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ABSTRACT

The goal of dry-cow therapy (DCT) is to reduce
the prevalence of intramammary infections (IMI) by
eliminating existing IMI at drying off and preventing
new IMI from occurring during the dry period. Due to
public health concerns, however, preventive use of an-
timicrobials has become questionable. In this study, we
evaluated the effects of 8 scenarios for selecting animals
for DCT, taking into account variation in parity and
cow-level somatic cell count (SCC) at drying off. The
aim of this study was to evaluate udder health, anti-
microbial usage, and economics at the herd level when
using different scenarios for selecting cows for DCT.
To enable calculation and comparison of the effects of
different scenarios to select cows for DCT in an “aver-
age” herd, we created an example herd, with a virtual
herd size of 100 dairy cows to be calving during a year.
Udder health, antimicrobial usage, and economics were
evaluated during the dry period and the first 100 d in
lactation, the period during which the greatest effect
of DCT is expected. This leads to an estimated 13,551
cow-days at risk during a year in a 100-cow dairy herd.
In addition to a blanket DCT (BDCT) scenario, we
developed 7 scenarios to select cows for DCT based
on SCC. The scenarios covered a range of possible ap-
proaches to select low-SCC cows for DCT, all based on
cow-level SCC thresholds on the last milk recording
before drying off. The incidence rate of clinical mastitis
in the example herd varied from 11.6 to 14.5 cases of
clinical mastitis per 10,000 cow-days at risk in the dif-
ferent scenarios, and the prevalence of subclinical mas-
titis varied from 38.8% in scenario 1 (BDCT) to 48.3%
in scenario 8. Total antimicrobial usage for DCT and
clinical mastitis treatment varied over the scenarios
from 1.27 (scenario 8) to 3.15 animal daily dosages
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(BDCT), leading to a maximum reduction in antimicro-
bial usage of 60% for scenario 8 compared with BDCT.
The total costs for each of the scenarios showed little
variation, varying from €4,893 for scenario 5 to €5,383
for scenario 8. The effect of selective DCT compared
with BDCT on udder health, antimicrobial usage, and
economics is influenced by the SCC criteria used to
select cows for DCT. Scenario 2 resulted in the lowest
increases in clinical and subclinical mastitis compared
with BDCT. The greatest reduction in antimicrobial
usage was achieved under scenario 8. From an economic
perspective, lowest costs were achieved with scenario 5.
Drying off dairy cows with antimicrobials has an effect
on udder health, antimicrobial usage, and economics.
Key words: mastitis, antimicrobial reduction, dry-cow
therapy, economics

INTRODUCTION

Since the 1970s, the 5 Points Mastitis Control Plan
has been used successfully to manage and control con-
tagious mastitis (Dodd et al., 1969). One of the points
recommended is the use of dry-cow therapy (DCT) to
reduce the level of IMI by eliminating IMI present at
drying off and preventing new IMI from developing dur-
ing the dry period (Neave et al., 1969). A study in the
1990s showed that the use of dry-cow antimicrobials re-
duced clinical mastitis (CM) compared with untreated
controls (Schukken et al., 1993). In that study, however,
a within-cow comparison on the effect of DCT was
performed without separating uninfected and infected
cows (Schukken et al., 1993). Bradley and Green (2000)
showed that approximately 50% of quarters with CM
due to environmental pathogens in the first 100 DIM
were infected with the causative pathogen during the
dry period, even though they were treated with dry-
cow antimicrobials. Thus, DCT has consequences for
udder health during both the dry period and lactation.
In the United States and Canada, uptake of blanket
dry cow therapy (BDCT) by dairy herds is estimated
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at 72 and 88% respectively (USDA, 2008; Dufour et
al., 2012). In the Netherlands, approximately 90% of
all dairy cows were treated with dry-cow antimicrobials
in the period from 2005 to 2010 (Lam et al., 2013). In
the United Kingdom, DCT use is estimated to be even
higher, with 99% of dairy cows treated at drying off
(Berry and Hillerton, 2002). In 2013, antimicrobial use
for DCT counted for 49% of the total antimicrobial use
in the Dutch dairy industry (SDa, 2014).

Although the relationship between antimicrobial
use and the development of antimicrobial resistance in
bacteria is complex and unclear (Oliver et al., 2011),
correlation between veterinary antimicrobial use and
antimicrobial resistance in animal pathogens is likely
(Chantziaras et al., 2014). Global concern about anti-
microbial resistance propagates prudent and restricted
use of antimicrobials, including DCT, in the dairy
industry (Oliver et al., 2011). Therefore, in the Neth-
erlands, preventive use of antimicrobials in DCT is no
longer allowed and selective dry-cow therapy (SDCT)
was introduced in 2013 as an alternative for BDCT. To
correctly select cows for curative use of antimicrobi-
als in DCT, IMI at drying off need to be identified.
This identification can be based on different criteria,
such as SCC, bacteriological culture, and CM history
(Torres et al., 2008; Rajala-Schultz et al., 2011). Herd-
level parameters, such as bulk milk SCC can also be
taken into account. Application of a SDCT regimen,
based on withholding DCT from multiparous cows
with SCC <250,000 cells/mL and primiparous cows
with SCC <150,000 cells/mL at the last milk record-
ing before drying off, has been evaluated (Scherpenzeel
et al., 2014). This approach significantly increased the
incidence rate of CM (IRCM) and subclinical masti-
tis (SCM) and had potential consequences for animal
welfare and economics but resulted in a substantial
decrease in antimicrobial usage.

Farmers’ decision-making on DCT is based not only
on the description of the udder health situation in terms
of disease (e.g., incidence of CM or SCM) but also in
monetary terms (e.g., economic losses; Hogeveen et al.,
2011). Earlier work showed that SDCT is attractive from
an economic point of view (Huijps and Hogeveen, 2007).
In that study, however, the probability of treatment for
SDCT depended on the sensitivity and specificity of the
selection procedure: with a high sensitivity of selection,
infected cows are more likely to be treated; with a high
specificity, uninfected cows are less likely to be treated.
It was assumed that the right animals, those who have
not developed IMI, were selected and not treated with
antimicrobials at drying off but the authors did not
describe how to select those animals. Given the variety
in possible approaches for selecting cows for DCT when
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implementing SDCT in practice, and the consequences
of that for udder health and economics, selection crite-
ria need further attention. Therefore, in this study, we
evaluated the effects of 8 scenarios for selecting animals
for DCT, taking into account variation in parity and
cow-level SCC at drying off. The aim of this study was
to evaluate udder health, antimicrobial usage, and eco-
nomics at the herd level when using different scenarios
for selecting cows for DCT.

MATERIALS AND METHODS
Field Data

A field trial was carried out between June 2011 and
March 2012 in the Netherlands. In total, 1,657 lactating
cows [657 primiparous cows (40%) and 1,000 multipa-
rous cows (60%)] from 97 herds were dried off in the
study and were followed from drying off until 100 DIM.
Bulk milk SCC of the participating herds varied from
41,000 to 387,000 cells/mL, with an average of 184,000
cells/mL. The effect of SDCT was evaluated using a
split-udder design in which 2 lateral quarters of each
cow were treated with antimicrobials and the 2 con-
tralateral quarters remained as untreated controls. All
cows enrolled had a low SCC at the last milk recording
before drying off. Low SCC was defined as <150,000
cells/mL for cows at the end of their first lactation
and <250,000 cells/mL for older cows, thresholds used
in the Dutch national milk recording for indicating an
elevated SCC (de Haas et al., 2008). A more detailed
description of this field trial can be found in Scherpen-
zeel et al. (2014).

Age Groups

Because different age groups have different character-
istics with regard to the dry period and udder health,
cows in first and later lactations were judged separately.
The youngest group is the group of animals after their
first calving. In this study, this group was referred to as
heifers (group H). At the end of the first lactation, these
animals are dried off. Mastitis in the first dry period,
and 100 DIM after (the second) calving is related to
the dry-cow treatment at the end of the first lactation.
This group of animals, until they were 100 DIM, was
referred to as first dry period (FDP) animals. Multipa-
rous cows are animals that have calved at least twice.
Cows that were dried off for the second or later time
were referred to as multi dry period (MDP) animals
during their dry period and the first 100 DIM of the
subsequent lactation. As such, terminology related to
parity was considered as parity at drying off.
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Example Herd

To enable calculation and comparison of the effect
of the different scenarios to select cows for DCT in an
“average” herd, we created an example herd. This herd
had a virtual herd size of 100 dairy cows calving during
a year, with an average age distribution of Dutch dairy
herds following the Royal Dutch Cattle Syndicate, in
which 33% of animals had calved once (heifers), 26% had
calved twice (FDP animals), and 41% had calved more
frequently (MDP animals; CRV, 2014). The number of
cows calving in an age group was used as the number
of cows for dry-cow treatment decisions. Therefore, of
the 100 cows, 33 had no dry period, 26 were FDP ani-
mals, and 41 were MDP animals. The distribution of
high-SCC and low-SCC animals was based on cow-level
SCC data from the last milk recording before drying
off of all animals of the 97 herds included in the field
trial (Table 1). The proportion of FDP animals below
the trial threshold of 150,000 cells/mL was 80.5%. The
proportion of MDP animals below the trial threshold of
250,000 cells/mL was 71.6%. Thus, the example herd
had 19.5% of FDP (n = 5) and 28.4% of MDP (n = 12)
animals being above the trial SCC threshold. The cows
below the trial threshold were subdivided into cows
above and below the scenario threshold as described
below, which was based on the distributions found in
the study of Scherpenzeel et al. (2014).

Scenarios

Besides a BDCT scenario, 7 scenarios to select cows
for DCT based on SCC were developed (Table 2). In
all SDCT scenarios, cows exceeding the trial thresh-
old at the last milk recording before drying off (FDP
>150,000 cells/mL and MDP >250,000 cells/mL) were
dried off with antimicrobials. The scenarios cover a
range of possible approaches to select low-SCC cows
for DCT, all based on cow-level SCC scenario thresh-
olds on the last milk recording before drying off. Three
scenarios used the same scenario threshold for all cows,
not differentiating between FDP and MDP animals,
being 50,000 (scenario 2), 100,000 (scenario 3), and
150,000 cells/mL (scenario 4). Four scenarios differenti-
ated scenario thresholds for FDP and MDP animals
(FDP/MDP) and were 150,000/50,000 (scenario 5),
150,000/100,000 (scenario 6), 150,000/200,000 (sce-
nario 7), and 150,000/250,000 cells/mL (scenario 8).

Per scenario, the 100 cows in the example herd were
divided into 7 groups according to parity and cow SCC
at drying off as presented in Table 3. Distribution of
cows over the different SCC groups was in accordance
with the average SCC distribution in the 97 herds in
the field trial. Based on these groups, cows were select-
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Table 1. Cow-level SCC distribution at the end of first and later
lactations of all cows of the 97 herds in the field trial

Later
lactation (%)

First
lactation (%)

SCC category
(x10” cells/mL)

0-49 40.7 14.0
50-99 27.5 19.9
100-149 12.3 17.5
150-199 5.9 11.9
200-249 3.9 8.3
>250 9.7 28.4

ed to be eligible for DCT when meeting the threshold
values in the different scenarios, except the group of
heifers (group H, n = 33) that, obviously, had not been
dried off. Subsequently, data from the selected cows in
each scenario were used based on the data as available
from the 97 herds and were analyzed with respect to
CM, number of quarters with SCC >200,000 cells/mL
(QSCC>200) at 14 DIM, antimicrobial usage, and
economics. Data of these 4 parameters were used for
the related groups of animals in each of the scenarios.
The FDP animals with SCC less than the scenario
threshold at drying off were dried off without anti-
microbials (group FDPLNA), and the FDP animals
with SCC greater than the scenario threshold but less
than 150,000 were dried off with antimicrobials (group
FDPLWA). The MDP animals with SCC less than the
scenario threshold were dried off without antimicrobials
(MDPLNA), and the MDP animals with SCC greater
than the scenario threshold but less than 250,000 were
dried off with antimicrobials (MDPLWA). In all sce-
narios in the example herd, FDP animals with SCC
>150,000 at drying off (group FDPHWA  n = 5) and
MDP animals with SCC >250,000 at drying off (group
MDPHWA, n = 12) were dried off with antimicrobi-
als. For groups H, FDPHWA, and MDPHWA, no data
were collected in the above-described field trial and,
therefore, values were based on literature. Before analy-

Table 2. Eight scenarios with SCC thresholds to select cows for
treatment with antimicrobials at drying off, based on cow-level SCC at
the last milk recording before drying off, for first and later dry periods

SCC (x10?* cells/mL)

At end of first At end of later

Scenario lactation lactations
1 >0 >0
2 >50 >50
3 >100 >100
4 >150 >150
5 >150 >50
6 >150 >100
7 >150 >200
8 >150 >250
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Table 3. Distribution of cows in an example dairy herd of 100 calving cows for the 7 groups' in 8 different scenarios (1-8) with their cow-level
SCC thresholds (x10* cells/mL), for heifers and first dry period and multi dry period animals

Heifers First dry period animals Multi dry period animals
Group Scenario Group Group Group Scenario Group Group Group
Scenario H threshold FDPLNA FDPLWA FDPHWA threshold MDPLNA MDPLWA MDPHWA
1 33 0 — 21 5 0 — 29 12
2 33 50 11 10 5 50 6 23 12
3 33 100 18 3 5 100 14 15 12
4 33 150 21 — 5 150 21 8 12
5 33 150 21 — 5 50 6 23 12
6 33 150 21 — 5 100 14 15 12
7 33 150 21 — 5 200 26 3 12
8 33 150 21 — 5 250 29 — 12

'FDPLNA = first dry period animals with SCC at drying off < scenario threshold, dried off without antimicrobials; FDPLWA = first dry
period animals with SCC at drying off > scenario threshold and < trial threshold, dried off with antimicrobials; FDPHWA = first dry period
animals with SCC at drying off > trial threshold, dried off with antimicrobials; MDPLNA = multi dry period animals with SCC at drying off
< scenario threshold, dried off without antimicrobials; MDPLWA = multi dry period animals with SCC at drying off > scenario threshold and
< trial threshold, dried off with antimicrobials; MDPHWA = multi dry period animals with SCC at drying off > trial threshold, dried off with

antimicrobials.

sis, all data were checked for unlikely values, but no
data were excluded for that reason.

Clinical Mastitis

Clinical mastitis analysis were based on IRCM in the
different groups as described above. Clinical mastitis
data of cows below the trial threshold were based on
CM cases as recorded by the farmers in the specific
groups in the field trial (Scherpenzeel et al., 2014). The
IRCM at quarter level (QIRCM) was calculated as the
number of quarter cases per quarter-day at risk. Quar-
ters were at risk during the time the cow was enrolled in
the study; that is, from the day of drying off until 100
DIM, unless a quarter was censored due to CM or other
reasons. Repeat cases of CM were not recorded and
therefore not included in the analysis. To recalculate the
QIRCM gathered from the within-cow comparison as
an IRCM at cow-level (CIRCM) in groups FDPLNA,
FDPLWA, MDPLNA, and MDPLWA, the QIRCM was
adjusted for the average number of affected quarters
per cow (= total number of quarter cases of CM in the
field trial, divided by the total number of cows with
CM). The average number of quarters per cow with CM
was also determined separately for the quarters that
were dried off with and without antimicrobials (results
not shown). Very little difference was observed between
those groups and thus the overall average number of
quarters with CM was used. The outcome was multi-
plied by 4 quarters per cow:

total mno. of quarter cases of CM
total no. of cows with CM

x 4 quarters/cow.

CIRCM = QIRCM/

1]
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For groups FDPLNA, FDPLWA, MDPLNA, and MD-
PLWA, the IRCM was calculated based on the results
from the study, and multiplied by the number of cows
in that specific group. For group H, a CIRCM of 1.4
x 107* CM cases per cow-day at risk was assumed,
and for groups FDPHWA and MDPHWA, a CIRCM
of 2.2 x 107 CM cases per cow-day at risk, based on
Barkema et al. (1998). The CIRCM was multiplied by
the number of cows in the specific group. Heifers were
included from the day of calving until 100 DIM. The
example herd consisted of 33 heifers during the first 100
DIM and 67 multiparous cows during the dry period
with an average length of 53 d and the first 100 DIM,
leading to 13,551 cow-days at risk in a 100-cow dairy
herd. The IRCM for the dry period and 100 DIM for
the example herd (HIRCM) in CM cases per 10,000
cow-days at risk was calculated for scenarios 1 to 8:

HIRCM, = [(1.4 x 107 x 33) x 100 d]
+ [(X(CIRCM ppprya X Mppprna)i...s
+ (CIRCM ppprwa X Mepprwai..s + (2.2 x 107° x 5)

+ (CIRCMMDPLNA X nMDPLNA)l...S

+ (CIRCMMDPLWA X nMDPLWA)l‘..8

+ (22 x 107 x 12)) x 153 d] = 1.3551,  [2]

where HIRCM,; g = IRCM in the example herd for
scenarios 1 to 8; CIRCMppprna, rppiwa, mpprna, and
wppiwa = CIRCM in groups FDPLNA, FDPLWA, MD-
PLNA, and MDPLWA; and nppprya, roprwas MppInAs
and ypprwa = number of cows in groups FDPLNA,
FDPLWA, MDPLNA, and MDPLWA. The number of
cows and the CIRCM for groups FDPLNA, FDPLWA,
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Table 4. Incidence rate of clinical mastitis at cow level (values are x10~
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% cases per cow-day at risk) per dry off group for different scenarios for

selective dry cow therapy (1-8) with their SCC thresholds (x10% cells/mL), for first dry period and multi dry period animals'

First dry period animals

Multi dry period animals

Scenario Group Group Scenario Group Group
Scenario threshold FDPLNA FDPLWA threshold MDPLNA MDPLWA
1 0 — 0.62 0 — 0.83
2 50 0.62 0.59 50 1.26 0.80
3 100 0.65 0.74 100 1.88 0.80
4 150 0.74 — 150 1.60 0.99
5 150 0.74 — 50 1.26 0.80
6 150 0.74 — 100 1.88 0.80
7 150 0.74 — 200 1.63 0.46
8 150 0.74 — 250 1.63 —

'FDPLNA = first dry period animals with SCC at drying off < scenario threshold, dried off without antimicrobials; FDPLWA = first dry period
animals with SCC at drying off > scenario threshold and < trial threshold, dried off with antimicrobials; MDPLNA = multi dry period animals
with SCC at drying off < scenario threshold, dried off without antimicrobials; MDPLWA = multi dry period animals with SCC at drying off >

scenario threshold and < trial threshold, dried off with antimicrobials.

MDPLNA, and MDPLWA per scenario are shown in
Tables 3 and 4.

Subclinical Mastitis

Quarters with SCC >200,000 cells/mL and no
signs of CM at 14 DIM were considered as subclini-
cally infected, and therefore QSCC>200 was used to
determine the prevalence of subclinical mastitis at 14
DIM. To calculate the number of cows with one or more
quarters with QSCC>200 (CSCC200) based on the
data gathered from the within-cow comparison in the
field trial, QSCC>200 was adjusted for the average
number of high-SCC quarters per cow (total number
of QSCC>200 in the field trial, divided by the total
number of cows with one or more QSCC>200). The
average number of high-SCC quarters per cow was
also determined separately for the quarters that were
dried off with and without antimicrobials (results not
shown). Very little difference was observed between
those groups and thus the overall average number of
high-SCC quarters was used. The outcome was multi-
plied by 4 quarters per cow:

CSCC200 =

total mno. of QSCC>200
total no. of cows with QSCC>200

X 4 quarters/cow.

QSCC>200/

3]

For groups FDPLNA, FDPLWA, MDPLNA, and MD-
PLWA, the prevalence of CSCC200 cases was calculated
based on the results from the field trial, and multiplied
by the number of cows in that specific group. For group
H, a CSCC200 at 14 DIM of 40%, and for groups FD-
PHWA and MDPHWA, a CSCC200 at 14 DIM of 53%

was assumed, based on Sampimon et al. (2010). The
CSCC200 was multiplied by the number of cows in
that specific group. The CSCC200 for the example herd
(HSCC200) was calculated for the different scenarios
by summing the results of the different groups:

HSCC200; 5= (0.40 x 33)

+ (CSCC200ppprna X Nppprnali...s
+ (CSCC200ppprwa X NEppLwa:...s
+(0.53 % 5)

+ (CSCC2004pprna X MappLnali...s

+ (CSCC200uppLwa X Mamprwali...s

+ (0.53 x 12), [4]
where HSCC200, ¢ = prevalence of CSCC200 cases in
the example herd for scenarios 1 to 8; CSCC200gppy a4,
Fopowas mppLnas uppiwa = CSCC200 in groups FDPLNA,
FDPLWA, MDPLNA, and MDPLWA, and NEDPLNA>

FDPLWA, MDPLNAs mppiwa = number of cows in groups
FDPLNA, FDPLWA, MDPLNA, and MDPLWA.

Antimicrobial Usage

Data on all individual antimicrobial treatments re-
garding udder health were collected during the field
trial, comprising active compound, application route,
dosage, frequency, and duration of treatment.

Antimicrobial usage for DCT and CM treatments
was expressed as the number of animal daily dosages
(ADD) for each of the scenarios in the example herd.
One ADD is defined as a standardized 1-d treatment,
being the average dose for a 1-d treatment of a regis-
tered veterinary drug for its main indication, as de-
scribed in detail previously (Scherpenzeel et al., 2014).
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In this calculation, DCT of one quarter was calculated
as 1 ADD according to the definitions provided by the
Dutch Veterinary Medicines Authority (SDa, 2014).
Intramammary antimicrobial treatments as well as par-
enteral antimicrobial treatments related to CM were
allocated to the affected quarters and summed per CM
case. The average ADD per CM case was calculated
and used to estimate antimicrobial usage for CM in the
different scenarios in the example herd by multiply-
ing the number of CM cases by this average ADD per
CM case. Antimicrobial usage for DCT was calculated
based on the number of cows in the different groups
in the different scenarios. Subsequently, antimicrobial
usage due to DCT and CM in the dry period and first
100 DIM was summed for each of the scenarios in the
example herd.

Economic Analysis

To calculate the economic consequences for each of
the scenarios in the example herd, the total costs re-
lated to DCT, CM in the dry period and the first 100
DIM, and SCM were calculated. All calculations were
done in euros.

The default economic losses for a CM case were set at
€221, an average taken from Huijps et al. (2008), who
calculated €235 for mo 1, €225 for mo 2, and €204 for
mo 3 after calving. For each scenario, the costs of CM
were calculated as the total number of CM cases in the
example herd times €221.

The economic losses for SCM were calculated as milk
production losses due to SCM multiplied by the related
costs per kilogram of milk loss. Halasa et al. (2009)
estimated milk production losses for different levels
of increased SCC without differentiating parities. The
average milk production loss of all cows with cow-level
SCC >200,000 cells/mL was 0.81 kg/d (Halasa et al.,
2009). Average duration of a SCM case, irrespective of
the causative pathogen, was set at 80 d, based on Lam
et al. (1997). The costs of production losses due to SCM
in a nonquota system were set at €0.25/kg, adapted
from Huijps et al. (2008). The prevalence of SCM at
14 DIM was used to calculate differences in economic
losses due to SCM in the different scenarios. Thus, the
economic losses for a case of SCM were €16.20 for cows
in all groups in the example herd. For each scenario, the
costs of SCM of the cows in all groups were summed.

The costs of DCT consisted of antimicrobials and
labor of the farmer. It was estimated that it took on
average 15 min to dry off a cow correctly, at an hourly
rate of €18, leading to €4.50 per cow (Halasa et al.,
2009). The costs for dry-cow antimicrobials were set at
€10/cow (Halasa et al., 2009). For each scenario, DCT
costs were calculated by multiplying the total number
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of cows dried off with antimicrobials by €14.50. Finally,
costs of CM, SCM, and DCT were summed for each of
the scenarios.

Sensitivity Analysis

As described above, the model used was based on
data from a large field trial (Scherpenzeel et al., 2014).
Clinical and subclinical mastitis data of cows below the
trial threshold were based on CM cases as recorded by
the farmers and on QSCC>200 data measured in the
specific groups in the field trial. For groups H, FDPH-
WA, and MDPHWA, CIRCM and SCC200 were based
on literature from Barkema et al. (1998) and Sampimon
et al. (2010).

A sensitivity analysis was performed to evaluate the
effect of variation in the most important input vari-
able, HIRCM, on the most important output variables,
antimicrobials, and estimated costs. Herd-level IRCM
was varied by halving and doubling the effect of SDCT,
multiplying QIRCM by 0.5 as the lower limit and by
2.0 as the upper limit for all age groups in the sce-
narios. The sensitivity analysis was carried out for all
scenarios to determine the effect on antimicrobial usage
and estimated costs.

RESULTS
Clinical Mastitis

In the 1,657 cows in the 97 study herds in the field
trial, 319 quarter cases of CM in 243 cows were re-
corded during the dry period and 100 DIM, with a
QIRCM of 0.32 x 10* cases per quarter-day at risk
with, on average, 1.3 CM quarters per cow.

The CIRCM for groups FDPLNA, FDPLWA,
MDPLNA, and MDPLWA in the example herd are
presented in Table 4. Over all scenarios and all SCC
thresholds, CIRCM was higher in quarters of MDP
compared with FDP animals, especially when no DCT
was applied.

For FDP animals, there was no substantial differ-
ence in CIRCM using different thresholds. The CIRCM
varied from 0.59 to 0.74 x 10 cases per cow-day at
risk. For MDP animals, however, differences in CIRCM
between scenarios were greater (Table 4).

The HIRCM for different scenarios in the example
herd are presented in Figure 1 and Table 5. The
HIRCM in the example herd varied from 11.6 to 14.5
cases of CM per 10,000 cow-days at risk in the different
scenarios.

Scenario 1 (BDCT) had the lowest HIRCM with 11.6
CM cases per 10,000 cow-days at risk. The SCDT sce-
narios with the lowest HIRCM were scenario 2 (50/50)
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Table 5. Evaluation of different scenarios for selective dry cow therapy (1-8) with their SCC thresholds (x10°
cells/mL) for an example dairy herd of 100 calving cows, with respect to the incidence rate of clinical mastitis
on herd level (HIRCM), prevalence of subclinical mastitis on herd level (HSCC200), antimicrobial usage (AB),

and estimated costs (€)

Threshold

Scenario FDP/MDP1 HIRCM? HSCC200 AB? €

1 0/0 11.6 38.8 3.15 5,070
2 50/50 11.8 42.3 2.48 4,946
3 100/100 13.3 43.5 1.94 5,190
4 150/150 13.9 45.9 1.56 5,261
5 150/50 12.1 42.5 2.09 4,893
6 150,/100 13.5 44.1 1.83 5,223
7 150/200 14.1 47.2 1.37 5,276
8 150/250 14.5 48.3 1.27 5,383

'Scenario thresholds for first dry period (FDP) and multi dry period (MDP) animals.
*Expressed as clinical mastitis cases per 10,000 cow-days at risk.

*Expressed as animal daily dosages.

and scenario 5 (150/50) with, respectively, 11.8 and
12.1 CM cases per 10,000 cow-days at risk. The high-
est HIRCM occurred in scenario 8 (150/250) with an
HIRCM of 14.5 CM cases per 10,000 cow-days at risk.

Subclinical Mastitis

In the field trial, 1,003 cases of QSCC>200 at 14
DIM occurred in 652 cows, with a QSCC>200 preva-

16.0

lence of 38.5% and, on average, 1.5 quarters with a high
SCC per cow.

The HSCC200 for the different scenarios in the ex-
ample herd are presented in Figure 2 and Table 5. The
HSCC200 for the different scenarios in the example
herd varied from 38.8% in scenario 1 (BDCT) to 48.3%
in scenario 8 (150/250).

The number of CSCC200 at 14 DIM for groups FD-
PLNA, FDPLWA, MDPLNA, and MDPLWA in the

14.0

12.0

= MDPLWA

= MDPLNA
m FDPLWA

IRCM

m FDPLNA

1

= MDPHWA

m FDPHWA
mH
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Scenarios

Figure 1. Estimated herd-level incidence rate of clinical mastitis (IRCM) per 10,000 cow-days at risk in an example dairy herd of 100 calv-
ing cows with different scenarios for selective dry cow therapy (1-8) based on specific treatment groups. MDPLWA = multi dry period animals
with SCC at drying off > scenario threshold and < trial threshold, dried off with antimicrobials; MDPLNA = multi dry period animals with
SCC at drying off < scenario threshold, dried off without antimicrobials; FDPLWA = first dry period animals with SCC at drying off > scenario
threshold and < trial threshold, dried off with antimicrobials; FDPLNA = first dry period animals with SCC at drying off < scenario threshold,
dried off without antimicrobials; MDPHWA = multi dry period animals with SCC at drying off > trial threshold, dried off with antimicrobials;
FDPHWA = first dry period animals with SCC at drying off > trial threshold, dried off with antimicrobials; H = first-lactation heifers. Color

version available online.
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Figure 2. Estimated herd-level prevalence (%) of cows with subclinical mastitis at cow level (CSCC200; one or more quarters with SCC
>200,000 cells/mL) at 14 DIM in an example dairy herd of 100 calving cows with different scenarios for selective dry cow therapy (1-8) based
on specific treatment groups. MDPLWA = multi dry period animals with SCC at drying off > scenario threshold and < trial threshold, dried
off with antimicrobials; MDPLNA = multi dry period animals with SCC at drying off < scenario threshold, dried off without antimicrobials;
FDPLWA = first dry period animals with SCC at drying off > scenario threshold and < trial threshold, dried off with antimicrobials; FDPLNA
= first dry period animals with SCC at drying off < scenario threshold, dried off without antimicrobials; MDPHWA = multi dry period animals
with SCC at drying off > trial threshold, dried off with antimicrobials; FDPHWA = first dry period animals with SCC at drying off > trial
threshold, dried off with antimicrobials; H = first-lactation heifers. Color version available online.

Table 6. Number of cases of subclinical mastitis at cow level (one or more quarters with SCC >200,000 cells/mL) at 14 DIM, per dry off group,
for different scenarios for selective dry cow therapy (1-8) with their SCC thresholds (x10% cells/mL), for first dry period and multi dry period

animals'
First dry period animals Multi dry period animals

Scenario Group Group Scenario Group Group
Scenario threshold FDPLNA FDPLWA threshold MDPLNA MDPLWA
1 0 — 6.7 0 — 18.0
2 50 3.6 5.9 50 4.5 15.6
3 100 7.7 1.0 100 11.6 11.1
4 150 9.6 — 150 19.4 6.1
5 150 9.6 — 50 4.5 15.6
6 150 9.6 — 100 11.6 11.1
7 150 9.6 — 200 25.6 2.1
8 150 9.6 — 250 29.3 —

'FDPLNA = first dry period animals with SCC at drying off < scenario threshold, dried off without antimicrobials; FDPLWA = first dry period
animals with SCC at drying off > scenario threshold and < trial threshold, dried off with antimicrobials; MDPLNA = multi dry period animals
with SCC at drying off < scenario threshold, dried off without antimicrobials; MDPLWA = multi dry period animals with SCC at drying off >

scenario threshold and < trial threshold, dried off with antimicrobials.
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ADD

Scenario

Figure 3. Estimated herd-level antimicrobial usage for dry cow therapy (DCT) and clinical mastitis (CM) expressed in animal daily dosages
(ADD) in an example dairy herd of 100 calving cows with different scenarios for selective dry cow therapy (1-8). For each scenario, lower (LL)
and upper (UL) limits are presented, indicating the herd-level antimicrobial usage if herd-level incidence rate of CM were halved or doubled.

Color version available online.

example herd are presented in Table 6. The prevalence
of SCM was higher in MDP than in FDP animals when
cows were dried off both with and without antimicrobi-
als.

Antimicrobial Usage

Results on antimicrobial usage related to udder
health were divided in DCT and CM treatments, and
are presented for the different scenarios in Figure 3 and
Table 5. The average antimicrobial usage per CM case
was calculated to be 3.0 ADD, including both intra-
mammary and parenteral treatment. Treatment of CM
during the dry period and the first 100 DIM resulted in
a maximum difference of 0.12 ADD between scenarios,
with the highest and the lowest IRCM being scenario 1
(0.47 ADD) and scenario 8 (0.59 ADD) in the example
herd, respectively (Figure 3). Given this small differ-
ence, potential effects due to different antimicrobial
usage for CM in different groups were not analyzed
further. For DCT, the differences in antimicrobial us-
age per group were much larger, with a maximum dif-
ference of 2.00 ADD between BDCT (scenario 1; 2.68
ADD) and scenario 8 (0.68 ADD; Figure 3).

Total antimicrobial usage for DCT and CM treatment
varied over the scenarios, from 1.27 ADD (scenario 8)
to 3.15 ADD (scenario 1; Figure 3, Table 5), leading to
a maximum reduction in antimicrobial usage of 60%
for scenario 8 compared with BDCT. In none of the
SDCT scenarios did additional antimicrobial treatment
of CM exceed the total amount of antimicrobials saved
for DCT.

Economic Analysis

The costs of DCT varied from €972 for BDCT to
€247 for scenario 8. The costs of CM varied from
€3,470 for BDCT to €4,354 for scenario 8. The costs of
SCM varied from €629 for BDCT to €782 for scenario 8
(Figure 4). The total cost for each of the scenarios was
found to have limited variability, varying from €4,893
for scenario 5 to €5,383 for scenario 8 (Table 5).

Sensitivity Analysis

The changes in herd-level antimicrobial usage and to-
tal costs related to DCT, CM, and SCM due to poten-
tial variability in HIRCM, evaluated in the sensitivity
analysis, are presented in Figures 3 and 4. The results
of the model were influenced by a doubled or halved
QIRCM, with estimated costs being more sensitive
than antimicrobial usage to this change. The average
increase over the scenarios for antimicrobial usage com-
paring the lower limit with the upper limit, was +7.0%,
varying from +2.8% to +9.4%. The average increase of
the estimated costs in the different scenarios, compar-
ing the lower limit with the upper limit, was +18.7%,
varying from +13.5% to +22.1%.

DISCUSSION

In this study, we evaluated the effect of different sce-
narios for selecting animals for DCT on udder health,
antimicrobial usage, and economics. To control masti-
tis, BDCT has been used successfully in many parts of

Journal of Dairy Science Vol. 99 No. 5, 2016



3762

the world for quite some time and has been prescribed
by the National Mastitis Council as part of their Mas-
titis Control Program (NMC, 2006). Due to a changing
view on antimicrobial usage in the animal industry,
preventive use of antimicrobials, including BDCT, is no
longer allowed in several European countries, including
the Netherlands. The consequences of SDCT depend
on which cows are selected for DCT. Therefore, in this
paper, we evaluated the effect of different scenarios for
selecting cows for DCT.

Some studies have used quarter-, cow-, and herd-level
criteria to select cows for dry cow therapy. Decision-
making can be based on bacteriological culture (Rob-
inson et al., 1988; Browning et al., 1990), SCC, and
CM history (Rindsig et al., 1978; Torres et al., 2008;
Rajala-Schultz et al., 2011), the California Mastitis Test
(Rindsig et al., 1978; Bhutto et al., 2012), and N-acetyl-
B-D-glucosaminidase (Hassan et al., 1999), with differ-
ent accuracies in identification of infected cows. When
used in herds with low bulk milk SCC (<250,000 cells/
mL) to diagnose IMI in cows with a low SCC (<200,000
cells/mL) before drying off, a Petrifilm-based (3M,
Minneapolis, MN) on-farm culture system for SDCT
performed well, with a sensitivity of 85% and specificity
of 73% (Cameron et al., 2013). Selecting cows for DCT
with Petrifilm did not affect the risk of IMI at calving or
the risk of a first case of CM in the first 120 d of lacta-
tion compared with BDCT (Cameron et al., 2014). The
most feasible selection method, however, is based on
monthly SCC, which has a reported sensitivity of 70%

7,000
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and specificity of 63% to identify quarters with IMTI at
drying off (Torres et al., 2008). In that study, the SCC
cutoff level used was <200,000 cells/mL and no history
of CM. Most of the studies described above compared
SDCT with BDCT, where multiple (combinations of)
selection criteria were used to administer SDCT. Our
study compared 7 different SDCT scenarios based on
monthly SCC with each other in addition to a BDCT
scenario.

Dry-cow therapy affects udder health, which was
quantified by the IRCM and the prevalence of SCM.
Cows dried off without antimicrobials will have up to
1.7 times more CM and 1.6 times more SCM at 14 DIM
than cows dried off with antimicrobials (Scherpenzeel
et al., 2014). At the herd level, however, this effect is
much smaller. The IRCM in the example herd varied
from 11.6 to 14.5 cases of CM per 10,000 cow-days at
risk for the different scenarios evaluated, in line with
earlier reports on IRCM in Dutch dairy herds (Barkema
et al., 1998; Sampimon et al., 2010; Lam et al., 2013).
The prevalence of SCM at 14 DIM varied from 38.8
to 48.3% of cows with one or more quarters with SCC
>200,000 cells/mL, which is somewhat higher than the
findings of van den Borne et al. (2010). In the latter
study, all cows were dried off with antimicrobials, lead-
ing to a subclinical mastitis prevalence of 12.8% for
primiparous cows and 39.6% for multiparous cows (van
den Borne et al., 2010).

Although the effect of DCT is of major importance
(Scherpenzeel et al., 2014), it is only one of the manage-
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Figure 4. Estimated costs (€) due to clinical mastitis (CM), subclinical mastitis (SCM), and dry-cow therapy (DCT) in an example dairy
herd of 100 calving cows with different scenarios for selective dry cow therapy (1-8). For each scenario, lower limits (LL) and upper limits (UL)
are presented, indicating the herd-level estimated costs if the herd-level incidence rate of CM were halved or doubled. Color version available

online.
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ment factors influencing udder health. The prevalence
of SCM at 14 DIM was lower in FDP than in MDP
animals, which is in accordance with studies compar-
ing SCM in heifers with multiparous cows (Fox, 2009;
Santman-Berends et al., 2012). If more cows were left
untreated with antimicrobials at drying off, higher
IRCM and higher prevalence of SCM were seen. Thus,
SCC thresholds to select cows for DCT do influence ud-
der health for both FDP and MDP animals, although
the effect was greater for MDP animals. Previous work
in a BDCT situation also indicated that IRCM and
SCM increased as parity increased (Barkema et al.,
1998), demonstrating that the effect of SDCT is likely
greater in MDP animals and that it may be wise to use
different selection criteria for FDP and MDP animals.

Recalculating the effect of CM and SCM from the
quarter level to the cow and herd levels of our data (that
were based on a within-cow comparison in a field trial)
may lead to an underestimation of effect (Scherpenzeel
et al., 2014). The data were collected in low-SCC cows
and were to be evaluated in an example herd situation,
completed with data from literature. By definition, this
leads to a proxy of the real-life situation, due to effects
such as differences in composition of herds and herd
dynamics. Because these biases are likely equal for the
different scenarios evaluated, comparison of different
scenarios is possible and the relative ranking seems
robust. We chose a deterministic approach for our
model and therefore cannot claim statistical differences
between scenarios. Using a stochastic simulation model
leads to an estimation of variance in results. To be able
to use that approach, however, clear information on
the actual variation in outcomes occurring, using dif-
ferent thresholds for selecting cows for DCT, would be
needed. This information was not available. To collect
that type of data, a herd-level intervention study would
be needed, which would be very difficult, if not impos-
sible, to perform, given the many factors apart from
DCT that influence HIRCM.

Our goal was to evaluate herd-level effects of using
different thresholds to select cows for drying off with
antimicrobials. To our knowledge, no data on this
topic have been published to date. We chose to use a
deterministic model because that was accomplishable.
The limitation of such a model is that some parameters
and associations need to be assumed (e.g., the relation-
ship between mastitis and production losses and risk of
culling). We used the best available estimates for the
Dutch situation to prevent potential bias as much as
possible. The sensitivity analysis showed that the effect
of variability in HIRCM has a limited effect on the
herd-level antimicrobial usage, which is logical because
most antimicrobials are used in DCT, which is a given
in the scenarios used. The effect on economic results at
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the herd level is also limited, showing that the relative
ranking of the scenarios is robust using our determin-
istic approach.

To calculate total antimicrobial usage on the herd
level for different scenarios, antimicrobial usage for
DCT and CM was summed. The average ADD per CM
case was used in all calculations, because differences
in antimicrobial usage due to CM between scenarios
were very small compared with DCT (Figure 3). This
may ignore possible differences in effect of parenteral
versus intramammary use of antimicrobials on devel-
opment of antimicrobial resistance. The same is true
for differences between the effect on development of
antimicrobial resistance of long-acting intramammary
antimicrobials as used for DCT or an intramammary
tube used for treatment of CM, both calculated as 1
ADD (Jensen et al., 2004). These effects were, however,
outside the scope of this study.

Given the relatively low costs of dry-cow antimi-
crobials, economic consequences of SDCT are mainly
influenced by CM and SCM, which are known to be
expensive diseases (Hogeveen et al., 2011). Despite the
simplification of the economic calculations presented in
this paper, it is clear from an economic point of view
that BDCT is not more attractive than SDCT. This is
in line with the findings of Huijps and Hogeveen (2007).
Our findings indicate that selecting cows on low SCC
for SDCT does not predict if cows will or will not be
infected with mastitis pathogens during the dry period.

When searching for optimal selection criteria for
DCT, udder health and antimicrobial usage can be
compared in an economic evaluation. This oversim-
plifies the potential effect of DCT on development of
antimicrobial resistance, public opinion on preventive
antimicrobial usage, political issues, and animal wel-
fare. Although the perspective of animal welfare differs
between citizens and farmers (Vanhonacker, 2008),
mastitis, specifically CM, does affect animal welfare
(Fogsgaard et al., 2015). Finally, for a system such as
a selection protocol for DCT to be successfully imple-
mented in practice, its applicability is important.

CONCLUSIONS

The effect of SDCT compared with BDCT on udder
health, antimicrobial usage, and economics was influ-
enced by the SCC criteria used to select cows for DCT.
The SCC criteria chosen affect not only quantifiable
parameters, such as udder health, antimicrobial usage,
and economics, but also nonquantifiable parameters,
such as welfare and practical achievability. Depend-
ing on the weight given to these parameters, optimal

selection criteria should be chosen when implementing
SDCT.
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