BRUSHING ACTIVITY AS AN INDICATOR OF LAMENESS IN DAIRY COWS
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ABSTRACT

Lameness is a debilitating condition, which has significant economic and welfare
implications on the dairy industry. Under- detection of lameness in the herd, leads to
prolonged suffering for the cow until proper care is administered. Nowadays, common
indicators for lameness are milk yield, rumination and activity levels. However, those

measures are considered as core activities, and as such may not be sensitive enough to

detect slight changes involved in an uncomfortable condition like lameness, especially in

its early stages of development.

Brushing activity, is considered a "low resilient" behavior (i.e. behavior that typically
decrease when energy resources are limited or when the cost involved in the behavior
increases). As such, it is likely to be reduced earlier in cases of sickness or pain

compared to core behavior which are more "resilient" by nature.

The aim of this study was to determine the association between different degrees of
lameness and brush usage in dairy cows. Locomotion scores of 209 lactating Holstein
dairy cows were collected once a week, for 14 weeks, for each cow individually, using a
five point locomotion scoring system. The cows were housed in three sheds. In each
shed, two rotating brush were installed, one installed next to the feed-bunk, and the
second on the opposite side of the cowshed. Brushing activity data was collected
automatically from each of the six brushes. Data on daily milk yield, rumination and
activity was collected from the farm database. Statistical analysis was performed to
evaluate the association between locomotion scores and daily measures of brush usage,

milk yield, rumination and activity level.

We found that the daily proportion of cows using the brush at least once, as well as the daily

duration of brush usage per cow were significantly lower in lame and severely lame cows
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(locomotion score 4 and 5) compared to non-lame cows (locomotion score 1), only in brushes
that were installed away from the feed bunk. However, mildly lame cows (locomotion
score 3) and cows with uneven gait (locomotion score 2) did not differ significantly from
non-lame cows (locomotion score 1) in both measures of brush usage. Daily milk yield of
lame and severely lame cows as well as of cows with uneven gait was lower than that of non-

lame cows. Daily rumination and daily activity of cows with uneven gait, mild lameness

and lameness and severe lameness did not differ from that of non-lame cows.

The results of this study suggest that monitoring brush use when installed away from
the feed bunk could be useful for detecting lame and severely lame cows, while
detection of mild lameness or uneven gait using this method is, at this stage, less
promising. Moreover, our results suggest, that milk yield is not a reliable measurement

for detection of lameness, due to its inconsistent behavior in the different locomotion

scores. However, monitoring of core behavior alongside "low resilient" behavior, such as

brush use, may improve our ability to detect lameness even in its early stage.
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INTRODUCTION

Lameness is a common medical condition in the intensive dairy industry. In England and
Wales a mean prevalence of 36.8% lame cows was estimated in 2010 (Barker et al.,
2010), while a report from 2006 estimated a mean prevalence of 24.6% lame cows in
Minnesota (Espejo et al., 2006). As for the Israeli dairy industry, a recent estimation
revealed an annual mean prevalence of 12% lame cows. This seemingly low prevalence,
may be a result of incorrect information (for example, reporting a diagnosed horn lesion
as a lameness regardless if the cow is lame or not) and underestimation regarding
lameness which reported by dairy producers in Israel (Department of herd medicine
and Epidemiology “Hachaklait” 2017). From an economic stand, lameness is considered
the third most important disease affecting the dairy herd (0’Callaghan, 2002), due to
decreased milk yield, treatment costs, involuntary culling and reduced fertility (Green et

al, 2002).

Apart from its economic implication, lameness has a major influence on animal welfare
(O’Callaghan, 2002). Lameness is a debilitating condition, which usually involves tissue
damage, pain and discomfort (Chapinal et al.,, 2009). The majority of lameness cases in
cattle originates from lesions of the hoof. The lesion can be the results of an infection -
for example: Dermatitis Interdigitalis, Dermatitis digitalis, Phlegmon Interdigitalis, or
noninfectious - for example: Laminitis, sole ulcer, white line disease, double sole, tyloma
etc (Newcomer and Chamorro, 2016). While the rest of the cases are caused by other
disorders of the limb, such as diseases or injury of the bones or joints (Winckler and
Willen, 2001), or from a systemic or metabolic disease (Greenough and Weaver, 1997).
Lameness is a long-term developing disease. The actual onset of lameness can occur far
before the diagnosis and treatment (Van Hertem et al., 2013). Cattle's natural instinct, as

a survival strategy used by prey species, tends to mask any signs of pain and discomfort
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(O’Callaghan, 2002). The little overt behavioral expression of pain during the early
stages of lameness, makes the identification of lameness onset difficult, and prolongs the
cow's suffering until proper care is administered (Anil et al., 2005). Studies have shown
that dairy producers fail to detect more than two thirds of lame cows in the herd (Espejo
et al., 2006), which leads to an underestimated number of lame cows reported by dairy

producers (Borderas et al., 2008).

To improve the detection of lameness in the herd, especially in its early stages, several
locomotion scoring methods have been proposed (Flower and Weary, 2006; Sprecher et
al., 1997; Thomsen et al., 2008). Those methods focus on evaluating the degree of back
arching and neck movement resulting from the cow’s attempts to reduce weight on a
particular limb (Flower and Weary, 2006). As the pain increases, the change in
locomotion is more noticeable (Greenough and Weaver, 1997). Although proved to be
helpful, these methods require training (Flower and Weary, 2006) and the scoring
process itself is time consuming, especially when carried out on large dairy herds.
Infrequent mobility scoring gives a snapshot of the prevalence of lameness in the herd,
but has little value in continuous management of lameness on the present intensive farm
routine (Reader et al., 2011). Therefore, there is a need to develop an objective and
practical method for ongoing detection of lameness on the farm level.

Automated ways to detect pain and discomfort are used widely in both routine animal
husbandry and in research - For example in detection of metritis (Fogsgaard et al., 2012;
Mandel et al., 2017), pneumonia (Toaff-rosenstein, 2016) and for lameness (Borderas et
al., 2008; Kocak and Ekiz, 2006; Reader et al., 2011; Thorup et al., 2016; Van Hertem et
al., 2013). The behavioral indicators used for detecting lameness involve mostly
production parameters, such as milk yield (Kocak and Ekiz, 2006; Van Hertem et al.,

2013; Warnick et al,, 2001), visits to the automatic milking system (Borderas et al.,
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2008), eating related behaviors such as rumination (Thorup et al., 2016; Van Hertem et
al., 2013) ,visiting the feed bank (Thorup et al., 2016) and level of activity (Reader et al.,
2011; Van Hertem et al., 2013). However conflicting results were found regarding these

indicators and their association with lameness.

Animals adjust their behavior according to the "costs" of each activity in terms of time
and energy (Aubert, 1999; Dawkins, 1990). The sick animal changes its behavioral
priorities. The animal is willing to invest more or spend more time on behaviors with a
primary function of promoting survival, over behaviors that promote other aspects of
fitness (McFarland, 1999). At a time of illness, the animal recruits resources (by means
of time or energy) to perform activities of critical short-term fitness, while activities that
offer long-term fitness are likely to decrease (Weary et al., 2009). Activities which
promote long-term fitness, are usually characterized as luxury or low- resilience
behavior (i.e. an activity that is expected to decline when time and energy are limited)
for example maintenance (e.g., grooming) (Dawkins, 1990; Weary et al., 2009). On the
other hand, core behavior, for example, feeding or related behaviors such as rumination
(Dawkins, 1990), is usually characterized as short-term fitness behavior. As such, it is
more resilient by nature and expected to decrease only at a relatively later stage of

disease.

The mechanical brush is an example of an environmental enrichment device that allows
the cow to perform grooming behavior (Wilson et al., 2002). Research has shown that
when given the opportunity, cows groom by mechanical brush rather than by inanimate
objects in the pen (DeVries et al., 2007). Studies have suggested that as an expression of
grooming, brushing activity falls under the category of a "low resilience" activity. As
such, brush use was reduced when time and energy were limited (e.g. heat load; Mandel

et al., 2013). Moreover, brush utilization was shown to be influenced by its distance
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from the food resource (Mandel et al.,, 2013). The farther the brush is located from the
feed bank, the higher the "cost" involved in its utilization. Thus, the proportion of cows
using the brush and daily average number of brushing events were reduced when the
food is served farther from the brush (Mandel et al., 2013). Therefore brushing activity
might fit the criteria of being a good objective indicator and could evolve to be a valid,

reliable and feasible automated measure of a lameness (Rushen et al., 2012).

The aim of the current study was to investigate the association between locomotion
scores and brush usage. We hypothesized that the daily proportion of cows using a
brush, and the daily duration of brush usage would be inversely related to the severity
of lameness. Daily measures of brush usage are expected to decrease even in case of
mild lameness, while measures of core behaviors (rumination, milk yield, and general
activity) are expected to decrease only in more severe cases of lameness, due to their
high resilience. In order to test this hypothesis, we also analyzed the effect of lameness
on daily milk yield, rumination, and general activity. Furthermore, we expected that
changes in our measures of brush usage would be more pronounced in brushes located
away from the feed bunk, compared with brushes located next to the feed bunk, because

the cost involved in utilizing the former is higher.
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MATERIALS AND METHODS

Cows and Management

The study was carried out at Shomria, A commercial dairy farm located in the northern
Negev of Israel, between September and December of 2015. The herd consisted of
Holstein dairy cows, which were kept in 3 groups divided according to their lactation
status (1st, 2nd and 3rd+ lactation). Each group consisted of 70-80 cows (the number of
cows in each of the groups changed depending on parturition in the herd). The groups
were housed year-round in loose-housing cowsheds, 6.6x90.0m, bedded with dried
manure which was cultivated on a daily basis. Each shed was ventilated by five overhead
ventilators in order to facilitate the drying of the bedding. The cows were fed a TMR diet
twice daily on a concrete slab (minimum 38m long for every 33 cows) at 08:00 h and
16:00 h. The food was pushed closer six times a day. Water was available ad-libitum
from six self-filling water troughs (approximately 6m trough for every 33 cows). Cows
were milked three times a day, at 04:00-06:00, 11:00-13:00 and 19:00-21:00. The
average milk yield at that time was 36.8+8.7 L/day per cow. Due to warm climate
conditions, during the first month of observations (September), all lactating cows were
cooled down using water showers installed at the entrance to the milking parlor. Cow's
hooves were trimmed by a trained staff member twice in lactation - once at 120-150
DIM and the second time before drying. Routine care of the animals was done by the
farm's staff. Farm veterinary care was provided by a veterinary surgeon from
Hachaklait Veterinary Services Ltd. (Caesarea, Israel) who visited the farm regularly

twice a week and added visits on request. Medication was given when appropriate.

Data Collection
Locomotion Score. Cows' individual locomotion was visually assessed once a week, for
14 consecutive weeks, using a 5-point scoring system (1 = non lame to 5 = Severe
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lameness; Thomsen et al., 2008, Table 1). Locomotion was assessed at the exit of the
milking parlor following the noon milking while the cows walked a 20m long concrete
pathway covered by dried manure. Two-thirds of this pathway was fenced with a
crossbeam, yet still enabled a good view of the walking cow, while the middle third was
not fenced and provided a full view of the walking cow. Cows' locomotion was scored by
a well-trained experimenter (trained by “Hachaklait” hoof health expert for three
weeks). The experimenter stood approximately 11m from the cow’s pathway in order to
allow recognition of individual cows identification (by its unique 3- or 4-digit number
that had been applied as a brand at a younger age), and to allow proper view of cow’s
walking gait. Prior to the beginning of the study, intra-observer reliability was calculated
using an Intra-class Correlation (ICC) test. This test was based on four independent
ratings of video recordings of 123 cows walking down the aforementioned path
(ICC2,1)=0.823, CI 95% 0.775-0.864). The locomotion scoring data was recorded directly
on a tablet computer (Nexus 9, HTC, New Taipei City, Taiwan) using an android based
software developed for this study. The software recorded the date and time of each
rating that was entered. Scoring sessions were recorded using a video camera
(Panasonic HC-V160 Full HD Camcorder) installed 7 m from the pathway, in order to
verify the correct recognition of cows in cases where the number branded on the cow
was not completely clear during the locomotion assessment. IDs of cow from 26 ratings
(from a total of 1436 ratings) were traced back and validated using this method. Cows
were habituated to the presence of the observer (while standing at the observation
point) for 2 hrs/d, during 5 consecutive days in the week prior the beginning of the
observations. Lame cows which were detected by the farmers were treated by the
farm's trained hoof trimmer and received veterinary medical care if needed. A total of
1436 locomotion ratings were collected throughout the observation period: 672 ratings

of score one ('normal’ - non-lame, 154 cows), 620 ratings of score two (‘uneven gait',
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159 cows), 128 ratings of score three ('mild lameness', 60 cows), 14 ratings of score four
('lameness’, 10 cows) and 2 ratings of score five ('severe lameness’, 2 cows). Cow
scoring could stay constant or vary (improve/ worsen) between weeks throughout the
observation period. 66 cows received the same score, 115 cows received 2 different

scores, 25 cows received 3 different scores' and 3 cows received 4 different score.

Brushing Activity. Ten months prior to the experiment, six rotating brushes (swinging
cow brush SCB, DeLaval International AB, Tumba, Sweden) were installed in the dairy
farm, two in each cowshed. As shown in figure 1, one brush was installed close to the
feed-bunk (3 m from the feed-bunk, "brush near the feed bunk") and the other on the
opposite side of the shed (16 m from the feed-bunk, "brush away from the feed bunk").
This brush layout (one brush near and the other away from the feed source) makes it
possible to assess the effect of the brush location on its utilization. As shown in previous
studies (Mandel et al,, 2017, 2013), increasing the cost (i.e. walking distance) involved in
using the brush improves the ability to detect stress and morbidity. The brushes were
equipped with a revolving head and a pivoting arm that allows them to move freely in
different directions. The brush started revolving at a speed of 26 rpm when a
mechanical pressure was applied to it and continued to rotate for 10s after the cow
departed. Cows daily brush usage was collected automatically using a monitoring
system validated during a previous study (Mandel et al., 2017). In order to minimize
false registration of brush usage, i.e. when a cow was crossing under the brush but not
using it, data was retained for analysis only if the following criteria was met: a cow was
considered to be using the brush if present in a radius of 1m from the brush (the range
of the infra-red beam) for at least 10 s, while the brush was rotating at least 1s during
this time period (Mandel et al., 2017). Daily brush usage was collected from 209

lactating cows.
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Milk yield, activity and rumination. Daily milk yield was recorded by the parlor
milking system. Daily activity and rumination was collected continuously by HR-Tags

(SCR Engineers Ltd., Netanya, Israel) collared to the cows neck.

Statistical Analysis

Statistical analysis was performed using R (version 3.0.2, R. Core Team, 2016). Linear
and generalized linear mixed-effects models (Imer and glmer functions, Ime4 library;
Bates et al,, 2015) were used to evaluate the outcome variables. Due to relatively small
sample size, locomotion scores from the fourth (‘'lameness'; 14 ratings), and fifth

category ('severe lameness’; 2 ratings) were merged into one category.

Association between locomotion scores and brush use, on the day of locomotion
assessment, were analyzed in two ways, in order to identify the most sensitive method
measurement. Brush use, as the outcome variable was analyzed as daily duration of
brush usage (sec/d), and as daily occurrence (binary; 0: no use, 1: use at least once a day
for each cow). While lameness score (4-level factor), brush location (near/away from
feed bunk), and DIM [fitted as 1/log (DIM) based on Mandel and Nicol, 2017], and all
possible interactions between these 3 factors, were the explanatory factors in each
model. Lactation was not included in the model due to its overlap with cows' group. Cow
identity nested within cows' group was used as a random effect, while date of

observation was used as cross random effect.

The associations between locomotion scores and milk yield, rumination, and activity
level collected on the day of locomotion assessment, as an outcome variable, were
analyzed separately using 3 different models. Locomotion score and DIM (fitted as a
quadratic term) was used as explanatory factors, while the random and crossed-random

effect was as in the brush use model.
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In each model, assessment of the explanatory factors and the interactions between them 287

was made by comparing the model with and without the relevant explanatory factor, 288

using likelihood-ratio tests (LRT). Non-significant terms were removed using a standard 289

model simplification procedure (i.e. stepwise backwards elimination). The level 290
indicating statistical significance was set at a = 0.05. The residuals were checked 291
graphically for normal distribution and homoscedasticity. To satisfy assumptions, a log 292
transformation was used for daily duration of brush usage. Bonferroni correction was 293
conducted for post-hoc pair-wise comparisons between non lame cows and cows with 294
higher locomotion scores. The results are presented as model estimates and 95% 295
confidence intervals (CI). 296

297

Table 1. Description of the 5-point ordinal lameness scoring system for dairy cows used 298

in the study (adopted from Thomsen et al., 2008). 299
Score/level Description of level
The cow walks normally. In most cases, the back is flat, both when the cow is standing and
1- Normal when walking. No signs of lameness or uneven gait. No signs of uneven weight bearing between
legs. No signs of head bob when the cow is walking.
5- Uneven The cow walks (almost) normally. In most cases, the back is flat when the cow is standing, but
ait arched when walking. No signs of head bob when walking. The gait might be slightly uneven
5 and the cow may walk with short strides, but there are no evident signs of lameness.
} Abnormal gait with short strides on 1 or more legs. In most cases, the back is arched both when
3- Mild . : . : .
lameness the cow is standing and walking. In most cases, there are no signs of head bob when walking. In
most cases, an observer will not be able to tell which leg is affected.
4 The cow is obviously lame on 1 or more legs. An observer will, in most cases, be able to tell
Lameness which leg is affected. In most cases, the back is arched both when the cow is standing and
walking. In most cases, head bob will be evident when walking.
5. Severe The cow is obviously lame on 1 or more legs. The cow is unable, unwilling, or very reluctant to
lameness bear weight on the affected leg. In most cases, the back is arched both when the cow is standing

and walking. In most cases, head bob will be evident when walking.
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RESULTS

We found an interaction between locomotion score and brush location (near/away from
feed-bunk) on both parameters of brush use, proportion of cows using the brush (x23 =
9.41, p = 0.025) and daily duration of brush usage (x?3=11.19, p =0.011).

In order to understand more clearly the relationship and influence of these explanatory
factors, and based on previous findings by Mandel et al 2013, 2017, we then split the
data by brush location. For brushes installed away from the feed-bunk, we found
significant association between locomotion scores and brush use in both parameters,
daily proportion of cows using the brush (x23 = 24.15, p < 0.0001), and daily duration of

brush usage (x23=9.92, p =0.019).

Specifically, these two parameters of brush usage were lower among the lame and
severely lame cows compared to non-lame cow (see Table 2 for model estimates). For
brushes installed near the feed-bunk, locomotion scores was not statistically associated
with neither daily proportion of cows using the brush, (x23 = 3.81, p = 0.28) nor daily

duration of brush usage, (x%3 = 6.70, p = 0.08).

Locomotion scores were found to be associated with all three of the core activities, daily
milk yield (x23 = 14.30, p = 0.026), daily rumination (x23 = 7.96, p = 0.047), and daily
activity (x23 = 10.48, p = 0.015, (see Table 2 for means and pair-wise comparisons
between lameness scores). Daily milk yield was found to be lower in cows with uneven
gait and in lame and severely lame cow compared to non-lame cow (Table 2). While for
daily rumination and daily activity, post-hoc comparisons revealed that there was no
statistical difference between non lame cow and cows with uneven gait, mild lameness

and lame and severely lame cows (Table 2).
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Table 2. Association between locomotion scores and brush usage (near and away), milk 330
yield, rumination and activity (model estimates with 95% CI in parentheses). 331

Locomotion score!

2

1 U 3 4+5
Non-lame rg:i/fn Mild lame Lame and severely lame
Number of cows 154 159 60 10
Number of scores 672 620 128 16
Pmporgon 0.24 (0.1-0.4) 0.21 (0.1-0.4) 0.17 (0.0-0.4) 0.0 (0.0-0.0) "
Brush away from (cows/d)
feed bunk .
Duration 30.3 (20.1-45.5) 26.0 (17.7-39.0) 22.5 (13.5-38.4) 8.8 (3.6-20.6)"
(sec/d)
Pmporgon 0.24 (0.1-0.5) 0.23 (0.1-0.5) 0.20 (0.0-0.5) 0.08 (0.0-0.4)
Brush near the (cows/d)
feed bunk? Duration
(sec/d) 16.4 (13.4-20.3) 18.6 (15.0-22.8) 14.0 (9.9-19.4) 10.4 (5.5-19.4)
Milk L/d 37.1(32.9-40.7)  36.0 (31.9-39.8)" 35.5 (31.3-39.3) 32.9 (27.9-37.9)"
Rumination Min/d 521.3 (497.8-546.4) 511.6(487.2-535.3) 500.7 (472.3-527.8) 494.5 (453.9-535.7)
Activity Per day 664.7 (621.9-708.7) 678.9 (635.2-722.1)  645.3 (595.1-695.0) 630.2 (561.6-701.0)
332
1Locomotion was assessed up to 14 times per cow (repeated-measures design). 333
ZPost hoc comparisons were not carried out because none of the measures of brush 334
usage (daily duration and daily proportion of cows using the brush) were significantly 335
associated with locomotion scores in brushes located near the feed bunk. 336
Statistical significance of pair-wise comparisons with non-lame cows (locomotion score 337
1) after applying Bonferroni correction for post hoc multiple comparisons, *P < 0.05, 338
*¥#*P < 0.001. 339
340
341
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Figure 2. Daily duration of usage (in sec) as a function of locomotion score for (a) 342
brushes installed near the feed bunk, (b) brushes installed away from the feed bunk. Box 343

500

50

Duration of brush usage (s/d)

plots represent raw data (minimum, lower quartile, median, upper quartile, maximum). 344
Filled black circles represent model estimates and square plus represent upper and 345
lower 95% confidence intervals. Lame and severely lame cows did not use the distant 346
brushes during the days when locomotion scores were assessed. 347
(a) (b)
o ! o i 1
3 | 3 : :
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(Non-lame) (Un-even gait) (Mild lameness)  (Lame/severe (Non-lame) (Un-even gait) (Mild lameness)  (Lame/severe
lameness) lameness)
1 2 3 4/5 1 2 3 a/s
Locomotion score Locomotion score
355
356
DISCUSSION 357

In this study we assessed the role of monitoring brush use as an indicator of lamenessin 358

dairy cows. 359

Our results show a statistically significant decline in brush usage only among lame and 360

severely lame cows compared to non-lame cows, and only in brushes that were installed 361

away from the feed bunk but not in those installed near the feed bunk. Moreover, in 362
contrast to our prediction, brush usage of mildly lame cows and cows with uneven gait 363
(locomotion score 3 and 2, respectively), did not statistically differ from that of non- 364
lame cows. With regard to the association between locomotion scores and core 365
behaviors, we found lower daily milk yield among lame and severely lame cows 366
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(locomotion score 4+5), as well as in cows with uneven gait (locomotion score 2),
compared to non-lame cows. Daily rumination and daily activity of cows with uneven
gait, mild lameness, lame and severely lame (locomotion score 2-5) did not differ from

that of non-lame cows.

Lame and severely lame cows did not use brushes that were located away from the feed-
bunk at all, but continued to use brushes that were installed near the feed-bunk (see
figure 2). Approaching the farther brush would require more effort than lame and
severely lame cows may be willing to invest. These findings are compatible with
previous studies, which showed that brush use is more indicative of stress and disease
when brush is located away from the food source. For example Mandel et al., 2013
showed reduced brush usage on days of heat load (i.e stress) when food was located
away from brush compared with days that food was located near the brush. The same
pattern of reduced brush usage in brushes located away from the feed bunk has been

shown in cows diagnosed with metritis (i.e disease; Mandel et al., 2017).

The fact that we observed a decline in brush use only in lame and severely lame cows,
but not in cows with an uneven gait and mild lameness may be explained by the
following reason. It has been suggested that stiffness in gait may be observed in certain
conditions which may not be associated with pain, for example after recovery from joint
injuries (Weary et al,, 2006). If so it can be speculated that at least for some cows less
severe locomotion score, which characterized in loss of normal gait functioning with no
obvious lameness, might be observed regardless of pain. While higher locomotion scores
tended to be associated with more chronic lesions which cause more pain that is not as
easy to ignore (O’Callaghan et al., 2003). Therefore it can be assumed that the cost of
experiencing pain, when walking a greater distance, for lame and severely lame cows,

overcomes the motivation to engage in brush usage. While the motivation of mildly lame
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cows and cows with uneven gait to engage in brush usage, still exceeds the cost when
walking a greater distance. Unlike our result, Weigele et al., 2018 study showed a
reduced number of daily visit to the brush in moderately lame cows compared with non-
lame cows. Their findings demonstrate the potential of monitoring brush usage for
detecting lameness at an early stage. Unfortunately, they did not provide details on the
location of the brush in relation to the food, which as mentioned before, has a
considerable effect on brush use, and may reveal the difference compared to our result.
Indeed one way which may improve the sensitivity of brush use as an indicator for less
severe lameness, is by increasing the cost involved in such activity. That is by installing
the brush even farther from the feed bunk. It may be the case in Weigele et al., 2018
study which may reveal the different result compared to our study. However, this would
also make the brush less accessible for cows as an enrichment tool (Mandel et al., 2016).
The study's results reveal a decrease in milk yield in lame and severely lame cows, as
well as cows with uneven gait compared with non-lame cow. Many studies have
previously assessed the effect of lameness on milk production. Some studies show
significant negative association between lameness in cattle and milk yield (Kocak and
Ekiz, 2006; Van Hertem et al., 2013; Warnick et al., 2001), while others showed no
significant association (Archer et al., 2011; Thorup et al., 2016). Thus, conflicting

findings suggest that milk yield is an inconsistent indicator for lameness in cows.

In this study, daily rumination did not statistically differ between cows with different
locomotion scores. Given limited energy reserves in cases of lameness, it might be more
beneficial for cows to invest in core activities such as eating than brushing activity. Same
as milk yield, evidence in the literature regarding the association between lameness and
rumination are inconclusive. Van Hertem et al., 2013 report a negative association

between lameness and rumination activity in cows, while Thorup et al., 2016 and
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Weigele et al., 2018 report that lameness has no significant effect on rumination activity.
Moreover Thorup et al., 2016 found that the lame cows reduce daily feeding time and
feeding frequency, but it did not affect the cows' daily consumption of dry matter. It
seems that lame cows tend to compensate by having a faster rate of eating. As expected
for core behavior, the lame cow rumination activity tends not to change, because the

cow alters her eating behavior as compensation (Walker et al.,, 2008).

Our results show no significant association between locomotion scores and cows' daily
activity. The reasons for that can be the expression of lameness, severely lame cows tend
to take smaller steps, accompanied with an expressive head bob, hence they make more
steps to cover the same distance (Van Hertem et al.,, 2013). In addition, the lame cows
would try to restrict their movements by lying down as close to the pen entrance as
possible upon their return from the milking parlor (Juarez et al., 2003). Therefore, when
taken thus two finding in consideration, overall activity level of lame and non-lame cows
may not differ. Unlike the results of our study, most studies show decrease in the activity
of lame cows (Reader et al,, 2011; Van Hertem et al., 2013; Weigele et al., 2018).
Nevertheless, those studies eventually came to conclude that activity level is not

sensitive enough as an indicator to detect lameness.

In conclusion, our results show that brush use, by itself, is not sensitive enough tool to
detect the very mild change in cow's behavior that occurs in early stages of lameness.
Monitoring brush use, when installed away from the food bunk, can be useful as an
indicator for lameness in cases of lame and severely lame cows, but its ability to detect
mild lameness and uneven gait is less promising in this stage. Such a tool could
potentially be useful as a lameness indicator in situations when other monitoring
measures such as milk yield, are not available or possible (heifer or dry cows).

Moreover, it appears from our results, that milk yield is also not a reliable (due to its
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inconsistent behavior in the different locomotion scores) measurement by itself for
detection of lameness. However a combination of core behavior together with luxury
activity, such as brush use, may improve our ability to detect lameness even in early

stage.

23

442

443

444

445

446



REFERENCES

Anil, L., Anil, S.S., Deen, J., 2005. Pain detection and amelioration in animals on the farm:
issues and options. J. Appl. Anim. Welf. Sci. 8, 261-278.
doi:10.1207/s15327604jaws0804_3

Archer, S.C., Green, M.]., Madouasse, a, Huxley, ].N., 2011. Association between somatic
cell count and serial locomotion score assessments in UK dairy cows. J. Dairy Sci. 94,
4383-4388. doi:10.3168/jds.2010-3062

Aubert, A., 1999. Sickness and behaviour in animals : a motivational perspective.
Neurosci. Biobehav. Rev. 23, 1029-1036.

Barker, Z.E., Leach, K.A,, Whay, H.R,, Bell, N.J., Main, D.C.J., 2010. Assessment of lameness
prevalence and associated risk factors in dairy herds in England and Wales. ]. Dairy
Sci. 93,932-941. doi:10.3168/jds.2009-2309

Bates, D., Maechler, M., Bolker, B., Walker, S., 2015. Fitting linear mixed-effects models
using Ime4. J. Stat. Softw. 67, 1-48.

Borderas, T.F., Fournier, A., Rushen, ]., Passille, AAM.B. d., 2008. Effect of lameness on
dairy cows ’ visits to automatic milking systems. Can. ]J. Anim. Sci. 88, 1-8.

Chapinal, N., de Passillé, A.M., Weary, D.M., von Keyserlingk, M.A.G., Rushen, J., 2009.
Using gait score, walking speed, and lying behavior to detect hoof lesions in dairy
cows. J. Dairy Sci. 92, 4365-4374. doi:10.3168/jds.2009-2115

Dawkins, M.S., 1990. From an animal’s point of view: Motivation, fitness, and animal
welfare. Behav. Brain Sci. 13, 1-9. do0i:10.1017/S0140525X00077104

DeVries, T.].,, Vankova, M., Veira, D.M., von Keyserlingk, M.A.G., 2007. Short
communication: Usage of mechanical brushes by lactating dairy cows. J. Dairy Sci.
90, 2241-2245. doi:10.3168/jds.2006-648

Espejo, L.A., Endres, M.1,, Salfer, ].A., 2006. Prevalence of lameness in high-Producing
Holstein Cows housed in freestall barns in Minnesota. J. Dairy Sci. 89, 3052-3058.
doi:10.3168/jds.S0022-0302(06)72579-6

Flower, F.C., Weary, D.M., 2006. Effect of hoof pathologies on subjective assessments of
dairy cow gait. J. Dairy Sci. 89, 139-146. d0i:10.3168/jds.S0022-0302(06)72077-X

Fogsgaard, K.K., Rgntved, C.M,, Sgrensen, P., Herskin, M.S., 2012. Sickness behavior in
dairy cows during Escherichia coli mastitis. J. Dairy Sci. 95, 630-638.
doi:10.3168/jds.2011-4350

Green, L.E., Hedges, V.J., Schukken, Y.H., Blowey, RW., Packington, A.J., 2002. The Impact
of Clinical Lameness on the Milk Yield of Dairy Cows. |. Dairy Sci. 85, 2250-2256.
doi:10.3168/jds.S0022-0302(02)74304-X

Greenough, P., Weaver, D. (Eds.), 1997. Lameness in Cattle, 3rd ed. ed. W.B.Saunders,
Philadelphia.

Juarez, S.T., Robinson, P.H., DePeters, E.]., Price, E.O., 2003. Impact of lameness on
behavior and productivity of lactating Holstein cows. Appl. Anim. Behav. Sci. 83, 1-
14. d0i:10.1016/S0168-1591(03)00107-2

Kocak, O., Ekiz, B., 2006. The Effect of Lameness on Milk Yield in Dairy Cows. Acta Vet.
Brno 75, 79-84. d0i:10.2754/avb200675010079

24

447

448
449
450

451
452
453

454
455

456
457
458

459
460

461
462

463
464
465

466
467

468
469
470

471
472
473

474
475

476
477
478

479
480
481

482
483

484
485
486

487
488



Mandel, R., Nicol, C.J., 2017. Re-direction of maternal behaviour in dairy cows. Appl.
Anim. Behav. Sci. 195, 24-31. d0i:10.1016/j.applanim.2017.06.001

Mandel, R,, Nicol, C.J.,, Whay, H.R,, Klement, E., 2017. Short communication : Detection
and monitoring of metritis in dairy cows using an automated grooming device. ].
Dairy Sci. 100, 1-5. doi:10.3168/jds.2016-12201

Mandel, R., Whay, H.R,, Klement, E., Nicol, C.]., 2016. Invited review: Environmental
enrichment of dairy cows and calves in indoor housing. J. Dairy Sci. 99, 1695-1715.
doi:10.3168/jds.2015-9875

Mandel, R., Whay, H.R,, Nicol, C.J., Klement, E., 2013. The effect of food location, heat load,
and intrusive medical procedures on brushing activity in dairy cows. J. Dairy Sci. 96,
6506-6513. d0i:10.3168/jds.2013-6941

McFarland, 1999. Animal Behaviour, 3rd ed. Addison Wesley Long- man, Reading, UK.

Newcomer, B.W., Chamorro, M.F., 2016. Distribution of lameness lesions in beef cattle: A
retrospective analysis of 745 cases. Can. Vet. ]. 57, 401-406.

O’Callaghan, K., 2002. Lamneness and associated pain in cattle - challenging traditional
perceptions. In Pract. 24, 212-219. doi:10.1136/inpract.24.4.212

O’Callaghan, K.A., Cripps, P.J., Downham, D.Y., Murray, R.D., 2003. Subjective and
objective assessment of pain and discomfort due to lameness in dairy cattle. Anim.
Welf. 12, 605-610.

R. Core Team, 2016. R: A language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna, Austria.

Reader, ].D., Green, M.],, Kaler, ]., Mason, S. a, Green, L.E., 2011. Effect of mobility score on
milk yield and activity in dairy cattle. J. Dairy Sci. 94, 5045-52.
doi:10.3168/jds.2011-4415

Rushen, J., Chapinal, N., De Passillé, A.M., 2012. Automated monitoring of behavioural-
based animal welfare indicators. Anim. Welf. 21, 339-350.
doi:10.7120/09627286.21.3.339

Sprecher, D.J., Hostetler, D.E., Kaneene, ].B., 1997. A lameness scoring system that uses
posture and gait to predict dairy cattle reproductive performance. Theriogenology
47,1179-1187.d0i:10.1016/S0093-691X(97)00098-8

Thomsen, P.T., Munksgaard, L., Tggersen, F. a, 2008. Evaluation of a lameness scoring
system for dairy cows. . Dairy Sci. 91, 119-126. doi:10.3168/jds.2007-0496

Thorup, V.M., Nielsen, B.L., Robert, P.E., Giger-Reverdin, S., Konka, J., Michie, C., Friggens,
N.C., 2016. Lameness affects cow feeding but not rumination behavior as

characterized from sensor data. Front. Vet. Sci. 3, 1-11.
doi:10.3389/fvets.2016.00037

Toaff-rosenstein, R.L., 2016. The Sickness Response in Bovine Respiratory Disease.
University Of California Davis.

Van Hertem, T., Maltz, E., Antler, A., Romanini, C.E.B., Viazzi, S., Bahr, C., Schlageter-Tello,
A., Lokhorst, C., Berckmans, D., Halachmi, 1., 2013. Lameness detection based on

multivariate continuous sensing of milk yield, rumination, and neck activity. ]. Dairy
Sci. 96, 4286-4298. d0i:10.3168/jds.2012-6188

25

489
490

491
492
493

494
495
496

497
498
499

500

501
502

503
504

505
506
507

508
509

510
511
512

513
514
515

516
517
518

519
520

521
522
523
524

525
526

527
528
529
530



Walker, S.L., Smith, R.F., Routly, J.E., Jones, D.N., Morris, M.J., Dobson, H., 2008. Lameness,
activity time-budgets, and estrus expression in dairy cattle. J. Dairy Sci. 91, 4552-
4559. doi:10.3168/jds.2008-1048

Warnick, L.D., Janssen, D., Guard, C.L., Grohn, Y.T., 2001. The effect of lameness on milk
production in dairy cows. J. Dairy Sci. 84, 1988-1997. d0i:10.3168/jds.S0022-
0302(01)74642-5

Weary, D.M., Huzzey, ].M., Von Keyserlingk, M.A.G., 2009. Board-invited review: Using
behavior to predict and identify ill health in animals. ]J. Anim. Sci. 87, 770-777.
doi:10.2527 /jas.2008-1297

Weary, D.M,, Niel, L., Flower, F.C., Fraser, D., Weary, D.M,, Niel, L., Flower, F.C., Fraser, D.,
2006. Identifying and Preventing Pain in Animals Identifying and Preventing Pain in
Animals 100, 64-76.

Weigele, H.C., Gygax, L., Steiner, A., Wechsler, B., Burla, ., 2018. Moderate lameness leads
to marked behavioral changes in dairy cows. . Dairy Sci. 101, 2370-2382.
doi:10.3168/jds.2017-13120

Wilson, S.C., Mitl6hner, F.M., Morrow-Tesch, |., Dailey, ].W., McGlone, ].]., 2002. An
assessment of several potential enrichment devices for feedlot cattle. Appl. Anim.
Behav. Sci. 76, 259-265. d0i:10.1016/S0168-1591(02)00019-9

Winckler, C., Willen, S., 2001. The reliability and repeatability of a lameness scoring
system for use as an indicator of welfare in dairy cattle. Acta Agric. Scand. Sect. A
Anim. Sci. 30, 103-107. do0i:10.1080/090647001316923162

26

531
532
533

534
535
536

537
538
539

540
541
542

543
544
545

546
547
548

549
550
551

552



