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ABSTRACT

The objective of this study was to determine if an
association existed among body condition score (BCS),
body weight (BW), and udder health, as indicated by
somatic cell score (SCS) and cases of clinical mastitis
(CM). The data consisted of 2,635 lactations from Hol-
stein-Friesian (n = 523) and Jersey (n = 374) cows in a
seasonal calving pasture-based research herd between
the years 1986 and 2000, inclusive. Increased BCS at
calving was associated with reduced SCS in first- and
second-parity cows, and greater SCS in cows of third
parity or greater. This relationship persisted for most
BCS traits throughout lactation. Body weight was posi-
tively associated with SCS, although the effect was
greater in Jersey cows than in Holstein-Friesians. In-
creased BCS and BW loss in early lactation were associ-
ated with lower SCS and a reduced probability of a high
test-day SCC. Body condition score was not signifi-
cantly related to CM with the exception of a curvilinear
relationship between the daily rate of BCS change to
nadir and CM in early lactation. Several BW variables
were positively associated with a greater likelihood of
CM. Nevertheless, most associations with udder health
lacked biological significance within the ranges of BCS
and BW generally observed on-farm. Results are im-
portant in assuring the public that modern dairy sys-
tems, where cows are subjected to substantial amounts
of BCS mobilization in early lactation, do not unduly
compromise cow udder health.
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INTRODUCTION

Most dairy cattle breeding programs have aggres-
sively selected for increased milk production without
recognition of the importance of functional, nonproduc-
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tion traits (Miglior et al., 2005). Cattle populations in
which such breeding programs have been implemented
have generally observed a reduction in cow health and
fertility as a result of the antagonistic genetic correla-
tion between milk production and these traits (Uribe
et al., 1995; Berry et al., 2003). The cost of impaired
health status coupled with consumer demands for ani-
mal production systems to be environmentally sustain-
able and with greater standards of animal welfare has
intensified interest in assessing the welfare status of
dairy cattle across a wide range of parameters (e.g.,
integrity of the immune system).

Public perception is that thin cows are welfare-com-
promised. However, there is little research to either
support or refute this hypothesis. If a relationship be-
tween cow energy balance/status and health were to
exist, it may manifest itselfin 2 ways. Firstly, thin cows
or cows in severe negative energy balance (NEBAL)
may be more susceptible to infection (causal relation-
ship; Collard et al., 2000). Alternatively, “unhealthy”
animals may have a reduced DMI and greater BCS
mobilization to satisfy the drive to milk (associative
relationship; Bauman and Currie, 1980). Additionally,
several previous studies have related overconditioning
in dairy cattle, subsequent loss in BCS postcalving, or
both, to impaired health (Markusfeld, 1985; Gillund et
al., 2001) and altered lymphocyte (Lacetera et al., 2005)
and liver function (Drackley et al., 2001).

Cow BCS is a subjective measure of body energy re-
serves (Roche et al., 2004) and is used as an indirect
indicator of energy balance status (i.e., an increasing
BCS indicates a positive energy balance, and vice
versa). Studies (Butler and Smith, 1989; Roche et al.,
2007) have consistently reported a favorable association
among BCS, BW, and fertility in dairy cows, but the
relationship among BCS, BW, and cow health is less
consistent (Markusfeld et al., 1997; Heuer et al., 1999;
Gillund et al., 2001; Roche and Berry, 2006). In some
studies there has been a tendency for thin cows to have
a greater incidence of postcalving uterine disorders
(Markusfeld et al., 1997). In contrast, more body condi-
tion at calving or greater fat mobilization postcalving
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has been reported to increase the incidence of ketosis
(Gillund et al., 2001), metritis (Markusfeld, 1985; Ka-
neene et al., 1997), retained placenta (Kaneene et al.,
1997), and milk fever (Heuer et al., 1999; Roche and
Berry, 2006). Furthermore, some studies have failed to
identify a significant effect of BCS at calving on disease
(Gearhart et al., 1990; Ruegg and Milton, 1995), or
reported that the association between postpartum BCS
loss and health was not biologically important (Ruegg
and Milton, 1995). One potential mechanism underly-
ing the reported effects of BCS mobilization on animal
health is an alteration in lymphocyte function (Szuster-
Ciesielska et al., 1995; Lacetera et al., 2005). Lacetera
et al. (2005) reported lower secretions of IgM and IFN-
~ in peripheral blood mononuclear cells isolated from
overconditioned cows at calving.

Furthermore, very few studies have attempted to
quantify the relationship between BCS, BW, and SCC
or clinical mastitis (Gearhart et al., 1990; Ruegg and
Milton, 1995), and none that we are aware of in pasture-
based systems, where prevalence and causes of mastitis
are different than those experienced in cows in con-
finement (Lacy-Hulbert et al., 2002; Washburn et al.,
2002). Somatic cell count is a measure of the concentra-
tion of leukocyte cells in milk that have been directed
by the body as a defense against bacterial invasion
(Blowie, 1999). Therefore, both SCC and clinical masti-
tis (CM) could be viewed as indicators of a cow’s udder
health status. The objective of the present study was
to investigate if an association exists among BCS or BW
variables and SCC and CM in pasture-based dairy cows.

MATERIALS AND METHODS
Data Available

The data set used in the present study, as well as a
description of the research farm where all data were
recorded, are described in detail by Roche et al. (2007).
In summary, data on cow number, year of birth, parity
number, and associated calving dates were extracted
from the Dexcel research database on 2,635 lactations
from 897 cows. Of the 897 cows, 374 were Jersey and
the rest were Holstein-Friesian. All cows resided at No.
2 dairy, Dexcel (Hamilton, New Zealand) between 1986
and 2000, inclusive. Udder health data included SCC
determined on all cows every 3 wk (n = 2,629 lactations)
and all observed incidences of CM (n = 2,635 lactations)
throughout the 15 yr of the study. Clinical mastitis was
recorded by the herdsman on the observation of clots
in the milk with or without signs of udder redness,
soreness, or inflammation (International Dairy Federa-
tion, 1987). Bacteriology analyses were not performed.

Body condition score and BW were assessed within
1 wk of calving, and every 2 wk during the intercalving
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period following the morning milking. Body condition
score was assessed by palpating individual body parts,
and an average score recorded on a 10-point scale,
where 1 is emaciated and 10 is obese (Roche et al.,
2004). The anatomical regions palpated included the
thoracic and vertebral region of the spinal column
(chine, loin, and rump), the ribs, the spinous processes
(loin), the tuber sacrale (hip or hook bones), the tuber
ischii (pin bones), the anterior coccygeal vertebrae (tail
head), and the thigh region (Roche et al., 2004). Across
the entire study period, only 4 trained personnel as-
sessed BCS on all animals. Furthermore, one individual
trained all of these assessors. Body weight was mea-
sured using a calibrated electronic scale (Tru-Test, Gal-
laghers, Hamilton, New Zealand). In total, 68,986 BCS
records and 68,980 BW records were available for inclu-
sion in the analysis. The mean number of BCS and BW
records per lactation was 23 and parity number varied
from 1 to 12.

Data Editing and Generation of Variables of Interest

Udder Health. A total of 21,133 SCC test-day re-
cords between 5 and 305 DIM were available for inclu-
sion in the analysis. Preliminary analysis of the SCC
data revealed a positively skewed distribution. A log
transformation (SCS) normalized the distribution. Lac-
tation average SCS was defined as the mean of all test-
day records within lactation. A dichotomous variable,
high somatic cell count (HSCC), was defined as 1 if an
individual SCC test-day record greater than 250,000
cells/mL occurred within lactation; if no test-day SCC
greater than 250,000 cells/mL existed within lactation,
then HSCC was coded as 0. The threshold chosen was
based on the frequency distribution of the data. Each
lactation was further divided into 3 stages: early lacta-
tion (5 to 60 DIM), mid lactation (61 to 120 DIM), and
late lactation (121 to 305 DIM). Average SCS within
these stages, as well as the presence of an HSCC, was
calculated separately for each lactation stage.

A total of 744 cases of CM from 484 lactations on 336
cows were included in the analysis. The prevalence of
CM was determined on an intercalving interval basis
(i.e., CM =1 if a case of CM was observed from 1 wk
precalving to 365 d postcalving, otherwise CM = 0). The
presence (CM = 1) or absence (CM = 0) of CM was also
derived within the 3 identified stages of lactation (-7
to 60 d relative to calving, 61 to 120 d relative to calving,
and 121 to 365 d relative to calving).

BCS and BW. Body condition score and BW variables
generated were based on an a priori hypothesis of possi-
ble indictors of differences in udder health among ani-
mals. Variables of interest were BCS and BW at 8 wk
before calving, at calving, nadir, and at 60, 120, and
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305 DIM. Both the level and daily rate of BCS and BW
change between adjacent periods were also calculated,
as were the DIM to both BCS and BW nadir.

Body condition score and BW precalving were deter-
mined as the BCS or BW record nearest to 8 wk precalv-
ing, but between 6 and 10 wk precalving. When 2 BCS
or BW records were available equidistant from wk 8, the
earlier record precalving was retained. Additionally, all
BCS and BW records in the 9 wk before calving were
retained to determine respective precalving change. A
linear regression in PROC REG (SAS Institute, 2006)
was fitted through these records for each lactation sepa-
rately and the linear coefficient determined; the linear
regression was only fitted through lactations with at
least 2 precalving records. The regression coefficient
was recoded as 1, 2, or 3 if the regression coefficient
was negative, zero, or positive, respectively.

The BCS and BW record considered to be that at
calving was the first record postcalving but within 7 d
of calving. Nadir BCS was the first postcalving record
immediately followed by 2 greater consecutive values;
nadir BW was determined using the same methodology.
The days postcalving corresponding to nadir BCS or
nadir BW were also retained. Body condition score and
BW at 60, 120, and 305 DIM were determined as the
BCS or BW record nearest to the respective DIM (either
before or after) but within 7 d. When 2 BCS or BW
records were available equidistant from the DIM of
interest, then the later postcalving record was retained.

The level of BCS or BW change from 8 wk precalving
to calving, from calving to nadir and 60 DIM, from 60
to 120 DIM, and from 120 to 305 DIM was calculated
as the earlier BCS or BW record less the later record;
hence, a positive value is indicative of a loss in BCS or
BW, and vice versa. The rate of loss was determined
as the calculated loss divided by the number of days
between the records.

All variables were normally distributed with the ex-
ception of amount and daily rate of change in BCS and
BW to nadir, and DIM to nadir. With the exception of
the amount of BCS change from calving to nadir, Box-
Cox transformations revealed that the natural loga-
rithm of these variables, following the addition of a
constant to avoid zeros, was optimal. The shift con-
stants used were 1 for DIM to BCS or BW nadir, and
70, 0.01, and 2 for the amount of BW loss to nadir, the
rate of BCS loss to nadir, and the rate of BW loss to
nadir, respectively. The square root of BCS change from
calving to nadir was used as the method of transfor-
mation.

Other Possible Explanatory Variables. Parity
was recoded as 1, 2, 3, 4, and 5+. Week of the year at
calving was determined for all lactations. Due to small
numbers, cows calving before wk 27 (i.e., early July)
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were grouped together as were cows calving later than
wk 35 (i.e., early September). Year of calving was cate-
gorized as year. Parity, breed, week of the year at calv-
ing, year of calving, and treatment farmlet operated
on the research farm since 1986 were considered as
class variables.

A total of 95,971 weekly milk test-day records were
available on all 2,635 lactations. Cumulative milk yield
from DIM 1 to 60, 61 to 120, 121 to 305, and across
DIM 1 to 305 were calculated as the average of all
recorded test-days within respective periods multiplied
by the respective number of days.

Statistical Analysis

Four separate analyses were undertaken on SCS and
CM. In the first analysis, the dependent variable was
on a per lactation basis, and in the remaining 3 analy-
ses, each of the 3 identified stages of lactation was
treated as a separate dependent variable, to determine
if BCS and BW affected SCS and CM differently at
different stages of lactation.

In all analyses, a 2-stage approach was taken toward
the development of a multiple regression model. Ini-
tially, a stepwise forward-backward algorithm was in-
voked, where the possible independent variables tested
in the model did not include BCS- or BW-related param-
eters. Independent variables that were tested in the
model included year, week of the year at calving, parity,
breed, and experimental treatment. The entry and stay
significance levels were P < 0.10 and P < 0.05, respec-
tively.

On completion of the first algorithm, the significant
confounding independent variables determined in the
first stage were forced into the model, and a series
of analyses was undertaken with each BCS and BW
variable included separately in the model. Following
this, a multiple regression model was generated in
which another stepwise algorithm was separately in-
voked to include either the BCS- or BW-related vari-
ables. Higher order polynomials on the continuous
traits were also tested in the model. To imply causation,
only BCS or BW variables measured before or during
the period of the outcome were tested in the analyses
(Rothman and Greenland, 1998), with the exception
being variables related to nadir and calving. This ap-
proach is similar to the pathway analysis used by Heuer
et al. (1999).

The existence of multicollinearity was investigated
with the introduction of each new explanatory variable
into the multiple regression model, using the variance
inflation factor and condition index produced by PROC
REG (SAS Institute, 2006) as well as the change in
model solutions with the introduction of the new inde-
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pendent variable in the model. Biologically plausible
interactions between significant main effects were also
tested in the analysis.

A mixed model (PROC MIXED; SAS Institute, 2006)
was used to determine the factors affecting SCS across
the entire lactation and at the different stages of lacta-
tion. Cow was included in the model as a random effect.
The F-values were used to determine the significance
of the effect of each of the independent variables.

Because HSCC and CM have a binary outcome, and
because repeated records per cow across years were
available, generalized estimating equations (GEE) in
PROC GENMOD (SAS Institute, 2006) were used to
model the logit of the probability of a positive case of
HSCC or CM, with cow included as a repeated effect and
a compound symmetry correlation structure assumed
among records within cow. Empirical solutions are re-
ported in the present study and the level of significance
associated with each explanatory variable was based
on the GEE score statistic.

Odds ratios were derived by acquiring the exponent of
the partial regression coefficients. Measurement units
(e.g., kg) were small in some instances, leading to small
but sometimes significant odds ratios. To avoid loss of
information by restricting the number of decimal places
presented, odds ratios and associated standard errors
relating to all BW variables and daily rate of change for
BCS variables were transformed to a per unit standard
deviation, using the standard deviation of the trait in
question across the sample population. Analyses were
also undertaken in which average milk produced within
each period of lactation was included as a covariate in
the model of analysis.

RESULTS

Mean lactation SCS was 11.39 units (i.e., a SCC of
88,393 cells/mL), with 45% of lactations having at least
1 test-day SCC greater than 250,000 cells/mL, and 18%
oflactations with 1 or more observed cases of CM. Mean
SCS was lowest in the second stage of lactation and
highest in late lactation with early lactation being inter-
mediate. A similar trend was observed for the presence
of a test-day SCC greater than 250,000 cells/mL with
21, 16, and 35% of early, mid, and late lactation stages
having at least 1 test-day SCC greater than 250,000
cells/mL. In contrast, incidence of CM was greatest in
early lactation (10%) and lowest in mid lactation (3%),
with late lactation being intermediate (8%). Cumula-
tive (£SD) 60- and 305-d milk yield in the sample popu-
lation was 1,213 kg (287 kg) and 4,836 kg (973 kg), re-
spectively.
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Udder Health on a Lactation Basis

Factors significantly affecting SCS averaged across
lactation included breed, year, experimental treatment,
and parity. Mean SCS for Holstein-Friesian and Jersey
cows, after accounting for other effects in the model,
were 11.35 (SCC = 84,965 cells/mL) and 11.52 (SCC =
100,709 cells/mL), respectively. The probability of an
HSCC during lactation was significantly affected by
parity and year of calving, with the probability increas-
ing with age. Probability of CM was significantly af-
fected by year, parity, and breed with the probability
of CM greater in Holstein-Friesian and older cows. In
general, the inclusion of milk production at different
stages of lactation had no effect on the sign of the rela-
tionships among BCS or BW and SCS and CM, and
had minimal effect on the significance and strength
of association.

None of the BCS-related variables affected (P < 0.05)
the probability of CM. Body weight precalving, and at
120 and 305 DIM were positively associated (P < 0.05)
with the incidence of CM; the odds of CM was 1.33
times greater per precalving BW standard deviation
(70.5 kg). A curvilinear relationship between BW at 305
DIM and CM revealed that the likelihood of CM was
greatest in lightest and heaviest 305-d BW and was
minimized at 500 kg (i.e., 11% probability of CM at
least once during the lactation).

There was an interaction (P < 0.05) among CM, BW
at 120 DIM, and parity, with a negative association
between BW and CM in primiparous cows and a positive
relationship in later parities. Parity also influenced (P
<0.05) the association between BW change in mid lacta-
tion and the risk of CM. The odds of CM increased with
increasing rate of BW loss from 60 to 120 DIM in first-,
second-, and fifth and greater parity cows, with the
opposite relationship evident in third- and fourth-par-
ity cows. Precalving BW was the only significant BW
variable associated with CM in the multiple regression
analysis, with an increasing probability of CM with
increased BW precalving.

Table 1 summarizes the effect of BCS and BW vari-
ables associated with average lactation SCS, as well as
the probability of an HSCC event through the entire
lactation. A 2-way interaction between BCS during lac-
tation and parity was evident, with greater BCS at
calving and nadir associated with a reduced SCS in
first- and second-parity cows, and a greater SCS in
cows at third or greater parity. Average lactation SCS
decreased by 15.5 x 1072 units in second-parity animals
and increased by 8.5 x 102 SCS units in fourth-parity
animals for every unit increase in calving BCS (Table 1).
Nonetheless, irrespective of parity, greater BCS during
lactation was associated with greater odds of an HSCC.
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Table 1. Regression coefficients for average lactation SCS (standard errors in parentheses) as well as the odds ratios (95% confidence intervals in parentheses) for at least
one SCC event >250,000 cells/mL (HSCC) during lactation when significant BCS and BW variables were included separately in the model following adjustment for confounding

factors?
BCS BW
Trait SCS x 1072 HSCC SCS x 107 HSCC
8 wk precalving 7.3 1.05 194.3 1.04
(3.75) (0.89, 1.24) (58.00) (0.90, 1.19)
Calving?3 -10.2 -15.5 -3.5 8.5 4.1 0.97 42.8 248.3 1.03
(5.27) (5.51) (5.39) (5.27) (3.73) (0.85, 1.12) (32.70) (89.80) (0.92, 1.16)
60 DIM23+ 0.6 -8.5 8.3 19.6 6.3 1.06 169.9 386.0 1.01(0.420) x BW —
(5.61) (5.81) (5.76) (5.27) (3.87) (0.92, 1.21) (46.67) (112.63) 0.0011(0.0005) x BW?
120 DIM?34 2.0 12.9 21.8 32.2 21.6 1.33 284.2 620.7 1.03(0.442) x BW —
(5.44) (6.22) (6.62) (5.31) (4.26) (1.14, 1.54) (51.33) (120.15) 0.0011(0.0005) x BW?
305 DIM 8.8 1.28 231.3 1.15
(3.36) (1.06, 1.54) (51.30) (0.99, 1.34)
Nadir®3* -7.5 -6.6 10.0 20.2 4.7 1.10 52.4 302.4 1.29(0.429) x BW —
(5.82) (6.04) (5.68) (5.52) (3.97) (0.96, 1.27) (46.03) (112.50) 0.0016(0.0005) x BW?
Nadir DIM® -6.0 0.92 -3.2 1.02
(1.51) (0.84, 1.01) (2.24) (0.94, 1.11)
Change precalving to calving (loss)® 10.4 1.22 2,472.0 0.89
(4.51) (0.98, 1.51) (5,072.00) (0.71, 1.11)
Change precalving to calving (no change)® -3.1 1.03 —26,700.0 0.77
(4.23) (0.83, 1.26) (19,730.00) (0.29, 2.05)
Amount change from calving to 60 DIM -6.0 0.93 -42.0 1.01
(2.35) (0.81, 1.07) (40.80) (0.93, 1.10)
Daily rate change from calving to 60 DIM -362.7 0.98 -2,609.0 1.01
(140.41) (0.95, 1.02) (2,461.00) (0.93, 1.10)
Amount change from 60 to 120 DIM -13.1 0.72 -192.0 0.95
(2.99) (0.59, 0.86) (76.60) (0.87, 1.04)
Daily rate change from 60 to 120 DIM -1,554.7 0.64 -23,320.0 0.95
(358.46) (0.50, 0.82) (9,257.00) (0.87, 1.04)
Amount change from 120 to 305 DIM 2.0 0.89 -54.0 0.80
(3.29) (0.73, 1.10) (76.10) (0.70, 0.92)
Daily rate change from 120 to 305 DIM 600.4 0.93 -1,5840.0 0.80
(1,005.78) (0.82, 1.06) (23,250.00) (0.70, 0.92)
Amount change from calving to nadir® -8.0 0.87 3.8 1.05
(3.46) (0.70, 1.07) (5.22) (0.96, 1.14)

ISolution of factors that significantly (P < 0.05) affect either SCS or HSCC are in bold. Effect of BW and daily rate changes for BCS variables on HSCC are expressed in

standard deviation units.

2A significant 2-way interaction with parity existed so solutions presented are, from left to right, representative of parity 1, 2, 3, 4, and 5+, respectively.

3A significant interaction between BW and breed existed. The first and second solutions refer to the Holstein-Friesian and Jersey breed, respectively.

4Quadratic regression term was significant and thus linear and quadratic solutions are reported (standard error of the respective coefficients are in parentheses).
5Presented solutions for SCS and odds ratios for HSCC are on the transformed scale.

5Precalving change in BCS treated as a class variable with gain in BCS precalving included as the reference category.
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Greater and more rapid BCS loss from calving to 60
DIM and from 60 to 120 DIM were associated with
lower average lactation SCS and a reduced likelihood
of an HSCC. In contrast, BCS change between 120 and
305 DIM was positively associated with SCS (i.e.,
greater BCS loss was associated with greater SCS),
albeit not significantly different from zero. The duration
of NEBAL, as indicated by DIM to nadir BCS, was
negatively associated with average lactation SCS and
the risk of HSCC during lactation. No significant inter-
action between BCS change and parity existed.

A significant interaction among breed and BW at
calving, nadir, 60, and 120 DIM revealed that the effect
of BW on increased SCS was greater in Jersey cows.
Somatic cell score increased by 169.9 and 386.0 x 10~
units per kg of BW increase at d 60 in Holstein-Friesian
and Jersey animals, respectively. As stage of lactation
increased, the positive effect of BW on SCS increased.
As observed with BCS, animals that lost more BW be-
tween the different stages of lactation had lower SCS,
as did cows that lost BW at a faster rate between stages,
although the coefficients were not always significantly
different from zero. A nonlinear relationship existed
among BW in early and mid lactation, and nadir BW
and the likelihood of an HSCC, with the probability
being lowest in light and heavy animals. The greatest
probability of HSCC (46%) was in cows weighing 440
kg at 60 DIM. Average (+ SD) BW at 60 DIM in the
present data set was 412 + 67 kg.

Body condition score at 120 DIM and daily rate of
BCS change from 60 to 120 DIM were both significant
in the multiple regression model for lactation-average
SCS and the likelihood of an HSCC event across lacta-
tion. Additionally, DIM to nadir BCS as well as an
interaction between parity and BCS at 120 DIM were
significantly associated with average SCS across lacta-
tion. Amount of BW change from calving to nadir, BW
at 120 DIM and the daily rate of BW loss from calving
to nadir affected (P < 0.05) lactation-average SCS in
the multiple regression analysis, whereas the amount
of BW change from 120 to 305 DIM and a quadratic
regression on nadir BW significantly affected the proba-
bility of a HSCC test-day at least once during lactation.

Udder Health Within Stages of Lactation

Early Lactation. None of the BW variables signifi-
cantly affected average SCS or the probability of HSCC
in the first 60 d of lactation (Table 2). However, as
with SCS averaged across lactation, a significant 2-way
interaction existed among parity and BCS at calving
and 60 DIM, with greater BCS associated with reduced
SCS in first- and second-parity cows and increased SCS
in later parities. Furthermore, a curvilinear relation-
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ship existed between nadir BCS and early lactation
SCS, with minimum SCS occurring at a nadir BCS of
3.75, and increasing with both higher and lower nadir
BCS. A reduced likelihood of HSCC existed in cows that
lost more BCS between calving and nadir and during
longer periods of NEBAL.

Body weight precalving, at calving, at 60 DIM, and
at nadir affected (P < 0.05) the odds of a CM event in
early lactation, with an increase in the odds of 1.29 to
1.53 per standard deviation increase in BW at these
time points. Body weight at 60 DIM exhibited the
stronger of the associations with CM. Probability of CM
was nonlinearly associated with both daily rate of BCS
change to nadir and DIM to nadir BW. The probability
of CM increased as the rate of loss of BCS increased
but began to plateau at greater rates of loss. Probability
of CM also increased as duration of BW loss increased
to a maximum probability of 9% at 17 d and declined
thereafter.

Mid Lactation. In contrast to SCS and CM measures
in the first 60 DIM, a considerable number of BCS and
BW variables between 60 and 120 DIM were associated
with these measures during mid lactation (Table 3).
Again, there was a significant interaction between BCS
at calving and parity, with a greater calving BCS associ-
ated with reduced SCS in mid lactation in younger cows
and an elevated SCS in older cows. However, irrespec-
tive of parity, greater BCS and BW in mid lactation
were associated with elevated SCS and a greater likeli-
hood of an HSCC occurrence in mid lactation. Somatic
cell score increased by 22.4 x 102 units per incremental
increase in BCS at 120 DIM, and by 632.1 and 998.2 x
1075 units per kg increase in BW at 120 DIM in Holstein-
Friesian and Jersey cows, respectively. A shorter period
of early lactation BCS or BW loss (DIM to nadir BCS
or BW, respectively) was associated with increased SCS
and an increased likelihood of HSCC in mid lactation.
Amount of BCS and BW lost between 60 and 120 DIM
was negatively associated with SCS, but was positively
associated with the risk of HSCC.

Body condition score did not affect the incidence of
CM in mid lactation. A curvilinear relationship existed
among BW at nadir and 120 DIM and CM in mid lacta-
tion, with the probability of a CM event reduced in
light and heavy cows. Animals that lost one standard
deviation more BW from calving to nadir had a 1.29
(95% confidence interval: 1.017 to 1.643) greater odds
of mastitis. Animals that lost more BW or at a faster
rate from 60 to 120 DIM had significantly reduced odds
of getting CM.

Late Lactation. Of the BCS measures during lacta-
tion, only BCS at 120 DIM and nadir significantly af-
fected SCS and HSCC in late lactation (Table 4), with
elevated SCS and a greater probability of HSCC in
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Table 2. Regression coefficients for SCS during the first 60 d of lactation (standard errors in parentheses) as well as the odds ratios (95%
confidence intervals in parentheses) for at least one SCC event >250,000 cells/mL (HSCC) during the first 60 DIM when BCS and BW
variables were included separately in the model following adjustment for confounding factors®

BCS BW
Trait SCS x 1072 HSCC SCS x 10  HSCC

Calving? -8.8 -23.9 -124 13.0 4.1 0.92 19.1 111
(7.93) (8.04) (7.86) (7.561)  (5.31)  (0.77,1.10)  (40.70) (0.96, 1.28)

60 DIM? -12.9 -16.8 3.9 17.5 4.5 1.10 34.7 1.16
(8.21) (8.26) (8.32) (7.57)  (5.29)  (0.93,1.31)  (49.10) (1.00, 1.35)

Nadir® -46.9(23.02) x BCS + 6.2(2.98) x BCS? 1.15 -9.0 1.10
(0.97,1.36)  (50.30) (0.95, 1.27)

Nadir DIM* -6.7 0.87 -1.9 0.96
(2.17) (0.78, 0.97) (3.24) (0.86, 1.07)

Amount change from calving to nadir* -6.6 0.71 6.3 1.02
(4.99) (0.55, 0.91) (7.56) (0.91, 1.13)

Solution of factors that significantly (P < 0.05) affect either SCS or HSCC are in bold. Effect of BW and daily rate changes for BCS
variables on HSCC are expressed in standard deviation units.

2A significant 2-way interaction with parity existed so solutions presented are, from left to right, representative of parity 1, 2, 3, 4, and
5+, respectively.

3Quadratic regression term for BCS was significant and thus linear and quadratic solutions are reported (standard error of the respective
coefficients are in parentheses).

“Presented odds ratios are on the transformed scale.

better conditioned animals at 120 DIM. Animals that stages of lactation, a shorter period to BCS nadir was
were still losing BCS from 60 to 120 DIM had a reduced associated with elevated SCS and a greater probability
SCS and less of a probability of an HSCC event in late of HSCC in late lactation. Also, consistent with analyses
lactation. As with SCS and HSCC measured at other of previous lactation stages, heavier cows had greater

Table 3. Regression coefficients for SCS from 60 to 120 d of lactation (standard errors in parentheses) as well as the odds ratios (95%
confidence intervals in parentheses) for at least one SCC event >250,000 cells/mL (HSCC) between 60 and 120 DIM when BCS and BW
variables are included separately in the model following adjustment for confounding factors®

BCS BW
Trait SCS x 1072 HSCC SCS x 107 HSCC
Calving?? -93 -125 -0.5 10.8 5.6 1.12 381.0 611.6 1.23
(6.62)  (7.08) (6.95) (6.74) (4.76) (0.95,1.33) (36.82) (110.57) (1.06, 1.43)
60 DIM* 8.8 142 172.0 2.07(0.680) x BW —
(3.31) (1.20, 1.67) (54.00) 0.002(0.0007) x BW?2
120 DIM? 22.4 1.63 632.1 998.2 148 2.75
(3.51) (1.37,1.95) (48.23) (139.00) (1.21, 1.81) (1.43, 5.29)
Nadir®* 6.8 1.39 479.6 823.4 0.634(0.200) x BW —
(3.41) (1.16, 1.65) (47.21) (135.35) 0.0007(0.00023) x BW?
Nadir DIM? -8.8 0.84 -6.3 0.88
(1.91) (0.75, 0.94) (2.88) (0.79, 0.97)
Amount change from -6.9 0.79 —44.0 0.98
calving to 60 DIM (2.99) (0.67, 0.93) (50.40) (0.88, 1.09)
Daily rate change from -417.5 0.94 -3,041.0 0.97
calving to 60 DIM (178.25) (0.91, 0.98) (3,039.00) (0.87, 1.09)
Amount change from -15.0 0.82 -0.716(1.727) x BW —  -0.489(0.103) x BW —
60 to 120 DIM* (3.85) (0.65, 1.00)  0.006(0.003) x BW? 0.76(0.191) x BW?
Daily rate change from -1,824.4 0.76 —87.34(20.90) x rate — -59.02(12.37) x rate —
60 to 120 DIM* (461.89) (0.57,1.00) 85.62(37.81) x rate? 91.87(23.047) x rate?

ISolution of factors that significantly (P < 0.05) affect either SCS or HSCC are in bold. Effect of BW and daily rate changes for BCS
variables on HSCC are expressed in standard deviation units.

2A significant 2-way interaction with parity existed so solutions presented are, from left to right, representative of parity 1, 2, 3, 4, and
5+, respectively.

3A significant interaction between BW and breed existed. The first and second solutions refer to the Holstein-Friesian and Jersey breed,
respectively.

4Quadratic regression term for BW was significant and thus linear and quadratic solutions are reported (standard error of the respective
coefficients are in parentheses).

5Presented odds ratios are on the transformed scale.
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Table 4. Regression coefficients for SCS from 120 to 305 d of lactation (standard errors in parentheses) as well as the odds ratios (95%
confidence intervals in parentheses) for at least one SCC event >250,000 cells/mL (HSCC) between 120 and 305 DIM when BCS and BW
variables were included separately in the model following adjustment for confounding factors®

BCS BW

Trait SCS x 1072 HSCC SCS x 107 HSCC
Calving? -0.5 1.09 77.2 302.8 1.07

(2.67) (0.94, 1.27) (37.92) (97.58) (0.95, 1.21)
120 DIM?3 14.7 1.29 248.1 649.8 1.29(0.497) x BW —

(3.10) (1.11, 1.51) (55.31)  (129.87) 1.36(0.552) x BW?
305 DIM 5.8 1.2 2.3 1.1

(3.53) (0.99, 1.46) (53.30) (0.94, 1.28)
Nadir?34 -6.1 —4.1 12.6 22.1 2.3 1.18 45.8 398.6 1.34(0.470) x BW —

(6.27) (6.5) (6.15) (5.94) (4.25) (1.00, 1.36) (49.11)  (120.45) 1.65(0.566) x BW?2

Nadir DIM?® -5.1 0.91 -2.6 1.00

(1.62) (0.83, 1.00) (2.39) (0.91, 1.10)
Amount change from -10.0 0.84 -111.0 0.98
60 to 120 DIM (3.25) (0.69, 1.00) (79.80) (0.88, 1.09)
Daily rate change from -1,216.4 0.79 -13,590.0 0.98
60 to 120 DIM (389.68) (0.61, 1.00) (9,637.00) (0.88, 1.09)
Daily rate change from 3.1 11 8.0 1.06
calving to nadir® (2.43) (0.95, 1.27) (3.88) (0.97, 1.16)

ISolution of factors that significantly (P < 0.05) affect either SCS or HSCC are in bold. Effect of BW and daily rate changes for BCS

variables on HSCC are expressed in standard deviation units.

2A significant interaction between BW and breed existed. The first and second solutions refer to the Holstein-Friesian and Jersey breed,

respectively.

3Quadratic regression term for BW was significant and thus linear and quadratic solutions are reported (standard error of the respective

coefficients are in parentheses)

4A significant 2-way interaction with parity existed so solutions presented are, from left to right, representative of parity 1, 2, 3, 4, and

5+, respectively.
5Presented odds ratios are on the transformed scale.

SCS, with SCS increasing by 248.1 and 649.8 x 107
units per kg increase in BW at 120 DIM in Holstein-
Friesian and Jerseys, respectively.

Body condition score at any time point did not signifi-
cantly affect the probability of CM in late lactation.
Animals losing more BW or at a faster rate from 60 to
120 DIM had significantly reduced odds of CM in late
lactation; both standardized odds ratios were 0.84.

Multiple Regression Analyses. Adjustments in the
model for differences in milk production had minimal
effect on the sign, strength, or significance of the afore-
mentioned associations. Body condition score at 120
DIM was significant in the multiple regression model
for SCS and HSCC in mid and late lactation, with the
previously mentioned interaction with parity re-
maining significant. The negative association among
DIM to nadir BCS and all SCS and HSCC variables,
with the exception of HSCC in late lactation, was also
significant in the multiple regression analysis.

Amount of BW change from calving to nadir, the daily
rate of BW loss from calving to nadir, and BW at 120
DIM significantly affected lactation average SCS in the
multiple regression analysis, whereas the amount of
BW change from 120 to 305 DIM and a quadratic regres-
sion on nadir BW significantly affected the probability
of an HSCC test-day at least once during lactation.

Journal of Dairy Science Vol. 90 No. 2, 2007

DISCUSSION

The general public perception is that thin cows are
more welfare-compromised than fatter cows because of
being thin at calving or because of significant loss of
tissue reserves in early lactation. However, the present
study suggests that when SCS or CM are used as indica-
tors of the cow’s health or immune status, then her
ability to deal with a bacterial challenge is unrelated
to her body condition. Although the effect of BCS on
the chosen indicators of udder health were parity-de-
pendent, in most cases fatter and heavier cows or cows
that lost least condition during early lactation had infe-
rior SCS and udder health. Such trends persisted even
after accounting for differences in milk production
among cows. Neither BCS nor BCS change affected
the likelihood of an animal contracting CM although a
nonlinear relationship between the rate of BCS change
from calving to nadir and CM in early lactation was
evident. The probability of an animal getting CM in-
creased at a declining rate as the rate of BCS loss be-
came greater.

The incidence of mastitis reported in the present
study is similar to that in some studies (Ruegg and
Milton, 1995; Heuer et al., 1999) but lower than in
others (Collard et al., 2000), possibly because of differ-



BODY CONDITION SCORE, BODY WEIGHT, AND UDDER HEALTH

645

160,000
140,000 M

120,000

100,000

80,000 ;

SCC (cells/mL)

60,000 -

40,000 -

300 350  4.00

450 500 550  6.00

BCS at calving (BCS units)

Figure 1. Effect of BCS at calving on lactation-average SCC in parity 1 (x), 2 (A), 3 (@), 4 (®), and 5+ (H).

ent dairying systems (grazing vs. confinement; Lacy-
Hulbert et al., 2002; Washburn et al., 2002). The greater
incidence of CM in early lactation compared with mid or
late lactation is consistent with previous international
studies (Miltenburg et al., 1996; Berry and Meaney,
2005), and the greater probability of CM in Holstein-
Friesians compared with Jerseys is also in agreement
with results presented by Washburn et al. (2002). The
lack of a similar trend in SCS or HSCC across stages
of lactation may be due to the prevalence of different
pathogens at different stages of lactation and their asso-
ciations with SCC. However, no bacteriological analy-
ses were performed on cases of CM. Furthermore, no
SCC analysis was undertaken on clinical cases and thus
the higher SCC in late lactation may be due to persis-
tent subclinical infection as the lactation progressed.

BCS and BW at Calving

Before now, very little was known about the relation-
ship among calving BCS and BW and udder health,
particularly in seasonal calving, grazing dairy cows.
Body condition score and BW at calving affected SCS
across the lactation as well as during the different
stages of lactation, although the direction and degree
of the relationship was dependent on parity (Figure 1)
and breed. A greater odds of CM during lactation was
associated with greater BCS and BW at calving, al-
though the effect of BCS was not significant. Previously
published studies (Ruegg and Milton, 1995; Heuer et
al., 1999) failed to identify any significant relationships,

and both cited a lack of overconditioned cows in their
studies as a factor potentially contributing to the lack
of effect of BCS as a possible risk factor for mastitis.
Within the present data set, 5% of animals were consid-
ered fat (i.e., BCS > 6.0) at calving, whereas 23% were
considered thin (i.e., BCS <4.0); the coefficient of varia-
tion for BCS at calving was 14%.

One possible reason for increased SCS and CM in
fatter cows may be an increased incidence of subclinical
ketosis in better conditioned animals at calving (Gil-
lund et al., 2001). A positive association between ketosis
and CM has been previously documented (Oltenacu and
Ekesbo, 1994), and is believed to be a result of reduced
generation of chemoattractants to recruit leukocytes
to the infected quarter, and an attenuated leukocyte
response in the presence of ketone bodies (Klucinski
et al., 1988). Furthermore, Lacetera et al. (2005) and
Szuster-Ciesielska et al. (1995) reported reduced IFN
secretion in cows that lost considerable body condition
postcalving. Cows with high BCS at calving have a
greater propensity to lose more BCS postcalving (Lacet-
era et al., 2005; Roche et al., 2007). Another possible
reason for the effect of calving condition on udder health
may be the greater likelihood of milk fever in cows
calving in greater BCS (Heuer et al., 1999; Roche and
Berry, 2006). Milk fever has been associated with in-
creased plasma cortisol concentrations (Horst and Jor-
gensen, 1982), potentially exacerbating periparturient
immunosuppression and increasing the risk of CM or
increased SCS. Other deleterious factors associated
with milk fever, such as impaired smooth muscle con-
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traction (Goff and Horst, 1997), could be involved by
reducing the physical barrier (e.g., the effectiveness of
teat sphincter closure) against bacterial invasion. The
interaction between calving BCS and parity is consis-
tent with a lack of milk fever in primiparous animals
(Roche and Berry, 2006). Despite these published asso-
ciations, it is not possible to say with certainty whether
ketosis, milk fever, or altered lymphocyte function
played a role in the positive effect of BCS on SCS in
mature animals in the current study.

Notwithstanding the relationship between BCS at
calving and SCS, and BW at calving and CM in the
univariate analyses, neither BCS nor BW at calving
was significant in any of the multiple regression analy-
ses. Therefore, although BCS and BW at calving affect
some udder health-related traits, their effect is most
likely mediated through their relationship with BCS or
BW in later lactation or BCS or BW change in early
lactation (Roche et al., 2007).

BCS and BW During Lactation

Consistent with the relationships among calving BCS
and BW and SCS and CM, most BCS measures through-
out lactation were also positively associated with SCS,
although the effect of BCS at 60 DIM and nadir BCS
on early and late lactation SCS, respectively, was parity
dependent. Although the odds ratios were not signifi-
cantly different from unity, the trend for BCS during
lactation to be positively associated with CM was simi-
lar to the effect of BCS on SCS and HSCC, particularly
BCS in mid lactation (120 DIM).

The inclusion of both BCS and BW at 120 DIM in
the multiple regression analysis suggests that energy
reserves at this time point are the most influential in
determining SCS in mid to late lactation, and thereby
overall lactation SCS. The generally positive associa-
tion between BCS and SCS corroborates the previously
documented positive association between BCS and SCC
in mastitis-free Dutch Holstein-Friesian multiparous
dairy cows (Suriyasathaporn et al., 2000), but not the
results of Busato et al. (2000), who reported no signifi-
cant association between BCS and subclinical mastitis
in early and late lactation across almost 10,000 quarter
milk samples, or Zadoks et al. (2001) and Schukken et
al. (1999), who reported no effect of BCS on infection
with Staphylococcus aureus or Streptococcus uberis.
The lack of effect in the latter studies may be a result
of a particularly young herd with good udder health
(Schukken et al., 1999) or a lack of study power (Zadoks
et al., 2001).

In contrast to the trend toward less CM in thinner
cows in the study reported here, Suriyasathaporn et al.
(2000) reported a 3-fold greater risk of CM in cows with
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an average BCS of 1.0 to 1.75 units compared with the
reference group of 3 to 3.75 units (BCS scale of 1 to 5).
However, 1.0 to 1.75 BCS units reflects an extremely
emaciated cow and one could conceivably question
whether her emaciation was a result of some malady
that was also associated with CM, rather than a low
BCS causing CM. Their results may also reflect the
existence of a threshold BCS below which a cow may
be more prone to diseases associated with reduced im-
munity. Although not possible to determine with cer-
tainty from the present data set, combining our results
with those of Suriyasathaporn et al. (2000) suggest that
this threshold may be 2.5 BCS units on a scale of 1 to
10 (1.5t02.0 units on a scale of 1 to 5; Roche et al., 2004).

As with BW at calving, BW during lactation was posi-
tively associated with greater SCS except in early lacta-
tion when the effect was not significant. Also, the effect
of heavier animals on increased SCS was greater in
Jersey cows compared with Holstein-Friesians. The re-
lationship between heavier cows and increased SCS is
consistent with the greater odds of CM in heavier cows
also reported in the present study. One possible reason
for the generally positive association between BW and
SCS may be the moderate association between BCS and
BW (Roche et al., 2007) and the positive association
between BCS and SCS across parities reported in the
present study.

Although not significant, the poorer udder health in
cows in less severe NEBAL in early lactation reported
by Collard et al. (2000) is in agreement with the greater
SCS and greater likelihood of HSCC reported in the
present study for cows with shorter intervals to nadir
BCS. The importance of timing of nadir BCS, indepen-
dent of BCS, was confirmed by its inclusion in the multi-
ple regression analyses of all SCS variables as well as
HSCC in early and mid lactation.

BCS and BW Change

Most of the BCS change variables significantly af-
fected SCS across the lactation as a whole although
these effects appear to have been mostly mediated
through the effect of BCS change on SCS and HSCC in
mid lactation (Table 3). Nevertheless, these results do
not agree with some previous international studies re-
porting no effect of BCS change on infection rates. For
example, Zadoks et al. (2001) reported no effect of BCS
change on infection with Staphylococcus aureus or
Streptococcus uberis. In addition, Ruegg and Milton
(1995) reported a positive effect of BCS loss between
calving and nadir on incidence of mastitis, with cows
that got mastitis losing almost 1 BCS unit (1 to 5 scale)
compared with a 0.75-unit loss of BCS in cows that
did not get mastitis. Although not significant across all
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analyses in the present study, there was a tendency for
BCS loss from calving to nadir to be related to SCS and
the likelihood of HSCC. Nonetheless, the regression
coefficients, although significant, were weak, implying
a lack of biological importance on the effect of BCS
change on udder health. For example, a loss of 1 BCS
unit from calving to nadir decreased average lactation
SCC by 700 cells/mL from the mean of 88,393 cells/
mL. More importantly however, there was no negative
relationship among BCS or BCS loss and indicators of
cow udder health.

Most metabolic and infectious diseases become clini-
cal within the first 2 wk of lactation (Goff and Horst,
1997), suggesting that pre- or periparturient changes
in energy balance may be important. Saad et al. (1989)
documented a decrease in immunoresponsiveness in
the prepartum period that reached a minimum immedi-
ately precalving. The greater SCS in early lactation for
cows that lost BCS precalving may manifest itself as
reduced effectiveness of neutrophils in the first week
of lactation to combat bacterial infection (Kehrli et al.,
1989). Hoeben et al. (2000) reported reduced neutrophil
function with higher plasma concentrations of BHBA
and NEFA.

CONCLUSIONS

Although the effect of BCS on the chosen indicators
of udder health was dependent on parity, in most cases
fatter cows, heavier cows, or those cows that lost least
BCS or BW during early lactation had greater SCS.
The interaction between BCS and parity may be due to
anumber of reasons such as differences in susceptibility
among parities to metabolic diseases associated with
mastitis as well as the greater degree of stress in
younger animals at calving and early lactation. The
interaction between BCS and parity was confined to
calving and early to mid lactation, thereby substantiat-
ing this hypothesis. Body condition score was not sig-
nificantly related to CM, but heavier cows had a greater
probability of CM. Nevertheless, irrespective of the di-
rection of association, the effect of BCS or BW on udder
health is small and of limited biological significance.
The present study highlights the need for objective mea-
sures of animal welfare, and that low BCS or greater
BCS loss early in lactation do not necessarily reflect a
welfare-challenged cow.
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