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ABSTRACT

Shortening or omitting the dry period (DP) in dairy
cows is of interest because of potential beneficial effects
on energy balance and metabolic health. Reported ef-
fects of a short or omitted dry period on udder health
are ambiguous. This study aimed to evaluate the effect
of no DP (0 d), a short DP (30 d), or a conventional DP
(60 d) on the occurrence of intramammary infections
(IMI) during the precalving period and on somatic cell
counts (SCC), elevations of SCC (SCC > 200,000 cells/
mL), and clinical mastitis in the subsequent lactation.
The study also aimed to analyze which prepartum cow
characteristics are associated with udder health after
different DP lengths. Holstein-Friesian dairy cows (n =
167) were randomly assigned to a DP length (0, 30, or
60 d). Cows with a 0-d DP had a greater occurrence of
chronic IMI and a lower occurrence of cured IMI during
the precalving period than cows with a 30-d or 60-d
DP. Postpartum average SCC for lactation was greater
in cows with a 0-d DP than in cows with a 30-d or
60-d DP. The number of cows with at least 1 elevation
of SCC, the number of elevations of SCC per affected
cow, the number of cows treated for clinical mastitis,
and the number of cases of mastitis per affected cow
did not differ among DP lengths. Cow characteristics
related to postpartum average SCC for lactation were
DP length, parity, and the following interactions: DP
length with prepartum elevation of SCC, DP length
with fat- and protein-corrected milk (FPCM) reduc-
tion between 150 and 67 d prepartum, DP length with
parity and with average SCC for lactation, and last
FPCM before the conventional drying-off day with
average SCC for lactation. Cows with prepartum par-
ity 1 had a lower occurrence of at least 1 elevation of
SCC in subsequent lactation compared with cows with
parity >2. Last SCC before the conventional drying-off
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day was positively associated with occurrence of clini-
cal mastitis in the subsequent lactation. In this study,
DP length was not a risk factor for either elevation of
SCC or occurrence of clinical mastitis in the subsequent
lactation. The identified cow characteristics could be
used in a decision support model to optimize DP length
for individual cows.
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somatic cell count, clinical mastitis

INTRODUCTION

Shortening or omitting the dry period (DP) may
potentially improve energy balance and reduce the
risk of ketosis at the start of the subsequent lactation
(van Knegsel et al., 2013). The histology of udder tis-
sue at different prepartum time points indicates that a
DP of at least 35 d is needed for proliferation and cell
turnover to increase the proportion of epithelial cells
in the udder for milk synthesis (Capuco et al., 1997).
Milk production does not differ between a 30-d DP or
a 60-d DP (Gulay et al., 2003); however, a 0-d DP al-
lows the udder little or no time to regenerate secretory
cells compared with a 60-d DP, which could explain the
lower milk yield after a 0-d DP (Capuco et al., 1997).
Lower milk yield requires less energy, which explains
the better energy balance and improved metabolic
status in early lactation for cows with a 30-d or 0-d
DP (Grummer and Rastani, 2004; Watters et al., 2008;
Chen et al., 2015).

The effect of DP length on udder health is unclear.
Studies showed that following a 30-d or 0-d DP, SCC
in the subsequent lactation tended to decrease (Gu-
lay et al., 2003; Pinedo et al., 2011), was not affected
(Rastani et al., 2005; Church et al., 2008; Watters et
al., 2008; Bernier-Dodier et al., 2010), or tended to
increase compared with a 60-d DP (Kuhn et al., 2006;
Pezeshki et al., 2007; Steeneveld et al., 2013). A 30-d
DP tended to reduce the number of new IMI postpar-
tum (Pezeshki et al., 2007; Pinedo et al., 2011), but
other studies indicated no effect of DP length on clini-
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cal mastitis in the subsequent lactation compared with
a 60-d DP (Church et al., 2008; Watters et al., 2008;
Shoshani et al., 2014). Overall, results are ambiguous,
and no definite conclusions can be drawn because too
little research has been done on the effect of DP length
on udder health (Collier et al., 2012).

The effect of DP length on udder health in the sub-
sequent lactation may be related to other cow charac-
teristics such as parity, calving month, occurrence of
clinical mastitis in the previous lactation, SCC before
drying off, and milk yield during the days before drying
off (Green et al., 2007; Pantoja et al., 2009b). We previ-
ously showed that part of the effect of DP length on
postpartum milk yield can be explained by differences
in parity, milk yield at drying off, and persistency in
the previous lactation (Steeneveld et al., 2014). It can
be hypothesized that the effect of DP length on udder
health in the subsequent lactation is also explained by
prepartum cow characteristics such as parity, milk pro-
duction, and SCC. These cow characteristics could be
used in a decision support model to optimize DP length
for individual cows.

The aims of this study were to evaluate the effect of
a 0-d, 30-d, and 60-d DP on IMI during the precalving
period on SCC, elevations of SCC, and clinical mastitis
in the subsequent lactation. Another aim was to ana-
lyze which prepartum cow characteristics are associ-
ated with these udder health variables after different
DP lengths.

MATERIALS AND METHODS

Animals, Experimental Design, and Housing

The experimental protocol was approved by the Insti-
tutional Animal Care and Use Committee of Wagenin-
gen University as earlier described (van Knegsel et al.,
2014). The experiment was originally designed to study
the effects of DP length and dietary energy source on
milk characteristics, energy balance, and plasma me-
tabolites. The experiment was conducted at the Dairy
Campus research herd (Lelystad, the Netherlands),
with 167 Holstein-Friesian cows (60 primiparous and
107 multiparous) between May 10, 2010, and Septem-
ber 30, 2012. The research herd comprised 400 lactating
Holstein cows. Cows for this experiment were selected
based on (1) being bred with a Holstein sire, (2) an
expected calving interval <490 d, (3) daily milk yield
>16 kg at 90 d before the expected calving date, and
(4) no clinical mastitis or high SCC (>250,000 cells/
mL) at 2 test-days before the conventional drying-off
day (67 d before the expected calving date). Cows were
blocked for prepartum parity (1, 2, or >2), expected
calving date, milk production, and BCS. Each block
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consisted of 6 cows. Within blocks, cows were randomly
assigned to a DP length (0, 30, or 60 d) and an early
lactation ration (glucogenic or lipogenic) resulting in
a 3 x 2 factorial design. Ration was included in the
experimental setup because its effect on negative en-
ergy balance was evaluated in an earlier study (van
Knegsel et al., 2014). Ration composition and feeding
strategies were described earlier (van Knegsel et al.,
2014). Briefly, during the precalving period, lactating
cows were fed a lactation ration supporting 25 kg of
milk, and dry cows were fed a dry cow ration. From 10
d before the expected calving date and onwards, cows
of all treatments were fed 1 kg/d of concentrate, which
increased stepwise at 0.5 kg/d postpartum until reach-
ing 8.5 kg/d. The basal dry cow and lactation ration
consisted of grass silage, corn silage, wheat straw, rape-
seed meal or soybean meal, and vitamins and minerals.
Rations were formulated to be equal in net energy for
lactation, rumen undegradable protein, and rumen de-
gradable protein, as described earlier by van Knegsel
et al. (2014). Preliminary analyses showed no effect of
ration on average SCC for lactation or elevations of
SCC or clinical mastitis. Ration was therefore excluded
from further analyses in this study.

Cows were housed in a freestall barn with slatted
floors and cubicles. Cows were milked twice daily. The
drying-off protocol for cows with a 30-d or 60-d DP
consisted of a transition to the dry cow ration at d 7
before the actual drying-off day and transition to milk-
ing once daily at d 4 before the actual drying-off day.
At drying off, cows with a 30-d or 60-d DP received
intramammary treatment with a dry cow antibiotic
(Supermastidol, Virbac Animal Health, Barneveld, the
Netherlands).

Clinical mastitis cases were diagnosed and recorded
by the milkers at the Dairy Campus research herd dur-
ing the morning or evening milking. A case of clinical
mastitis was defined as a treated case of visibly abnor-
mal milk, changes in the udder due to inflammation, or
both. All cows with clinical mastitis were treated with
antibiotics according to the herd-specific treatment
plan based on severity of disease.

Milk Collection and Analysis

Milk yield, milk fat and protein, and SCC for the lac-
tation before the DP of study were available monthly
for each cow and were obtained from the Dutch na-
tional milk recording system (CRV, Arnhem, the Neth-
erlands). After calving, milk yield, milk fat and protein,
and SCC were available weekly until the end of lacta-
tion (wk 44 postpartum) for each cow. Milk samples for
analysis of fat, protein, and SCC (Qlip, Zutphen, the
Netherlands) were collected 4 times weekly (Tuesday
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Table 1. Number of available observations per prepartum variable for cows with a dry period (DP) length of

0, 30, or 60 d
DP length (d)
Variable 0 30 60 Total
No. of cows 56 55 56 167
Precalving variable’
Complete lactation precalving 54 50 52 156
Total lactation yield 56 55 55 166
SCC and milk yield between 150 and 67 d prepartum 55 55 56 166
Last SCC and last FPCM before DP 54 53 54 161
Postcalving variable
Complete lactation (44 wk) 35 36 40 111

'FPCM = fat- and protein-corrected milk.

afternoon, Wednesday morning, Wednesday afternoon,
and Thursday morning) and pooled per week.

Statistical Analyses

Data Handling. Statistical analyses were performed
using SAS version 9.3 (SAS Institute Inc., 2011). The
natural logarithm of SCC (InSCC) was used for analy-
ses to approximate normality. Some prepartum vari-
ables were not available for all cows due to missing
milk records (Table 1). The final data set consisted of
1,983 prepartum test-days (median —202; range —496
to —1 DIM) and 7,348 postpartum test-days (median
147; range 1-307 d in milk) of 167 cows between May
7, 2009, and September 30, 2012.

Milk Yield and Udder Health Before and Af-
ter Different DP Lengths in Cows of Different
Parities. To compare prepartum variables for different
DP lengths and to analyze the effect of DP length on
postpartum udder health, a mixed linear model (PROC
MIXED) was used. The dependent variables in the sta-
tistical analysis were total lactation yield (305-d milk
production in kg) and average SCC in the complete
previous lactation. The dependent variables between
150 and 67 d prepartum were fat- and protein-corrected
milk (FPCM) production (kg/d), FPCM reduction
(kg), and SCC. The dependent variables on the last
test-day before the conventional drying-off day (67 d
before the expected calving date) were last FPCM and
last SCC. The independent variables were DP length
(0, 30, or 60 d), prepartum parity (1, 2, or >2), and
calving season (meteorological winter, spring, summer,
or autumn). The following mixed linear model (PROC
MIXED) was used:

Y = i+ DP, + Parity; + (DP x Parity) A
' 1
+ Seasony + ¢,
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where y,; indicates the ijkth observation of a continu-
ous prepartum variable. The mean is represented by pu.
DP; indicates the DP length (i = 0, 30, or 60 d), Parity;
indicates the parity of the cow prepartum (j = parity
1, 2, or >2), (DP x Parity),; indicates the interaction
between DP and parity, Season, indicates the random
effect of calving season (k = meteorological winter,
spring, summer, or autumn), and the random residual
term from a normal distribution is indicated by e.

For analyses of postpartum SCC between 2 and 44
wk of lactation, Model [1] was used with a repeated
measurement effect consisting of postpartum lactation
weeks with cows as the subject. A first-order heteroge-
neous autoregressive covariance matrix [ARh(1)] was
the best fit according to Akaike’s corrected information
criterion and was used to account for within-cow varia-
tion. The dependent variable in the statistical analysis
was postpartum weekly SCC between 2 and 44 wk
of lactation. The independent variables in model [2]
remained the same as in model [1], except for the addi-
tion of the repeated measurement effect. The following
mixed linear model (PROC MIXED) was used:

Yiu = 1o+ DP; + Parity; + (DP x Parity), . + Week,

+ Season,; + €,
[2]

where y,;; indicates the ijklth observation of a postpar-
tum SCC.

For binary variables, Model [1] was used with a bi-
nary distribution for the dependent variables in this
model and the default logit link function to model the
mixed linear regression analysis using PROC GLIM-
MIX. Dependent binary variables in the complete pre-
vious lactation were at least 1 elevation of SCC and at
least 1 case of clinical mastitis for each cow. Dependent
postpartum binary variables were at least 1 elevation
of SCC between 3 and 44 wk postpartum and at least
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1 case of clinical mastitis between 1 and 44 wk post-
partum for each cow. An elevation of SCC was defined
as SCC >200,000 cells/mL after 2 previous weeks with
SCC <200,000 cells/mL (Schukken et al., 2003).
Differences in number of elevations of SCC per cow
prepartum, cases of clinical mastitis per cow prepar-
tum, elevations of SCC per cow postpartum, and cases
of clinical mastitis per cow postpartum were analyzed
using Model [1] with a Poisson distribution for the de-
pendent variables and the default log link function in
a mixed linear regression analysis (PROC GLIMMIX).
Occurrence of IMI During Different DP
Lengths. To evaluate whether new IMI had occurred
during the precalving period, the last SCC before 67 d
prepartum (median —83 d; range —100 to —68 d pre-
partum) was compared with the first SCC postpartum,
excluding the first week of lactation (median 13 d; range
10-23 d postpartum). Cows were considered infected if
SCC was >200,000 cells/mL. Somatic cell counts before
and after the DP were compared with cows categorized
as having a chronic IMI (SCC >200,000 cells/mL before
and after the DP), not being infected (SCC <200,000
cells/mL before and after the DP), having a new IMI
(SCC <200,000 cells/mL before and SCC >200,000
cells/mL after the DP), or being cured (SCC >200,000
cells/mL before and SCC <200,000 cells/mL after the
DP). The difference in incidence risks of IMI among
DP lengths was analyzed using the following logistic
regression model in PROC LOGISTIC (model [3]):

Logit P(y; = 1)=a+DP, +¢,, 3]

in which the model estimates the probability (P) that
the 4jth observation of postpartum IMI (y) is 1. Within
observations of high SCC prepartum, chronic IMI = 1
and cured IMI = 0. Within observations of low SCC
prepartum, new IMI = 1 and no IMI = 0. Logit is the
link function used to model the regression analysis, « is
the estimate of the baseline odds of occurrence of IMI,
DP; indicates the DP length (i = 0, 30, or 60 d), and
the random residual term from a binary distribution is
represented by €;.

Association of Prepartum Milk Yield and Ud-
der Health with Postpartum Udder Health. The
association of the prepartum variables and DP length
with postpartum udder health was analyzed. To evalu-
ate which cow characteristics are associated with post-
partum SCC, a mixed linear model (PROC MIXED)
was used. The dependent variable in this statistical
analysis was postpartum SCC. For postpartum SCC,
the univariable and multivariable models were assessed
with the addition of a repeated measurement effect
consisting of postpartum lactation weeks with cow as
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the subject. A first-order heterogeneous autoregressive
covariance matrix [ARh(1)] was the best fit according
to Akaike’s corrected information criterion and was
used to account for within-cow variation.

To evaluate which cow characteristics are associated
with the binary variables at least 1 elevation of SCC
between 3 and 44 wk postpartum, and at least 1 case
of clinical mastitis between 1 and 44 wk postpartum
for each cow, a mixed linear regression model (PROC
GLIMMIX) was used. The univariable and multivari-
able models were assessed using a binary distribution for
the dependent variables in this model, with a logit link
function to model the mixed linear regression analysis.
The dependent variables in these 2 statistical analyses
were postpartum elevations of SCC and postpartum
clinical mastitis.

The independent variables in all 3 statistical analyses
were total lactation yield (305-d milk production in kg)
and average SCC for lactation in the complete previous
lactation. The dependent variables between 150 and 67
d prepartum were FPCM production (kg/d), FPCM re-
duction (kg), and SCC. The dependent variables on the
last test-day before the conventional drying-off day (67
d before the expected calving date) were last FPCM
and last SCC. The fixed independent variables were
DP length (0, 30, or 60 d), prepartum parity (1, 2, or
>2), and calving season (meteorological winter, spring,
summer, or autumn).

First, dependent variables were analyzed with each
of the independent variables in a univariable model.
Independent variables with P < 0.20 were included in
a multivariable model for each dependent variable. In
the multivariable models, variables were analyzed us-
ing a backward elimination procedure with a stay-in
P-value of <0.05 in the Wald test, except for the fixed
effects described in Models [1] and [2] that remained in
the models at all times. After backward elimination, all
possible 2-way interactions and 3-way interactions were
tested and were maintained in the model when P <
0.05 in the Wald test and when the interaction lowered
Akaike’s information criterion of the model (P < 0.05).

RESULTS

Udder Health and Milk Production Before
the Conventional Drying-Off Day

Cows with a 0-d DP were on average 385 DIM (5.5
DIM) at the day before calving. Cows with a 30-d DP
were on average 367 DIM (£6.4 DIM) at drying off,
and cows with a 60-d DP were on average 335 DIM
(£7.3 DIM) at drying off. Last milk yield before dry-
ing off was greater in cows with a 60-d DP (9.4 £+ 0.5
kg) than in cows with a 30-d DP (7.4 + 0.5 kg). Milk
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production in cows with a 0-d DP was 6.8 kg (0.5 kg)
at the day before calving.

Prepartum average SCC for lactation, occurrence of
at least 1 elevation of SCC, and clinical mastitis did
not differ among DP lengths (Table 2). Parity effects,
however, were present. Cows with parity 1 had a lower
FPCM reduction between 150 and 67 d prepartum (P
< 0.01) and tended to have a lower occurrence of clini-
cal mastitis (P = 0.07) and a lower number of cases of
clinical mastitis per treated cow (P = 0.06) compared
with cows with parity >2. Cows with parity 1 had a
lower (P < 0.01) total lactation yield, lower SCC at
last test-day before the conventional drying-off day,
and lower number of elevations of SCC per affected
cow, compared with cows with parity 2 or parity >2.
Lower parity was associated with lower average SCC
for lactation, lower SCC between 150 and 67 d pre-
partum, and lower number of cows showing at least 1
elevation of SCC (P < 0.01). Regardless of DP length
or parity, cows with an IMI (SCC >200,000 cells/mL)
on the last test-day before the conventional drying-off
day had a greater FPCM reduction between 150 and
67 d prepartum (6.2 + 0.7 kg), compared with cows
that had no IMI on the last test-day (4.4 + 0.4 kg) (P
= 0.03).

Udder Health After Different DP Lengths

The actual DP length was 2 + 1 d for cows with a 0-d
DP, 30 + 1 d for cows with a 30-d DP, and 61 4+ 1 d for
cows with a 60-d DP (mean + SEM). Postpartum SCC
differed for parity and among DP lengths (Table 2).
The interaction of DP length with parity resulted in the
greatest postpartum SCC in cows with parity >2 and
a 0-d DP (InSCC 5.33 4 0.08) and the lowest postpar-
tum SCC in cows with parity 1 and a 30-d or 60-d DP
(InSCC 4.33 4+ 0.08 and 4.38 4+ 0.08, respectively) (P
= 0.02). Lower parity (P < 0.01) was associated with
a smaller number of cows showing at least 1 elevation
of SCC or clinical mastitis in the subsequent lactation.

Occurrence of IMI During Different DP Lengths

The prevalence of SCC >200,000 cells/mL on the
last test-day before the conventional drying-off day was
not different (P = 0.75) among DP lengths (Table 3).
At the first test-day after calving, cows with a 0-d DP
had a greater prevalence of SCC >200,000 cells/mL
than cows with a 60-d DP (P = 0.05). Compared with
cows with a 0-d DP, the proportion of cows with a
chronically high SCC >200,000 cells/mL after the DP
was lower and the cure rate was greater in cows with
a 30-d or 60-d DP (P = 0.04). The proportion of cows
with a newly high SCC >200,000 cells/mL or no infec-
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tion after the DP did not differ among DP lengths (P
= 0.58).

Predictors for SCC, Elevation of SCC, and Clinical
Mastitis After Different DP Lengths

SCC. Based on the univariable model, 10 prepar-
tum variables were found to be related (P < 0.20) to
postpartum average SCC for lactation: DP length,
parity, clinical mastitis, at least 1 elevation of SCC,
total lactation yield, average SCC for lactation, FPCM
reduction and SCC between 150 and 67 d prepartum,
and last FPCM and last SCC before the conventional
drying-off day. After backward elimination, 6 prepar-
tum variables remained in the multivariable model: DP
length (P = 0.52), parity (P < 0.01), at least 1 eleva-
tion of SCC (P = 0.02), FPCM reduction (P < 0.01),
last FPCM before the conventional drying-off day (P
< 0.01), and average SCC in the previous lactation (P
= 0.05) (Table 4). Significant 2-way interactions were
present of DP length with parity (P < 0.01), DP length
with elevations of SCC (P < 0.01), DP length with
FPCM reduction (P = 0.04), and last FPCM with aver-
age SCC for lactation (P < 0.01). A significant 3-way
interaction was present of DP length with parity and
average SCC for lactation (P < 0.01).

FElevation of SCC. Based on the univariable mod-
els, 8 prepartum variables were related (P < 0.20) to at
least 1 elevation of SCC postpartum: parity, occurrence
of clinical mastitis, total lactation yield, average SCC
for lactation, FPCM reduction and SCC between 150
and 67 d prepartum, and last FPCM and last SCC
before the conventional drying-off day. In the multivari-
able model only parity (P = 0.03) remained, indepen-
dent of DP length (Table 5). Cows with parity 1 showed
at least 1 elevation of SCC in the subsequent lactation
less often.

Clinical Mastitis. Based on the univariable models,
7 prepartum variables were related (P < 0.20) to at least
1 case of clinical mastitis postpartum: parity, clinical
mastitis prepartum, total lactation yield, average SCC
for lactation, SCC between 150 and 67 d prepartum,
and last SCC before the conventional drying-off day.
In the multivariable model only last SCC before the
conventional drying-off day (P < 0.01) remained, inde-
pendent of DP length (Table 5). Cows with a greater
last SCC before the conventional drying-off day had 2
times greater odds of having at least 1 case of clinical
mastitis in the subsequent lactation.

DISCUSSION

Postpartum SCC was greater in cows with a 0-d
DP than in cows with a 30-d or 60-d DP. The greater
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Table 2. Prepartum milk production and udder health variables and postpartum udder health variables for cows with a 0-, 30-, or 60-d dry period based on a mixed model with
dry period length, parity, and their 2-way interaction as fixed variables (LSM 4+ SEM)

Dry period length (d) Parity P-value’
Variable 0 30 60 SEM 1 2 >2 SEM DP P DP x P
Cows (no.) 56 55 56 60 53 54
Prepartum variables®
Total lactation (305 d) yield (kg of milk) 9,976 9,993 10,028 156 8,989" 10,310" 10,698" 156 097 <0.01 0.21
FPCM reduction between 150 and 67 d prepartum (kg) —6 -5 —4 0.71 —4* —5" —6" 0.71 0.16 <0.01 0.83
FPCM between 150 and 67 d prepartum (kg/d) 27 27 27 0.72 27 27 27 0.72 0.80 0.98 0.39
Last FPCM 67 d prepartum (kg/d) 24 25 25 0.75 25 25 24 0.74 0.70 0.41 0.44
Average SCC for lactation® 4.25 4.35 4.13 0.09 3.96" 4.27" 4.60° 0.09 0.12 <0.01 0.83
SCC between 150 and 67 d prepartum?® 4.56 4.52 4.46 0.09 3.99° 4.56" 5.00° 0.09 0.72  <0.01 0.38
Last SCC before 67 d prepartum® 4.73 4.70 4.52 0.11 4.08" 4.82 506" 011 033  <0.01 0.25
Elevations of SCC (% cows)" 41 42 34 20" 43" 56° 0.57 <0.01 0.65
Elevations of SCC (no. of cases/affected cow)’ 1.26 1.30 1.26 1.08" 1.307 1.33 0.37  <0.01 0.41
Clinical mastitis (% cows) 25 20 15 10" 23" 28" 0.37 0.07  NM°
Clinical mastitis (no. of cases/affected cow)’ 1.29 1.18 1.00 1.00" 117 1.27 0.18 0.03 NM
Postpartum variables (1-44 wk in lactation)
Average SCC for lactation™ 5.01° 4.68" 4.52° 0.06 4.49" 4.71° 5.01°¢ 0.06 <0.01 <0.01 0.02
Elevations of SCC (% cows)* 79 78 79 67" 83" 87° 0.99 0.03 0.94
Elevations of SCC (no. of cases/affected cow)’ 2.30 2.29 1.77 1.83" 2.20" 2.28" 022  <0.01 0.62
Clinical mastitis (% cows) 27 25 25 13" 30" 35¢ 0.95 0.03 0.98
Clinical mastitis (no. of cases/affected cow)’ 1.44 1.36 1.21 1.00" 1.19 1.63 0.80 <0.01 0.99

*““Values within dry period length or parity, within a row with different superscripts differ (P < 0.05).
'DP = dry period length; P = parity; DP x P = interaction of dry period length with parity.

*The median and range of prepartum variables between 150 and 67 d: fat- and protein-corrected milk (FPCM) reduction had a median between —135 d (range —150 to —101 d)
and —83 d (range —112 to —67 d), FPCM had a median at —109 d (range —150 to —67 d), and SCC had a median at —108 d (range —150 to —67 d). The variables at the last
test-day before the conventional drying-off day (67 d before the expected calving date): last FPCM had a median at —84 d (range —121 to —67 d), and last SCC had a median at
—83 d (range —100 to —68 d).

’SCC is shown as the natural logarithm of SCC (InSCC).

YAn elevation of SCC in milk was defined as SCC >200,000 cells/mL after 2 previous weeks with SCC <200,000 cells/mL.
For FPCM, SCC, and cases per affected cow, week was included in the model (P < 0.01).

Not in model.
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Table 3. Proportion (and number) of cows with a high SCC (>200,000 cells/mL) at the last test-day before
the conventional drying-off day (67 d prepartum) and at the first test-day (10 d postpartum) after a 0-, 30-,

or 60-d dry period (DP)

DP length (d)

Variable 0 30 60 P-value
Total no. of cows 54 53 54
SCC <200,000 prepartum 81 (44) 75 (40) 78 (42)
SCC >200,000 prepartum 19 (10) 25 (13) 22 (12) 0.75
SCC <200,000 postpartum 74 (40) 87 (46) 89 (48)
SCC >200,000 postpartum 26" (14) 13 (7) 11" (6) 0.09
High SCC prepartum
Chronic TMT" 50" (5) 8" (1) 8" (1) 0.04
Cured IMI? 50" (5) 92" (12) 92" (11) 0.04
Low SCC prepartum
New IMT* 20 (9) 15 (6) 12 (5) 0.58
No IMT* 80 (35) 85 (34) 88 (37) 0.58

*"Values with the same superscript within a row are not different (P > 0.05).

'A chronic IMI was defined as SCC >200,000 cells/mL before and after the DP.

’A cured IMI was defined as SCC >200,000 cells/mL before and SCC <200,000 cells/mL after the DP.
*A new IMI was defined as SCC <200,000 cells/mL before and SCC >200,000 cells/mL after the DP.
‘No IMI was defined as SCC <200,000 cells/mL before and after the DP.

postpartum SCC in cows with a 0-d DP in the current
study is in contrast with earlier studies of Gulay et al.
(2003) and Rastani et al. (2005), but it is in line with
Pezeshki et al. (2007) and Steeneveld et al. (2013). The
greater postpartum SCC in cows with a 0-d DP may be
the consequence of uncured IMI before calving because
of the lack of both a DP and treatment with dry cow
antibiotics. Cows with a 0-d DP, however, have lower
milk production in the subsequent lactation, resulting
in a lower dilution effect, which may also explain the
increased SCC (Steeneveld et al., 2013). Additionally,
the udder involutes in cows with a DP compared with
cows with a 0-d DP. Udders that are fully involuted are
highly resistant to new IMI (Oliver and Sordillo, 1989),
probably through the increase of immunoglobulins and
lactoferrin in lacteal secretions during the DP (Hurley
and Rejman, 1993). Cows with a 0-d DP or 30-d DP do
not have a fully involuted udder during the precalving
period and may have a lower concentration of lactofer-
rin and immunoglobulins in milk. Moreover, milking
twice daily instead of once daily in the week before
drying off decreased the concentration of lactoferrin in
milk (Newman et al., 2009). Cows with a 30-d DP, but
especially cows with a 0-d DP, may therefore be more
prone to a greater SCC in the subsequent lactation.

It is unknown if the observed high SCC in early
lactation in cows with a 0-d DP is actually correlated
with intramammary bacterial infections. If the greater
postpartum SCC in cows with a 0-d DP is indeed re-
lated to bacterial infections, then a 0-d DP would not
be an attractive alternative to using dry cow antibiotics
to prevent IMI during the precalving period. New IMI
during the precalving period in cows with a 0-d DP
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could also be the result of withholding preventive dry
cow antibiotics in these cows compared with cows with
a 30-d or 60-d DP. The significance of DP length in 4
interactions in the final model for predicting postpar-
tum SCC could thus be explained by either DP length,
use of preventive dry cow antibiotics, or both.

In many countries, blanket dry cow treatment with
antibiotics is advised, and application of a DP is there-
fore confounded with the administration of preventive
dry cow antibiotics as is omitting the DP altogether
without administering preventive dry cow antibiotics.
We excluded cows with a SCC >250,000 on the last
test-day before the conventional drying-off day, based
on the currently used attention levels for high SCC in
multiparous cows in the Netherlands (Scherpenzeel et
al., 2014). Our results suggest that cows with a SCC
>200,000 cells/mL on the last test-day should also be
treated with antibiotics and have a DP matching with
the withdrawal time. In the subsequent lactation, cows
with a 30-d DP had a lower SCC than cows with a 0-d
DP. In contrast, cows with a 30-d DP had a greater
SCC than cows with a 60-d DP in the subsequent lac-
tation. In the current study, a 30-d and 60-d DP was
confounded by the use of preventive dry cow antibiot-
ics. To our knowledge, the effect of a 30-d DP without
preventive dry cow antibiotics on postpartum SCC has
not yet been evaluated.

Prevalence of cows with SCC >200,000 cells/mL at
the first test-day postpartum tended to be greater in
cows with a 0-d DP. Cows with a 0-d DP had a greater
occurrence of chronic IMI than cows with a 30-d or
60-d DP. This finding suggests that a 0-d DP is not
beneficial for cows with an IMI on the last test-day
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Table 4. Final multivariable model for prediction of postpartum average SCC between wk 2 and 44 in lactation for cows with a 0-, 30-, or 60-d
dry period [LSM + SEM or regression coefficient (3) with SE]!

2,3

Postpartum variable: SCC

Prepartum variable Category LSM (SEM) P-value
Dry period length (DP) 0 5.03 (0.08)" 0.52
30 4.56 (0.09)"
60 4.49 (0.09)"
Parity Parity 1 4.61 (0.09)* <0.01
Parity 2 4.58 (0.08)"
Parity >2 4.88 (0.09)"
DP x parity 0x1 5.02 (0.10)" <0.01
0x2 4.77 (0.10)"
0% >2 5.30 (0.11)°
30 x 1 4.42 (0.10)"
30 x 2 4.56 (0.11)"
30 x >2 4.69 (0.11)°
60 x 1 4.40 (0.13)"
60 x 2 4.42 (0.10)"
60 x >2 4.65 (0.11)°
Elevation of SCC* 0 4.62 (0.08)" 0.02
1 4.77 (0.09)"
DP x elevation of SCC 0x0 4.76 (0.09)* <0.01
0x1 5.30 (0.10)"
30 x 0 4.64 (0.10)"
30 x 1 4.47 (0.11)°
60 x 0 4.46 (0.09)
60 x 1 4.52 (0.11)™
Lactation week postpartum 8 (SE) <0.01
Last FPCM® before 67 d DP Average 25 —0.19 (0.04) <0.01
Last FPCM x SCC? 0.03 (0.01) <0.01
FPCM reduction 15067 d prepartum Average —4.77 —0.06 (0.02) <0.01
DP x FPCM reduction 0 0.03 (0.01)™ <0.04
30 0.05 (0.02)°
60 Referent”
Average SCC for lactation® Average 113 —0.70 (0.26) 0.05
DP x average SCC for lactation® 0 —0.01 (0. 10) 0.18
30 0.41 (0.13)"
60 Referent®
Parity x average SCC for lactation® 1 —0.05 (0. 10) <0.01
2 0.39 (0.11)"
>2 Referent”
DP x parity x average SCC for lactation® 0x1 0.18 (0.27) <0.01
0x 2 0.02 (0.27)
30 x 1 —0.08 (0.28)
30 x 2 ~0.89 (0.29)
0 x >2,30 x >2,60 x 1,60 x 2,60 x >2 Referent

““Values with the same superscript per variable are not different (P > 0.05).

'The final multivariable model was based on 11 univariable models, with individual prepartum variables as independent variables, to identify

potential predictors for postpartum average SCC.

’SCC is shown as the natural logarithm of SCC (InSCC).
*SCC was monitored between 2 and 44 wk in lactation.
‘An elevation of SCC in milk was defined as SCC in milk >200,000 cells/mL after 2 previous weeks with SCC <200,000 cells/mL.

"FPCM = fat- and protein-corrected milk.

before the conventional drying-off day. An IMI before
the conventional drying-off day has a better chance
of being cured during a DP treatment with dry cow
antibiotics. The greater proportion of chronic IMI in
cows with a 0-d DP was related with a lower cure rate
of IMI. Compared with previous studies using a 30-d or
60-d DP (Church et al., 2008) or a 60-d DP (Pantoja

et al., 2009a), the proportion of cows with a chronic
IMI was lower and the proportion of cows with a cured
IMI in cows with a 30-d or 60-d DP was greater in
the current study. The proportion of cows with a new
IMI was either greater (Church et al., 2008) or smaller
(Pantoja et al., 2009a) and the proportion of cows with
no high SCC was smaller (Church et al., 2008) or not
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different (Pantoja et al., 2009a) in cows with a 30-d or
60-d DP in this study. These differences in the effect
of DP length among different studies, may not only be
explained by the effect of DP length itself, but also by
management factors, such as experimental set-up and
herd management, or by different definitions for IMI
among studies.

Factors relevant for udder health in the subsequent
lactation include interactions of DP length with ud-
der health variables, parity, and milk production. To
identify cow characteristics that can be used by farmers
to optimize DP length for individual cows, prepartum
variables were selected that can be calculated on every
farm with milk production recording. The prepartum
variable of having at least 1 elevation of SCC was based
on monthly test-day SCC. Results of the current study
indicate that postpartum SCC is affected by having
at least 1 elevation of SCC in the previous lactation.
The prepartum variable FPCM reduction between 150
and 67 d prepartum, as a measure for persistency, was
negatively correlated with postpartum SCC. Less per-
sistent cows had higher SCC postpartum, which could
be explained by the higher prevalence of IMI (SCC
>200,000 cells/mL) on the last test-day before the
conventional drying-off day. Milk production at drying
off as such was not included in the model because it
was not comparable among groups with different DP
lengths in our study. The interaction of DP length with
prepartum FPCM reduction revealed that a 60-d DP
was beneficial for postpartum SCC. In cows with a
FPCM reduction of >5 kg between 150 and 67 d pre-
partum, postpartum SCC was lowest when they had a
60-d DP compared with a 0-d or 30-d DP. Additionally,

VAN HOEIJ ET AL.

it is practical to dry off a cow with a large reduction of
FPCM before the conventional drying-off day at 60-d
prepartum. From the 3-way interaction of DP length
with parity and prepartum average SCC for lactation,
the effect of DP length on postpartum average SCC
appears to depend on parity and prepartum SCC. The
identified characteristics can be used in a decision sup-
port model to optimize DP length for individual cows,
which may support the farmer in the optimal DP strat-
egy for individual cows.

Other management measures to reduce the risk of
new IMI during the precalving period include cow-level
measures, such as dry cow antibiotics and internal teat
sealants, and herd-level measures, such as housing,
hygiene, and to a certain extent feeding (Green et al.,
2008). Preventive use of dry cow antibiotics has long
been an important management measure to prevent
new IMI during the precalving period, but it is no lon-
ger allowed in several European countries, including the
Netherlands (Scherpenzeel et al., 2014). Other manage-
ment factors to prevent new IMI during the precalving
period, such as shortening or omitting the DP, have
become more important. Simultaneously, management
measures such as environmental factors that influence
udder health also require attention. Environmental fac-
tors such as experimental set-up, housing (tie-stall vs.
freestall, bedding, and grazing) and herd management
factors (i.e., hygiene measures, protocols, and person-
nel) differ among herds and experiments, and they
contribute to variation among herds and experiments
(Green et al., 2008). Therefore, including knowledge of
management measures on herd level is important in the
DP approach for individual cows. Management factors

Table 5. Final multivariable models for prediction of postpartum at least one elevation of SCC between wk 3 and 44 in lactation and clinical
mastitis between wk 1 and 44 in lactation after a 0-, 30-, or 60-d dry period [values represent occurrence, odds ratio (OR) with confidence

interval, and P-value]

Postpartum variables

Elevation of SCC!

Clinical mastitis®

Prepartum variable Category Occurrence (%) P-value Occurrence (%) P-value
Dry period length 0 79 0.99 27 0.99
30 78 25
60 79 25
Parity Parity 1 67" 0.03 13 0.56
Parity 2 83 30
Parity >2 87" 35

OR (CI)
Last SCC 67 d° 2.04 (1.22-3.43) <0.01

““Values with the same superscript per variable are not different (P > 0.05).
'Elevation of SCC was evaluated between 3 and 44 wk in lactation. An elevation of SCC in milk was defined as at least one elevation of SCC

>200,000 cells/mL after 2 previous weeks with SCC <200,000 cells/mL.

*Clinical mastitis was evaluated between wk 1 and 44 in lactation.
%SCC is shown as the natural logarithm of SCC (InSCC).
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should thus be included in a decision support model to
optimize DP strategies for individual cows, but they
could not be determined from our study because it was
performed in only 1 herd.

The number of cows with at least 1 elevation of SCC
or with at least 1 case of clinical mastitis postpartum
did not differ among DP lengths, despite the greater
postpartum average SCC for lactation in cows with
a 0-d DP. To our knowledge, studies that report the
effect of omitting the DP on mastitis incidence are lim-
ited (Rastani et al., 2005; Schlamberger et al., 2010),
and studies that report the effect of DP length on SCC
elevation in the subsequent lactation are absent. Across
studies, drawing definite conclusions on the conse-
quences of shortening (Pezeshki et al., 2007; Watters
et al., 2008; Santschi et al., 2011) or omitting (Rastani
et al., 2005) the DP for mastitis is difficult. In several
studies, including the current study, animal numbers
are limited. Moreover, lack of clear or consistent effects
is possibly also due to variation among studies with
respect to definition of mastitis and disease status at
the start of the experiment.

In our study, a greater last SCC before the conven-
tional drying-off day was associated with a 2 times
greater risk of at least 1 case of clinical mastitis in
the subsequent lactation. In previous studies, high SCC
(>200,000 cells/mL) was associated with a 2 times
greater risk of clinical mastitis in the same lactation
(van den Borne et al., 2011) and a 4.2 times greater
risk of clinical mastitis in next lactation (Pantoja et al.,
2009b). The low odds for at least 1 case of clinical mas-
titis or at least 1 elevation of SCC postpartum, com-
pared with Pantoja et al. (2009b), is probably because
of the low prepartum occurrence of clinical mastitis and
elevations of SCC in our study. Pantoja et al. (2009b)
reported a 25% occurrence of clinical mastitis in previ-
ous lactation with 1.4 cases per cow, and the current
study reports a 20% occurrence of clinical mastitis in
previous lactation, with 1.16 cases/cow. Selection for
low SCC at 2 test-days prepartum resulted in a low last
SCC before the conventional drying-off day. Cows with
a SCC >250,000 cells/mL at 2 test-days before the
conventional drying-off day likely had an IMI and were
therefore not included in our study. These cows should
be treated with dry cow antibiotics to cure IMI. From
this study, a 60-d DP also appears to be beneficial in
cows with SCC >200,000 on the last test-day before the
conventional drying-off day. On the one hand, a 30-d
DP could be beneficial in cows with a low reduction or
increase of FPCM between 150 and 67 d prepartum. On
the other hand, a 0-d DP could be beneficial in cows
with a low reduction or increase of FPCM between 150
and 67 d prepartum, without an elevation of SCC in
previous lactation.
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CONCLUSIONS

A 0-d DP resulted in a greater SCC in the subsequent
lactation compared with a 30-d or 60-d DP. A 30-d
or 0-d DP did not affect the occurrence of at least 1
elevation of SCC >200,000 cells/mL or the occurrence
of clinical mastitis postpartum compared with a 60-d
DP. A 0-d DP is disadvantageous in cows with a SCC
>200,000 cells/mL on the last test-day before the con-
ventional drying-off day because these cows were found
to have a greater occurrence of chronic IMI and a lower
cure rate during the precalving period than cows with
a 30-d or 60-d DP. Cow characteristics other than DP
length that predict postpartum udder health are parity,
prepartum elevations of SCC, average prepartum SCC
for lactation, FPCM reduction between 150 and 67 d
prepartum, and last FPCM and last SCC before the
conventional drying-off day.
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