ML resulted in higher average net costs for the 3 dry-off 
methods. Assuming 2 and 5 min/d labor for gradual 
milking resulted in average net costs of €49.2 and €59.9 
per cow, respectively.

DISCUSSION

Abrupt cessation of milking has several disad-
vantages. It has been proven to increase the risk of 
new IMI due to milk accumulation and ML (Rajala-
Schultz et al., 2005; Silanikove et al., 2013; Zobel et 
al., 2013) and it has been associated with distress and 
with considerable engorgement of the mammary gland, 
resulting in udder discomfort and pain (O’Driscoll et 
al., 2011; Silanikove et al., 2013). In this paper, for 3 
alternatives to dry-off cows (gradual feeding, gradual 
milking, and abrupt CAB), the net costs attributable 
to each cessation of milk method were calculated. A 
stochastic model simulated cows over 2 lactations and 
factored in all the relevant costs and revenues that 
would vary by dry-off method. The model produced 
meaningful calculations regarding the economics of 3 
different dry-off methods. The abrupt-CAB method 
resulted in the lowest average net costs €49.6/cow. By 
using CAB, on average €49.5/cow and €21.9/cow were 
saved compared with the gradual-feeding and gradual-
milking methods, respectively. The differences between 
the dry-off methods were mainly due to differences in 
milk returns, labor costs, and other costs (e.g., CAB). 

Table 3. Average biological output (5 and 95 percentiles within parentheses) of 3 different methods of drying 
off: gradual feed reduction (gradual feeding), gradual milking frequency reduction (gradual milking), and 
abrupt cessation of milking with cabergoline (abrupt CAB)1

Item Gradual feeding Gradual milking Abrupt CAB

Milk production at dry off (kg/d) 10.8 12.6 20.8
(8.8; 12.1) (10.6; 14.6) (17.6; 24.3)

Total milk production 7 d before dry off (kg) 92 107 148
(77; 107) (90; 124) (124; 172)

Cows leaking milk (%) 14.7 19.7 5.7
Cows with IMI in dry period (%) 28.3 29.6 25.8
Cows with IMI at calving (%) 22.0 23.2 20.5
Cows with CM at or after calving (%) 14.1 14.5 12.6
Cows with SCM at calving (%) 7.9 8.7 7.9
1CM = clinical mastitis; SCM = subclinical mastitis.
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The costs of IMI contributed the most to the average 
net costs of the dry-off method, but the differences in 
these costs were small between the 3 methods (Table 
4), due to the small differences in occurrence of IMI at 
calving (20.5, 23.2, and 22.0%; Table 3).

The method of dry off influences ML, and the use 
of CAB reduces ML (Bach et al., 2015; Bertulat et al., 
2017). Because ML is a risk factor for IMI (Schukken 
et al., 1993), we included IMI during the dry period 
and during lactation as a factor when calculating the 
net costs of the dry-off method. It was, for the pur-
pose of the present study, assumed that ML is the only 
mechanism through which IMI can occur in the dry 
period and, therefore, cause IMI at calving. Thus, it 
was assumed that only the differences in ML between 

the 3 dry-off methods were causing differences in IMI 
occurrence during the dry period and subsequent lacta-
tion. However, existing infections at dry off (and a high 
SCC at the last test-day) may have an influence on the 
IMI during the dry period and at calving (Halasa et al., 
2009b), but we ignored these because an assumption in 
the model was that these IMI did not influence the net 
costs across the 3 dry-off methods. Because new IMI 
were acquired during the dry period, we also assumed 
that new IMI are only caused by environmental patho-
gens. Also, SCC of subclinical IMI after calving were 
modeled based on SCC of environmental pathogens 
(Schepers et al., 1997). The SCC on any given day was 
modeled independently of the SCC of the previous day 
as no studies were found quantifying those dependen-

Table 4. Average net costs (€/cow) for gradual feed reduction (gradual feeding), gradual milking frequency 
reduction (gradual milking), and abrupt cessation of milking with cabergoline (abrupt CAB; 5, 50, and 95 
percentiles within parentheses)

Item Gradual feeding Gradual milking Abrupt CAB

Milk before dry off 32.2 37.4 51.7
(27.0; 32.1; 37.4) (31.5; 36.9; 43.5) (43.4; 51.7; 60.2)

Feed at gradual period 11.3 15.4 18.6
(13.9; 15.2; 16.9) (16.6; 18.6; 20.7)

Labor at drying off 56 28 0.6
IMI in dry period 1.3 1.3 1.1

(0; 0; 0) (0; 0; 0) (0; 0; 0)
IMI at new lactation 60.7 62.2 56.0

(0; 0; 497.2) (0; 0; 502.8) (0; 0; 494.8)
 Medicines 3.4 3.5 3
 Labor 2.8 2.9 2.5
 Veterinarian 0.2 0.2 0.1
 Production losses 41.2 42.8 37.1
 Milk withdrawal 9.7 10.1 8.7
 Culling 10.0 11.1 9.9
 Reproduction 15.2 16.2 14.4
 Reduced feed costs 21.8 22.6 19.7
Other costs (cabergoline, fences) 2 2 25
Net costs 99.1 71.5 49.6

(32.3; 38.6; 359.5) (3.8; 9.4; 347.3) (−13.7; −5.9; 307.8)

Table 5. Sensitivity of the average net costs (€/cow) for gradual feed reduction (gradual feeding), gradual milking frequency reduction (gradual 
milking), and abrupt cessation of milking with cabergoline (abrupt CAB)1

Item Value Default Gradual feeding Gradual milking Abrupt CAB

Default situation   99.1 71.5 49.6
Probability of IMI during dry period without ML 0.1 0.24 63.7 36.7 17.0
 0.4 0.24 143.0 119.7 88.1
OR of getting IMI with ML 1.5 2.2 95.5 69.2 47.7
 3.0 2.2 108.9 83.2 50.8
Reduction in ML by using cabergoline (%) 70 81 99.1 71.5 51.6
 90 81 99.1 71.5 49.0
No. of days of gradually drying off 3 7 84.2 72.2 49.6
 14 7 140.6 82.8 49.6
Labor time for gradual milking2 (min/d) 2 10 99.1 49.2 49.6
 5 10 99.1 59.9 49.6
305-d milk production of the herd (kg) 8,000 10,000 106.4 77.5 59.4
 12,000 10,000 96.6 73.4 43.0
1OR = odds ratio; ML = milk leakage.
2Also, no costs for fences (€2/cow) assumed.
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cies. Including a dependency based on authors’ exper-
tise resulted in approximately the same results (results 
not shown) for milk production losses (<€1 difference) 
as with the approach without any dependency.

To model the occurrence of ML across the 3 dry-off 
methods, detailed input values were needed that were 
not always available in the literature. However, some 
output values were available. For example, it is known 
that the difference in the probability of IMI at calving 
between abrupt cessation of milk and abrupt cessation 
of milk coupled with CAB is 21% (EU/2/15/192/001–
004; EMA, 2015). Because of the mechanistic nature 
of the simulation model, we could not use this as an 
input value, and therefore the available knowledge from 
research was combined with the authors’ expertise to 
calibrate some input values (Table 1) so that the output 
of the model equated to 21% for all 3 dry-off methods. 
When IMI occurred, the dynamics of infection were 
modeled (Figure 1), and this modeling approach is 
similar to previously described models for the dynamics 
of infection (e.g., Halasa et al., 2009a).

It is expected that CAB will be part of a herd man-
agement program designed by the veterinarian and 
farmer. In many cases CAB will be applied to all cows 
to simplify the dry-off management procedure to make 
it similar for all cows and to reduce the welfare is-
sues at dry-off. It will be very interesting to know for 
which cows CAB would be profitable and for which 
cows it would not be profitable. The aim of the current 
study, however, was not to determine for which specific 
cows CAB would be profitable. Such a question asks 
for another model (tool) in which additional cow- and 
herd-specific input values have to be entered (e.g., milk 
production at dry off, parity, labor costs, and so on).

Because of these uncertainties regarding input values 
for the occurrence of ML and IMI, various sensitivity 
analyses were performed. Results showed that for farms 
with more IMI, applying CAB becomes relatively more 
beneficial as the difference in net costs with the gradual 
dry-off methods becomes higher. But even for farms 
with very few IMI at calving, abrupt CAB resulted in 
the lowest average net costs in comparison with the 
gradual dry-off methods. The results also showed that 
labor costs had a large influence on the net costs of the 
3 dry-off methods. In the default model, labor costs 
were assumed for gradual feeding and gradual milking 
(€28 and €56/cow, Table 4). These labor cost results 
are very realistic for dairy farms as the gradual cow 
approach requires several different additional actions 
(e.g., changing pens, separate feeding, separate milking, 
and so on) from the farmer. In other farming systems 
gradual milking can probably be applied differently, 
resulting in a lower labor demand. Specifically, in auto-
matic milking systems limited time will be necessary to 

program the cows for only once a day milking. To illus-
trate these farming systems, assuming 2 and 5 min/d 
time for gradual milking was included in the sensitivity 
analysis. Results show that assuming 2 and 5 min/d for 
gradual milking resulted in average net cost of €49.2 
and €59.9 per cow.

Gradual dry-off methods and using abrupt CAB also 
have some nontangible advantages over the abrupt ces-
sation of milk (i.e., without CAB), but these advantages 
are not included in the model because it is difficult to 
connect an economic value to them. For example, the 
long-term effects of reducing the need for the use of 
antimicrobials at dry off have not been considered. For 
decades, the use of dry-cow antibiotics has been one of 
the key points recommended within the “five-point plan” 
to cure existing infections and to prevent new IMI from 
developing during the dry period (Neave et al., 1966). 
However, preventive use of antibiotics in food animals 
has led to realistic concerns about its potential contri-
bution to the rising levels of antimicrobial resistance in 
both humans and animals. This issue has propagated 
a movement toward prudent and more restricted use 
of antibiotics at dry off, especially in some Northern 
European countries where preventive use is no longer 
allowed (Scherpenzeel et al., 2014). Therefore, infected 
cows first need to be identified based on various criteria 
(level of SCC, bacteriological culture, clinical mastitis 
history, or combinations of these criteria) to treat them 
with antibiotics at dry off. For the noninfected cows, 
which are not treated with AB at dry off, the risk of 
acquiring new IMI may increase, as it was found that 
quarters from cows with a low SCC with no antibiotic 
treatment at dry off had a 1.7-times higher incidence 
rate of clinical mastitis during the dry period and the 
first 100 d in the subsequent lactation than in quarters 
dried off with antibiotics (Scherpenzeel et al., 2014). 
Thus, the use of nonantibiotic tools such as CAB may 
play an important role in these situations.

Another nontangible advantage of the use of abrupt 
CAB, which was not taken into account in our model, 
concerns cow welfare. It was reported that cows treated 
with CAB lay down for significantly more time during 
the first day after dry off compared with controls, and 
that udder pressure and signs of pain were significantly 
reduced (Bach et al., 2015; Bertulat et al., 2017). With 
regard to gradual feeding, there are concerns related to 
cow welfare (Valizaheh et al., 2008). Cows on restricted 
feed before dry off experience greater blood fatty acid 
and cortisol levels (which may lead to metabolic prob-
lems) compared with cows with no imposed feed restric-
tion (Odensten et al., 2005, 2007b). In addition, cows 
undergoing nutrient restriction vocalize more than cows 
offered unrestricted access to feed and this vocalization 
may be an indicator of hunger (Tucker et al., 2009).
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CONCLUSIONS

Under default conditions in our simulation model, 
the average net costs of applying CAB in conjunction 
with the abrupt cessation of milking was €49.6/cow. 
This number included feed costs (during the last 7 d of 
lactation), labor costs, IMI costs during dry period and 
during lactation, costs for CAB and milk returns (dur-
ing the last 7 d of lactation). Results showed that 90% 
of the net costs will vary between −€13.7 and €307.8/
cow. In contrast, the average net costs of applying the 
gradual-feeding and gradual-milking approaches to dry 
off were significantly higher, at €99.1 and €71.5/cow, 
respectively. Overall, in comparison to applying the 
abrupt-CAB method, the gradual-feeding and gradual-
milking methods resulted in lower milk returns, lower 
feed costs, higher labor costs, higher IMI costs during 
lactation, and lower other costs. Thus, as part of an 
abrupt cessation of milking approach, CAB saved an 
average of €49.5 and €21.9/cow compared with gradu-
al feed reduction and gradual-milking frequency reduc-
tion dry-off methods, respectively.
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