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ABSTRACT

Aim of this research was to study the actual hesttitus of veal calves at the batch level
and to evaluate the risk factors associated to acampnoblems of this livestock category
using part of a full animal-based welfare monitgrstheme. A cohort study was carried
out on 224 veal calves’ farms representative of jdduction in France (50), the
Netherlands (150) and Italy (24) between 2007 @@2Among these farms 174 reared
the conventional White while 50 grew Rosé veal. Tdpplication of the welfare
monitoring scheme consisting of 3 on-farm cliniballth visits andpost-mortem
inspection at slaughter permitted to obtain prewesdeof respiratory and gastrointestinal
(GI) disorders. Potential risk factors among enwinent and management-based data
were obtained by an interview to the farmer. Dagensubmitted to statistical analyses
adopting a set of procedures in GenStat that atlodescriptive analysis and stepwise
risk factor multivariate analysis. In this thesiskrfactor assessment was carried out on
respiratory and Gl parameters with overall avergmgevalence higher than 5%.
Prevalence of calves with bloated rumen, pooreytmachdition, abnormal breathing and
coughing were<5% throughout the entire fattening cycle. Nasathigge interested 6.2,
4.8 and 6.5% of calves at th& 2" and 3 visit, respectively. Apost-morteninspection
pneumonia, pleuritis, poor rumen development, ramptaques, ruminal hyperkeratosis
and abomasal pyloric-area lesions showed overahnpeevalence of 52.4% and 25.1%
of lungs, 49.1%, 25.6% and 5.3% of rumens and 7M6%bomasa, respectively. Type
of veal meat production system (White vs. Rosé)wslb significant differences
regarding allpost-mortermeasurement$?&0.05). White veal showed a worse situation
regarding Gl problems compared to Rosé while thposippe was observed for the
respiratory system. Risk factors for Gl disordersravrelated to feeding. The main
hazards for rumen underdevelopment in White vedesawere the low amount
(<50kgDM/head/cycle) and type of solid feed providethize silage, pellets/mixture vs.
cereal grain). Cereal grain was associated to ralnplaques, papillae hyperkeratinization
and abomasal lesions. Considering respiratory-sygt®blems several risk factors were
identified while natural ventilation acted as ayemtive measure compared to forced. In
conclusion, outcome of this thesis could be implet@@ by farmers/industry and in

further research for disease prevention/managearehimprovement of animal health.
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General introduction 3

WHITE VEAL CALF

Veal production is a traditional fattening systefryoung calves with a milk based di
which is naturally poor of iron. The main trait dfis cattle rearing system is t
production of soft, pale coloured meat which hasimportant market demand ine
European Union and in North America. Veal calvesdpction has a very long histol
Several old religious books like the Bible, the &orand the Torah report calv
slaughtered for meat consumption and more receetly meat recipes by famous Itall
cooks were found in the Middle Age literature. Hoe®e the onset of the modern vi
calf production has been established in the separitdof the 20th centur

Nowadays, the 27 EU Member States raise about gibomcalves for veal meat pe
year. Themain European producers, covering more than 60%heftotal share ai
France with a yearly production of 1.6 million catvin 2007, the Netherlands with o
1.2 million of calves and Italy with over 870,008\es (EUROSTAT, 2007). The yeal

trend forveal meat production in the EU and in these Coesis reported in Figure 1.

Figure 1.1 Production of calves meat (tones) fraary2002 to 2008 in total in Euroj
(EU-25/27) and in particular in major producing courds: France, the Netherlands &
Italy.

Yearly trend of veal calves slaughtering (tones)
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Calves for veal production are mostly male dairfves that are unsuitable for be
production. They belong to pure dairy breeds (Hitgtor their crosses with beef cai
genotypes.



4 | Chapter 1

PRODUCTION SYSTEM
The rearing system of veal calves is similar andy \&andardized in all the main
producing EU Countries. Calves are raised indoorspiecialized fattening units under

intensive rearing conditions.

FATTENING CYCLE

Suckling calves are bought from dairy farms, arehttaken to fattening farms when they
are 2 weeks old and they have a live weight ofod60t kg. The fattening cycle lasts from
20-22 weeks in France and calves are slaughteradiral live weight of 200-220 kg. In
Italy and the Netherlands veal calves are slaugtitat an heavier live weight of 260-290

and the fattening period is prolonged up to 26-28ks.

HOUSING FACILITIES

Traditionally, veal calves were tethered and housedhdividual undersized wooden
crates (Figure 1.2), but in the EU the individualiking has been officially banned by
specific regulations (91/629/EEC and 97/2/EC). \idiial crates are still legal in other
parts of the world, including the USA. The AmericAfeal Association (2007)
recommends that the entire veal industry convertgaup housing by the end year 2017.

Figure 1.2 Traditional housing system of veal calve
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Today within EU more than 90% of the veal calvestasused in small pens (4-7 calves)
while the remaining are kept in larger groups of680calves. Calves in small groups are
usually housed in pens with wooden or concretey fslatted floors and galvanized
partitions (Figure 1.3). Littered pens are far l@gguent since they require additional
costs for bedding material and its renewal. In@kH&weeks upon arrival to the fattening
unit, pens may be equipped with temporary partitimnorder to keep each calf separated
from the pen-mates. This in order to prevent cggsking behaviour (Figure 1.4). These
separators are removed by 8 weeks so that calvesioae around the pen freely. In the
same housing system, the milk replacer is admiadta individual buckets (Figure 1.5)
or in a common trough (Figure 1.6), while soliddseare provided using the same trough
or a separate manger. An essential managementdorecassociated with trough milk
delivery is the regular re-grouping of calves, taimtain homogeneous groups in terms of
growth and drinking speed throughout the fatteqagod.

Large groups of calves are generally housed in pahswooden slatted or concrete floor
in combination with wooden slats (Figure 1.7). Sovaéves are kept on straw bedded
floors or on concrete or slats covered by rubbeguie 1.8). Milk delivery in large
groups is carried out through computer-controlletbaatic milk devices (AMD) (Figure
1.9) to control feeding time and intake (Bokkersl &woene, 2001). Similar devices can
be used to deliver the solid feeds included indie¢

Regardless of the pen size, the EU regulation &naedfare has set the minimum space
allowance to be given to each pen-mate which istf/Bead for calves up to 150 kg of
live weigh, 1.7 rfi per animals weighing from 150 to 220 kg and astea8 ni per
calves above this weight.

Air temperature and humidity are controlled in flagtening units to give appropriate
thermal comfort to the calves. Dedicated ventilasgstems are operating during the hot
and humid climate of the summer season. A propaught is useful to maintain an
adequate air quality particularly in those housiggstems where liquid manure

accumulates underneath the pen floor.
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FEEDING PLAN
Low iron dietary supply is a prerequisite for theguction of veal calves and blo

haemoglobin is used to predict the meat colouresihcs highly correlated with musc

Figure 1.3 Veal calves housed in sn Figure 1.4 Crosssucking behavior ii
groups. calves.

myoglobin. In order to assure an adequate meah@steand to guarantee an accept
calves health, the threshold of acceptance foritloisd parameter has been set in the
at a minimum of 4.5 mmol/l (European Council Direet91/629/EEC and 97/2/E.

Veal calves feeding is based on milk replacersoftsttuted milk which contains
variable proportion of skimmed milk and/or whey mi@s). All milk replacers have a lo
iron content and during the fattening cycle blo@@inoglolin level is closely monitore

to avoid any excess (dark meat) or deficiencyaf fanemia
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The milk replacers are usually delivered at a teatpee of 39°(in two meals/day one i
the morning and the other in the afternoon. Thewarhof liquid feed given to the calv

is increased progressively during the fatteningecys meet calves growth requireme

Figure 1.7 Veal calves heced in large Figure 1.8 Veal calves housed in lat
groups on concrete slats. groups on concrete floor covered w
rubber mats.

Figure 1.9 Automatic milk feedir
device for veal calves.

The bucketteeding assures an individual control of milk irgafEigure 1.5), but it i
more time and labour consuming for the stockmanth@rcontrary, the use of the trou
for milk delivery can befully automated but it has shown to amplify thenéimg
competition (Figure 1.6) leading to the exaceratiof the dominar-subordinate
relations. Repeated regrouping is therefore nepgssdimit the inhomogeneous grow

of the pen-mates.
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Some veal calves are still fed raw milk, like ire tbase of organic veal producers or the
Label Rouge veal in France. In case of dairy hawls, milk is delivered to the calves in
buckets after the milking while in beef herds cahae led for suckling their dam or
another cow twice a day.

According to the Commission Decision 97/182/ECyvealover 2 weeks old fattened
within the EU should receive daily some fibrousdfee addition to the milk replacers
(Figure 1.10). The administration of a roughagers®uo the traditional liquid diet has
shown to reduce the frequency of abnormal oral \ehes, like tongue playing (Figure
1.11) (Mattielloet al, 2002), to promote a normal development of th@em and its
papillae (Morisseet al, 2000) and to increase rumen motility. Sincedsédieds bring
additional iron into the diet, veal producers aexyvcareful in the selection of the
roughage sources to be delivered to the calvesz{@bal, 2002). Maize silage, maize
grain, straw and a large variety of commercial gisliconsisting of both fibrous and
concentrate-like sources are the most used sasfen the EU fattening units. The total
amount of solids feed given during the fatteningleycan vary from 35 up to 250 kg of
dry matter/calf but it is always far above the mmom threshold set by EU regulation in
force (from 50 g to a minimum of 250 g/day from theginning to the end of the
fattening period). The housing pens are equippéd @ne or more drinking points since
calves have shown to consume a considerable anodwaater in addition to the milk
replacer diet (Gottardet al 2002). The provision of drinking water is partanly

recommended when calves are fed large amountdidffseds and during summer.

Figure 1.10 Veal calves eating solid Figure 1.11 Tongue playing behavior in
feeds. veal calf.
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ROSE VEAL

Several systems exist across Europe that leacetprtduction of so-called “pink or rosé

veal meat”. The main differences from the converdlgroduction of white veal are that

the calves are reared for a longer period and teegive higher amounts of solid feeds
with no iron restriction.

Cattle breed used for rosé veal calves productary across Europe. In the Netherlands
and UK they are mostly male dairy calves while narfee and Spain, calves are more

often from suckler beef breeds.

PRODUCTION SYSTEM

The rearing system of the pink veal calves is déffié and less standardized than that of
the conventional white veal. Calves are fed ravk il milk replacers in the first part of
the fattening cycle but then they are weaned amt &ediet made of forage and
concentrates. In some Countries, like France anddadkes are reared with their dam in
a free-range environment. In Holland, calves areskd in large pens of 40-80 calves
with a space allowance of 1.8 mer calf from the start of the fattening period/\@s are
nipple fed via computerised, automatic feedingiatat (40 calves per feeding station)
and after weaning calves receive ad lib a fattemiiegg based on maize silage and by-
products. Rosé veal diets have no limitations fae iron supply and, consequently,
calves develop normal haemoglobin levels and thegat has a darker “pink” colour
(European Food Safety Authority, 2007).

The pink veal calf is sold when it is heavier (dhdrefore older) than the white veal calf.
The age at slaughter can vary from calves of 5-8thwto “baby beef’” young bulls of 8-
11 months depending on breed and production ragat(€ d’Information des Viandes,
2009). In Spain, pink veal calf is known as ‘teaieand it is slaughtered at an age of 9-
12 months, with a carcass weight of 180 to 240Skgce the forestomachs are normally
developed, dressing percentage of pink veal calvdswer than conventional white
calves (55 vs. 60%).

In many Countries, rosé veal meat is certified daoelled (organic, etc.) to help

consumers to distinguish it from the meat from nemtalt beef bulls or steers.
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THE WELFARE ISSUE FOR VEAL CALVES

The traditional rearing system of veal calves hesnbstrongly criticized because of poor
animal welfare (Broom, 1991). Isolation and theklad freedom to move of calves
tethered in individual narrow crates, the admiaishn of a diet based on milk replacers
without any provision of solid feeds throughout flagtening cycle and the low blood
hemoglobin levels were the main issues addressamsighese system. The need for
alternative to traditional calves raising systeras heen recognized also by the industry.
The European legislation in force through the bithe individual crates, the mandatory
provision of some dietary roughage, and the sea ghinimum threshold for blood
hemoglobin made a significant step forward for thefare of veal calves. However,
there is still an open debate on several housingnaanagement factors that may impair
calves health and welfare. As regards the housemglitfes, additional scientific
knowledge are required to establish if the exis8pgce allowance and the fully slatted
floor are adequate to fulfill calves needs. Theestfic report of the European Food
Safety Authority on the risks of poor welfare int@nsive calf farming systems (2007) has
identified inadequate ventilation, airflow and smperature as major environmental risk
factors. In the same document, potential risk fgctelated to calves management have
been identified in the inadequate intake of coloss, the continuous restocking and
mixing of calves from different origins. There isiaed for additional information in the
field of nutrition, to better balance the provisiohsolid feeds in terms of quality and
guantity. Last but not least, the need to promaggyaificant professional growth of the

stockman addressed to the adoption of more wélifiredly farm practices.

PUBLIC OPINION ON ANIMAL WELFARE:

GAP BETWEEN PERCEPION AND VEAL CALVES FARMING REALI TY OR
JUSTIFIED CONCERNS?

Although the relevant welfare improvements broughthe legislation for the protection
of calves, the intensive farming systems of thigediock category has been blamed by
the public opinion for the insufficient animal waté.

Animal welfare was first of interest in the earljneteen-sixties in order to guarantee
healthy food for humans rather than considered rtapb for animals’ well being itself.
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According to Rollin (2007) defining welfare of lissock became an issue when the
nature of agriculture changed from husbandry (smfalmily-run realities) to
industrialized intensive farming. Under intensivenditions often farm environment
edges between physiological and pathological. lim@ligation made bigger cultural and
commercial barriers that worsened furthermore tramunication between farmers and
consumers resulting in a wider divergence betwéenreality of the modern animal
production and its perception by the public (Bubed Morris, 2003). Frauds and health
problems such as foot and mouth disease, BSE, avilaenza and, swine fever focused
the media attention on farms rearing conditionporeng to public the “truth” behind
certain production systems and the high stockiig tteat characterizes them. Nowadays,
there is a growing awareness that animal produasionore than just an industry and, it
is common opinion that the intensive rearing isatiegly related to the animal well-
being (Steenkamp and van Trijp, 1996). On the osid, for the large majority of the
urbanized world, farm-animal welfare is relatedatonatural’ behaviour in a ‘natural’
environment (Mieleet al, 2007).

Evidence of the ethical concern regarding veal emalwelfare are several campaigns,
initiatives, and actions that have been and areently carried out in Europe against
white veal meat (e.g. Freedom Food of the Royale®péor the Prevention of Cruelty to
Animals, Compassion in World Farming, and Good VE&ampaign). Moreover, the
increasing demand for welfare and environment #ignproducts confirms that
consumers require food that guarantees sustaityaboli people, animal welfare and
environment, besides hygiene and safety (Welsted, 2004; Eurobarometer, 2007).
Consistent with citizens’ attention, several retal and supermarket chains across
Europe stop selling veal meat (www.expatica.conQ920 Active support against veal
production came from high profile figures like Safarown, wife of the current Prime
Minister of the UK, who declined to eat white veabat at the recent G8 summit 2009
held in L'Aquila (IT) due to her longstanding olijeas to the cruel calves’ rearing
conditions. Her description of the rearing systesn“a very cruel practice, whereby
calves are kept in crates and are fed a diet ok nail keep their flesh white" was,
however, contested by British farming groups whteal out that calves are now raised

in much better conditions (www.timesonline.co.u@02). This could be interpreted from
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different points of view: it could confirm the reknce of the gap between public’s
perception and farming reality or it could confithat, despite all the work done and the
recognition of animals as sentient beings (Dunc2®06), the development of a

sustainable production system that fulfils effi¢igmpublic expectations is still an utopia.

AIM AND OUTLINE OF THE DISSERTATION

This study was carried out within the Welfare Quy®i project (www.welfarequality.net,
2009) that aimed at developing European standamdsri-farm welfare assessment and
product information systems as well as practicedtsgies to improve animal welfare.
Aims of this thesis were to:

» study the prevalence of clinical/health problemsvemal calves through the
application of a full animal-based welfare monitgrischeme on 224 veal calves’
rearing units in the Netherlands, France and It#ywwveen summer 2007 and
spring 2009

» compare prevalence of main problems between WhideRosé meat production
system

» identify the risk factors that impair calves heatatus.

General introduction (Chapter 1) describes the nwuanges that occurred with the
coming in force of the regulation for calves’ pmiten in Europe and the features of
nowadays veal calves production pointing out differes between white and rosé veal
rearing systems. Moreover, in order to understahyg @oncern is still addressed towards
veal calves’ welfare, perception from the publiénign is explained.

Since a risk factor is a variable associated withngreased risk of disease or infection,
before proceeding with the experimental part oftthesis, a list of potential risk factors
that are still present in the new conventional wedVes farms are reviewed in Chapter 2,
along with those for beef cattle.

In Chapter 3, the protocols and measurements oftrthkeare described within their
Welfare Quality® project framework. Even though leaneasure was described, the
rationale behind its choice was not considered ohtails in General materials and

methods of this thesis. Feasibility, repeatabibtyd inter-observer reliability of the
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measures and the complete methodological approdcttbevconsidered elsewhere in
further publications.

Prevalence of respiratory disorders recorded eitimervivo during the on-farm
clinical/health visits or th@ost-morteminspections carried out at the time of slaughter
are described and risk factors are investigate@hapter 4. After a first comparison of
the health status between the two types of veat preduction (White vs. Rosé), critical
points for important problems are scrutinized amaspurce-based measures and dietary
and husbandry choices. The same strategy was adajde in Chapter 5 where the
evaluation of risk factors for animal health wasrieal out on relevant problems at the
gastrointestinal system with particular emphasish®post-mortemmeasurements and
their association with dietary and feeding factors.

General conclusion (Chapter 6) presents the ropogtits and weaknesses of the
approach adopted in this research and gives a @eseghheme for the identification and
understanding of the underlying factors that dtivéncreased risks of developing certain

problems offering some practical interpretationgotential end-users.
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INTRODUCTION

Animal welfare is impaired when normal biologicalnttions are afflicted but even
healthy, normally growing and reproducing animalgynbe in a poor welfare status if
they experience suffering and are reared in inaategqwonditions (Mendl, 2001).
Nowadays, it is common opinion that rearing systemith a high stocking rate are
negatively related to the animal well being sinoethe large majority of the urbanized
world the perception of farm animal welfare is tethto a ‘natural’ behaviour in a
‘natural’ environment.

The basal needs of farm animals should be assyratidwing a free access to adequate
guantity of feed and fresh water, by providing &ahle rearing environment and by
avoiding physical pain or any kind of suffering (dééer, 2001). Specific legislations on
animal welfare exists for several categories omfanimals by the European Union. In
the case of cattle, a regulation is in force fa pinotection of veal calves, imposing their
group housing and the provision of a small amounfibbous feeds in addition to the
liquid diet (European Council Directive 91/629/E6da97/2/EC). No explicit rules are
instead in force for beef cattle and the only refiee document is the report by the
Scientific Committee on Animal Health and Animal Mdee (SCAHAW, 2001) that
made a detailed survey on the current rearing sysieentifying several housing and
management solutions to improve health and carthede animals. Despite the large
number of studies carried out on this topic, stikny causes of poor welfare can be
found in beef cattle and veal calves farms andasumble rearing systems are still to be
established (McGlone, 2001). The present reviewsatndescribing the main causes of

poor welfare that may be found in intensive beéieand veal calves farms in Italy.

INTENSIVE BEEF CATTLE PRODUCTION IN ITALY

According to the European statistics (OFIVAL, 2007)the year 2005 Italy represented
the third main contributor (11.4%) to the totaltaimeat produced within the 25 EU
Countries following France (22.5%) and Germany 3%9. However, the self-supply
obtained by calves born and raised for meat proalu@h the Country covered only little

more than 30% of the national demand. Thirty paroéthe national deficit was covered



Main critical factors for the welfare of beef catdnd veal calves 19

by importing fresh and frozen meat from animalsediand slaughtered abroad, mainly
in France and Spain. The remaining 40% was provimeliving young bulls and heifers
which were imported to be finished in the Italiatténing units. In 2005, about 1 million
heads were transferred to Italy from their natieeindries (Cozzi, 2007). France is the
major supplier of these imported young cattle fokd by Eastern European countries.
The prime category of the imported beef cattle frbrance is the Broutard’, young
bulls and heifers 8-12 months old belonging to Erepure beef breeds Charolais,
Limosine, Blonde d’Aquitaine or their crosses widhal purpose breeds (SCAHAW,
2001). Polish Friesian and Simmental are the meseds imported from East-Europe.
Once at destination, cattle are fattened in speethlfarms under intensive rearing
conditions. Most of these fattening units are ledan the Po Valley and they adopt the
indoor loose housing of the animals in multiple geRattening bulls and heifers are fed
high concentrate diets which are provided as totaéd rations (TMR) in order to reduce
the risk of the occurrence of rumen and metabdidasis. Maize is the main crop used
for the formulation of these diets and it is in@dceither as dried ground meal or as high

moisture ear silage and whole plant silage.

ENVIRONMENTAL RESOURCES AND CATTLE WELFARE

From an animal welfare perspective, the loose Imgusi groups adopted in the Italian

fattening units must be considered an acceptabigi@o because it allows locomotion

(Kempkens and Boxberger, 1987) and the developofestcial behaviours among pen-
mates. Feed intake has also shown to be increabed wattle are loose housed in
comparison to the permanent tethering (Ingvartsah Andersen, 1993). However in

many farms, the pen size is insufficient due todher-crowding and therefore the space
allowance is one of the most critical factors imnjpgj beef cattle welfare. According to

Ingvartsen and Andersen (1993), a limited spaaavalhce results in a low feed intake
and daily gain worsening the feed conversion ratithe animals. Aggressive behaviours
have shown to increase when fattening bulls aresésbuwith an insufficient space

allowance. In this housing condition, there is asmeduction of the time spent resting,

eating and ruminating particularly by the suborténanimals which cope with more
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difficulty with the dominant pen-mates (Gottar@b al, 2003; Bouissou and Boissy,
2005).

Even cattle health is worsened by an insufficigreice allowance which was considered
the main cause of lesions such as trauma on bah¢oant, osteoarthropathies, prepuce
injury and tail tip necrosis observed in fattencajtle (Groth, 1985). Beranger (1986)
reported mortality around 1% when space allowanas % n¥head while it more than
doubled when space was less than 2.8head. On the contrary Sundrum and
Rubelowski (2001) found a low correlation betwebe incidence of early losses and
either space allowance or floor quality indicatihgt many other aspects were relevant
besides pen design criteria. Based on severalesu8CAHAW (2001) has suggested at
least 3 Mhead as tolerable space allowance for bulls weigB00 kg, to be increased
by 0.5 nf/head for every additional 100 kg of live weight.

Another issue to be considered as a critical plointhe welfare of beef cattle is the pen
floor type and quality. A suitable housing systehowdd assure to the animal the
possibility to move and lay or stand freely on & sigpery floor (Veissieet al, 1999).
Inadequate floor conditions, besides changing asinm@ormal laying/standing and
walking behaviours, often cause injuries. The preidant type of floor in the Italian
intensive beef cattle farms is the fully slattedcéuse it does not require any bedding
material and it has a lower labour cost to remdugs Littered pens are adopted for the
fattening of bulls slaughtered at heavy live wesglitully slatted floors compared to deep
litter systems, has shown to impair bulls’ behaviby increasing abnormal positions
both when standing and lying (Wierenga, 1987), lap@nhancing the frequency of leg
and foot injuries (Murpht al, 1987), tail tip necrosis and early losses, a@sfigavhen

it is associated to a low space allowance (Ingearemnd Andersen, 1993; Metzretral.,
1994; Schradeet al, 2001). However, a recent study carried out bytasdo et al
(2003) in an Italian beef cattle farm, reporteds$attory health status and similar values
for several blood indicators of chronic stress leetvbulls housed on fully slatted floor
and animals on straw bedded floor with the sameespdlowance (3 fithead). Straw
bedding allowed bulls to better perform their natwocial behaviour during the feeding
time by increasing eating frequency and the simelbais presence of more bulls at the

manger.
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Cleanliness can be used as indirect measure & e@tfare since it has been shown to
be worsen either in animals suffering of gastratital disorders or in case of a poor
quality of farm stockmanship. In the study of Gadtaet al (2003), bulls on deep litter
were always dirtier than those on slats due tonanfficient frequency of its renewal.
Therefore, in case of short supply of bedding nmaténe slatted floor system has proved
to be an effective compromise to the deep beddikgll{ and Webster, 1989).
Furthermore, when using the deep bedding systesnadloption of sloped floors should
be avoided since it has shown a high incidencewiehess (ITEB, 1983; Cozet al,
2005a).

The space at the manger may be another criticidrféar beef cattle welfare because, if
restricted, it can negatively affect the feedingdiincreasing competition and stress
among pen-mates (Longenbaghal, 1999). Reducing the number of feeding places to
less than 1 per animal decreases also their peafures (Ingvartsen and Andersen,
1993). The SCAHAW report (2001) suggests a feetlioggh space allowance ranging
from 0.6 to 0.7 m/head for fattening cattle weigh#00 kg in loose housing systems.
However, Gottard@t al (2004) proved that this parameter becomes ldsgsamet when
bulls are truly fedad libitum while the indication should be followed if the dis
rationed (Faulkner and Berger, 2003). Besides lloevance of space, mangers have to
be designed in a way that all the animals can yeasid comfortably achieve the
distributed feed (Veissiat al., 1999).

Beef cattle should be provided with clean freshewat order to fully meet their water
requirements (Webster, 2001). Cattle water consiempdepends on the dry matter
content and composition of the diet as well as lms énvironmental temperature and
humidity (Philips, 1993; NRC, 2000). In the litareg, there are no specific indications
about the number or the size of the water provitiernse installed in multiple pens for
beef cattle. However, it is rational to recommehait tthey should increase according to
the number of animals kept within the same pen.oAtiog to NRC (2000), the water
intake of finishing bulls (450 kg of live-weighthéreases from 48 up to 78 I/d when
temperatures raise from 21.1 to 32.2°C. Therefadeéjtional drinking points should be
provided during the hot season to fulfil the greadlemand of water by beef cattle

exposed to heat stress. A recent survey, carriécdbpiMazzengeaet al. (2006) in 20
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Italian intensive beef cattle farms showed thatane of them there was an inclusion of
additional water providers during the hot seasdme @uality of drinking water should
also be considered but no specific reference valoests temperature, chemical and
organoleptic characteristics are available. Howetlegre is a common opinion among
practitioners that they should not be much differérom human drinking water
standards.

Critical summer weather conditions have also shéevimpair the animal welfare by
increasing body temperature and reducing feed énf@dlefcourt and Adams, 1996).
According to the SCAHAW report (2001), temperatudsove 27°C at a relative
humidity >80% or above 30°C at lower moisture impzittle welfare. Under intensive
rearing systems, the effect of the hot climate ba beef cattle response can be
exacerbated by the heat increment induced by fgeadigts rich in concentrates (Mader,
2003). The Temperature Humidity Index (THI) propbss Armstrong (1994) could be
an effective tool to assess the potential stressfntlitions for beef cattle. A value of THI
greater than 74 is considered the minimum thresbbltkat stress for beef cattle (Davis
et al, 2003; Holtet al, 2004) and this climate condition can be freglyeexperienced
by cattle raised in the Po Valley (Mazzergjaal, 2006). Farm design criteria should
therefore consider solutions capable to allow afsr better cope with these stressful
conditions including appropriate ventilation andoloag systems. A good ventilation
system should also provide good air quality by lomge noxious gases concentrations.
Levels of NH above 20 ppm and above 5000 ppm for,@& considered harmful for
both animals and farmers (SCAHAW, 2001). At thigaml, direct measures of both
gasses in a sample of Italian beef farms duringnsammand winter showed that their
concentrations were far below the risk thresholézk&ngaet al, 2006).

Housing structures should avoid crossbars usedréwept mounting. Such bars are
impairing welfare because they are adverse to timas’ freedom to express normal
behaviours (Webster, 2001). Another critical factor the Italian beef farms is the
almost complete absence of moving and loadingifi@silfor cattle (Nanni Costat al,
2001). This fact has negative implications both ammal welfare and meat quality.
Moving and handling cattle without dedicated alleysading ramps and restraint

structures makes animals nervous and less cooperatcreasing the stockmen’s risk of
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being injured (Grandin, 1997; Gustafsson, 1997 Tke of electric prods to speed up
the moving and loading operations does not helpitasttbuld be avoided since it impairs
cattle welfare and, at the time of the slaughteenhances the risk of a severe carcass
depreciation due to bruising or to the occurrerfagadk cutting beef (SCAHAW, 2002).

FEEDING PLAN AND CATTLE WELFARE

A satisfactory feeding plan should deliver to Ak {pen-mates the right quantity of a diet
made with good quality ingredients. Therefore thgon should be formulated to fully
meet the nutritional requirements of the animatoeting to their breed, bodyweight and
daily gain (INRA, 1988; NRC, 2000). At this regaedsurvey carried out by Gottardo
al., (2002a) on 17 intensive Italian beef cattle frobserved non satisfactory feeding
conditions for most of them. Energy and protein cemirations of the TMR were
frequently above the target needed according tadktée requirements. This represents a
stress factor because a large amount of readilypeetable organic matter decreases
ruminal pH and may lead to subclinical or cliniealidosis (Fiem®t al, 1999). Cattle
fed high amounts of concentrates have also an @setk risk of developing liver
abscesses (Ingvartsen and Andersen, 1993) anditisniide Campeneeret al, 2002).
Another critical point observed in the same survas the insufficient amount of diet
distributed, since in many fattening units thereswa feed residue at the manger before
the provision of the new TMR the next day (Gottaetoal, 2002a). This feeding
condition may not assure the maximum intake tahalpen-mates and therefore it could
increase the negative interactions among them tmeguin a likely inhomogeneous
growth between dominant and subordinate bulls.

Periodic chemical analyses should warranty forghality of the feed ingredients of the
diet but this good management practice has showretgarried out only by a minor
number of Italian beef farmers (Gottardo and Ca2@()5). Particular attention should be
addressed towards the storage of the wet feedstuéts as the ensiled forage and grains
in order to keep them unaltered and toxin-free.

The particle size of the TMR is another importaatgmeter which can affect ingestive
behaviour and rumination in beef cattle (Cozzi &udtardo, 2005). Cozat al (2007),

in a large study on the feeding situation of fimghbeef cattle in Italy, recently showed
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that diets have a high percentage of fine partiGte8mm) which has a limited capacity
to promote chewing (Mertens, 1997). In many farasjgnificant loss of long particles
(> 13mm) occurs during the TMR preparation duehto damage of the long particles of
maize silage. Therefore, a more careful handlingthas roughage could reduce its
damage and the consequent loss of long particlag;hwat the moment imposes the
inclusion of straw or other long fibre roughagesha TMR for rumination purpose.

QUALITY OF THE STOCKMANSHIP

The main critical factor for beef cattle welfare e considered when discussing the
quality of the stockmanship is the human-animagriattion. A positive attitude of the
stockperson in handling and taking care of the aldirseems to improve cattle welfare.
A specific training of the farm crew should be #fere encouraged (Boiviet al, 2003).
Under intensive rearing systems, where a singlekptrson is in charge of a large
number of animals, the opportunity to built postikelationships between humans and
animals is limited by the fact that contacts aré¢ frequent and they are usually
associated to frightening practices for cattle like case of medical treatments,
prophylaxis or grouping etc. (Waiblinget al, 2006).

Knowledge of cattle ethologic patterns and sockhdviour could be useful for the
stockman in order to establish a trustful relatath its animals. Therefore, beef farmers
should avoid to regroup the animals during theefattg period in order to keep unaltered
the hierarchy and especially the dominant-subotdimalationships established within
each pen (Boiviret al, 2003; Bouissou and Boissy, 2005; Mourgeal, 2006). On the
contrary, a good management practice should adewards the quick transfer of sick,
lame or recumbent bulls to an appropriate infirm@en since their early separation from
the healthy pen-mates avoids further stress anariesj from dominant aggressive
animals.

Tail docking and other surgical mutilation havewhdo cause fear, pain and distress to
beef cattle (Mellor and Stafford,1999) and thereftiney should be avoided. Proper
management decisions, like the provision of a bletdeeding plan combined with
adequate flooring and space allowance, have shovae effective preventing measures

to reduce the incidence of tip necrosis avoidinigdiacking (Metzneret al, 1994).
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A good quality of the stockmanship should also aersthe protection of the animals
against endo- and ecto-parasites and rodents, lagsvhe frequent cleaning of housing
structures, mangers and waterers. Nowadays, dffroethods are available for the
assessment of cattle body cleanliness (MAFF, 1888)this measure, besides being an
important trait for the evaluation of beef cattlelfare, could represent an effective tool

to judge the stockmanship quality.

VEAL CALVES PRODUCTION IN ITALY

The veal calves reared and slaughtered in Italyeicabout 70% of the total national
demand of veal meat (Cozzi, 2007). The remaining 3§ satisfied by imported veal
meat from Holland and France. The Italian produci® based on the rearing of dairy
breeds male calves, either national or importethfRoland, France and Germany. In the
past (before 2004), the traditional rearing systeas characterized by the indoor housing
of the calves in individual crates with about 1 shspace allowance and by the provision
of an all-liquid diet. The pale colour of the meats the result of a low iron feeding plan
along with the use of wooden facilities (Andrigloettt al, 1999). This rearing system
was similar to those adopted by the two other nkainopean producers of veal meat:
Holland and France. Isolation, reduced space alhoeand the lack of solid feeds were
considered the main critical issues of this reasggtem impairing calves behaviour,
welfare and health (Broom, 1991; Le Neidre, 1993)ese criticisms led to the draft of
specific European Council Directives (91/629/EEQ &7Y/2/EC) with the mandatory
introduction of the group housing and the provisabiiber feeds in addition to the liquid
diet.

Today, 90% of the Italian farms raise veal calvesmall groups housed within close
barn in pens with wooden or concrete fully slaftedrs. In these pens, the milk replacer
is administered individually in buckets or in a gaon trough, while solid feeds are
provided using the same trough or a separate maiger use of automatic feeding
systems for large groups of calves is less freqaadtit is adopted only by 10% of the

Italian fattening units. Despite these changes twidbm the production system, still
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several risk factors of poor calves welfare candeatified at the farm level in Italy, as

well as in the other European Countries.

ENVIRONMENTAL RESOURCES AND CALF WELFARE

There is no doubt about the improvement of calveBane given by the group housing
since animals have now the opportunity to movelyraad perform social behaviours as
playing and grooming (Vergat al, 2000; Babuet al, 2004). Moreover, calves in groups
reduced the frequencies of abnormal behaviourbeatonhgue-playing that are indicators
of social deprivation, coping stress or nutritionahd environmental deficiency
(Andrighettoet al, 1999). Calves responded positively to this impob environment
since their growth performance were not worsenedhbyincreased energy expenditure
required for locomotion (Andrighettet al, 1999; Xiccatoet al, 2002). However, there
is still some concern about the space allowancengite each calf by the regulation in
force (1.5 mM/head for calves up to 150 kg of live weigh, 1.7 per animal weighing
from 150 to 220 kg and at least 1.8 per each animal above this weight). From an
ethological point of view, space should be enoughliow grooming, turning around and
a comfortable resting with two or more limbs sthetd out to all the pen-mates (Broom,
1991). Nowadays, there is a lack of scientific infation about this issue as stated by
EFSA (2006) in a recent scientific report. It haset recently demonstrated that the
access to an outdoor pen improved growth perforenaroseal calves during winter in
comparison to animals keep indoors. However thistpe effect was not observed in the
summer (Morel and Schick, 2004).

Regarding the type of floor, wooden slats offeredtdy thermal comfort than concrete
slats during the cold season, but they must nalippery, too hard or splintery to change
animals’ locomotion behaviours or cause lesionsi19ent with more adult cattle, there
are opinions that the inclusion of a resting aré wermanent bedding could improve
veal calf welfare. However, no specific scientificlications are available about the size
of this area and the type of bedding material tode.

The number of animals per pen may be another @kifioint for calves welfare because
of the greater antagonistic behaviours observea@icrowded pens. The correct choice

for this parameter should be based on the perbsizenainly on the feed supply system.
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In fact, when animals are bucket-fed a pen sizensde loose importance if an adequate
space is provided to all the pen-mates (Gottatdal, 2005). On the contrary, in the
automatic teat-based milking systems, in additmthe space per calf, there must be an
adequate ratio between the number of teats andutmbder of pen-mates. Commercially
available computerized calf feeders are typicadly\sith one teat serving more than 20
calves. Results by Von Keyserlingkal (2004) have shown that this practice may cause
increased competition among calves, reducing fegetime and milk intake. Consistent
with these findings, calves fed by computer-cohgblmilk feeders showed more
frequent aggressions and displacements aroundet#ding station, as well as a high
occurrence of cross-sucking (Jensen, 2003).

According to its size, the pen design should alzaswler the presence of one or more
drinking points since calves have shown to consangensiderable amount of water in
addition to the milk replacer diet (Ruis Heutinakdavan Reenen, 2000). Gottarebal
(2002b) observed that drinking water did not cowershortage in calves water
requirement, but it acted more like an environmleatsichment preventing the arousal
of nonnutritive oral behaviors. The provision ofntting water is particularly advisable
now that calves are fed small amounts of solid deft welfare purpose, especially
during the warm season.

Air temperature and humidity should be appropriategive calves a suitable thermal
comfort. For this reason, dedicated cooling systemes necessary especially during
summer in the hot and humid climate of northeriyltavhere the majority of the veal
farms are located. Air quality is noteworthy foidgmiologic issues, indeed the presence
of draught is related to a lower incidence of calgaffering from infectious diseases
(Lungborget al, 2005). Draught is useful as well to maintain #ieammonia levels
below the maximum critical threshold of 20 ppm Irege housing systems where the
liquid manure accumulates underneath the pen fleesults by Lungborgt al (2005)
have shown that the dangerous air ammonia cont¢ientfar calves is much lower since
values below 6 ppm were associated to an increais&dfor respiratory diseases.
However, air speed should not exceed 0.2 m/s beceaailses exposed to high speed
draught showed a higher risk for respiratory souhdsgborget al, 2005).
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Like beef cattle farms, calves fattening units ialyl are generally lacking dedicated
moving and loading facilities leading to similarnsequences for animal health and

welfare, carcass and meat quality and stockmeirysafe

BLOOD HAEMOGLOBIN LEVEL

Low iron dietary supply is a prerequisite for theaguction of veal calves and blood
haemoglobin is used to predict the meat colouresihcs highly correlated with muscle
myoglobin. In order to assure an adequate paleok$Be meat and to guarantee an
acceptable calves health, the threshold of accepttam this blood parameter was set at a
minimum of 4.5 mmol/l (European Council Directivd/629/EEC and 97/2/EC). The
locomotion allowed by the group housing has showvatimulate erythro-poiesis (Reece
and Hotchkiss, 1987; Andrigheted al, 1999). Increased haemoglobin levels have been
measured with the provision of some solid feeds bkreal-straw pellets or dried beet
pulps (Morisseet al, 1999; Cozziet al, 2002a) and with the administration of milk
replacers in which milk powder was substituted widgetable sources (Andrighetb
al., 1996). All these results explain the reluctamdemany producers towards the
introduction of the EU regulations since the mairikestill paying premium prices for
whiter meat. The veal calf production is therefarelear example of the need for a
parallel consumer education in order to allow anwig introduction of welfare friendly

rearing systems for farm animals.

SOLID FEED PROVISION

In order to fulfil the physiological and behavioudemands of the calf the Council
Directive 97/2/EC dictates that calves must be oy with increasing amounts of
fibrous feed from 50 g/head/d at 8 weeks of age5® g/head/d at 20 weeks, besides the
regular liquid diet. Several studies have indeethalestrated that the addition of a
roughage source to the traditional liquid diet @=tliabnormal oral behaviours (Vessier
et al, 1998; Morisseet al, 1999; Mattielloet al, 2002; Di Giancamilleet al, 2003),
promoted a normal development of the rumen angajsillae (Morisseet al, 1999,
2000) and increased rumen motility and thereforea likely the reason for the lowered

number of hair balls (Morisset al, 2000; Cozzet al, 2002b). However the quality of
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the fibrous sources must have adequate roughnekspaticle size. Too rough fibrous
feeds may increase the incidence of lesions oabflmenasums’ walls or if not adequately
grounded they can worsen the abomasal erosiorexsudnd scars (Cozet al, 2002b,
Mattiello et al, 2002). On the contrary, an inappropriate lergftthe roughage may have
a limited capacity to stimulate rumination (Morissé al, 2000). Considering the
forestomach development, supplementing concentratéfering in carbohydrate
composition to veal calves increased the empty rumveight but it enhanced the
incidence of coalescing rumen papillae (Suétes., 2006).

The quality of the liquid diet should be controlleg a periodic chemical analysis of the
milk replacer and by a regular on-farm check of temperature at the time of its
administration. This latter practice has shown ¢oluce the risk of occurrence of
diarrhoea (Lungborgt al., 2005).

HUMAN-ANIMAL INTERACTION AND MANAGEMENT

Scientific evidences have proved that veal calhasehbt from a positive attitude of the
stockman (Boivinet al, 2003). The disease level was lower in calveteriaig units
where the farmer behaved sympathetically towardsctdves and had positive attitude
towards the importance of cleaning (Lensetkal, 2001b). Calves receiving positive
human contacts during the rearing period weref$ul when approached by known or
unknown people (Lensingt al, 2000) and during handling and transport (Lensinél.,
2001a).

Continuous fear causes stress and it is negatreédyed to welfare (Rausst al, 2003).
Animals should be used to humane presence, vaeahttions, physical contact and they
should be rewarded by feeding (Waibling¢ral.,, 2006). The establishment of a positive
human-calf interaction is likely to make less sifakinvasive routine practices like the
blood collection for haemoglobin control.

Farm management decisions can affect calves welfaeein the case of the choice of
the feed supply system for small groups. In congoarito the trough, the bucket-feeding
assures the individual control of the milk intale &ll the pen-mates. However, this
system is more time and labour consuming for tbekshan. On the contrary, the trough

feeding amplifies the drinking competition at then¢ of the meal leading to the
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exacerbation of the dominant-subordinate relatidRspeated regrouping is therefore
necessary to limit the inhomogeneous growth ofahgre batch. Different from more
adult cattle (Rausset al, 2005), a study by Veissiat al (2001) observed that this
practice did not impair calves health and growtbwidver the same authors suggested to
carefully apply this finding to commercial farmswmich rearing conditions are different
from those adopted in their research.

Like in the beef farms, a good management of tHeesafattening units should pay
attention to the cleanliness of animals and of imguand feeding facilities, as well as to

prevent calves from parasites and rodents.

CONCLUSIONS

Italy has still a prominent position in the Europescenario of the beef cattle and veal
calves production. But the maintenance of a sigaifi domestic production requires the
identification and adoption of effective solutiotegpable to overcome the present critical
factors for the welfare of these animals. At Ifastbeef cattle farms, these solutions
should be tailor made to the existing systems oflpction which are not always similar
to those of other European countries. Therefosdialt beef producers should built a
strong partnership with the scientific community order to support the future
improvements with a robust scientific knowledgejahhs today required by the Official
Institutions.

The present review has discussed several cattfanedimiting issues related to the farm
environment and facilities that will be mostly sedlv by future advances in farm
technology and engineering. A more difficult steil tae the achievement of a significant
improvement of the stockmen skills addressed toatih@ption of welfare friendly farm
practices.

The success of any further improvement in farm ahimelfare is however strongly
dependent on two factors. First of all, farmers tmeensider the adoption of welfare
friendly practices as an opportunity to increasartihnet income. On the other hand, a
proper consumer education towards the purchasestbang friendly beef and veal meat
appears the strongest tool to drive the entireymtiee chain to the welfare target.
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FRAMEWORK
These studies were carried out within the Welfareual@y® project
(www.welfarequality.net, 2009) that aimed at depalg European standards for on-farm
welfare assessment. One of the main objectivedbeproject was the development of
standardized monitoring system for different catexgoof selected farm animal species:

» dairy cattle

* Dbeef cattle

» veal calves

* laying hens

* broilers

» fattening pigs

* SOWS
The task has been developed according to a sehdafmental principles:

» the exclusive use of valid and reliable measures;

» the possibility to be applied on all the existieguing systems;

» the requirement of a reasonable time budget;

» the easy use by a single trained assessor.
A further basic principle of the proposed methodglavas the exclusion of all the
measures that require invasive procedure sincerttagycause a stress response affecting
the measure of interest (Stewattal, 2005). Therefore all the physiological parangter
obtained from blood sampling or from other mininmalasive handling of the animals
were not considered.
The rationale of the protocol considered animakbaseasures as the main tool to assess
animal welfare and their integration with some tgse and management measures
capable to identify causes of poor welfare. Thet fatep for the development of the
protocol was the definition of 12 sub-criteria tlean be clustered in 4 main descriptors

of animal welfare as shown in Table 3.1.



38

Chapter 3

Table 3.1 General framework of the animal welfassessment scheme in Welfare
Quality®.

Principle Welfare Criteria

Absence of prolonged hunger

Good feeding Absence of prolonged thirst

Comfort around resting
Thermal comfort
Ease of movement

Good housing

Absence of injuries
Absence of disease
Absence of pain induced by management procedures

Good health

O N oo~ WN P

Expression of social behaviours
10 Expression of other behaviours
11 Good human-animal relationship
12 Positive emotional state

Appropriate behaviour

A wide list of potential measures was then credbeceach sub-criteria considering all
the parameters available from the scientific litera This list was then submitted to a
group of experts for each category of farm aninmalsrder to skip the parameters which
were not considered reliable and feasible on corialefarms. The final outcome was
the proposal of a full monitoring scheme which e ttase of veal calves included the
measurements reported in Table 3.2.

A further action towards the development of thalfimonitoring scheme has been the
testing of this prototype on a large sample of camal farms located in different
European countries. Regarding veal calves a cexdssal study was carried out on one
batch of veal calves per each of 224 farms, througbne rearing cycle between summer
2007 and spring 20089.

In order to meet one of the main aims of an animelfare monitoring scheme, a
supplementary step towards the set-up of a fullidated assessment method for veal
calves was the identification of risk factors thmpair their health and welfare (Sgrensen
et al, 2001, Botreaet al, 2007). However, in the animal welfare researekl there are
no existing international guidelines for the rigsassment (Muller-Grat al, 2008).

Once risk factors are recognized and ranked, dpuetat of advices, accurate plans, and
treatments for disease prevention and managemeadures would be easier and more

efficient. The consequent accomplishment outsmhs and advises to overcome the
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Table 3.2 Measures for veal calves at the farmlland at the slaughterhouse (Welfare
Quality®, 2009).

Welfare Criteria Measures
. Absence of prolonged hunger Body condition
Good feeding 2 Absence of prolonged thirst Provision of water
3 Comfort around resting Lying position, cleanlise$ calves
Good housing 4  Thermal comfort Wet calves
5 Ease of movement Slipperiness of the floor
S Spots of hard skin, claw lesions, joint lesions,
6  Absence of injuries

bursae, bitten tail/ear, lameness

Coughing, abnormal breathing, nasal
discharge, ocular discharge, liquid manure,
bloated rumen, dull calves, obviously sick
calves, mortality

At slaughter: lung lesions (pneumonia and
pleuritis), abomasal lesions, ruminal plaque

Good health 7  Absence of disease

Absence of pain induced by

8 Routine mutilations
management procedures
9 Expregsmn of social Social behaviours
behaviours
Appropriate 10 Expression of other behaviours  Other behavioabsiormal behaviours
behaviour 11 ©00d human-animal Avoidance distance
relationship
12 Positive emotional state Qualitative behavi@mseasment

specific problems would indeed bring a significdmnefit to animals and farm
economics by planning surveillance, reducing meédreatments and culling rates on one
side and by improving animal performance on theotne. The importance of the risk
factor analysis is therefore underlined in prewentreterinary medicine as revealed by
recent literature regarding livestock categorieshsas dairy cattle (Somees al, 2005a;
2005b), pigs (Gillmanret al, 2008; 2009; KilBrideet al, 2009), laying hens (Van
Hoorebekeet al, 2009) and veal calves (Bahlet al, 2009) but also working horses
(Burnet al, 2009) and others.

CROSS-SECTIONAL STUDY

FARM SAMPLE

The sample was chosen on the basis of the prodisrensrs willing to participate in the

three major veal calves producing countries of Eneopean Union. In the Netherlands
150 farms (100 White veal and 50 Rosé veal) wenglamly chosen among a wider

sample of farms that reflected a correct proportimetween farms belonging to
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integrators or private and over the veterinary ficas spread in the countrin France,
50 farms were randomly selected across 4 veal pmoduntegrators. The choice of
farms was made so that the proportion of the differearing conditions was similar to
the real proportion at national level. This lagpyach was adopted also for the choice of
the 24 farms in Italy were veal production is mgiobncentrated in 3 northern regions
and predominant housing is small groups (21/24gllithe three countries the farm was
included in the cross-sectional study if havingeach of more than 300 calves (100
calves in Italy and 40 calves for Rosé productimees batches are smaller) starting the

rearing cycle on a calendar week in accordance télresearch outset schedule.

RISK FACTORS

As a definition, a risk factor is a variable asated with an increased hazard of disease
or infection and has the potential to cause anradveffect. It can either be a factor such
as the level of air ammonia or the need of an alninad is not fulfilled. A list of potential
risk factors that are assumed to be still preserthé modern conventional veal calves
rearing units has been reviewed in Chapter 2.

Within Welfare Quality®, a questionnaire was drowmin order to obtain as much valid
information as possible from the animal caretakea short time period, without need of
manual or instrumental measures by the assessecifif§pdata regarding veal calves
management, housing and resources were indeecctedllérom the interview to the
farmer/stockperson carried out before the firstt\(ifable 3.3). At the same time data
regarding the type of milk delivery system, and evgbrovision were recorded while
amounts of milk-powder and amounts and prevalgre tf solid feed delivered to calves
in total were obtained from the farmers/industryha&t end of the rearing cycle.

Duration of the rearing cycle was calculated asadi= from the week of slaughter and
the week of arrival (<24, 24<30; >30 wks). Environmental luminosity was evaldate
objectively at about 16 wks of rearing on a thpeat scale (light, half-light, dark) in 20
randomly chosen pens of the same barn obtaining #hecore per barn (Table 3.3).
Moreover, during the rearing cycle, white veal ealwere submitted to haemoglobin
check bleedings and willing farmers/industry pre@dddata from blood analysis carried

out at specialized approved centers (Table 3.3).
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Table 3.3 List of the tested potential risk factfansthe occurrence of health problems at
the digestive system in veal calves farms.

Name Class
£  Type of veal meat production syst White | Ros
‘qmi ;?tléillr:]? system during rearing and Small €15 calves/pen) | Large group (>15 calves/pen)
9 Farm size <300 | 300<x600 | 600<x1200 | >1200 n. calves total
o))
£ Space allowance <1.8 | >1.8 m#/calf
@ Type of flool Slatted wooden floor | Concrete | Rubber or <
2  Estimated luminosity of the barn Light | Half-lighDark
— Presence of a specific sickt No | Ye:
S Environmental enrichment No | Yes
— Access to outdoor alle No | Yes
.2 Separated lying area No | Yes | Partly (duringréop or for part of calves)
S Renovation <4 | 4<x8 | >8 years
S Floor age <4 | 4<x8 | >8year:
a Ventilation Natural | Dynamic | Both
Ridge (exit of air from roof No | Yes| Bott
Manure Under the calves | Scraped outside
Quality of the batch at arrivi Good | Average | Bi
8 Season at housing Spring | Summer | Autumn | Winte
W Calves origir National |Foreign | More countrit
o Prevalent bree Holstein | Dual purpose breed | Cross
g Percent of females 0]0<%|>5%
5 Estimated weight at arrivi <43 | 43<x47 | 47<x51 | >51ki
5 Average haer_noglobm level at 3 and 1:%57 | 5.7<x6.2 | >6.2 mmolll
= Wweeks of rearin
% Aygrage numb_er_ of calves/pen at eacg6 | Zx<9 |10:x<15 | >15
m Clinical/health visi
Durati . Short (<24 wks) | Mid-term (24<30 wks) | Long (>30
uration of rearing cycle wks)
= Prophylaxis treatmer No | Yes
G Use of individual baby-boxes No | Yes
“.5 Duration of bab-boxes ust 0| 0<<4 | 4<x6 | >6 week:
S o Use of heating No | Yes
«= @© Sorting/regrouping practic No | Yes
o o Cleaning for all-in/all-out Everything | PartigBfush only | No cleaning
e $ Frequency of visits by technici: Weekly | Every 2 weeks | More than 2 weeks betwisits
8-, @ Frequency of visits by veterinarian/cyt <3 |>3
g Frequency of visits by farmer/day <2|>2
‘25 Years of farmers’ experien <5 | 5<x15 | 15<x25 | >25 year
Years of adoption of the present system <2 | 2<x10 | >10 years
Type of milk delivery system Bucket | Trough | Automatic Milk delivery Device D)
% Total amount of milk-powder <280 | 280<%330 | 330<x380 | >380 kg/head/cycle
§ Calves always receivesdl4 liquid No | Yes
»  meals/wee
g’ Prevalent type of solid feed Ma@ze2 silage | Pe]lets or mixt,ure3| Cereal gréifireated
o maize” | Formulation for Rosé ve
3 Total ¢ solid feed <50 | 50<x100 | 100<%150 | 150<x300 | >300 kg
L otal amount of solid fee DM/head/cycle
Water provisior Ad libiturr | Limited | No wate

harley or maize;

dehydrated and flattened maize;

3prevalent component was not specified since dimtsained different amounts of maize silage, pebeis
straw
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ON-FARM EXAMINATION

The welfare assessment protocol consisted of ttiieeal/health visits carried out by
one trained veterinarian per farm. The visits walanned at an early phase™ (disit),
early-middle (2¢ visit) and end stage '@uvisit). They were carried out respectively at
about 3 (2 - 6) wks after the arrival of the calegghe fattening unit, at nearly 13 (11 -
17) wks of rearing, and at the end of the rearingjecat about 2 (1 - 4) wks prior to
slaughter (Figure 3.1).

Variability in scheduling were due to different dshility of assessors; to avoid
overlapping with haemoglobin check bleedings ohvather farm practices carried out

the same week; or to postponed or anticipated ktatigg (3° visit).

Figure 3.1 Schematic design of a veal calves’ fatig cycle from housing to slaughter
and the time schedule of the three on-farm clidielth visits carried out by
veterinarians during the cohort study.

housing slaughter

! !

| | 1

15t vigit ~ 2ndyigit~ 3rdvisit~
3 wks after 13 wks after 2 wks betore
housing housing slaughter

The veterinarian visually assessed every individaél of the batch (max 300 for batches
larger than 200 calves) standing in the feedingyatlutside of the pens if calves were
housed in small groups or inside the pen if theyeweused in large groups. At each
visit the assessor recorded the number of calvesisly signs of digestive disorders and
of involvement of the respiratory system (Table & Figures 3.2, 3.3 and 3.4).
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Table 3.4 Description of the clinical/health meassiregarding involvement of the v
calves’ digestive ancespiratory system (Welfare Quality®, 200

Animal measure Descriptiot

Digestive system involvem

Calf behind for average weight and condition fo-30% and for mor:
Poorer body condition than 30% compared to the r-range of the batch withithe same
breec (Figure 3.2)
Calf with obviously tensed abdomen, more conven tha shape ¢
the ribs (Figure 3.3)
Respiratory system involvem
Calf with tachypneic breathing (frequency higherti0
breaths/min), excessive abdominal breathing, biregih a pumping

Bloated rumen

Abnormal breathing

(dyspnea) way, excessive nostril movement, generally sickualt (Figure 3.4)
Visible flow/discharge from nostrils; transparerdatery to

Nasal discharge yellow/green often with thicker consiscy (purulent); visible becau:
the calf does not clean its muz (Figure 3.4)

Coughing Calf observed having an audible expulsion of aiodlgh the moult

Figure 3.2 Veal calves with normal body conditiamdawith poorer body condition fc
15-30% andor more than 30% behind the r-range of the batch (from left to rigr

Figure 3.4 Veal calf with respirator
syndrome.

43
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POST-MORTEMNSPECTION

A sample of calves belonging to each of the batglaesof thein vivo cohort study were
randomly chosen in accordance of slaughtering sdbeahd observer availability with
the aim of assessing 60 rumens, 60 abomasa anduh@® per farm. Farms in the
Netherlands conveyed all animals in 8 veal slaubbigses, in France in 2, while in Italy
smaller batches were slaughtered in different avat{14) so the sampling was based on
the one day when the maximum possible number @ksalas planned to leave for the
same slaughter.

At the time of slaughter a trained observer exanhioegans following track of the test
batch not of individual animals within the batchirdatly at the slaughter line, before the
veterinary routine inspection, the assessor viguatid manually examined each lung
evaluating signs of pneumonia (atelectasis, noteadibrinous pneumonia). Normal
sound lung of a pale orange colour were gradeddbsence of pneumonia while an
increasing score from 1 to 3 was attributed to sungith signs of minimal,
mild/moderate and severe pneumonia (Table 3.5).eMaar, the presence of pleuritis
was also recorded as a binary measure (yes/negpfdr lung (Table 3.5).

Rumen was evaluated after opening and rinsing thanoin water. An increasing score
from 1 for low to 4 for fully developed rumens wgisen according to the description in
Table 3.6. Presence (yes/no) of plaques on the muwadl or of papillary epithelial
hyperkeratinisation was also recorded for each ruffable 3.6).

Abomasa were evaluated in the last 15 cm of therjgylarea that was opened by a
longitudinal cut. Presence of any kind of lesiontte#g mucosa (from erosion to open
ulcer) was recorded as a binary measure (yes/rtbeatyloric area level and at the torus
pylorus level. Lesions in the pyloric area (Tablé)3vere also counted (from O = absence
of lesions to a censored maximum of 4 = presendeasfmore lesions) according to their
size class: 1 for lesions having a diameter smé#tlan 0.5 cmz2, 2 for lesions with size
between 0.5 and 1 cm?, and 3 for lesions larger tham? (Welfare Quality®, 2009).

DATA PROCESSING AND STATISTICAL ANALYSIS
Rough data obtained from the on-farm clinical/heatbits were transformed into

percentages of calves showing signs of clinicalthgaoblems over the total number of
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calves observed each time per farm. Data obtainedgipost-mortemnspection at the
slaughterhouse were expressed as percentages aisowgth a given score (i.e. %
rumens with development from 1 to 4) or with a a@rtproblem (i.e. % lungs with
pleuritis or % of abomasa with at least one lesioriorus pylorus) over the total number
of organs examined. A cumulative percentage ofdumith pneumonia (different from 0)
was calculated, as well as a mean score per farmufoen development (mean of the
scores attributed to all the rumens observed pen)fand for abomasal lesions. The
mean abomasal lesions score was weighted = [(lesains size 1 x 1) + (n. of lesions
size 2 x 2) + (n. of lesions size 3 x 3)] therefdreanged from O for no lesions to a
censored maximum of 24.

All calculations and statistical analyses were geened in GenStat (GenStat Committee,
2000) using a suite of programs that were develdpetdhe Welfare Quality® project,
having farm as experimental unit. After descripteealysis, a stepwise approach was
adopted for the building of the ultimate risk factnodel. The search for potential risk
factors is equivalent to subset selection of exglany variables in regression. The
response variable was one of the animal measuremiat explanatory variables were
the potential risk factors reported in Table 3.8véls of factors were defined according
to the frequency of farms per each level (HISTOcpdure) and accordingly covariates
were transformed into factors. Response variablasshowed hardly any variation were
omitted from the analysis. Each animal measuremast analysed separately and the
risk factor analysis was carried out only for peshk that showed an average prevalence
higher than 5% (Gillmaret al, 2009). Among groups of problems risk analysis wa
performed on the mostly correlated variable wite tithers (Spearman ramk|0.40|,
P<0.05) or the more relevant according to literature

Prior to subset selection, potential risk factoexavinspected individually, in univariate
analyses, and in pairs. The factors that were &gsdcwith the dependent animal
measurementP<0.10) were examined further in a multivariate gsial The inspection
of pairs of factors offered a first impression ajspible collinearities, with complete
confounding as an extreme case. In case of gueditaisk factors, a check was
performed for sparseness in the numbers of obsengabf combinations of risk factors.

Variable selection was performed both by stepwiaekvard selection and stepwise



Table 3.5 Description of grading for lungs with ssgof pneumonia (0=lung with no lesion) and present pleuritis (Welfare
Quality®, 2009).

Pneumonia Pleuritis
0:no 1: minimal 2 : mild/moderate 3 : severe edence (yes/no)
1 larger or several small  grey-red discoloration involvement of the pleura,
D - normal pale orange 1 spot of grey-red spots of grey-red area (at least one full fibrinous attachment that
escription X : . .
colour discoloration discoloration (less than 1 lobe) and/or presence of connect lung lobes together or
lobe) _ abscesses to other tissues (e.g. pericardia)
lllustration

o



Table 3.6 Description of the categories of rumewvettgpment (scores from 1 to 4) and presence onutien of plaques (Welfare Quality®, 2009)
and hyperkeratinization.

Rumen development score

1 : low development 2 : moderate development 3l developed 4 : fully developed
_— . . . . moderate number of papillae in ventranumerous papillae in ventral and dorsal
Description atrfmgﬂlﬁe\};ﬁ?;ya% Fc)i?)?g;??d?nen f%\’nﬁ):ﬁ'ILi;'gnvar;ﬁTagtan\ﬂs?&fal and dorsal rumen, rumen wall still  rumen and atrium, papillae in atrium
' visible, numerous papillae in atrium leaflet shaped
lllustration
Presence on rumen (yes/no)
Plagues Hyperkeratinization
papillae of thicker and harder texture (visuallypbskeratinization of the epithelium looks like

Description multiple superficial patches attachaduminal mucosa

o

thickened and clustered papillae of_more roundeghatat physical contact the tissue is harder)

Illustration

VA4



Table 3.7 Grading description of the lesions atabemasums according to their size and number.nlingber of lesions ranged from 0 = absence
of lesions to a censored maximum of 4 = presendeonfmore lesions per each size class (WelfareiQ&a 2009).

Abomasums lesions
Size 1:<0,5cmz 2:05t01cm? 3:>1cm?

Number

8y
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forward selection. On the union of the final modefsboth selection procedures, best subset
selection was performed and significance testsHereffects or coefficients of the selected risk
factors were evaluated. Only risk factors that dddegnificance to the model were retained
adopting a retrospective approach. Variance imftafiactors (VIFs) were evaluated, both in the
preliminary inspection of pairs of risk factors amil the forward and backward selection
procedures. VIFs are commonly used for quantitatig& factors as indicators for potential
multicollinearity problems. We found that VIFs fdummy variables for qualitative risk factors
often were useful indicators as well. VIFs wergided in the next analyses as well. Each omitted
risk factor was added in turn to the model and fhdisor was checked for significance. It was also
checked whether the introduction of a previoushjittad factor affected other factors in terms of
their estimated effects or coefficients, as wellstendard errors and statistical significance. A
selected variable was changed for another varialflesh made biologically more sense, when this
involved a minor reduction of the fit of the mod€&br continuous variables, a linear regression
model was used. For 0-1 data, fractions or pergestaa logistic regression model was used,
specifying a binomial variance function with a niplitative dispersion factor. For count data a log
linear model was used, specifying a Poisson vagidoaction with a multiplicative dispersion
factor. Estimation was by quasi-likelihood. Thepdission factor in the variance was estimated
from the data (McCullagh and Nelder, 1984). Théedon in backward and forward selection was

the adjusted®’. Significance tests were based on the quasiikelil ratio test.
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INTRODUCTION

Respiratory disorders in calves are of a relevatgrést both from the theoretical (pathology) and
the practical (on-farm incidence and economic Igssht of view. Infectious diseases are by far
prevalent to non-infectious respiratory disordeastipularly under intensive farming conditions,
Bovine respiratory disease complex is a main healtiblem (Virtalaet al, 1999; Assiéet al,
2004; Autio et al, 2007). Etiology is attributable to multifactdrisauses with a significant
involvement of microbiological agents (bacteriaugi mycoplasma) as initiating pathogens, or as
exacerbating and complicating factors in synergghwther aspects (Virtalet al, 1999; Assiéet

al.,, 2004; Arcangioliet al, 2008; Radaellet al, 2008). Predisposing and causative factors are
equally important since the continuous intake arggen/carbon dioxide exchange between the
animal organism and the environment make the r@spy system constantly exposed to the farm
micro-climatic conditions. Among the extrinsic rigctors for calves respiratory-system health
reported in literature, some relevant examplesthaeeindoor housing (lack of outdoor access),
insufficient space allowance, overcrowded pensuitaisie air temperature or its quick changes,
high humidity, presence of dust in the air, low gey levels, high ammonia concentration and
others (Lungborget al, 2005). Farm micro-climate and environment shothérefore be
appropriate to give calves a suitable aerial aedhtlal comfort (Cozzet al, 2009).

Intrinsic predisposing factors are linked to aninmamunity. A causative issue for veal calves, in
particular, is that they are considered a dairpitmduct so they are early separated from their dams
gathered from different farms and transported $pecialized fattening unit when they are about 10
days of age. Mixing of calves from different farr(during collection, transport and housing)
exposes them to a heavy infection load also toavicganisms to which they do not have colostral
antibodies (Auticet al, 2007). Traditionally calves were housed in indiial crates as a measure to
minimize calf-to-calf contact for disease preventidlowadays, the adoption of group housing
according to the EU regulation (European CouncikBtive 91/629/EC and Directive 97/2 EC) has
the all-in all-out system as preventive measuravinite veal farms. It is a biosecurity strategy
addressed to the control of infectious diseaserdoup to which, housing chambers have to be
emptied of all the animals, cleaned and disinfedietbre the restocking of a new batch. An
additional preventive measure in small group hayssnthe use of individual separators during the
first 8 weeks of rearing to prevent cross-sucking eespiratory problems, similarly to dairy calves
(Virtala et al,, 1999). However, repeated regrouping, a praci#eed out in order to homogenise
the growth of the pen-mates in those farms wheeefeéled delivery systems allow competition is
another situation that may facilitate microbes agheg among calves.
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A systematic herd investigation strategy to idgnfifevalence of the respiratory problems should
be a puller of an animal welfare assessment schi#malevelopment should be based on the
essential understanding of the risk factors thdecafthem. Once predisposing causes are
recognized, the development of accurate plans,mewndations and treatments for disease
prevention and management are more effective. €gffosure to the problem source could
therefore be limited and/or its immunity could mhanced (McGuirk, 2008). As stated by the same
Author a regular screening or examinations donstrategic time points improves detection of
disease, monitors treatment outcomes, and it ol disease outbreaks.

Several studies have investigated the incidencesgpiratory disease in North America and in
Europe in non-weaned calves focusing mainly onydeaves (Sivuleet al, 1996; Virtalaet al,
1996; 1999; Assiét al., 2004) and beef cattle young stock (Thomiaal, 2002; Hagglunett al,
2007). Their main aim was identifying the occurreencf the microbial pathogens through
bacteriological and serological surveys. Incideacel etiology were also goals of the studies
carried out on meat producing dairy calves (Assiél, 2004; Arcangiolet al, 2008; Autioet al,
2007). It was aim of the current study thereforantwestigate, through the cross-sectional study
described in Chapter 3, the prevalence of respyaisorders in veal calves in three following
phases of their rearing cycle and at slaughter.eller, we aimed at examining variation among
the two types of production system (White veal ealand Rosé veal calves) and at analysing the
relevant risk factors for the occurrence of proldeanthe respiratory system.

RESULTS

DATA ON FARM AND MANAGERIAL CHARACTERISTICS

Reflecting the European veal calves productionntlagority of farms (146) included in the sample
raised the conventional white veal in groups smdhan 10 calves/pen. Fifty farms adopted the
type of production for Rosé veal, either in smaB)(and large groups moving calves according to
different stages of the rearing cycle. The cross$i@eal study covered the entire year having a
normal distribution of farms starting the rearirygle across the four seasons.

Most of the farms reared Holstein calves (67% ef\tthite and 96% of the Rosé veal farms) either
national or imported. Calves were prevalently maese 154 batches included less than 5% of
females. The farm size, expressed as average nuhloatves present in total at the farm at the
moment of the interview to the farmer was 748.8t86#nean+SD) going from a minimum of 62
to a maximum of 5800. The test batch size at tlygnbéeng of the cohort study was of an average of
226.1+91.3 calves (252 in White and 133 in Rosé feems) housed in 40.4+18.4 pens.
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The space allowance per calf was in accordance tweghlegal requirements, and only in a low
percent of farms (21% of White and 28% of Rosé &grihwas higher that the indication of 1.8
m?/calf for the entire duration of the rearing cycle. Theation of the fattening cycle differed
between the two types of meat production systesimtaless than 30 wks for all White veal units
but one and reaching the maximum of 43 wks in tbeéRproduction. The practice of regrouping
calves was done in the large majority of farms (Bfthe White and 98% of the Rosé farms). The
use of individual baby-boxes at the early stagéhefrearing cycle for up to a maximum of 8 wks
was adopted for a large number of farms as weld(&3 the White and 64% of the Rosé farms).
Animals had the free excess to an outdoor alleynig 1 farm rearing Rosé calves.

A detailed description of the feeding strategiespaeld by the two veal production systems has

been presented and discussed in Chapter 5.

PREVALENCE OF RESPIRATORY DISORDERS RECORDED DURINIBI-FARM
OBSERVATIONS AND ATPOST-MORTEMNSPECTION

Prevalence of clinical/health problems related he trespiratory system recorded during the
application of the welfare monitoring scheme atfdren level are shown in Table 4.1.

The mean percent of calves with abnormal breataingys remained below 5%, while the calves
observed coughing were 5% at the first and secasitland under that percentage at the end stage
of fattening. Nasal discharge involved more th&¥®and 6.5% of calves at the first and third visit
respectively reaching a maximum prevalence of 45%ne farm.

In regard to thgost-morteninspection a mean number of 128 lungs with a stahdeviation of
60.4 was observed in 209 farms (15 missing valU@s)average 52.4% of lungs were involved by
at least a spot of grey-red discoloration as siigmioimal pneumonia (lungs with scores different
from 0) ranging from a minimum of 0 to a maximum8if.7%. As shown in a schematic way in
Figure 4.1, 29% of lungs showed minimal signs afypmnonia while the worse condition interested
9% of lungs. Pleuritis involved 25.1% of lungs wittmedian of 23 and a range from 0 to 97.9%.
Type of veal meat production system did not shamifcant differences regarding nasal discharge
prevalence at any of the three observation sess{Br6.05) while all of thepost-mortem
measurements except for the percentage of lungsshimaved minimal signs of pneumonia were
significantly different between the two systemsl{[€a4.2). Rosé veal showed a worse situation
regarding lung lesions with a higher prevalencenoflerate and severe signs of pneumonia and of

pleuritis.
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Table 4.1 Respiratory problems prevalence (% ofesminterested by a given problem/calves
observed) in three different stages of the fatigycle in 221 veal calves farms.

, . . Coef. of .
Observation Animal measure Unit Mean SEvariation Min  Max
N. of calves observed mean 226.1 6.14 40.4 37 432
3 weeks after  Abnormal breathing % calves 3.6 0.31 129.1 0 28.0
housing Nasal discharge ” 6.2 0.43 102.6 0 310
Coughing " 5.0 0.27 80.1 0 220
£ N. of calves observed mean 2259 6.09 40.2 37 427
8 13 weeks after Abnormal breathing % calves 1.4 0.12  120.8 0 103
= housing Nasal discharge ” 4.8 0.38 117.4 0 338
o Coughing " 50 029 875 0 250
N. of calves observed mean 2215 6.04 40.6 35 422
2 weeks before Abnormal breathing % calves 0.6 0.08 196.0 0 103
slaughter Nasal discharge ” 6.5 0.53 121.9 0 450
Coughing " 4.0 0.30 112.0 0 391

Figure 4.1 Lung lesion prevalence in veal calvebath level.

100% -

80% - -
60% -
40% -
B severe pneumonia
20% - B mild/moderate pneumonia
minimal pneumonia
0% - ® no sign of pneumonia

Table 4.2 Results from measurements carried otlteaslaughterhouse on lungs and pleura
according to the type of meat production systemit@Niis. Rosé).

Type of meat production system

ltem Unit White Rosé P
Ismean SE Ismean SE
Lung with signs of pneumonia
absence (no sign) % lungs 48.88 1.31 36.83 2.67
minimal ” 28.79 0.08 30.13 0.17 ns
mild/moderate 8 13.70 0.58 17.73 1.36 **
severe ” 7.58 0.58 15.17 1.65 ***
Lung with pneumonia# 0) 50.07 1.32 63.03 271
Mean pneumonia score 0-3 0.80 0.03 1.11 0.06 ***
Pleuritis % lungs 21.33 1.62 41.92 2.97 ¥

ns = non significant; ** #<0.01; *** = P<0.001
!= score calculated as mean of the scores of afitieed lungs per batch (from 0 to 3)



58

Chapter 4

RISK FACTOR ANALYSIS

Risk factor analysis for respiratory problems idé&atl during clinical/health visits

The prevalence of nasal discharge was above 6B dirst and third visit therefore further analysis
was performed for this variable considering potdntisk factors in all three stages of the rearing
cycle. Spearman rank correlation showed that rdiseharge was significantly?€0.05) correlated

to both, abnormal breathing and coughing at a#iehrisits. Risk factor analysis for nasal discharge
recorded during the®visit was carried out considering data of bothetypf veal meat production
systems since at 3 weeks after arrival at therfatteunit, both White and Rosé veal calves were
basically kept in the same manner in terms of hmguand diet and were, therefore, exposed to the
same risk factors. Since there were relevant diffees between the two production systems related
to housing conditions and to feeding strategiemsftioe second visit on, the risk factor analysis was
further on restricted to White veal only.

From the one-way analysis it resulted that moghefsignificant risk factors for the occurrence of
nasal discharge acted in the same way, particularhegard to the first 2 stages of the fattening
cycle (results not shown). The effect of the usa pfophylactic treatment at the outset of theecycl
was not relevant at any stage. Levels of comparidaisk factors that showed an OR over 1 for
nasal discharge throughout the entire rearing cyodee the national origin of calves, and a
frequency of visits by the veterinarian lower tl&loycle; while protective factors were the manure
kept under the calves for the duration of the fatig (not scraped outside), a percentage of females
in the batches below or equal to 5, an estimataghwat arrival at the farm lighter or equal to 43
kg, and a space allowance equal or lower than £/8ath Animals housed in small farms, with a
rearing capacity of less than 300 calves in tdtat| an increased risk of having a nasal dischdrge a
the first and second visit compared to those igdaiarms. At both 3 and 13 wks after housing
dynamic ventilation was a risk factor: at 3 weeksvas a risk compared to farms that had both
natural and dynamic ventilation while at 13 weeksural ventilation was a protective factor in
comparison to dynamic. An OR over 1 was found F@r $ame dependent variables when calves
had an average haemoglobin level below 5.7 mmoltha 3-week check compared to batches
where it ranged between 5.7 and 6.2.

Factors highly associate®<0.001) with the risk of occurrence of nasal disgban veal calves at
the early stage of rearing were space allowance tgne of housing system, included in the
multivariate logistic regression model presentedaible 4.3. Animals housed with a smaller space
allowance seemed having a lower risk of occurresfceasal discharge compared to those with a
space larger than 1.8%falf. Small group housing was a protective fastath an OR of 0.49

compared to the adoption of large groups.
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Table 4.3 Multivariate regression model for occuntce of nasal discharge in veal calves at 3 weeks
after housing.

, Level of Level of 95% CI t pairwise
Risk factor . . ;
comparison | comparison |l lower upper comparison
Space allowance (m?/calf) <1.8 >1.8 054 041 0.70 *hk
Housing system during rearing Small Large 0.49 0.30.66 i
¥+ = 1<0.001

Model considers Housing system during rearing and Spémeamnce; Adjusted R=21.93%
All factors in the model were significant f8x0.001

Risk factors that were mostly associated to ocoggef nasal discharge at 13 weeks after housing
in White veal calves were duration of the use diividual separators, the prevalent type of solid
feed, type of milk delivery system, the extent dbption of the present system in years and the
season at housing (Table 4.4). The final multicarrégsk factor model reported in Table 4.6, indeed,
explained 38.6% of the variability within farms neg White veal. Not adopting baby-boxes
(equivalent to 0 weeks) compared to duration ofrzgrence in baby-boxes for 4 to 6 weeks and
above 6 showed an OR below 1. A short duratiomdividual separators use (0 also resulted
being a protective factor when compared to a longenmanence of calves in such housing
conditions. Pairwise comparisons showed that cahlaswere fed pellets/mixture had a lower risk
of having a visible flow from the nostrils than #eoreceiving cereal grain or treated maize as
prevalent type of solid feed. Years of adoptiorthef present system was a factor that had classes
always showing OR higher than 1. The implementatibimdividual buckets for the milk delivery
seemed increasing for two times the risk of nasalhdrge occurrence in comparison to the use of
the common troughs. An odds ratio over 2 was olesealso when calves were housed in Autumn

compared to Winter, while housing animals duringr@pcould be considered a protective factor.
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Table 4.4 Multivariate regression model for occunrce of nasal discharge in White veal calves at
13 weeks after housing.

Ri Level of Level of 95% ClI t pairwise
isk factor : . OR —— .
comparison | comparison Ii lower upper  comparison
0 0<x4 042 0.15 1.21 ns
0 4<x<6 0.25 0.09 0.67 o
Duration of baby- 0 >6 0.22 0.08 0.57 **
boxes use (weeks) O<x<4 4<x6 0.60 0.36 0.99 *
O<x<4 >6 0.52 0.28 0.94 *
4<x<6 >6 0.8