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Assessing pain in dairy cattle

Catalina Medrano-Galarza

Abstract

Assessing pain and discomfort experience in cetttene of the main concerns of farm
animal welfare science. Both behavioural and phggioal measures have been used as
indicators of pain; however, due to impracticabilénd invasiveness that physiological
measures involve, behavioural measures are curéml most used parameter to assess
pain in cattle. The scientific assessment of pais lbeen focused on farm procedures such
as dehorning, branding and castration. Nonethetesearch on pain related to diseases is
also getting stronger due to the impact on the fagoonomy and cows’ welfare. Mastitis
has been classified as one of the most importaequént and painful diseases in dairy
cattle; however pain alleviation is not considecedhnmon part of mastitis therapy, unless
cows have evident systemic illness. Pain assessihemtto mastitis has been done
primarily using models of experimental-induced rit@stPhysiological measures such as
temperature and heart rate have been used to &vdheefficacy of different analgesic
drugs after inducing mastitis. Behavioural measit@&sed mainly on pain sensitivity and
activity behaviours have been used as indicatopaof for mastitis. Although the valuable
information provided for the available studies,tlfier research in this area is required.
Combining different measures used for pain assegsassociated with mastitis but also

successful methodologies used to evaluate pairdeawdmfort in other diseases and farm



procedures, it is possible to improve pain assessimemastitic cows and subsequently

improve management and welfare.

Key words Pain, Cattle, Mastitis, Pain assessment.
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1. Introduction

Assessment and alleviation of pain in animals Hasen always linked to the attitude
that society has towards them. In the past, it bedeved that animals were not capable of
suffering. Descartes was one of the strongest pgersiof the idea that animals could not
reason, think, feel pain and suffer (Hellebrek&®)0). However, this belief started to
change when Jeremy Bentham{X&ntury) promoted the idea that animals can e&pee
suffering as humans do (Troyer, 2003; Fraser, 20@8)e recently, from 1950’s onwards,
attitudes toward animals have had a profound pesithange due to the emergence of an
ethical concern about the welfare and quality fef &if farm animals (Appleby and Hughes,
1997; Fraser, 2008). As a consequence the scidreirnal welfare was created with its
main fundament to prevent pain and suffering, amtnpte positive experiences in animals
(Yeats and Main, 2008).

Pain assessment in cattle is a difficult task f@ifare researchers, veterinarians and
farmers, not only because of the lack of self-reploat characterise non-human animals,
but also because cattle evolved as prey specradintgto hide any sign of weakness as an
evolutionary strategy for survival. Cattle show nsigof pain only when the level is
extremely high (Phillips, 2002), for example, m@stcows express signs of pain only
when they are suffering severe clinical mastitishwaystemic iliness (Fitzpatrick et al.,
1999). In cases of less severe mastitis, cliniggissare less evident, making more difficult
pain detection and the implementation of analgeeatment (Fitzpatrick et al., 1999).

Mastitis is one of the three major causes of econdosses, and the second cause of
culling in the dairy industry (Blowey and Edmonds@®10; CCIL, 2010 respectively).

The Food and Agriculture Organization of the Unitéations (FAO, 2011) and the Farm
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Animal Welfare Council (FAWC, 1997) declared it@se of the most painful diseases in
dairy cows, with detrimental effects on physicati anental wellbeing. As a result, mastitis
has attracted the attention of scientists to imeretrategies of prevention, control and
treatment to subsequently improve the managementastitis on farms and welfare of
COWs.

The aim of this review is to describe the curremierstanding of pain experience and
assessment in dairy cattle with mastitis, highliginthe general concept of pain, including
the pathophysiological process behind this affecstate and the ways in which pain can be
assessed. Furthermore, this review will focus oa ways in which pain has been
specifically assessed in cattle and the curremasdn of pain assessment in cows with

mastitis.
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2. What is pain?

2.1. Definition of Pain in Animals

Pain in humans has been defined by the Interndtidsgociation for the Study of Pain
(IASP) as“An unpleasant sensory and emotional experienceo@ated with actual or
potential tissue damage, or described in termsuschsdamage”(Merskey and Bogduk,
1994) This definition remarks the subjectivity of a paihéxperience and the importance
of verbal self-reports as part of the behaviouedtgyn that a human being expresses during
a painful experience (Bateson, 1991). Nonethelsmdal self-report has a limited use in
animals; therefore, all tempts of trying to defpen have been focused on behavioural and
physiological changes, which are considered théshafspain assessment in non-human
beings. Currently, there is no standard and unéggimition of pain in animals; however in
1997, Molony (cited by Rutherford, 2002) definedag “.. an aversive sensory and
emotional experience representing an awarenessidyanimal of damage or threat to the
integrity of its tissues. It changes the animahygsiology and behaviour to reduce or avoid
the damage, to reduce the likelihood of recurreaice to promote recovery..ihitegrating
in a good way the different components of painadé for animals, and hence, this review

will be based on this definition.

2.2. Classification and Functionality of Pain

Pain can be classified by anatomic source, durarahfunctionality. Pathological pain
states can be caused mainly by tissue or nerve glar@matic or visceral pain, and

neuropatic pain, respectively).
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The classification based on duration helps to ifienthen pain is beneficial or is
functional for the animal (Zulkifli and Siegel, 1®9Dawkins, 1998). During acute pain, the
animal enters in to a protective and recuperatisages known as ‘adaptive affective state’
(Millan, 1999; Fraser, 2008). In this stage, paiovales an incentive that promotes that the
animal performs actions to stop or alleviate thenage in short-term; prioritising specific
biological functions that will help to avoid the xious stimuli (Bateson, 1992; Broom,
2001; Gregory, 2004). In addition, this stage naitg the ill individual to rest and save
energy in order to have a faster recovery (Ruthesf2002; Fraser, 2008). In the long-term,
the animal will learn to avoid specific situatiotisat it had associated with a previous
unpleasant experience (Bateson, 1992; Broom, 200dajversely, chronic pain, which
generally lasts more than the recovery time, haterephysiological purpose nor adaptive

value and is known as ‘non-functional pain’ (Millak®99; Rutherford, 2002).

2.3. Pathophysiology of Pain

Pain can be divided into two important componeatsensory discriminative component
(physiological side of pain) and an emotional deetive component (Rutherford, 2002;
Smith, 2009). The former is also known as nociceptand refers to neurophysiological
process of detection, transduction and transmissibmoxious stimuli to the central
nervous system (CNS). The latter relates to thegption and conscious awareness of an
aversive sensation that it is triggered when thanbimterprets the noxious information
received and produces the sensation of pain (Hekelps, 2000; Kopf and Patel, 2010).

The nociceptive process (Figure 1) starts with degection of noxious stimuli by
peripheral sensory neurons (nociceptors). Whenceptors are stimulated, they transduce

the noxious stimulus, which is mainly mechaniclkrimal or chemical, into electrical
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energy and the action potential is transmitted tod&ahe CNS through their afferent fibres
(Hellebrekers, 2000). The classification of nocioep is based on the type of nerve fibre.
There are myelinated fibrers §Aype) that transport the impulse at high spee@Q3n/s)
and unmyelinated fibres (C-type) that transportithpulse at low speed (0.5-2 m/s). The
Ad-fibres correspond to nociceptors specialised iteadsg chemical and mechanical
stimuli. They produce the sensation of sharp-fash puch as pain felt during tissue
compression; while the C-fibres are related to maiglal nociceptors and produce the
sensation of delayed dull pain (Hellebrekers, 2@ith, 2009).

The activation of the nociceptors and therefore ititensity of pain sensation are
modulated by the degree of tissue damage and aeruofilthemical substances released
during this process such as prostaglandins andrhise. Additionally, this complex
chemical signalling protects the injured area bffjuencing the animal to behave in a
certain way to keep that area away from other sijnmomplying with the protective
function of pain (Kopf and Patel, 2010).

After nociceptors are stimulated, the afferentdgbtransport the impulse to the spinal
cord, where pain information is subjected to motioa by local interneurons and
descending and inhibitory neurons. This modulatimay produce an immediate response
(reflex responses) or transmit the information atiseto the brain, which will transmit the
correspondent response through the descending @gshf@utonomic activity) (Rutherford,
2002). In the case of visceral pain, there is rilexeaction because pain related to visceral
organs is only transmitted by C-fibre nociceptivavwes (Vifiuela-Fernandez et al., 2007;

Kopf and Patel, 2010).
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Figure 1. Nociceptive process and the production of painsagon when noxious

information is interpreted by the brain (modifiedrh Morainevalley, 2011).
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3. How is Pain Measured?

Reliable, sensitive and valid pain assessment rdethoe a fundamental part of animal
welfare science and veterinary medicine (Rutherfa2802). Reliability means that
measures taken in animals with similar health amdrenmental conditions must provide
similar results when the measure is repeated (dejible). This can be evaluated testing
for intra-observer (same observer re-score the aginm different occasions) and inter-
observer (different observers score the animalepaddently) reliability (Weary et al.,
2006). However, in some cases reliability is difficto reach due to the variability that
exists between individuals. On the other hand, isemyg refers to measures that co-vary
with the degree of pain that the animal is expeiiggy ideally the methods used should
discriminate between different levels of pain. Hiyavalidity refers to the real measure of
signs associated with pain and not with a diffesenirce. Additionally, due to the lack of
self-report in animals, it is important to compamed correlate the measure that is being
used with other independent measures for a baitetation of the methodology.

The evaluation of pain in animals is mainly basedbehavioural and physiological
changes. Both need to take into account the norbedlavioural repertoire and
physiological rates of the animal, but also thevitial variability (Martini et al., 1999;
Hellebrekers, 2000). Additionally, it is importaiat consider whether the pain that is being
assessed has significance for the animal basetheomagnitude of the response that it
expresses and the effort that it does to avoigh#neful stimulus (Rutherford, 2002).

Regardless of the methodology used (behaviourphgsiological measures), they need
to be validated to establish if the observed respsrare pain-specific rather than simple

reflexes. To validate a measure, it needs to bgesidn to studies that evaluate the
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animal’s responses exposed to four different treats(Table 1) that combine the absence
or presence of a painful condition, and whetharairanalgesic treatment is used (Weary et
al., 2006; Rushen et al., 2008). The most usefidsme should find a difference between
the painful treatment (pain condition without arlig treatment) and the other treatments,

but no difference among these other treatments (y\&taal., 2006).

Table 1. Standard treatments necessary to validate a E@@sament measure. Concept

described by Weary et al. (2006).

Non
analgesic
treatment (a

Four Analgesic
Treatments*| treatment (A

Painful

condition (P) A Pa

Non painful

condition (p)] P pa

When analgesic treatment is not implemented, tlmepesison between an animal in a
painful conditionversusan animal without painful condition (Ra.pa) helps to understand
if there are behavioural or physiological changdated to the pain experience. In addition,
the use of analgesic treatment helps to distingoetiveen pain responses and other effects
associated with the assumed painful condition. U$e of analgesics can be done in two
ways: first, using analgesics to evaluate if thémah returns to normal behaviour and
physiological measures after analgesic adminisina(Bateson, 1991; Rutherford, 2002;
Sneddon, 2003). Second, using consumer demanefa@r@nces test, where the animal had

the opportunity to choose the analgesic to allevila¢ pain (Yeats and Main, 2008).
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3.1. Physiological Measures

Physiological measures evaluated during pain assegsare related to stress responses
produced by the sympathetic-adrenomedullary (SA)d ahypothalamic-pituitary-
adrenocortical (HPA) axis that allow the animalhi@ve available resources necessary to
solve the problem that is coping with (Wiepkema #&uwiblhaas, 1993; Rutherford, 2002;
Gregory, 2004; Weary et al., 2006). The activatbthe SA axis affects the cardiovascular
and gastrointestinal system, adrenal gland andremoglands (Moberg and Mench, 2000),
generating a variety of short-term clinical changesh as an increase in heart rate, changes
in body temperature, defecation and urination, eredease in plasma adrenaline levels
(‘fight-flight’ responses). The activation of thePA axis affects the entire metabolism
through indirect interaction with other systemstsas reproductive and immune. Some
physiological measures related to this axis aresased cortisol levels (in plasma, saliva,
faeces and urine) (Rutherford, 2002; Fraser, 20@8)ease in plasma-ACTH and glucose

levels, and decrease in insulin levels (Bensomh 2@00).

3.2. Behavioural Measures

Behaviour is commonly used to evaluate pain in humeonates and infants as a way to
replace verbal self-report. Additionally, it is theost used parameter and less invasive way
to assess pain in animals (Rutherford, 2002). Belbaal measures can be evaluated using

subjective or objective methodologies (Weary et2406).
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3.2.1. Subjective Behavioural Measures

Subjective methodologies are related to unquadtifigersonal judgement and
descriptive scoring systems, where in some cas$es,véracity of the data cannot be
verified, although this does not mean less accur@logse methodologies are important to
veterinarians because they are easily applied eir taily work (Weary et al., 2006).
Within the different types of subjective behavidureeasures of pain, the Visual Analogue
Scale (VAS) is one of the most common techniquémresan observer estimates the level
of pain that an animal is experiencing using aestiaht goes from ‘no pain’ to the ‘worst
possible pain’ (usually from 0 to 10 or 0 to 10Rutherford, 2002; Vifiuela-Fernandez et
al., 2011). Other examples of subjective behavioueasures are simple descriptive scales
(SDS) such as the Obel score system and the nuaheating score system (NRS) used for
assessing lameness in horses and cows (Vifiuelahaen et al., 2011; Flower and Weary,
2006). These descriptive scales rely on the prasentof specific behaviours such as foot
lifting while resting or head bobs to describe paitensity assigning an index value, but

still are dependent on the quality of observeigiing.

3.2.2. Objective Behavioural Measures

Objective methodologies to assess pain are rel&bedletailed quantification of
behaviours clearly and rigidly defined. This stragfinition of behaviours makes them
easier to verify and increases intra and inter ofesereliability (Rutherford, 2002).
Quantification of specific behaviours based fortanse on frequency and duration have
helped to differentiate healthy animals from thtisat are suffering a painful condition,

highlighting differences that may not be detectgdshbjective measures. For example,
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Chapinal et al. (2010), using objective behaviomnabsures, found that lame cows lied in
average 15.8 minutes more per bout compared withdsoows.

Complementarily, whichever behavioural measuresedysubjective or objective, there
are three main classes of measures useful for dbesament of pain: measure of pain-
specific behaviours presentation, measure of thatindein frequency or magnitude of
maintenance behaviours, and choice-preference f@s&sary et al., 2006; Rushen et al.,
2008). The evaluation of pain-specific behaviowghe most common class. It assesses
pain based on the presentation of defensive-avoaaehaviours that animals perform to
protect the injured area. Nociceptive thresholdasneement is a way to evaluate these
behaviours, measuring the withdrawal responsesimas exposed to painful thermal or
mechanical stimuli. The second class focuses otire@i observation of changes in the
animal’s basic behavioural repertoire identifyirganges in activity, food and water intake.
Choice-preference tests for pain assessment cdorieeusing trials that allow the animals
to choose to alleviate pain sensation by discritmgebetween treatments with and without

analgesics (Weary et al., 2006).
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4. Pain in Cattle

In the UK, but with worldwide influence, the FAWCL979) proposed the ‘Five
Freedoms’ as guiding principles for animal welfé@dE, 2002; Fraser, 2008). Within these
freedoms, the third freedofiAreedom of pain, injury and diseageghlight the importance
of preventing and alleviating pain and suffering farm animals (FAWC, 2009).
Complementarily, the official definition of animaklfare given by the World Organization
for Animal Health (OIE, 2010) highlights the impamnice of preventing suffering defining
good animal welfare as:Ah animal is in a good state of welfare if... it hgalthy,
comfortable, well nourished, safe, able to expiesate behaviour, and if it is not suffering
from unpleasant states such as pain, fear, andetist Good animal welfare requires
disease prevention and veterinary treatment, appate shelter, management, nutrition,
humane handling and humane slaughter/killing...

Consequently, cattle welfare research has focuseddiagnosis, alleviation and
prevention of pain, discomfort and suffering. Thaleation of these negative states is
mainly done in relation with the most common digsaand farm practices in dairy and
beef farms. Indeed, the majority of the animal adflegislation around the world is
focused on painful procedures done in farms (voryskdingk et al., 2009), which

generates the necessity of creating scientifich#ss support these codes and legislations.

4.1. Limiting Factors Affecting Alleviation of Pain in Cattle

There are three main limiting factors that affdat appropriate alleviation of pain in
cattle: natural behaviour of cattle, human’s parcpption towards cattle and the economic

cost of pain relief.
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Cattle’ stoicism and their tendency to hide paimayours as an instinct of survival
create challenges in identifying pain experiencel thus, its alleviation. Cattle evolved as
prey species, tending to react less to painfuligtias an evolutionary strategy, prioritizing
the need to escape (Phillips, 2002). However, tieer® evidence to affirm that cattle do
not experience pain (Vifiuela-Fernandez et al., p007

Pain is traditionally overlooked by farmers andevetarians (Vifiuela-Fernandez et al.,
2007). Two surveys of bovine veterinarian attitutiesard analgesia in Canada and the
United States reported a variation between indasiwon pain perception and analgesic
drugs’ administration, influenced by gender, agd aducational environment (Hewson et
al., 2007; Fajt et al., 2011). Both studies regpelt showed that 2.9% and 3.7% of the
respondents did not provide any analgesic to cavggrgoing caesarean section. Fajt and
collaborators (2011) also found that women estichaigher (on average 0.4 points more)
than men in a pain score scale associated witliatdrpractices and medical conditions.
Additionally, they found that individuals who grewp on farms estimated lower (on
average 0.5 points less) in a pain score scalethta® not raised on a farm.

Finally, the other limiting factor is that produsere not willing to use analgesics due to
the cost. Hewson et al. (2007) reported a stromgesgent between veterinarians about the
necessity of having more long-acting, cost-effextanalgesics with smaller withdrawal

periods.
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4.2. Pain Assessment in Cattle

The development of validated measures of pain ésafrthe most important concerns of
cattle welfare science (von Keyserlingk et al., 200’he scientific assessment of pain in
cattle is based on measures of productivity, behaand physiology (Rushen et al., 2008).

Physiological measures are particularly useful attle when behavioural changes are
subtle. However, they are less useful for on-fagseasment due to their impracticability
(e.g. technology and equipment required) and inessiss associated with these processes
(e.g. restrain for blood sampling) that can inceeafistress in the animals, thus,
compromising the reliability of the results (Weaey,al., 2006). Grandin (1993) reported
increased behavioural agitation during restraiwmt laanding for blood sampling and weight
measurement of cattle. Wohlt et al. (1994) reposigdificant increases in plasma cortisol
related to handling prior to dehorning. The disadages of physiological measures have
resulted in pain-related behavioural indicators emahges in maintenance behaviours to be
the most common parameters to evaluate pain ifecditey have been used to assess if
farm procedures or diseases cause pain and tahestfficacy of analgesic therapies
(Weary et al., 2006).

Generally, farmers use changes in cows’ appear@epeessed, innapetent, weight loss)
along side some changes in quantitative measurgdged intake, milk yield) to identify
cows that are in pain (Kemp et al., 2008).

Below, | will describe how pain-specific behaviouand changes in maintenance
behaviours have been used to evaluate the effdcigaio associated with different
procedures carried out on farms and some healtbhlggns (lameness and mastitis) that

affect cattle.
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4.2.1. Pain-Specific Behaviours and On-Farm Procedes

Pain-specific behaviours are usually observed wiencow or the injured area is
manipulated (Weary et al., 2006). Quantitative measents of these behaviours have
been used for the evaluation of pain experienamtitie during the performance of typical
farm procedures.

This has been the case for dehorning in calvesdmt\ to 6 weeks of age and mature
cattle (Stafford and Mellor, 2005a). Caustic paatel hot-iron dehorning are the most
common methods used (Rushen et al., 2008), thex laging more common (Faulkner and
Weary, 2000). Pain-specific behaviours such adligking, head shaking, head rubbing,
tail flicking and food stamping have been used tloe evaluation of pain related to
dehorning. Faulkner and Weary (2000) found that-itost dehorned calves without
receiving analgesic treatment performed 8 timesentwad shaking, 20 times more ear
flicking and twice as many head rubbing behavidhen ketoprofen (Non-steroidal anti-
inflammatory NSAID) treated calves during the fird4-h after dehorning. Similarly,
Heinrich and collaborators (2010) reported thatesinot receiving pre-analgesic treatment
with meloxicam (NSAID) had higher frequency of dlacks and head shakes per hour (4.1
and 5.5 times more respectively) than analgesiatdcke calves 48 hours after hot-iron
dehorning. Additionally, they evaluated nociceptthieesholds with a pressure algometer,
finding that meloxicam treated calves withstood engressure following dehorning
compared to calves without analgesic (2.13 Kgf a6@ Kgf respectively).

Pain related to tail docking has been evaluatedgusain-specific behaviours in calves
and adult cows. This procedure is performed inyde@ws in some countries (e.g. Canada

and the United States) under the anecdotal arguaofiémproving udder and milk hygiene ,
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cleanliness of milking parlours and milker comfiicher et al., 2000; Tom et al., 2002b;
Rushen et al., 2008). Rubber ring and hot-irontlaeemethods involved, the former being
the most common (Tom et al., 2002a). Behavioursctly associated to tail docking
include tail grooming and tail position. Rubbergitail docked calves had in average
higher frequency of tail grooming on day 0, 1 anafter docking compared to hot-iron tail
docked calves (3.7, 5.5 and 4.5 times more resgdygtiand control group (2.8, 5.0 and 4.8
times more respectively) (Tom et al. 2002b). Sirlarubber ring tail docked cows held
their tails in a raised position significantly lebsin the non-tail docked cows in the first 24-
h after docking (2.4 times less) (Tom et al., 2Q02alditionally, one week post-docking,
the number of docked cows that remained with thleirtgpressed position (against their
body) was two times higher than the number of rainelocked cows. In conclusion, tail
docking caused mild discomfort (Tom et al., 2002ag hot-iron was lesser aversive than
rubber ring (Tom et al., 2002b).

Castration in cattle has been the best researchégims of effects of pain on cattle
welfare (Rushen et al., 2008). Pain-specific betwarg have been used as a manner of
comparing the different existing methods (Staffardi Mellor, 2005b). The most common
methods used in cattle are based on the remowtileofesticles by surgery, by crushing
(Burdizzo) or by constriction (rubber rings or bateands); the latter being the most painful
procedure (Rushen et al., 2008). Molony and colatoos (1995) reported that restless
behaviours (footstamping/kicking, head turning,| taiagging and stretching) were
significantly higher in rubber ring castrated cah\during the first 3 hours after castration
compared to burdizzo, surgery and burdizzo combimiglal rubber ring and non-castrated
calves. For instance, rubber ring castrated cahezformed 24 times more footstamping

and kicking than non-castrated calves, and 4 tie&® than calves castrated with the other
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method. For castration, research on pain has generated rtiampoevidence causing
significant changes in welfare legislation in socoentries (e.g. in Austria it is mandatory
to use effective anaesthesia in combination withlgasia for castration) (Thuer et al.,
2007).

Pain assessment of branding methods (hot-iron weeté branding) has been focused
on quantifying behaviours such as vocalizationskikig, falling down in the chute, tail-
flicking and escape-avoidance behaviours (Lay et1892; Schwartzkopf-Genswein et al.,
1997). These behaviours have been directly assdciaith the degree of pain sensation
experienced by the animal during branding, withatge frequency for hot-iron branding.
Schwartzkopf-Genswein et al. (1997) reported th@%3of hot-iron branded calves
performed more than 20 tail flicks during brandoanpared to just 7% of freeze branded
calves. The percentage of calves that kickedjridhe chute and vocalised during hot-iron
branding were higher (20, 15 and 24% respectiv@y)pared to freeze branding calves (1,
5 and 2 % respectively). Similarly, hot-iron braddealves performed more escape-
avoidance reactions (measured as the number of diressed during branding) than freeze
branded calves (1is.5 lines) (Lay et al., 1992). Additionally, meassia exertion-force
and duration (obtained from headgate load cellagdbate strain gauges and squeeze chute
load cells) have been used as a way to evaluaterdfsrt during branding. Schwartzkopf-
Genswein et al. (1997) found that the average efttertion-force measures was higher in
hot-iron branded calves compared to freeze braadednon-branded calves (7, -2 and -5
millivolts respectively).

In contrast with the procedures mentioned above ltappens once or less in a cow’s
life, there is a procedure that occurs daily throug the productive life of a dairy cow:

milking. Depending on external factors (such askimg type system and handlers’

27



behaviours) and internal factors (such as health lantation stage) milking can be a
stressful procedure that generates discomfort wscdhe discomfort can be expressed by
the performance of restless behaviours such asatea-urination, stepping, lifting and
kicking. Cows with few or considerable teat lesiovere three times more likely to kick at
least once during milking compared to cows with@ausing et al., 2004). Similarly, cows
with a painful condition (lameness) were more reactluring milking than sound cows

(Hassall et al. 1993).

4.2.2. Pain-Specific Behaviours and Lameness in Glat

Lameness is widely regarded as one of the majosesanf economic losses in farms
but also as a concern for animal welfare (Rusheal. e2008). It is generally accepted that
lame cows experience pain and/or discomfort whelkimg or standing (Rushen et al,
2008). Consequently, detection and alleviatioraaidness, especially those at early stages,
are an important part of cattle welfare resear@vefal studies in lameness have focussed
on the development of reliable automatic detecéigstems to avoid issues of reliability and
time-consuming gait scoring systems (e.g. Flowel wapary, 2006). Special attention has
been addressed to changes in weight distributiodetatify discomfort and pain associated
with lameness. Neveux and collaborators (2006) rtedothat cows applied 10% less
weight on the front hoof that was on an uncomfdetaurface compared to the other three
hooves that were on a comfortable surface. Howavieen the uncomfortable surface was
under a hind hoof, the difference on the appliedgiatewas only between hind hooves
(cows did not shift weight to front hooves). Additally, Neveux et al. (2006) used the
variability of weight applied to the legs as a speaneasure of discomfort and pain. The

variability of weight (using standard deviation wéight as a measure) applied between
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contralateral legs increased by 50% and 100% whennaomfortable surface was under
the back hooves and under the front hooves respéctiSimilarly, Rushen et al. (2007)
reported that lame cows applied 10% less weightheninjured leg compared to the
contralateral leg and to healthy cows. Additiondiyne cows had an increase in more than
50% in the standard deviation of weight on thereguand the contralateral leg compared
to healthy cows (from 15 to 45 Kg). Weight disttiiom has been also used as a measure to
evaluate pain mitigation. Lidocaine (local anaesthereated lame cows increased the
percentage of weight applied to the injured leg (d¥re), and decreased the standard
deviation of weight on the injured and the contesla leg by 25 Kg (Rushen et al., 2007).
Ketoprofen (NSAID) had a positive effect in lamewsoreducing the standard deviation of
weight compared with the day before and after asatgtreatment (before analgesic: 35
Kg, analgesic day: 25 Kg; post-analgesic day: 30(Kfpapinal, et al. 2010).

The evaluation of nociceptive thresholds has besexl widely for the detection of post-
operative pain in horses (Rédua et al., 2002). iEhanother useful way to determine if a
cow is experiencing pain by inducing the expressafnpain-specific behaviours. A
negative correlation exists between the severitjanfeness and mechanical nociceptive
thresholds in lame cows. As lameness increasescepive thresholds significantly
decrease (Whay et al. 1997). Lame cows with salerwdnd white line disease had lower
nociceptive thresholds (hypersensitive) 28 daysrafetection compared to sound cows,
demonstrating that these two types of lamenessdaung-lasting pain experience in cows

(Whay et al., 1998).
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4.2.3. Maintenance Behaviours and Pain in Cattle

In addition to pain-specific behaviours, researsheve also focused on changes in the
animal’s normal behavioural budget. Behaviouralvégt particularly lying behaviour, is
an indicator used to assess changes in cattle negbfarticularly for comfort, pain and
disease evaluation such lameness and mastitisglTeéal., 2009; Mattachini et al., 2011).
The reason for this is that lying is consideredghipriority activity, where cows rest and
sleep as part of restorative processes; with aehigiotivation to perform this behaviour
more than feeding and social behaviour (Metz, 1886hn and Munksgaard, 1993).

Generally, dairy cows lie down between 8-15 howsday; this period is divided into
8-10 bouts approximately with a duration that cany\between few minutes to more than 3
hours (Krohn and Munksgaard, 1993). Normally, camstch sides (left-right) between
lying bouts (Forsberg et al., 2008). Tucker e{2009) reported that cows do not have any
laterality preference, spending 51% of their tdyatg time per day on the left side with
some individual preferences. However, it has bemmd that cows in later stages of
pregnancy tend to lie down more on the left; teibecause foetus’ location is mainly on
the right side as the rumen is occupying the IEfirgberg et al, 2008). Additionally,
ruminally cannulated cows tend to lie down moretlom right side (Forsberg et al., 2008;
Tucker et al., 2009).

Chapinal et al. (2010) demonstrated that dailyvégti(including lying, standing and
walking) is a good measure for detecting lamen@assrnaeasuring pain mitigation. Lame
cows spent one hour longer lying down and had Iohgeg bouts (16 minutes more per
bout) than sound cows. Furthermore, lame cows hbdmwar walking speed than sound

cows (0.14 m/s less). However, analgesic theraply rait have significant effects on
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activity. Despite these results, authors clarifiedt variation in lying behaviour between
cows is very high and it is difficult to find sididant differences between lame and non
lame cattle. Similar results were found by Blackieal. (2011) where lame cows also spent

2 hour longer lying than sound cows.
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5. Mastitis and Pain in Dairy Cattle

Mastitis is one of the most important and frequiiséases in dairy cattle, causing direct
and indirect economic losses. Direct costs arg¢aelto discarded milk and treatment costs.
On the other hand, indirect costs are related talpes because of high somatic cell count
(SCC) and culling-replacement rates (Hillerton, 89®Bradley, 2002; Blowey and
Edmondson, 2010). The average cost of a clinicatittecase has been estimated between
£100 and £200 (Blowey and Edmondson, 2010). Addliiy, the average incidence of
mastitis can vary between 20-50 cases for 100 gosvsyear (e.g. UK: 40-50 cases;
Canada: 23 cases. Blowey and Edmondson, 2010;Ridkerink et al., 2008 respectively).

As well as the economic implications, welfare iss@should not be underestimated.
Mastitis has been classified as one of the mostfgladiseases and a major welfare
problem in cows (FAWC, 1997; Broom and Fraser, 200&O, 2011). Nevertheless,
analgesic treatment is not routinely used as gartastitis therapy on farm due to the three
limiting factors that pain alleviation has on farnfsee section 3.1). Therefore, the
development of objective methods for assessing pairmastitic cows is required

(Fitzpatrick et al., 1999).

5.1. Aetiology

Mastitis is the result of an inflammatory respomsthe udder that is initiated due to the
proliferation of micro-organisms that traversed tfeat canal. Mastitis pathogens are
classified as contagious or environmental basethemeservoir and mode of transmission
(Smith, 2009). The major contagious pathogens &teeptococcus agalactieand

Staphylococcus aureughe main reservoirs of these pathogens are sdectammary

32



glands. Environmental pathogens are mainly colifor@scherichia coliand Klebsiella
spp) and environmental tBptococci Coliforms are more commonly associated with
sawdust-bedding; and environmentdteptococciwith sand-bedding (Zdanowicz et al.,

2004).

5.2. Inflammation and Pain During Mastitis

The inflammatory response during mastitis is itgthby the multiplication of pathogens
in milk and mammary tissue. While the pathogens ratdtiplying, polymorphonuclear
neutrophils are attracted to the site of the indectThese defense cells produce oxidants
and proteases that not only destroy the pathodenisalso some epithelial cells, causing
tissue damage and decreasing milk production (Laez@l., 2006). The secretion of dead
cells into the milk results in high SCC (more tt200.000- 250.000/mL that is usually the
maximum recommended) (Smith, 2009; Viguier et &009). The severity of this
inflammation response determines whether massitdassified into subclinical or clinical
(Viguier et al., 2009). Subclinical mastitis is theedominant type in dairy cows; however,
it is difficult to diagnosis due to the absencewv@dible indicators. Contrarily, clinical
mastitis produces notorious abnormalities in mitkl adder appearance. In cases of mild
clinic mastitis, only changes in milk are eviderthgnges in color, viscosity and
consistence). In moderate cases, changes of udglshawed. In severe cases, changes in
milk and udder are accompanied by systemic ill{ésger, lethargy, depression) (Smith,

2009; Viguier et al., 2009).
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5.3. Treatment

Different factors influence mastitis treatment anniis, but the more influential are the
severity of clinical signs, milk and meat withdrdvweeriods of the drugs and treatment
costs (Smith, 2009). Mastitis treatment is mairdgdx on antibiotics. However, supportive
treatment can be used to help the cow to recowen the infection, alleviating any sign of
suffering. Analgesic therapy is also recommendedskvere cases of clinical mastitis
(Fitzpatrick et al., 1999). However, the limitedadability of long-lasting cost-effective
analgesics for cattle and the long withdrawal micutweigh the benefits that an

analgesic therapy can bring to a mastitic cow (Hewet al., 2007; Smith, 2009).

5.4. Pain Assessment in Cows with Clinical Mastitis

It is generally accepted by veterinarians that covith severe cases of mastitis are
experiencing pain based on the evident clinicaisiand the general ill condition expressed
by the cow; therefore analgesics are usually aditnated (Hewson et al., 2007; Fajt et al.,
2011). However, in the case of less severe mastlirgcal signs are less evident; making
the pain detection more difficult for farmers andded to the cost of analgesics the
possibilities to use pain alleviation treatmentghwmi the common mastitis therapy is
greatly reduced (Fitzpatrick et al., 1999).

Traditional research on mastitis has mainly focusedepidemiological studies of
aetiology, antibiotic therapy, methods of diagnpsimntrol and prevention (e.g. Calderon
and Rodriguez, 2008; Olde Riekerink et al., 2008)date, very little research has focused
on developing objective methodologies of measupaig associated with mastitis, and the

possible benefits that analgesic therapy can haveows’ welfare.
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Studies on analgesic therapy have remarked theriemme of pain mitigation in cows
with mastitis (e.g. Banting et al., 2008; Wagnerd aApley, 2004). Production,
physiological and behavioural measures have beed tgs evaluate the efficacy of anti-
inflammatory drugs using models of clinical mastitinduced byEscherichia coli
lipopolysaccharide (LPS). The most used productheasure has been milk production.
Wagner and Apley (2004) found that there were mmiBcant differences in the rate of
recovery of milk production after the induction ofastitis between non-analgesic and
analgesic treated mastitic cows. However, flunixieglumine (NSAID) treated mastitic
cows had a lower decrease in milk production aftestitis induction compared to
isoflupredone (steroidal anti-inflamatory) treatedstitic cows and non-analgesic treated
mastitic cows (38 Kgvs. 30 and 32 Kg respectively). Within physiologicakasures,
temperature, heart and respiratory rate, rumenlitgoéind udder size have been widely
used. Wagner and Apley (2004) also found that fiwnimeglumine preserved rumen
motility, reduced rectal temperature and heart irateastitic cows during the first 14 hours
after mastitis induction compared to non-analgé®ated cows (average for the 14 hours:
rumen motility, 4.25vs. 3.7 contractions/2 minutes; temperature, 3%&340.1 °C; heart
rate, 86vs.98 beats/minute).

Similar results were found by Banting and collabors (2008), where ketoprofen
(NSAID) treated mastitic cows had a decrease impeature, respiratory rate and udder
size six hours after mastitis induction comparedchtm-analgesic treated mastitic cows
(temperature, 38.%s 40.5 °C; respiratory rate, 2¥s 26 breaths/minute; udder size,
normal sizevs. still more than 50% increase). Additionally, tlegidy also found that

ketoprofen had positive effects on rumen motiltwtt returned to normal rates 24 hours
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after mastitis induction compared with control caiwgnen motility, 4vs 2 contractions/2
minutes).

On the other hand, research on pain based on lmemavimeasures is not abundant.
Nonetheless, the existing studies have used sitgentd objective measurements of pain-
specific and maintenance behaviours to evaluate gamsitivity, and effects of pain and
analgesic treatments in cows with either experialentiuced or natural occurring mastitis.

Fitzpatrick and collaborators (1999) evaluated psamsitivity in cows with natural
mastitis and the effects of flunixin meglumine (NSA using an objective measure:
guantification of nociceptive thresholds. They speally found that mastitic cows that
received a single dose of the analgesic had higbeiceptive thresholds than non-treated
cows, showing a reduced sensitivity to pain. Howgetlege single dose of analgesic was
only effective for mild mastitis cases, suggestimgt repeated doses might be necessary for
moderate-severe cases. Similarly, Bating et al0§20ecorded pain responses to udder
palpation to evaluate the efficacy of KetoprofenS@ND) in cows with experimental-
induced mastitis. Pain responses were assesseg aisnbjective behavioural measure:
VAS (10 cm). After mastitis induction, both contrahd analgesic treated cows had an
increase in the pain score (analysed using thesarsder the response curves: 15.6 and
16.8 mm respectively). However, after 24 hoursated cows scored significantly lower
than control cows (2.8 vs. 8.6 mm), showing thatoleofen had a positive effect on
reducing pain sensitivity.

More recently, Kemp et al. (2008) evaluated meatamiociceptive thresholds (using a
gas-driven ramped device) and hind leg stance (mnieasthe distance between the cow’s
hocks) as pain-specific behavioural measures ttuate changes in pain sensitivity and

standing posture in cows with mild and moderatetitasCows with mild and moderate
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clinical mastitis had significantly wider hock-tmt¢k distance by 272 mm and 271 mm
respectively compared to control cows (225 mm).sTihdicates that cows with mastitis
changed their posture as a result of the uddearmfiation, and this measure was
considered a reliable sign of severity of mastilieey evaluated nociceptive thresholds
applying pressure against the lateral condyle eftietatarsal bone of the hind legs, finding
that in mastitic cows the leg on the mastitic dide lower nociceptive thresholds than the
contralateral leg (26.2 KPa and 39.4 KPa respdg)ividowever, the pressure withstood by
control cows was similar to the pressure withstydthe leg on the mastitic side in
mastitic cows (28.3 KPa). The authors concluded thgher levels of pressure on the
contralateral leg on mastitic cows compared to rebrdows was because mastitic cows
withstood more pressure due to the reluctanceitbvegight to the leg on the mastitic side.

Recent researches have focused on pain sens{fivigpatrick et al., 2011) and changes
in maintenance behaviours (Siivonen et al.,, 2014) objective measures of pain
experienced during experimentally-induced mas(Hscherichia coliLPS). Fitzpatrick et
al. (2011) evaluated nociceptive thresholds (usingalgometer device) applying pressure
to the udder of mastitic cows. They found that mielam (NSAID) treated mastitic cows
withstood on average 2 Ibs more of pressure omiditic quarter compared to the healthy
quarter. Contrarily, non-analgesic treated mastitvs withstood on average 2.5 Ibs less of
pressure on the mastitic quarter compared to th#hyequarter. The authors of this study
concluded that pain pressure sensitivity is a g@kabjective measurement of pain due to
clinical mastitis in dairy cows.

Most recently, Siinoven and collaborators (201Jgoreed that on the induction day,
mastitic cows took 253 more steps, spent 2 hossslieng down and 65 minutes less lying

on the mastitic quarter side compared to the ddgréenduction. The authors concluded
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that mastitis had a strong effect on the lying hhytand that although pain was not directly
evaluated, changes in behaviour might indicatedhsairt of discomfort in the udder caused

prolonged standing in mastitic cows.

38



6. Conclusions and Recommendations

Different farm practices and diseases cause pagows at different stages throughout
their lives. Although these pain experiences andially beneficial for the animals
triggering physiological and behavioural changeshwhe purpose of stopping tissue
damage and promoting recovery, unnecessary paiisneebe prevented and controlled
properly no manner the cause.

Mastitis is one of the most important and frequiiséase, causing economic losses, and
threatening cows’ welfare due to the lack of paitigation. The lack of pain control is in
part due to different perceptions of pain in cattleficiency in the ability of detecting pain,
and because the high cost that implies analgesses’ As a result, during the last decade,
welfare researchers have been trying to develog mbjective and quantified methods for
assessing pain due to mastitis. However, the irdtion available is not abundant.
Physiological measures have provided valuable m&bion about the positive effects that
analgesics have on mastitic cows; nevertheless; Hae a weakness due to their
invasiveness and impracticability for on-farm assgnts. Current methods of pain
evaluation based on behavioural measurements leaBniitation to be restricted to the
assessment of a particular aspect of pain, primhanges in pain sensitivity or activity,
leaving on the side the importance of comparing suess for a better validation of the
methodologies proposed. The majority of studiesehBocused on comparing measures
between analgesic and non-analgesic treated noastivs. However, it may be necessary
to compare pain measures between mastitic and rastitim cows; then proceed with

comparisons using analgesic treatment.
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Clearly, further research in this area is requiedchieve more reliable, sensitive, and
practical pain methodology to improve pain assessrire dairy cows with mastitis and
subsequently their management and welfare. An iategp of successful methodologies
used in mastitis and lameness pain research (etigityy nociceptive thresholds, weight
distribution and hind leg stance) with behaviouraéasures (e.g. behaviours during
milking) routinely used in the evaluation of farmaptices can provide interesting and

useful results.
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Development of behavioural methodologies to evaluafpain in dairy cows with

mastitis

Catalina Medrano-Galarza

Abstract

Mastitis is a frequent and painful disease in dawmws. However, pain detection and
alleviation in mastitic cows has been overlooketie Tobjective of this study was to
develop methodologies to measure pain in dairy cewmth clinical mastitis based on
objective and quantitative behavioural measurestyfwo lactating cows were used: 14
mastitic cows and 28 control cows. Mastitic andtoarcows were subjected to evaluation
of pain responses on D1 (mastitis detection dag),[DB and 7 days after the last antibiotic
treatment (D10+). Pain responses were evaluataddasuring lying behaviour, reactivity
during milking (stepping, lifting and kicking), wght distribution and hock-to-hock
distance. Overall, mastitic cows lied down 69 masuess on D2 compared to control cows
(p=0.01). The percentage of time lying on the mastquarter side did not differ
significantly between control and mastitic cows.ndtheless, laterality of lying had a high
variability between individuals for both treatmerits average, control cows spent 46.95 +
9.46% lying on the right side; however some indinal$ had a marked side preference.
Similarly, mastitic cows showed a marked prefereshespite the tendency to lie down less
time on the mastitic side (43.21 + 23.95%). Restless during milking did not differ
between treatments. Restless behaviours differgdifisiantly within mastitic cows

between days. Frequency of kicks per minute wagdnigon D1 comparing with D2
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(p=0.019), frequency of lifts was higher on D1 and d@paring with D10+@=0.009 and
p=0.001 respectively), and frequency of steps wahdri on D2 comparing with D10+
(p=0.032). The variability of weight that mastiticve® applied to the leg on the mastitic
quarter side was much higher on D1 compared to DEG#control cows the variability of
weight was higher on D1 compared to D2 and D3. Adek-to-hock distance did not differ
between control and mastitic cows. Mild clinical shas might not cause sufficient
discomfort or pain to markedly observe changesehabiours. However, cows showed
differences in lying time and reactivity during kiilg, and slight differences in laterality of
lying. The lack of knowledge about cows’ lying sipleeference and the possible effects of
no familiarisation period with the scale made iptetation of these differences as pain-
specific responses difficult. To further develop raéthodologies for assessing pain in
mastitic cows, it is worth applying the methodokxjiused in this study to cows with

moderate-severe mastitis, followed by their val@lausing analgesic treatment.

Key words:Cattle, pain, mastitis, behaviours, pain assessment
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1. Introduction

Mastitis is a costly disease affecting dairy catleonomic losses result from discarded
milk, treatment, and culling-replacement (Hillertob998; Bradley, 2002; Blowey and
Edmondson, 2010; CCIL, 2010). Mastitis is likelyainful disease and a major welfare
problem in cows (FAWC, 1997; Broom and Fraser, 200X0O, 2011). Within the ‘Five
Freedoms’, Freedom of pain, injury and diseaseghlights the importance of preventing
and alleviating suffering in farm animals (FAWC 020, including pain related to mastitis.

Pain assessment and alleviation in cattle aredonlty three factors. Firstly, cattle
evolved as prey species tending to react less itdybastimuli as an instinct of survival
(Phillips, 2002). Secondly, pain is traditionallgderestimated by farmers and veterinarians
(Vifluela-Fernandez et al., 2007). The last limitifagtor is related to high costs and
withdrawal periods associated with analgesics. €gmently, analgesics are not an
essential part of mastitis therapy (Fitzpatricklett999; Hewson et al, 2007).

The development of objective and quantitative méshior assessing pain in cows with
mastitis has become an aim of welfare scientisitzg&trick et al, 1999). Research has
focused on evaluating the effects of analgesicafheron physiological and behavioural
measures with experimentally-induced and naturatime (Fitzpatrick et al, 1999; Wagner
and Apley, 2004; Banting et al, 2008; Fitzpatritkak 2011). However, few studies have
evaluated the effects of pain due to mastitis omabmur as a first step before
implementing an analgesic treatment (Kemp et @82Giinoven et al, 2011).

A combination of behavioural measures for pain distomfort assessment may be
necessary to detect pain from mastitis. Thus, thjective of this study was to develop

methodologies to assess pain in cows with natliratal mastitis. The assessment of pain

52



was based on a combination of objective and quaivit measures of lying behaviour,
restless behaviours during milking, weight disttibn among legs and hind leg stance.
The hypothesis of this study was that mastitic cewesild spend less time lying and,
when lying, they would spend less time lying on thastitic quarter side compared to
control cows based on the findings of Siinoven &t (@011). They found that
experimentally-induced mastitic cows spent lesstilying and less time lying on the
mastitic side after the induction of mastitis comguato the day before induction. Based on
the results of Rushen et al. (2007), where lameschad a higher variation of weight
applied to the injured leg than sound cows, we ipted that mastitic cows would have a
higher variation of weight applied to the leg ore tmastitic quarter side compared to
control cows. Reactivity has been used as a meadusé&ress in cattle during milking.
Hassall et al. (1996) and Rousing at al. (2004nhdébthat lame cows and cows with lesions
on the teat respectively, were more restless an fiset while being milked. Therefore, we
predicted that mastitic cows would be more reactueing milking than control cows.
Based on the results of Kemp et al. (2008), wherescwith mild and moderate mastitis
had a wider hock-to-hock distance than healthy comes predicted that mastitic cows
would have wider hock-to-hock distance than contemdlthy cows. A pre-experiment was
conducted to evaluate the effect of IceTags (aomeleters) on lying behaviour and
laterality of lying of lactating cows, to be abteénsure that in the main study IceTags were

not going to affect laterality of lying of mastittows.

53



2. Materials and Methods
2.1. Animals and Housing

Primiparous and multiparous lactating Holstein cdgs tauru$ with body condition
score (BCS) > 2 and sound walking gait assessedsbyg the numerical rating score
system (Flower and Weary, 2006) were selected. Caere housed in sand-bedded
freestalls (2.4 m long x 1.18 m wide x 0.40 m degjh access to at least one stall per cow
at the University of British Columbia’s Dairy Eduimm and Research Centre (Agassiz,
Canada). Cows were fed a TMR twice daily (45.5%ceottrate and 54.5% forage on a dry
matter basis). Water was suppliedi libitum The cows were milked twice daily (05:00 and
15:00 h). All the procedures related to animalghis experiment were approved by the

UBC Committee on Animal Care (the University oftisth Columbia).
2.2. General Procedures and Measures
2.2.1. Accelerometers

Hobo Pendant G Acceleration Data Loggers (Onsetgboen Corporation, Pocasset,
MA — dimensions mm: 33 high x 60 wide x 25 deeprapimately) were programmed to
record the position of the cow as standing or lydwyvn using a logging interval of 1
reading per minute angl forces as a unit (Chapinal et al. 2009a). Theig-mas used to
evaluate lying behaviour; and the z-axis was usatktermine laterality of lying. The hobo
loggers were attached with Vet Wrap (Co-Flex, Areto€oated Products Inc., Salisbury,
MA) at the level of the middle part of the metatex:sThe data collected by the Hobos were

downloaded using Onset HOBOw&rdite Software Version 2.2.1 (Onset Computer
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Corporation, Pocasset, MA) and exported to Microgbécel’ (Microsoft Corporation).
Then Macro Hobo 3D Microsoft Exéelvas used to modify and edit data.

IceTag automatic recording devices (IceRobotics@, [Hdinburgh, UK - dimensions
mm: 65 high x 60 wide x 30 deep approx.) were @ogned to record cows’ activity
(standing and step count) with a sampling rate ®frdadings per second. The IceTag
devices were attached to the hind legs above ttexke(Chapinal, et al., 2010a). The data
collected by the IceTags were wirelessly downloattech computer using Ice Reader
Desktop Download System and the Ice Tag Analyse@™XSoftware (IceRobotics© Ltd).
However, data from IceTags were not used for tihggept; it will be used as part of the

larger project.
2.2.2. Behaviours at the Milking Parlour

The behaviours of the cows during milking were widlially recorded using a video
camera Panasonic SDR-H85PC (Panasonic Shikokur&hézt Indonesia). Videos took
place during the time of milking that included taneeriods mentioned by Cavallina et al.
(2006): pre-milking (from when the cow entered halking place until the milking unit
was attached), milking (from directly after attadmwhuntil the complete removal of the
milking unit), and post-milking (from the removdi the milking unit after the post-dip was
applied to the last teat).

CowLod® Software (Hanninen and Pastell, 2009) was usetdoe behaviours related
to reactivity of cows during milking including thiree periods mentioned above. Table 1
and Figure 1 describe the ethogram of the behawistored. The scorings were done by a
single observer who was completely blind to thattreents. To evaluate intra-observer

reliability, the observer scored 8 videos twice sd#o at random after three time points: 1.
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finishing training period, 2. at a mid point andaBthe end, when all video were completed.

Spearman correlation between the two scores was(sig 0.92-0.99).

Table 1.Behaviours related to reactivity of the cows reear at the milking time.

Behaviours Definition

Ste The hoof is lifted off the ground without going higr than the
P upper part of the dew-claw

The hoof is lifted off the ground higher than thpgpar part of

Lift the dew-claw but lower than the middle point betwte
dew-claw and the point of the hock

The hoof is lifted off the ground higher than theldle point

between the dew-claw and the point of the hocHdwer than
the point of hock

Low kick

High kick | The hoof is lifted off the ground highttan the point of hock

Point of
hock

. | Middle

point q

between

g dew-claw y 8 | 3 .-

and point of 3 3 ® —
hock Bl - ' -

n 0
SR

Dew-claw

Figure 1. Anatomical parts of the hind legs used to defihe behaviour related to

reactivity of cows during milking.
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2.2.3. Weight Distribution

The distribution of weight between the cow’s foeg$ was recorded while the cow
stood on a force plate scale for 5 minutes follantine procedure previously described by
Neveux et al. (2006) and Chapinal et al. (20094,020 2010b) (Figure 2). It was not
possible to habituate or familiarise the cows ® sbale during this study unlike previous
studies (Chapinal et al, 2009b; 2010a; 2010b; Pattal, 2010) because it was not known
when a cow would be diagnosed mastitic. Howevegvinid the development of negative
associations related to the scale, all the aninval® rewarded with food once they were
standing calm and head restrained in the scaldafuite release. For detailed information

see Appendix 1.

- tﬁim:: =

Irﬂmg‘!flw : g 2

"

1 l*I l.. I‘_i'li :

Figure 2. Cow standing on the force plate scale.
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2.2.4. Hock-to-Hock Distance

The distance between hocks was measured base@ omethodology used by Kemp et
al. (2008). The distance was taken twice usingteactble measuring tape having as a
reference points the Calcanean tuberosities (pufiritock) of both hind legs (Figure 3).

This procedure was done while the cows were stgnalirthe force plate scale.

Figure 3. Measurement of hock-to-hock distance. Red narr@afcanean tuberosities.

2.3. Specific Experimental Procedures

2.3.1. Experiment 1: IceTag Trial

The aim of this experiment was to evaluate whethere were effects of position
(lateral or medial), number (one or two) and lamat{left or right hind leg) of IceTags on
cows’ lying behaviour. Sixteen cows were randongitsnto two groups (Group Medial
n=8 and Group Lateral n=8). The Ice Tag devicesevahways attached on the medial side

of the hind leg for Group Medial, and always at&tion the lateral side for Group Lateral.

58



Both groups were balanced for parity, days in niidkM), BCS and body weight (BW)
(mean = SD, Group Medial: parity = 1.63 + 0.74; D¥M132.87 £+ 54.30; BCS = 3.12 +
0.42; BW = 642.5 +168.61 Kg; Group Lateral: partyl.5 + 0.75; DIM = 118 + 61.03;
BCS =2.78 £ 0.49; BW = 621.3 + 48.53 KQ).

Hobo loggers were attached to all the animals on(@g 0 at 10.00 h. Hobos were
programmed to start recording data at 00:00 h owmte trial. Hobo side location (left or
right hind leg) was balanced by attaching the hobloalf of the cows (n=8) on the left hind
leg, and on the right hind leg for the other hdlicows (n=8). This balance was equally
applied to both groups.

The cows were assigned to four treatments in a Ejuare design. All cows had one
hobo attached and the four treatments were: noalgehttached as a control (C); one
IceTag on the left hind leg (L), one IceTag on tight hind leg (R); one IceTag on both
hind legs (B). Each treatment lasted for 6 dayd,atotal of 24 days of accelerometer data

was collected. All the cows participated in all tbar treatments.

2.3.2. Experiment 2: Evaluation of Pain Responses Cows with Clinical Mastitis

Pain responses were evaluated measuring lying beiraand laterality of lying,
behaviours during milking, body weight distributiomnd hock-to-hock distance. A
methodology for measuring mechanical nociceptivedholds started to be developed in

this study but is still in progress and validat{see Appendix 2).

2.3.2.1. Selection of Cows

Forty-two cows were recruited for this experimdfdurteen cows with clinical mastitis

in only one quarter were selected (mean + SD; p&i3.92 + 1.77; DIM = 185.14 +
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104.06; BCS = 3.35 £ 0.42; gait score = 1.64 + ]).Aastitis was detected by the milker
using visual inspection for abnormalities in theefoilk (flakes, clots or blood) and the
udder (redness, heat and swelling). A milk samplenfthe mastitic quarter was taken for
bacteriological culture on the day of detection amnidr to milking (see Appendix 3 and
Table 2). The samples were sent to the Animal He@lentre AAVLD — Accredited

Laboratory, Ministry of Agriculture, Abbotsford, BCanada for analysis. Following the
farm procedures, mastitic cows received an intramaryg infusion of antibiotic (Cefa-

Lak®, Fort Dodge, Pfizer) as a mastitis treatmente daily at each milking for three or

four consecutive days starting on the mastitisaliete day.

Table 2. Pathogens isolated from milk samples of mastieo<

Group Cow ID Microorganism isolated
1 9029 No bacteria isolated

2 7118 Enterococcus faecium
3 5014 Enterococcus faecium
4 9957 No bacteria isolated
5 5053 No bacteria isolated
6 7109 Enterococcus faecium
7 6047 Enterococcus faecium
8 3072 Enterococcus faecium
9 4064 Klebsiella oxytoca
10 4040 Klebsiella oxytoca
11 3056 Escherichia coli

12 3126 No bacteria isolated
13 6022 Escherichia coli

14 5016 Klebsiella oxytoca

Twenty-eight control cows were recruited for thigoeriment (mean + SD; parity =
3.75 £ 1.50; DIM = 173.29 + 87.66; BCS = 3.20 £@.5ait score = 1.75 + 0.44). Two

control cows were assigned to each mastitic coavitaid problems of losing any control
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cow due to illness, high SCC, lameness, or difficih training to use force plate scale.
Control cows were selected based on parity and BdMnatch the mastitic cow. Each
mastitic cow and the two control cows were assigngdoup number from 1-14. A sample
of milk from each control cow was collected andlgsed for somatic cell count (SCC) to
confirm the absence of mastitis (samples were &erthe Pacific Milk Analysis Lab,
Chilliwack, BC, Canada). For selection, control soweeded to have SCC less than
250,000 cells/ml (Smith, 2009; Viguer et al, 2089}he beginning of the trial (mean £ SD;
SCC = 63,643 = 76,177); but also for the mean efgtevious 3 months (mean = SD; SCC
= 27,000 + 30,000). Additionally, at the end of thial, a milk sample from both mastitic
and control cows were analysed for SCC. Both mestitd control cows needed to have
SCC less than 250,000 cells/mL to be consideretihye@gmean + SD; 179,800 + 196,400

and 58,460 * 80,320 respectively).

2.3.2.2. Timeline

Each mastitic cow and her two controls were subgetd evaluation of pain responses
on D1, D2, D3 and D10+ (7 days after the last aatiibtreatment) of the trial. D1, D2 and
D3 were known as mastitis treatment days, wherectives received antibiotic treatment.
D10+ was considered a baseline where the masttics avere mastitis free. The mean (z
SD) duration of the trial for each group was 10d2fys (x 0.49); and the mean (x SD)
number of days between D3 and D10+ was 7.93 dags6@).

There were two timelines depending on whether tvesovere detected on the morning
or afternoon milking. Timelines are detailed in Apgices 4A and 4B. All the cows were

subjected to a series of procedures following itineltne depending on the detection time.
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2.3.2.3. Procedures

IceTags and Hobos were attached on D1 to mastdgigscand control cows to
continuously record lying behaviour and activitgrfr D1 to D10+. Based on the results of
the Experiment 1 (see section 2.3.1 and 3.1.)a# decided to attach one IceTag to the
lateral side of both hind legs of each cow. One tHekas attached to measure lying
behaviour and the laterality of lying. IceTag andblds were removed on the day after
D10+ at the same time of the day that they wergchéd on D1 to be able to complete
cycles of 24 hours.

Weight distribution, behaviours during the milkingnd hock to hock distances (see
section 2.2) were recorded for D1, D2, D3 and Dfd}+#he mastitic cows and the controls.
Video recording of behaviours during milking wetevays at the same milking depending

on whether mastitic cows were detected at eitheoiapm milking.

2.4. Data and Statistical Analysis

All descriptive analysis was performed in Excel®dastatistical analyses were

performed with SAS V9.2.

2.4.1. Experiment 1

For the three behaviours evaluated (total lyingidyon the left side and lying on the
right side), a single average per cow on a 24 hbass was calculated for total time
performing the behaviour (min/day), frequency otitso(bouts/day) and average duration

of bouts (min/bout). This was done for each of ther treatments in both medial and
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lateral groups. During the experiment one cow dgved a swelling on the left hock, and
her data was discarded.

Data was not normally distributed and variancesewaot homogeneoug (< 0.05
Shapiro-Wilk Test and Bartlett’'s Test respectivelyjerefore a Kruskal-Wallis Test was
selected for comparing groups and to investigatetisdr there was an effect of the position
of the IceTag (medial or lateral) and number of Tegs attached (one or two) on the lying
behaviour of the cows. Furthermore, a Kruskal-Vgallest was also used to evaluate the
treatment effect intra-group and the group effettartreatment. Differences between
groups were not found (see Appendix 5); therefanmmarisons between treatments were
done compiling data from both groups for each @f ¥ariables analysed using Kruskal-

Wallis Test.

2.4.2. Experiment 2

Data from four of the 28 control cows was discarbedause of illness (lameness and
displaced abomasum), high SCC at the end of take (250,000 cell/mL). Consequently,
of the total 14 groups used in the study (one rasow plus two control cows per group),
10 groups had complete data for the two controls;dierefore an average between them
was calculated to get a single set of data for @astedures done.

Of the 14 mastitic cows recruited, four cows hadtitia on a back quarter and ten on a
front quarter. From the four cows with mastitisaback quarter, three had mastitis on the
right and one on the left. From the ten cows withstitis in a front quarter, three had
mastitis on the right and seven on the left. Datenfone cow on D10+ was discarded
because she did not recover from mastitis (SCC 08D cells/mL). Unreliable data for

lying laterality of one mastitic cow was discardede to problems related to a twisted
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hobo. Additionally, one group (n=3, 1 mastitic ahatontrol cows) did not have data of
weight distribution, algometer test and hock-to#hodistance due to unforeseen

circumstances.

2.4.2.1. Activity

Data from the hobos was used to measure lying bedvaand lying laterality. Data
from IceTags will be used as part of the largerjgmoand are not reported here. The
variables calculated on a 24 hours basis were ligteg time (TLT), number of lying bouts
(NLB), mean duration of lying bouts (MDLB) and pentage of total time lying on the
mastitic side (PTLM) that in control cows corresgda total time lying on the homologous
side. Differences between days (D1, D2, D3, D1®¥)rhastitic and control cows, and
differences between treatments (contr@lmastitic) within days were calculated. Data was
not normally distributed and variances were not bgemeousy < 0.05, Shapiro-Wilk Test
and Bartlett’'s Test respectively). Wilcoxon SignRednks Test was used to compare the
differences. Cows detected at morning milking hadtal of 21 hours recorded for lying
behaviour whereas cows detected during afternodkingihad only 9 hours recorded for
lying behaviour on D1. D1 was not used due to tHasge differences in recorded lying

data.

2.4.2.2. Behaviours at the Milking Parlour

A mean of the number of behaviour’s frequency pirute was calculated for: step, lift
and kick (low kick and high kick were combined fibve statistical analysis in a single
category), to allow comparisons between milkingddferent lengths. The difference in

frequency per minute between days for both treatsné@mastiticvs. control); and the
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difference between treatments by day were calalilddata was not normally distributed
and variances were not homogeneopis<(0.05, Shapiro-Wilk Test and Bartlett's Test

respectively). Wilcoxon Signed Ranks Test was usembmpare the differences.

2.4.2.3. Weight Distribution

The differences between treatments (mastgicontrol) on the standard deviation (SD)
over time (a measure of weight shifting) and thecpetage (%) of weight (Kg) applied to
the leg on the mastitic side were compared by dAgslitionally, the differences were
compared between days for each treatment. Datdh®orSD of weight was normally
distributed and the variances were homogenepus@.05); contrary to the percentage of
weight data g < 0.05) (Shapiro-Wilk Test and Bartlett's Test)u&tnt paired Test was
used to compare the differences for the SD of wieighlcoxon Signed Ranked Test was

used to compare the differences for the percergbgeight.

2.4.2.4. Hock-to-Hock Distance

A single mean per cow was calculated by day froentito daily measures taken. The
difference in hock-to-hock distance between treatsémastitioss. control) was calculated
by day. Additionally, the differences between dexse also calculated for each treatment.
Data was not normally distributed and variancesewat homogeneoup<0.05, Shapiro-
Wilk Test and Bartlett's Test respectively). Wilaox Signed Ranks Test was used to

compare the differences.
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3. Results
3.1. Experiment 1
3.1.1. Total Lying Time and Lying Bouts

There were no significant differencgs X 0.05) in total lying time, frequency of lying
bouts and average duration of lying bouts betwaegroéthe treatments we tested. Whether
the IceTag was attached on the left or on the taghtor to either both legs or none of them

(Table 3).

Table 3.Median (28 percentile -78 percentile) time spent lying down, frequency dfty
bouts and mean duration of lying bouts of cows withiceTag (C), cows with an IceTag

on either the left (L) or right (R) hind leg or Wiain IceTag on both hind legs (B).

Total lying time (minutes/24 h) Frequency oflgibouts (bouts/24 h)
Treatment n Median (P25 - P75) Treatment n ike@25 - P75)
C 15 778.8 (746.8 - 819.5) C 15 9.6 (8.8.511
L 15  792.6 (765.1 - 813.0) L 15  10.6 (9.0-31.0
R 14  765.1(744.8 - 810.3) R 14  10.1(9.6-)11.1
B 15 783.6 (711.0 - 813.0) B 15 10.0(8.6-11.5)
N 1.32 N 0.04
p-value 0.72 p-value 0.99

Mean duration of lying bouts (minutes/bout)

Treatment n Median (P25 - P75)
C 15 74.7 (70.3 - 90.5)
L 15 74.9 (69.4 - 83.7)
R 14 74.3 (65.3 - 85.6)
B 15 76.4 (69.0 - 89.1) T x*= Test statistic for Kruskal-Wallis Test
Xt 0.44 P25 = 25th percentile
p-value 0.93 P75 = 75th percentile
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3.1.2. Laterality of Lying

There were no significant differences> 0.05) on total lying time, frequency and mean
duration of lying bouts on the left side betweeratments (Table 4). Similarly, there were
no significant differencesgp(> 0.05) on total lying time, frequency and meamation of

lying bouts on the right side between treatmené&b(d 5).

Table 4. Median (28' percentile -7% percentile) time spent lying down on the left,
frequency of lying bouts on the left and mean darabf lying bouts on the left of cows
with no IceTag (C), cows with an IceTag on eithex keft (L) or right (R) hind leg or with

an IceTag on both hind legs (B).

Frequency of lying bouts on the left side

Total lying time on the left side (minutes/24 h) (bouts/24 h)
Treatment n Median (P25 - P75) Treatment n diste(P25 - P75)
C 15 395.8 (365.3 - 430.3) C 15 5.8 (4.3-8.0)
L 15 411.8 (379.6 - 444.8) L 15 5.6 (5.3 -9.6)
R 14 387.7 (371.1 - 399.6) R 14 5.9 (4.6 -6.8)
B 15 396.5 (376.8 - 426.0) B 15 5.8(5.3-8.3)
Nas 2.01 Xt 1.59
p-value 0.56 p-value 0.66

Mean duration of lying bouts on the left side
(minutes/bout)

Treatment n Median (P25 - P75)
C 15 67.6 (58.1-77.7)
L 15 59.6 (44.2 - 84.2)
R 14 66.8 (60.9 - 91.9)
B 15 73.4(49.4-77.4)  1x°= Test statistic for Kruskal-Wallis Test
Xt 0.49 P25 = 25th percentile
p-value 0.92 P75 = 75th percentile
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Table 5. Median (2%' percentile -7% percentile) time spent lying down on the right,

frequency of lying bouts on the right and mean tlanaof lying bouts on the right of cows

with no IceTag (C), cows with an IceTag on either keft (L) or right (R) hind leg or with

an IceTag on both hind legs (B).

Total lying time on the right side (minutes/24 h)

Number of lying bouts on the right side

(bouts/24 h)

Treatment n Median (P25 - P75) Treatment n didte(P25 - P75)
C 15 379.5 (366.8 - 417.8) C 15 5.3 (4.85) 6.
L 15 379.8 (311.0 - 421.3) L 15 6.6 (5.3 - 7.8)
R 14 373.3 (331.8 - 415.5) R 14 5.9 (5.5 - 6.8)
B 15 351.1 (315.6 - 420.6) B 15 6.0 (5.0 - 7.8)
Xt 1.63 Xt 2.65
p-value 0.65 p-value 0.44

Mean duration of lying bouts on the right side

(minutes/bout)

Treatment n Median (P25 - P75)
C 15 73.1(62.1 - 82.8)
L 15 61.1 (46.6 - 78.1)
R 14 61.5 (57.8 - 74.6)
B 15 60.1(51.1-77.9) t x?= Test statistic for Kruskal-Wallis Test
Xt 4.07 P25 = 25th percentile
p-value 0.25 P75 = 75th percentile

3.2. Experiment 2

3.2.1. Lying Behaviour

Mastitic cows spent significantly less time lyingwh on D2 than control cows (Table

6). Looking at the medians, mastitic cows also spess time lying on D10+ compared to

control cows, following the same tendency as D2thist was not significant. There were

no significant differencegp(> 0.05) between mastitic and control cows for fesgry and

mean duration of lying bouts at each time (Tabland 8). Similarly, there were no
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significant differences between days for total ¢ythme, frequency and mean duration of

lying bouts within each treatmeng ¥ 0.05).

Table 6. Differences on the total lying time between coh#émed mastitic cows by days, and

between days for each treatment: control and nasttvs.

Variable Total lying time (minutes/24-h)
Treatment Control cows Mastitic Cows Diff betwe@-M
n Median (P25 - P75) n Median (P25 - P75) Swvaluet p-value
D2 14  776.5(701.9 - 811.9) 14 707.5 (562.89.8) 38.0 0.01*
Day D3 14  724.0 (674.9 - 796.9) 14 740.5 (559.8 -.3P0 19.5 0.24
D10+ 14  784.5(702.8 - 827.4) 13  654.0 (598700.0) 26.5 0.06
Svaluet p-value Svaluet  p-value
Diff D3 -D2 -17.5 0.29 -1.5 0.95
between D10+ - D2 7 0.68 4.5 0.78
days  p10+-D3 235 0.15 2.5 0.89
C=Control cows P25= 25th percentile Stalue = Test statistic for Wilcoxon sign rankestte
M=Mastitic cows P75= 75th percentile * Significatifference p<0.05)

Table 7. Differences on the frequency of lying bouts betmveentrol and mastitic cows by

days, and between days within control and masiawes.

Variable Frequency of lying bouts (bouts/24-h)
Treatment Control cows Mastitic Cows Diff betwe@-M
n Median (P25-P75) n Median (P25-P75) S-valuet p-value
D2 14 10.0 (7.9-11.4) 14 11.0 (8.0-12.0) -8.5 610.
Day D3 14 9.3 (8.5-10.8) 14 9.0 (8.0-10.8) 7.0 0.64
D10+ 14 9.8 (9.0-10.9) 13 10.0 (6.0-13.0) -5.5 .650
Svaluet p-value Svaluet p-value
Diff D3 -D2 4.0 0.71 245 0.09
between D10+ - D2 1.0 0.98 2.0 0.89
days  pi1o+-D3 3.0 0.86 11.5 0.25

C=Control cows
M=Mastitic cows

P25= 25th percentile
P75= 75th percentile

Stalue = Test statistic for Wilcoxon sign rankestte
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Table 8. Differences on the mean duration of lying boutsMeen control and mastitic

cows by days, and between days within control aastitic cows.

Variable Mean duration of lying bouts (minutesits)
Treatment Control Cows Mastitic Cows Diff betwe@-M
n Median (P25-P75) n Median (P25-P75) Svaluet p-value
D2 14  78.54 (72.70-91.80) 14 70.45 (59.04-85.76) 12.5 0.46
Day D3 14  81.58 (72.16-89.10) 14 81.82 (67.74-98.78) 0.5 1.00
D10+ 14 80.37 (73.29-90.40) 13  84.40 (54.69)y100 55 0.73
Svaluet  p-value Svaluet p-value
Diff D3 - D2 -8.5 0.62 18.5 0.26
between D10+ -D2 11.5 0.5 1.5 0.94
days  p10+-D3 20.5 0.21 6.5 0.68

C=Control cows
M=Mastitic cows

P25= 25th percentile

Stalue = Test statistic for Wilcoxon sign rankesltte

P75= 75th percentile

The percentage of time lying on the mastitic quaside did not differ significantly
between control and mastitic cows on D2, D3 and-Xnhd there were no significant
differences between days for each treatment (T@plélthough for control cows there
were no significant differences on the lateralifyiyong between days; Figure 4 shows the
mean percentage of time lying on the right sidetfa length of the trial (10.35 £ 0.49
days). There was a high variability between indiald. On average, for a 24h period,
control cows spent 46.95 + 9.46 % (mean * SD) efttime lying on the right side (min,
28.34%; max, 69.27%). For mastitic cows, Figurehbwss the mean percentage of time
lying of D2 and D3 on the mastitic side, there waso a high variation between
individuals. On average, mastitic cows spent 43223.95 % (mean = SD) of the time
lying on the mastitis side. The variation in lyiog the mastitic side ranged from 0.00 % to
83.06 % (min-max). Individual graphs of lateraldy/lying for mastitic cows are shown in

Appendix 6.
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Table 9. Differences on the percentage of time lying onreestitic side between control

and mastitic cows by days, and between days withiirol and mastitic cows.

Variable Percentage of time lying on the mastjtiarter side
Treatment Control Cows Mastitic Cows Diff betwe@-M
n Median (P25-P75) n  Median (P25-P75) Swvaluet p-value
D2 13 47.7 (44.4-53.3) 13 52.9 (28.0-58.2) -1.5 0.94
Day D3 13 53.2 (49.6-61.7) 13 41.9 (29.9-53.0) 215 0.14
D10+ 13 48.6 (38.3-61.5) 12 44.4 (29.4-71.4) 7.0 0.62
Svaluet p-value Svaluet p-value
Diff D3 - D2 20.5 0.21 -1.7 0.20
between D10+ -D2 8.5 0.62 5.0 0.73
days  p1o+-D3 -105 0.54 18.0 0.17
C=Control cows P25= 25th percentile Stalue = Test statistic for Wilcoxon sign rankesite
M=Mastitic cows P75= 75th percentile
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The time spent lying on the mastitic quarter sidd the results of the bacteriological
culture for mastitic cows are shown in Figure G@rkithe four mastitic cows that spent less
than 30% of their time lying on the mastitic sitleee of them had no bacteria isolated in
their milk samples; and one h#debsiella oxytocaThe two mastitic cows that spent more

than 60% of their time lying on the mastitic sidelEnterococcus faecium
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3.2.2. Behaviours at milking parlour

There were no significant differencgsX 0.05) between control and mastitic cows on
the frequency of steps, lifts and kicks per minwiéhin days (Table 10). Nonetheless,
significant differences were found within mastitows across time (Table 11). Mastitic
cows had a higher frequency of kicks per minute Oih compared to D2, a higher
frequency of lifts on D1 and D2 compared to D10-tdAionally, mastitic cows had a
higher frequency of steps on D2 compared to D10astiklc cows also tended to have a
higher frequency of steps on D1 compared to D2, amdgher frequency of lifts on D3
compared to D10+ but they were not significant. rEheere not significant differences

between days for control cows ¥ 0.05).
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Table 10.Differences on the frequency of steps, lifts, Kiger minute during the milking

between control and mastitic cows by day.

Frequency of steps per minute

Control Cows

Mastitic Cows

Diff between C-M

bay n Median (P25 - P75) n Median (P25 - P75) Swvaluet p-value
D1 14 3.05 (2.48 - 4.39) 14 2.23(1.46 - 3.61) -8.5 0.62
D2 14 2.7 (2.24 - 3.57) 14 2.20 (1.96 - 4.42) 518 0.26
D3 14 2.54 (2.18 - 2.91) 14 1.80 (1.73 - 2.00) 17.5 0.29
D10+ 14 2.20(1.88 - 3.81) 13 2.07 (1.15-2.44 -12.5 0.41
Frequency of lifts per minute
Day Control Cows Mastitic Cows Diff between C-M
n Median (P25 - P75) n Median (P25 - P75) Svaluet p-value
D1 14 0.51 (0.21 - 1.30) 14 0.70 (0.24 - 1.08) 25 0.90
D2 14 0.45 (0.15 - 0.80) 14 0.33 (0.16 - 1.02) 5.5 0.7
D3 14 0.81 (0.22 - 1.15) 14 0.42 (0.05 - 0.75) -11.5 0.50
D10+ 14 0.45(0.13-1.10) 13 0.15 (0.00 - .39 -10.5 0.49
Frequency of kicks per minute
Day Control Cows Mastitic Cows Diff between C-M
n Median (P25 - P75) n Median (P25 - P75) Svaluet p-value
D1 14 0.06 (0.00 - 0.26) 14 0.10 (0.00 - 0.13) 75 0.49
D2 14 0.03 (0.00 - 0.18) 14 0.00 (0.00 - 0.07) 55 0.57
D3 14 0.04 (0.00 - 0.21) 14 0.00 (0.00 - 0.07) 95 0.37
D10+ 14 0.03 (0.00 - 0.21) 13 0.00 (0.00 - p.14 -10.0 0.19

P25= 25th percentile
P75= 75th percentile

$value = Test statistic for Wilcoxon sign rankesitte
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Table 11. Differences on the frequency per minute of stéifis,and kicks between days

for mastitic cows.

Difference in steps'

Difference in lifts'

Difference in kicks'

Treatment diffzznce frequency per minute frequency per minute frequency per minute
N Svaluet p-value N Swvaluet p-value N Svaluet p-value
D2-D1 14 -245 0.135 14  -235 0.109 14  -135 0.12
D3 -D2 14 -115 0.501 14  -15 0.940 14 35 0.76
Control D3-D1 14 4.5 0.807 14 245 0.094 14 9.5 0.37
Cows D10+-D1 14  -175 0.295 14 -85 0.587 14 8.5 0.43
D10+ — D2 14 45 0.807 14 165 0.273 14 95 0.30
D10+ - D3 14 -135 0.426 14 25 0.862 14 15 0.91
Day Difference in stgps' Difference in Iiﬁs‘ Difference in kigks'
Treatment difference frequency per minute frequency per minute frequency per minute
N Svaluet p-value N Svaluet p-value N Svaluet p-value
D2-D1 14 28.5 0.07 14 -5.5 0.76 14 -22.5 0.01*
D3 -D2 14 7.5 0.66 14 50 0.73 14  -125 0.23
Mastitic D3-D1 14 -195 0.24 14 25 0.90 14 7.5 0.15
Cows  D10+-D1 13 -20.5 0.16 13 -32.0 0.01* 13 -3.0 0.74
D10+ - D2 13 -30.5 0.03* 13 -37.0 0.001* 13 1.0 0.93
D10+ - D3 13 -155 0.30 13 -21.0 0.06 13 -1.0 0.92

P25= 25th percentile
P75= 75th percentile

Svalue = Test statistic for Wilcoxon sign rankesitte
* Significant diffecenp<0.05)

3.2.3. Weight distribution

There were no significant differences between abrand mastitic cows on the SD of

weight and the percentage of weight applied tolélgeon the mastitic quarter side within

days (Table 12 and 13). Specifically for the SDwaight, a significant difference for

mastitic cows was found between D1 and D10+. Mastdws had higher SD of weight on

D1 compared to D10+ (mean + SD: D1, 44.46 = 14.23} K10+, 36.44 + 12.04 Kgq)

(Table 14). For control cows, the SD of weight off Pnean + SD: 40.31 + 7.48 KQ)
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differed significantly from D2 (mean + SD: 35.828#1 Kg) and D3 (mean + SD: 35.25 +
9.23 Kg) (Table 14). Between the other days thezeewo significant differences for both
treatmentsg > 0.05).

For the percentage of weight applied to both hiegs) there were no significant
differences f§ > 0.05) between legs within days for both con&madl mastitic cows (Figure

7).

Table 12. Differences on the SD of weight (Kg) of the leg e mastitic quarter side

between mastitic and control cows for each day.

SD of weight (Kg) of the leg on the mastitic ¢eaiside

Day Mastitic Cows Control Cows Diff between M-C
n Mean = SD n Mean = SD t-valuet  p-value
D1 13 44.46+14.24 13 40.31+7.48 1.10 0.29
D2 13 36.14+14.96 13 35.82+8.01 1.23 0.24
D3 13 36.55+17.56 13 35.25+9.23 1.25 0.23
D10+ 12 36.44 +£13.27 13 35.76£12.04 0.23  .810
C=Control cows T t-value = Test statistic for Student paitefest

M=Mastitic cows
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Table 13.Differences on the percentage of weight appliethéoleg on the mastitic quarter

side between mastitic and control cows for each day

Percentage of weight applied to the leg on thstitaquarter side

Day Mastitic Cows Control Cows Diff between M-C
n Median (P25 - P75) n Median (P25 - P75) Swvaluet p-value
D1 13 49.72 (45.31-52.79) 13 49.66 (47.62.48) 1.50 0.95
D2 13 54.17 (49.09 - 55.64) 13  49.43 (46.40 -825 11.50 0.45
D3 13 49.94 (45.71 - 52.75) 13 51.27 (47.06 284. 4.50 0.79
D10+ 12 52.62 (50.87 - 57.47) 13 50.03 (48.83.63) 15.00 0.27

C=Control cows
M=Mastitic cows

P25= 25th percentile
P75= 75th percentile

t Svalue = Test statistic for Wilcoxon sign rankesitte

Table 14. Differences on the SD of weight (Kg) of the leg e mastitic quarter side

between days for both mastitic and control cows.

Treatment Mastitic Cows

Control Cows

Differences

between days n Meant SD  t-valuet p-value n Meant SD  t-valuet p-value
D2-D1 13 -479+1295 -1.34 0.20 13 6.08+811 -2.70 0.01*
D3 -D2 13 -2.21+9.25 -0.86 0.40 13 -280+9.14 -1.10 0.29

D3-D1 13  -7.01+13.15 -1.92 0.07 13 .888+9.13 -3.50 0.004*
D10+-D1 12 -9.11+12.98 -2.43 0.03* 13 -.4.55+9.28 -1.76 0.10
D10+ - D2 12 291+1063 -0.95 0.36 13 1.52+13.56 0.40 0.69
D10+ -D3 12 215+1097 -0.68 0.51 13 433+11.11 1.40 0.18

* Significant difference [§<0.05)

T t-value = Test statistic for Student pairedt Test

i



60
50 -
40 -
30 -
20 -
10 -

Percentage (%) of weight

1 2 3 10+
Day
B Mastitic cows - Leg on the mastitic quarter side
O Mastitic cows - contralateral leg
® Control cows - homologous leg to leg on the mastjtiarter side
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Figure 7. Mean = SD of the percentage of the percentageeoftw applied on both hind

legs across time for control and mastitic cows<igmificant differences at each day).

3.2.4. Hock-to hock distance

There were no significant differencgs X 0.05) in the hock-to-hock distance between
control and mastitic cows across time (Table 13mil8rly, there were no significant

differences between days for each treatment imdlo&-to-hock distancep(> 0.05).
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Table 15. Differences on the hock-to-hock distance betwemnirol and mastitic cows by

days, and between days within control and mastgves.

Variable Difference of hock-to-hock distance
Treatment Control Cows Mastitic Cows Diff betwe@-M
n Median (P25 - P75) n Median (P25 - P75)  Svaluet p-value
D1 13 29.7 (28.0 - 31.1) 13 27.0 (23.0 - 32.5) .508 0.57
D2 13 29.7 (27.6 - 31.8) 13 27.0 (22.4 - 32.5) 7.00 0.25
bay D3 13 30.0 (27.5 - 31.3) 13 26.0 (24.0 - 31.0) 4.00 0.34
D10+ 13 28.5(27.0 - 38.8) 12 26.0 (23.9- 315 8.00 0.55
Svaluet p-value Svaluet  p-value
D2 -D1 7.5 0.62 -8.5 0.45
_ D3-D2 3.0 0.81 -4.0 0.80
be[t)\;\tfeen D3 - D1 2.0 0.91 40 0.80
days D10+-D1 -15.0 0.31 3.0 0.84
D10+ - D2 -20.0 0.12 12.0 0.37
D10+ - D3 -21.5 0.15 11.0 0.35

M=Mastitic cows
C=Control cows

T Svalue = Test statistic for Wilcoxon sign rankesite
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4. Discussion

4.1. Effect of IceTags on cows’ lying behaviour

Monitoring behaviours of dairy cows is an importgatrt of welfare and productivity
assessment on farms (Trénel et al, 2009). The ma@irthe research addressed to validate
data loggers for behavioural monitoring has beenuded on accuracy based on
comparisons with data from analysis of video recwysl or direct observation (Trénel et al,
2009; Ledgerwood et al, 2010). Nowadays, new daggdrs are been developed by the
industry. However, there is no previous researchihenpossible effects that data loggers
might have on cows’ lying behaviour. Using the nstwmodel of IceTag data loggers, this
study showed that the medial or lateral attachroéiteTags on one or both hind legs did
not affect the cows’ lying behaviour. Cows did ebange their lying side preference after
the attachment of the devices. These results ahotrthe anecdotal evidence reported by
Grubmdeler et al. (personal communication citedThgker et al, 2009) who found that
cows spent less time lying on the side correspantbrthe leg where the data logger was
attached (40% on side with logger, 60% on side authcompared with 50-50% in cows
without logger). From this study, we can conclullat tafter attaching IceTags and starting
behavioural recording 14 hours after attachmeret,divices provide reliable data without
affecting lying behaviour; therefore a 14 hoursihattion period is sufficient to allow the
animal to get used to hold the device. An additi@ady might be carried out if effects of
IceTags during these first 14 hours want to be kmdlis experiment is a pioneer study in
the area that encourages continuing evaluatinghenetata loggers affect cows’ behaviour

such as walking and stepping.
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4.2. Methodologies to evaluate pain in dairy cowsithh mastitis

This study described a behavioural based methogdtmgvaluate pain in dairy cows
with naturally occurring clinical mastitis that pided valuable information but also
showed limitations.

The evaluation of lying behaviour and variation lging laterality are important
measures of cows’ welfare and comfort (Forsbergle008; O’Driscoll et al, 2008).
Mastitic cows spent less time lying on the dayraftastitis detection compared to control
cows. The same tendency, but not significant, wasekwved for the following day and 7
days after antibiotic treatment. The decreasedlyime compared with healthy cows may
be because of pain or discomfort experience byititasbws felt when lying down due to
the compression of the udder against the stallébeitbase, opting then for standing up.
Similarly, Siinoven and collaborators (2011) foutidt cows with experimental-induced
mastitis tendedp(< 0.07) to spend less time lying on the inductiag than the control day
(one day before induction). They suggested thattititaxows may have reduced
motivation for lying than healthy cows due to thiscdmfort or pain experienced in the
udder and therefore reluctance to lie on the uddlee present study found that within
mastitic cows there were no significant differendetween each day on lying time,
including the baseline day (D10+). The explanatfon this might be related to the
avoidance-learning process that pain experiencaves, where pain acts as a reinforcer in
learning to avoid future risk of damage (Broom, POOLearning to avoid negative
experiences such as fear and pain have been testalyes and cows subjected to aversive
handling procedures, finding that calves and cows able to discriminate between

negative and positive situations after having eepeed them (de Passillé et al, 1996;
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Pajor et al, 2000 respectively). In the presend\stmastitic cows might have learned that
pain or discomfort in the udder was alleviated whiegly avoided lying down during the
first days of mastitis infection; therefore, thegeferred to continue lying down less to
avoid feeling pain.

Previous reports in literature have suggested phatounced changes in laterality of
lying may indicate that cows are uncomfortable,dpeiog a suitable indicator of cows’
welfare (Ledgerwood et al, 2010). In our studywés found that although there were no
significant differences on the percentage of tigied on the mastitic side on D2, D3 and
D10+ between and within control and mastitic cowaerality of lying had a high
variability between individuals. This study repaagproximately 53:47 % of time lying on
left and right for control cows which is in agreamevith the literature (Forsberg et al,
2008; Tucker et al, 2009; Ledgerwood et al, 2018pwever, on consideration of
individual cows and not the average, both contnol mastitic cows showed a marked lying
side preference. For control cows, both right aftidide preference’s range was between
30 to 70% approximately. Mastitic cows were morgeare in their lying side preferences
than any control cows, where 4 mastitic cows wergen the minimum and 2 were over the
maximum value for control cows. Although the averaipows no side preference, each
individual is unique and different. To be able ®&euaterality of lying as an indicator of
pain due to mastitis, the individual’s lying sideeferences must be first known by the
farmer or the scientists to be able to concludetidrea certain cow is feeling pain or
discomfort based on changes in her preference.

Restlessness behaviours have been used to evalwess during milking that may
affects cows’ welfare (Rushen et al, 2001). In pnesent study, a higher frequency of

kicking, lifting and stepping in milking during tHest three days after mastitis detection
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might be explained by the pain and discomfort eigoeed by the cow due to mastitis.
Usually, the increase of cows’ movements is assetiavith agitation during a stressful
situation (Grandin, 1993, 1997). The findings oé thresent study are consistent with
findings of other studies that have evaluated @sstbehaviours in cows. Although they did
not evaluate effects of pain associated with mastihey did show that cows increased
their reactivity when experiencing discomfort oarfeFor instance, Chapinal et al. (2011)
found that cows had an increase in the frequencsyeps over one hour of forced standing.
Furthermore, Peters and collaborators (2010) fotlhmt cows subjected to aversive
handling before going to the milking were more te&c in the milking parlour.
Additionally, Gygax at al. (2008) found that cowsttwhigh SCC had a higher rate of
stepping during milking. This finding might explatte higher frequency of restless
behaviour in our mastitic cows during the firstetrdays after mastitis detection where it is
expected that cows will have higher SCC. Howevernjing) the first three days after
mastitis detection, mastitic cows received an iteanmary infusion of antibiotic twice a
day. It is unknown what side effects this antilw@nd the manipulation of the udder during
the infusion might have on the cows. It is possibigt it may cause mild irritation in the
udder and consequent discomfort that might be ssprk by the cows during the direct
manipulation of the udder while they are milking.

Mastitic cows had a higher variability in the weigiver time that they applied to the leg
on the mastitic side (a measure of weight shiftiwhen mastitis was detected compared
when healthy on D10+. This result might confirm foemulated hypothesis (mastitic cows
will shift more weight) based on the findings ofdRen et al. (2007) where lame cows had
a much higher variation of weight on both the iefiand the contralateral leg than healthy

cows. Similarly, Neveux and collaborators (2006pwed that the variability in weight
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distribution increased when cows were standing ooomfortable surfaces. It can be
suggested that mastitic cows had a higher varighon weight on D1 due to the
inflammation and pain felt in the affected quartehjch started to decrease slightly due to
the effect of the local antibiotics that cows reeéi on D1. However, in this study, control
cows also showed a variation on weight between,dsiag higher for D1 comparing with
the two following days. These differences withiraliey cows and within mastitic cows
specifically for D1 that decreased over time miglsb suggest that the variation on weight
may not be due to pain or discomfort (in mastibevs) but for a novel environment effect.
Cows in this study did not have a familiarizatiogripd with the scale conversely to other
studies in weight distribution, where cows had gtsveamiliarization periods with the scale
(novel object) by standing on it 4 times/day fotestst 4 days before the recordings started
(Chapinal et al, 2009b; Chapinal et al, 2010a; Gteet al, 2010b; Pastell et al, 2010).
The reason for no implementation of familiarizatjgeriod in this experiment was because
the experiment depended on when a cow was diagnasieanastitis so the identification
of the cow and her detection day where unknownl ghtitnges in milk appearance were
detected. The implications of these findings fatufe on-farm applications of the force
plate scale for evaluation of pain due to masbtis also for lameness detection are that
either the entire herd needs to be familiarizedhthe scale or simply the scale needs to be
located in a familiar environment for the cows, vehthey do not notice any novelty that
can cause stress and anxiety such as the milkirigupar ideally in an automatic milking
system.

The hock-to-hock distance is a measure of hindstagce, which has been reported to
be wider in mastitic cows due to the inflammatiamridg the beginning of the disease

(Kemp et al., 2008). However, in our study the htmkock distance did not differ

84



between control and mastitic cows; and the distalidaot present the expected reduction
at the end of the trial, on D10+, when the cowsensalthy. The implementation of this
measure for assessing mastitis severity and irttlirpain as has been suggested by Kemp
et al. (2008) might be useful for moderate-severastitis when changes in udder
appearance are evident, but not for mild mastitiene only changes in milk appearance
are evident which has been the case for the animailgited in our experiment.

The results of bacteriological culture of 13 mastdows’ milk samples showed the
isolation of different environmental pathogens,nigeconsistent with the results of other
studies, where environmental pathogens were thé aomsmon isolated microorganisms
(Sargeant et al., 1998; Olde Riekerink et al., 2008e isolation oEnterococcus faecium
was expected based on the results of Zdanowicz aldborators (2004), where
Streptococci were more commonly isolated from tedtsand housed cows compared to
sawdust housed cows. Although the isolatiorEe€herichia coliand Klebsiella oxytoca
(coliforms) has been highly related to sawdust begl(zdanowicz et al., 2004), they were
isolated in two and three cows respectively. F@ases of no bacteria grown were obtained;
being consistent with other studies where cultiegative milk samples represented a large
part of the culture results of clinical mastitioa®(Sargeant et al., 1998; Olde Riekerink et
al., 2008). Interestingly, a great proportion oftaxe-negative clinical mastitis cases have
been attributed tdEscherichia coli(Schukken et al., 1988; Zorah et al., 1993; Olde
Riekerink et al., 2008). This suggests that these ¢ases could be causedBEscherichia
coli. Although coliforms are catalogued as the majarseaof disease and severe clinical
mastitis in cows (Smith, 2009), in our study, mastcows with a positive result to
coliforms in milk culture did not have physical sggof udder inflammation or systemic

illness. However, three of the mastitic cows with bacteria isolation and one with

85



Klebsiella oxytocavere the cows with the lowest extreme values fncentage of time
lying on the mastitic side; the two cows with thghest extreme values correspond to cows
with Enterococcus

The results of this study were limited by the tyfenastitis that the recruited cows had
(mild mastitis). Mild mastitis may not have beeninfial enough to cause changes in
behaviour. However, pain sensation cannot be denied based on the findings it can be
affrmed that the cows were at least in a leveldsfcomfort that affected their lying
behaviour and reactivity during milking. As a coggence, the methodologies proposed in
this study need to be re-evaluated using cows wmitlderate and severe mastitis, where
behavioural differences due to pain compared tdttneaows might be found. If the scale
for weight distribution and laterality of lying aiacluded in these methodologies, cows
need to be familiarised with the scale, and siddepences must be known before starting

the evaluation.
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5. Conclusion

Using the methodologies proposed in this study, scavith mild clinical mastitis
showed basic differences in lying time and reastiduring milking compared to healthy
cows. Furthermore, they showed some slight diffezenin laterality of lying and weight
distribution; however, these responses cannot feepireted as pain-specific responses due
to the limitations that these behavioural measpresented in this study related to the lack
of knowledge about previous lying side preferenafethe cows and familiarisation period
with the scale. To continue the development of mgdltogies for assessing pain associated
with mastitis, it is worth applying the behaviouraéasures used in this study in cows with
moderate-severe mastitis. However, to implemengktalistribution and laterality of lying
as measures for pain assessment, the scale mpkstdeel in a familiar environment for the
herd and previous records about lying side preteerf the cows in healthy conditions
need to be carried out. Following this, validatiohthe methodologies using analgesic

treatment to confirm that the responses are spquéin behaviours is needed.
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General Discussion of Results and Criticisms of Mabdology

The initial project proposed for my dissertationswiffects of analgesics on pain due
to mastitis in cows’ that had the objective of enaing the impact that pain and its
alleviation using analgesic treatment have on ceutl mastitis based on changes in
behaviour, body weight distribution and nociceptitieesholds. This project was divided
into two stages. The objective of the first stageswo compare pain responses between
control and mastitic cows. In the second stagetititasows without analgesic treatment
and mastitic cows with analgesic treatment wera@aod be compared. However, due to
lack of time it was possible only to reach partred first stage, and | said ‘part’ because the
project was developed in one farm (University oftiBin Columbia’s Dairy Education and
Research Centre) where the type of mastitis theyt tlad was mild clinical mastitis, and
cows just had changes in milk appearance but sijrexsident udder inflammation and
systemic signs were not common. Therefore, afteritfitial step of looking at changes in
behaviour due to pain in the less severe clinictitis, the methodologies proposed in this
study would need to be evaluated in other farmsrevhmeoderate and severe cases of
clinical mastitis are more common, before contiguawith the second stage of this project.

One of the major limitations that the project hadswthe time regarding mastitis
detection and the starting of behavioural recorslingecause the project used natural
mastitis, control over the occurrence of each riastase was not feasible; therefore, to
record behaviours from the beginning of the diseaskideally before, to be able to have a
better baseline data, was not possible. An easyignlfor this would be to experimentally
induce mastitis to the cows. However, this wouldl fudil the ‘Three R’s’, specifically the

Third R “Refinement”, that are part of the guidelnfor research with animals, because if
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there is a possibility to do the same researchdawpiinflicting disease and unnecessary
pain to the animals, natural mastitis occurrencéhés correct choice. Besides, outcomes
from research done with real conditions are mor@liegble in farm for future
improvements of cows’ welfare.

Another limitation of the project was that mastitows received a treatment that
control cows did not, the antibiotic treatment ast pf the mastitis therapy established on
the farm. The issue with this is that it is unknowm@ possible effects that this intra-
mammary injection could have on mastitic cows’ hetwars, therefore we could not ensure
that the changes in behaviour (mainly in lying betar and restless behaviours during
milking) found in the study are related to paintorthe possible irritation that the drug
produced. As a consequence, the next step isdbdirsure that there is no effect of the
antibiotic on cows’ behaviours. Currently, this $inpaoject is started to be planned.

The evaluation of mechanical nociceptive threshakiag an algometer was part of the
methodologies to be developed in this study becduses shown success measuring pain
sensation related to dehorning in calves. Howetbis technique specifically for
assessment pain in mastitis is still unclear, altjois being worked by other research
teams. Consequently, the development of the metbggdook a lot of time (and still
needs improvements and re-evaluation) becauseesigogistions such as which location on
the udder to apply the pressure were unknown. Tarowe the use of the algometer as a
possible tool to measure pain in mastitic cowst fit needs to be tested in healthy cows to
ensure consistency in the applied pressure arfteinesponse of the animals but also to test

possible handler effects.
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Appendices
Appendix 1. Force Plate Scale

The body weight distribution of cows was measursimhg a scale (Pacific Industrial
Scale Co. Ltd., Richmond, British Columbia, Canatia} was composed by 4 independent
recording units (12 cm high x 59 cm wide x 99 cmdp The units were covered with
textured rubber mats (1.5 cm thick). The scale fittesl in a 1.9 m x 1.3 m enclosure. The
recorded weights, corresponding to vertical loadliad by the cow, were automatically
transmitted via electrical signal to a computerlaatte of 14 readings/sec. Cow Weight
Software version 2.2 (Pacific Industrial Scale Ctd) was used to provide a real-time
display of the weight applied to each of the 4 ainithe data were automatically exported
to Microsoft Exce? (Microsoft Corporation). The scale was calibrapediodically during
the study and tested for weight homogeneity andiracy between the four plates before

being used.
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Appendix 2. Mechanical Nociceptive Thresholds: Algmeter Test

The evaluation of mechanical nociceptive threshaldshe cows was evaluated by
applying pressure on the udder using an algometaraypain threshold capacity of 50 Ibs
(FDX Force Ten Algometer™, Wagner Instruments, Gnaeh, CT, USA). The algometer
was set up in Kgf as a unit of force, and it wasgpammed to record using the Peak Mode
— Run Compression Test.

This procedure was carried out while the cows vatamding on a force plate scale.
Pressure was applied on the quarters to be evdlspending on the experiment on
mastitic and control cows. Each quarter was dividetthree areas: top, middle and bottom
(Figure a). Pressure was applied twice per arengls seconds or less if the cow
displayed/showed avoidance reaction to the stimulbe avoidance reaction was defined
as a vigorous tail swishing, shifting of weightgmping, lifting or kicking. As soon as the
cow performed any of the avoidance reactions offitteeseconds ended, the pressure was

immediately stopped and the value of pressure egppind the absence or presence of

response recorded.

Figure a. Areas per quarter for pressure application

T=top; M=middle; B=bottom.
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Appendix 3. Milk Sampling for Bacteriological Culture

Milk sampling was carried out following the procedwestablished by the University
of British Columbia’s Dairy Education and ResearfCantre. The procedure was done
before cows were milked and is described below:

1. Two or three strips of milk were pulled out to fiusontaminating bacteria out of
the teat end.

2. The teat was pre-dipped with 0.5% lodine Solutianirdy 30 seconds.

3. The teat and teat end was wiped dip off with arcleaper towel.

4. The end of teat was cleaned using alcohol swaliktnatswabs come back clean.

5. Without touching the prepared teat end, the stedlaple tube was opened and two
or three strips of milk (the first must be discatpevere collected into the tube on

an angle of 45

6. The sample was frozen (-20) until they were sent to the commercial laborator

be cultured and analyzed.
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Appendix 4A. Timeline for Procedures Based on Madis Time Detection: Morning

Milking

This time line is an example using data from oné¢hef mastitic cows that was in the
trial. The cow was detected on the™157 April during morning (AM) milking. Her last
antibiotic treatment day was on the 20th of Apnltbe morning milking; therefore D10+

started on the 27at the morning milking (see Diagram 1).

Appendix 4B. Timeline for Procedures Based on Madis Time Detection: Afternoon

Milking

This time line is an example using data from oné¢hef mastitic cows that was in the
trial. The cow was detected on the™ 16 April during afternoon (PM) milking. Her last
antibiotic treatment day was on the 18th of Aprithe am milking; therefore D10+ started

on the 24 of April at afternoon milking (see Diagram 2).
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Diagram 1. Morning (AM) detection
Day Date Time Procedure
AM milking average detection time
08:00 h Beginning of day 1
Milk sampling for bacteriology culture from mastittows
Weight distribution
Algometer test
D1 17.04.2011 | 10:00-14:00 h .
Hock-to-hock distance
Attachment of Ice Tags and Hobos
PM milking
15:00-19:00 h | Milking sampling for SCC from control cows
Behavioural video recording of mastitic and contralvs
07:59 h End of day 1
08:00 h Beginning of day 2
Weight distribution
10:00-14:00 h | Algometer test
18.04.2011 .
D2 Hock-to-hock distance
) ) PM milking
15:00-19:00 h Behavioural video recording of mastitic and contolvs
07:59 h End of day 2
08:00 h Beginning day 3
Weight distribution
10:00-14:00 h | Algometer test
19.04.2011 :
D3 Hock-to-hock distance
: : PM milking
15:00-19:00 h Behavioural video recording of mastitic and controlvs
20.04.2011 17:59 h End of day 3
08:00 h Beginning day 10+
Weight distribution
10:00-14:00 h | Algometer test
27.04.2011 Hock-to-hock distance
D10+ P
PM milking
15:00-19:00 h | Milk samples for SCC from mastitic and control cows
Behavioural video recording of mastitic and contralvs
28.04.2011 07:59 h End day 10+
D10+ + 1 >08:00 h Remove Ice Tag and Hobos

Day 10 = 7 days after last antibiotic treatment
Day 10+ + 1= day after day 10+
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Diagram 2. Afternoon (PM) detection

Day Date Time Procedure
PM milking average detection time
15.04.2011 18:00 h Beginning of day 1
Milk sampling for bacteriology culture from mastitows
AM milking
Milking sampling for SCC from control cows
5:00-09:00 h . : . -
D1 Behavioural video recording of mastitic and controlvs
Attachment of Ice Tags and Hobos
16.04.2011 - TR
Weight distribution
10:00-14:00 h | Algometer test
Hock-to-hock distance
17:59 h End of day 1
18:00 h Beginning of day 2
_ ) AM milking
5:00-09:00h Behavioural video recording of mastitic and contoivs
D2 Weight distribution
17.04.2011
10:00-14:00 h | Algometer test
Hock-to-hock distance
17:59 h End of day 2
18:00 h Beginning day 3
: : AM milking
5:00-09:00 h Behavioural video recording of mastitic and controivs
D3 18.04.2011 Weight distribution
10:00-14:00 h | Algometer test
Hock-to-hock distance
17:59 h End of day 3
24.04.2011 18:00 h Beginning day 10+
AM milking
5:00-09:00 h | Milk samples for SCC from mastitic and control cows
S Behavioural video recording of mastitic and contrmivs
25.04.2011 Weight distribution
10:00-14:00 h | Algometer test
Hock-to-hock distance
17:59 h End day 10+
D10+ +1 >18:00 h Remove Ice Tag and Hobos

D10+ = 7 days after last antibiotic treatment
D10+ + 1= day after day 10+
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Appendix 5. Complementary results of Experiment 1iceTag Trial

There were no significant differencgs ¥ 0.05) in total lying time, number of lying
bouts and average duration of lying bouts betwemupgs (medial and lateral IceTag
attachment). No significant differences were alsonfl between any of the treatments we
tested. Whether the IceTag was attached on therleift the right leg, or to either both legs
or none of them. There were no significant diffees when comparing each of the
treatments between medial and lateral groups (TAble

There were no significant differencgsX 0.05) between group, treatment within group
and group within treatment on total lying time,ngibouts and average duration of lying
bouts on the left side (Table B). Similarly, thevere no significant differencep & 0.05)
between group, treatment within group and groughiwitreatment on total lying time,

lying bouts and average duration of lying boutdlmright side (Table C).
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Table A. Effect of group and IceTags treatments on toiaglypehaviour.

Total Lying Time (min/24 h)

Group Medial Group Lateral 20
(Median P25-P75) (Median P25-P75) X p-value
,, Total 784.7 (735.4-805.05) 763.5 (755.1-814.9) 0.01 0.91
= C 781 (746.8-819.5) 778.3 (743.6-818.2) 0.12 0.73
= L 786 (776.3-813) 796.6 (760.5-812.1) 0.03 0.86
s R 761.8 (710.2-810.3) 765.2 (752-819.2) 0.15 0.70
= B 795.2 (698.6-813) 758.2 (720.3-810.2) 0.01 0.91
N 1.26 0.74
p-value 0.74 0.86
Lying bouts (bouts/24 h)
Group Medial Group Lateral 20
(Median P25-P75) (Median P25-P75) X p-value
,, Total 9.6 (8.6-11) 10.5 (9.6-11.5) 1.62 0.20
£ C 9.3 (8.8-10.8) 10.8 (9.4-12.3) 2.11 0.15
= L 10.8 (8.5-11.5) 10.5 (9.5-10.9) 0.00 1.00
s R 10.3 (9.1-11) 10.08 (9.6-11.7) 042  0.52
= B 9 (8.6-11.5) 10.7 (9.8-1) 1.95 0.16
X2t 0.40 0.41
p-value 0.94 0.94
Average duration of lying bouts (min/bout)
Group Medial Group Lateral 20
(Median P25-P75) (Median P25-P75) X p-value
,, Total 82.4 (72.05-90.5) 72.6 (62.6-83.4) 1.08 0.30
= C 88.3 (74.7-90.5) 72.2 (64.4-83.9) 1.93 0.16
= L 79.99 (69.4-91.1) 74.05 (65.4-83.4) 0.66 0.42
s R 74.3 (72.05-86.4) 72.02 (62.4-83.6) 0.82 0.37
= B 81.8 (69-92.7) 70.5 (61.6-81-5) 1.08 0.30
x2* 0.79 0.38
p-value 0.85 0.94

Treatments: C=No IceTag; L= IceTag on the left Hegl R=IceTag on the right hind
leg; B=IceTag on both hind legs.

P25= 2% percentile.

P75= 7% percentile.

* x% Test statistic for Kruskal-Wallis Test.
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Table B. Effect of group and IceTags treatments on lyindgefinside.

Total Lying Time (min/24 h)

Group Medial Group Lateral 20
(Median P25-P75) (Median P25-P75) p-value
,, Total 399.8 (381.9-436.4) 406.6 (368.08-426.3) 0.0D.91
= C 383.3 (365.3-432.3) 403.4 (352.4-437.8) 0.210.64
e L 424.3 (389.8-432.1) 410.7 (356.1-445.9)  0.120.73
s R 387.7 (384.6-397.5) 385.3 (357.7-449.5)  0.02.90
= B 394.8 (376.8-461.8) 400.5 (376.7-417.2) 0.120.73
x>t 2.78 0.29
p-value 0.43 0.96
Lying bouts (bouts/24 h)
Group Medial Group Lateral 20
(Median P25-P75) (Median P25-P75) p-value
,, Total 6.4 (5.5-7.6) 6.2 (5.1-8.2) 0.01 0.91
£ C 5.8 (5.1-9.6) 6 (4.8-9) 0.34 0.53
e L 7.1 (5.1-9.6) 5.5 (5.3-9.8) 0.01 0.91
8 R 5.9 (5.3-6.8) 5.7 (4.5-7.8) 0.07 0.80
= B 5.8 (4.3-7.1) 6 (5.4-7.4) 0.03 0.86
X2t 1.62 0.69
p-value 0.65 0.88
Duration of lying bouts (min/bout)
Group Medial Group Lateral 20
(Median P25-P75) (Median P25-P75) p-value
,, Total 65.6 (59.8-77.7) 64.8 (53.01-83.6)  0.120.73
= C 67.6 (63.6-81.3) 67.9 (49.5-76.2) 0.480.49
e L 59.6 (44.2-88.6) 70.4 (45.2-84.2) 0.120.73
s R 66.2 (61.7-70.3) 71.4 (56.1-95.6) 0.020.90
= B 73.5 (49.2-80.5) 72.1 (55.2-76.09)  0.050.82
NG 0.73 0.46
p-value 0.87 0.93

Treatments: C=No IceTag; L= IceTag on the left Hewl R=IceTag on the right
hind leg; B=IceTag on both hind legs.

P25= 2% percentile.

P75= 7% percentile.

* x% Test statistic for Kruskal-Wallis Test.
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Table C. Effect of group and IceTags treatments on lyingight side.

Total Lying Time (min/24 h)

Group Medial Group Lateral 20
(Median P25-P75) (Median P25-P75) p-value
m Total 384.9 (336.2-424.5) 373.8 (343.4-408.4) 0.05 0.82
= C 415.6 (363.5-440) 368.8 (315.9-411.1) 0.12 0.73
qé L 361.6 (289.1-422) 378.1 (368.1-399.1) 0.05 0.82
§ R 375.2 (323.1-415.5) 380.3 (332.2-417.7) 0.02 0.90
- B 351.1 (315.6-428) 373.3 (345.7-410) 0.21 0.64
X2t 1.51 0.39
p-value 0.68 0.94
Lying bouts (bouts/24 h)
Group Medial Group Lateral o0
(Median P25-P75) (Median P25-P75) X p-value
w Total 6.2 (5.4-6.6) 6.08 (5.2-7.5) 0.12 0.73
= C 5 (4.6-5.8) 5.91 (5.3-7.3) 2.28 0.13
qé L 6.6 (6.6-6.8) 5.66 (5.3-8) 0.09 0.77
§ R 5.8 (5.5-6.1) 6.2 (5.2-7) 0.27 0.60
= B 6 (5-6.5) 5.5 (4.9-8) 0.17 0.68
X2t 6.84 0.23
p-value 0.08 0.97
Duration of lying bouts (min/bout)
Group Medial Group Lateral 20
(Median P25-P75) (Median P25-P75) p-value
w Total 67.7 (56.6-74.1) 66.5 (51.8-75.9) 0.00 1.00
= C 80.6 (65.3-88.09) 65.5 (59.01-75.3) 3.01 0.08
qé L 58.8 (46.6-67.6) 38.8 (45.9-78.2) 0.21 0.64
§ R 64.7 (57.8-74.6) 61.5 (56.4-74.6) 0.00 1.00
- B 60.08 (51.05-80.3) 64.8 (50.5-75.9) 0.01 0.91
NG 5.93 0.14
p-value 0.12 0.99

Treatments: C=No IceTag; L= IceTag on the left Hegi R=IceTag on the right hind

leg; B=IceTag on both hind legs.
P25= 2% percentile.
P75= 78 percentile.

* x% Test statistic for Kruskal-Wallis Test.
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Appendix 6. Laterality of lying for each individual mastitic cow

Mean percentage of time lying on each side (le¥s. right) in a 24 hour period starting
on the day after mastitis detection (D2) and finising on D10+ (in this case day 11) of

cow 9029 (mastitis on the right).

m | eft side

® Right side

each side

Percentage (%) of time lying on

Mean percentage of time lying on each side (le¥s. right) in a 24 hour period starting
on the day after mastitis detection (D2) and finising on D10+ (in this case day 11) of

cow 7118 (mastitis on the left).

each side

m | eft side
E Right side

Percentage (%) of time lying on
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Mean percentage of time lying on each side (le¥s. right) in a 24 hour period starting

on the day after mastitis detection (D2) and finising on D10+ (in this case day 10) of

cow 5014 (mastitis on the right, this cow was stiWith mastitis on D10+).

Percentage (%) of time lying on

each side

H | eft side

® Right side

Mean percentage of time lying on each side (le¥s. right) in a 24 hour period starting

on the day after mastitis detection (D2) and finising on D10+ (in this case day 10) of

cow 9957 (mastitis on the left).

Percentage (%) of time lying on

each side

H | eft side

® Right side
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Mean percentage of time lying on each side (le¥s. right) in a 24 hour period starting

on the day after mastitis detection (D2) and finising on D10+ (in this case day 10) of

cow 5053 (mastitis on the right).

Percentage (%) of time lying on

each side

u | eft side

® Right side

Mean percentage of time lying on each side (le¥s. right) in a 24 hour period starting

on the day after mastitis detection (D2) and finising on D10+ (in this case day 11) of

cow 7109 (mastitis on the right).

Percentage (%) of time lying on

each side

u | eft side
H Rigth side
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Mean percentage of time lying on each side (le¥s. right) in a 24 hour period starting
on the day after mastitis detection (D2) and finising on D10+ (in this case day 11) of

cow 3072 (mastitis on the left).

u | eft side
E Right side

each side

Percentage (%) of time lying on

Mean percentage of time lying on each side (le¥s. right) in a 24 hour period starting
on the day after mastitis detection (D2) and finising on D10+ (in this case day 11) of

cow 4064 (mastitis on the left).
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Mean percentage of time lying on each side (le¥s. right) in a 24 hour period starting
on the day after mastitis detection (D2) and finising on D10+ (in this case day 10) of

cow 4040 (mastitis on the left).
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Mean percentage of time lying on each side (le¥s. right) in a 24 hour period starting
on the day after mastitis detection (D2) and finising on D10+ (in this case day 10) of

cow 3056 (mastitis on the left).
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Mean percentage of time lying on each side (le¥s. right) in a 24 hour period starting
on the day after mastitis detection (D2) and finising on D10+ (in this case day 10) of

cow 3126 (mastitis on the right).
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Mean percentage of time lying on each side (le¥s. right) in a 24 hour period starting
on the day after mastitis detection (D2) and finising on D10+ (in this case day 10) of

cow 6022 (mastitis on the left).
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Mean percentage of time lying on each side (le¥s. right) in a 24 hour period starting
on the day after mastitis detection (D2) and finising on D10+ (in this case day 10) of

cow 5016 (mastitis on the right).
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