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ABSTRACT

The equine industry is essenttalthe social and economic wadiing of Australia, generating
approximately $9 billion annually.Transportation is a crucial component of horse
management, but there are serious welfare concerns and economic losses assiticiated
transporirelated health and behavioural problemEo try to prevent these problems the
Australian Code of Land Trsportation was published in 22 with new standards and
guidelines based on the most recent reseadficwever, since th€€ode appearecho new
research has been reported Hrete is nadea as to how the industry complies wtite Code

The current literature only reports on epidemiological studies that affect the welfare of horses
travelling to abattoirsThey do not consider what bgstactices should beappliedand why

horses develop disease after travelli@ggpter 1L Thus, while the physical and physiological
stressors of each phase of transportation have been deeply described, there are still many gaps
of knowledge on the impactd transportation on horse health and welf&kagpter L

The aim of this thesis was to fill some of these gaps of knowledge collecting data from the
Australian transport industry and improving the understanding of the implications for
performance hordeealth and welfare arising from transportation by road.

The hypothesis for the first part of the thesis was that there would be an association between
the transport management and the development of trasgeeéd behavioural and health
problems duringand after journeys. In order to address this, an epidemiological study and a
guestionnaire were undertaken. The epidemiological study aimed to investigate the incidence
of transportrelated diseases and risk factors for performance horses during a longyjou
(form Perth to Sydney). Only 3% of horses developed a transgatéd disease and journey
duration 20 hours) and season (spring) were identified as risk fac@tivapter 2 The
guestionnaire explored the most common transport practices andirsgwesralia across the
different sectors of the equine industry. It was found that 67% of the respondents had
experienced a transpartlated problem moving their horses over the past two years and that
equine transportation management was often not kampvith the Australian Code&Chapter

3.1). Significant associations between the transport management and the development of
transporirelated health problem were identified. Transpetated injuries were associated

with the age of the horse keeper dimel use of sedimn and protective equipmeptejourney;
diarrhoea and heat stroke were more likely to happen in jgsiorganised by amateurs than

professionals Ghapter 3.2 Significant associations were also found between training



procedures and tnaportrelated problem behaviours: habituation and-leeltling techniques
reduced the risk of problem behaviours and subsequent injuries, but they were applilsd only
20.2% and 10.% of respondentsOhapter 3.8 Analysing 214of transporteetelated hedh

cases, respiratory diseaseasthe most frequeht reportedin Australia and journeys longer
than 24 hours wergeento increase the risk for the development of a severe trangtaitd

health problem (gastrointestinal and respiratory problems ¢h)d&hapter 3.1 Overall, the
guestionnaire highlighted the need for new welfare indicators, in particular for horses moved
over long distances and for identifying horses at risk of respiratory diseases.

In order to address this need, the second parthef thesis was composed of two
multidisciplinary studiesexploringthe effects of a four day journey and of an eight hour
journey on horse health and welfare, with particular emphasis on the immunological and
respiratory systemsChapters 4 and)5The faur day journey was associated with changes in
the clinical examination, an acute phase response, impaired lymphocyte proliferation,
dehydration and a mobilisation of antioxidants. The results supported the hypothesis that a
hore 6s i mmunol o gouldleel dereaseqd after & lgng distance transportation
predisposing to the development of more severe disd@sespter 4. The hypothesiof
Chapter5 was thatstress related behavioural and physiological responses to transport would
be associated with ahges in clinical, haematological, oxidative and respiratory parameters.
The tested eight hour journey witltowater and feednduced an acute phase response,
dehydration,mobilisation of antioxidant, fatigue, electrolyte imbalance and an increase in
mucus and bactea (mainly Pasteurellaea€) in the lower respiratory tractSignificant
association between the horse behaveyuroute particulaty the time spent with the head in

an elevategbositionand the frequency of stresdated behavioursand thencreases in mucus,
bacteria and free radicals were foundlhile transporrelated health problems are
multifactorial, clinical examinatiomcluding auscultatiotefore and after travel, behavioural
observatioren route monitoring of redoxbalance and filnogen concentrationsnay aid in
theidentification of horsest risk oftransporirelatedrespiratory diseasg€hapter 5).

Overall, this thesis provides a bettenderstanding of transportatisstress and colits
important data from the Australian trgast and equinandustry. A number ofwelfare
indicators and management practicgere recommended to safeguard heove#are during

transportand newesearclareas were identifiefbr further studies

Keywords: transportation, welfare, health, horeganagement.



DEDICATION

To Giampaolo,

who has followed and supported his mum during this adventure

Vi



PREFACE

The work presented in this thesis is, to the best of my knowledge and belief, original except as
acknowledged in the text. | hereby declare theve not submitted this material, either in full

or in part, for a degree at this or any other institution.

All Chaptes of this thesis have been written in publication styleagers 1, 2, 3.1, 3.2, 3.3
3.4and 4have already been pudted in peereviewed journatsBarbara Padalino is firsind
correspondinguthor on all the papers. Sections of Chapter 5 are intended for publication in
peerreviewed journals with some modifications. The assistance to the candidate given by

others is indicated in &authorship attribution statemeartdthe acknowledgments

| acknowledge that an electronic copy of my thesis must be lodged with the University Library
and, subject to the General Award Rules of The Universitgyainey immediately made

available for esearch and study in accordance with the Copyright Act 1968.

Bosdow ol o

vii



LIST OF PUBLICATIONS FROM THIS THESIS

Padalino B. 2015 Effects of the different transport phases on equine health dtetwsyiour
and welfare: a review. Journal of VeterinarBehaviour 10, 272282, doi:
10.1016/j.jveb.2015.02.002

Padalino B, Hall E, Raidal &, Celi P, Knigh P, Jeffcott L, Muscatello G2015. Health
problems and risk factors associated with long haul transport of horses in Australia. Animals,
5, 12961310,doi: 10.339@ani5040412

Padalino B, Raidal &, Hall E, Celi P, Knight P, Jeffcott, Muscatello G2016.Survey of
horse transportation in Australia: issues and practiestralian Veterinary Journal, 10, 349
357, doi:10.1111/avj.12486.

Padalino B, Raidal &, Hall E, Celi P, Knight P, Jeffcott, Muscatello G2016.A survey on
transport management practices associated with injuries and health problems infhaSes.
ONE, 9, 116,d0i:10.1371/journal.pone.0162371

Padalino B, Henshall C, Raidal IS Celi P, Knigh P, JeffcottL, Muscatello G.2017.
Investigations into transperelated problem behaviours: survey results. Journal of Equine
Veterinary Science48, 166173,d0i:10.1016/j.jevs.2016.07.001

Padalino B, Raidal &, Hall E, Celi P, Knight P, Jeffcott, Muscatello G. 201&Risk factors
in equine transportelated health problems: a survey of the Australian equine indEsfuyne
veterinary Journabloi: 10.1111/evj.12631

Padalino B, Raidal SL, Carter N, Celi P, Muscatello G, Jeffcott L, de Silva2617
Immunological, clinical, haematological and oxidative responses to long distance
transportation in  horses Research in Veterinary Science, 115, 7887, doi:
10.1016/j.rvsc.2017.01.024

viii



AUTHORSHIP ATTRIBUTION STATEMENT

This thesis includes @riginal pars pubikhed in peereviewed journalsThe core theme of
the thesis is the understanding of the implications of transportatiborses orhealth and
welfare.

The ideas, development and writing up of all the papers in this thesis were the principal
regonsibility of the candidate, warkg under the supervision of Dr Gary Muscatello Fatro
Celi and Prof Leo JeffcotFaculty of Veterinary Scienc&chool of Life and Environmental
SciencesThe University of Sydney) and éfssociateProf. Sharannd.ee Raidal (School of
Animal and Veterinary Sciences, Charles Sturt University).

The irclusion of other cauthors (Dr Peter Knight, DEvelyn Hall, Dr Kumikunda de Silva,
Ms Cathrynne Henshaknd Ms Nicole Carter) reflects the fact that the work came fotive
collaboration between researchers and acknowledges input intdo szt research.

Chapter 1 of this hesis is published as a review dournal of VeterinaryBehavior

| cohesive and wrote the manuscript.

Chapter 2 of this thesis is published asa rsearch article in Animals

| designed the study, analysetthe data ath wrote the drafts of the manuscript.
Chapter 3f this thesisncludes 4 published research articledustralian Veterinary Journal,
PLoS ONE Journal of Equine Veterinary ScieraredEquine Veterinary Journakespectively

| co-designed the study with the-amithors| interpretedand analysed the data, and wrote the
drafts of the manuscripts.

Chapter 4 of this thesis is publishasl a research article Research in Veterinary Scies |
designed the studgonducted the experimeranalysed the data and wrote the drafts of the

manuscript.

Bosow ol o

As supervisor for the candidature upon which this thesis is based, | can confirm that the
authorship attribution statements above are correct.
Dr Gary Muscatello, 31/10/2016

Py ‘



CONFIRMATION OF CO -AUTHORSHIP OF PUBLISHED WORK

The following details the contribution of each of theazghors to one or more pe@viewed
publications within this thesis.

Dr Gary Muscatell@ontributedo study designaboratory analysis methodsd finalizing of

all manuscripts prior to publication

Associate ProSharanne Raidalontributedto study design, animal experimerniehoratory
analysis methodstatistical analysis, and finalizing afi manuscripts prioto publication.

Prof Leo Jeffcottcontributedto study designand finalizing ofall manuscripts prior to
publication

Dr Pietro Celi contributed to study dgsiand laboratory analysis methods of all manuscripts.
Dr Peter Knightontributedo study designand finalizing othemanuscript§Chapters 2, 3.1,
3.2, 3.3, 3.4prior to publication

Dr Evelyn Hallcontributedo study design, statistical analysis and finalizing of the manuscripts
(Chapters 2, 3.1, 3.2, 3.gjior to publication

Dr Kumudikade Slva contributed testudy degin, laboratory analysis methodsd finalizing

of the manuscript (Chapter @gjior to publication

Mrs Catherine Hall contributed statistical analysiand finalizing of the manuscript (Chapter
3.3) prior to publication

Miss Nicole Cartecontributed testudy degin, laboratory analysis methods of the manuscript

(Chapter 4).

CandidateSignature

Bosow ol o

I, as a ceauthor, endorse that this level of contribution by myself and the candidate indicated
above is appropriate.

Name Signature

Dr Gary Muscatello

G sttt




Prof. Sharanne Raidal

Prof Leo Jeffcott ! 4=
/ DI
oo &K
Dr Pietro Celi

Dr Peter Knight

Dr Evelyn Hall % %

Dr Kumudika de Silva

Ms Cathrynne Henshall W

Ms Nicole Carter il s W




ACKNOWLEDGMENTS

First and foremost | would likeo thank my supervisor, colleague and friend, Sharanne Lee
Raidal. | can sincerely say that without her this PhD would have been not possible; she has
worked patrticularly hard in organising and conducting the main experiment in Wagga. Her
support has beamfailing; regularly removing my doubts. She is inexhaustible, a wise scientist
and a truly beautiful person. She has been and will be my model for my professional and
personal life.

| would like to thank the rest of my supervision team: Gary Muscateiétro Celi and Leo
Jeffcott. Gary has been my greatest motivation to finish this PhD, and as an animal
behaviouralist | know that motivation is the most important trigger to goal behaviours. Pietro
has been the reason why | started the PhD, he sugdestédhad to apply for this scholarship

with the dream to work together on an important horse project. Unluckily, he moved to the
USA soon after my first year, but he has been always close to me with his incredible positivity.
Leo replaced Pietro in thegervision and | owe a huge debt of gratitude because he has been
a consistent guide with wise advice through this long and complicated undertaking. After our
meetings, | always left feeling relieved with a renewed purpose about the project. | never left
our meetings without having learned a great dewlsimple osmosis his extensive knowledge
passed from him to me. He is an incredible scientist and | admire him a lot. It has been an
honour for me to work with him.

| would like to thank all the other eautors involved in this PhD: Peter Knight, Evelyn Hall,
Kumikunda de Silva, Cathrynne Henshalhd Nicole CarterPeter has been fundamental in
particular during the last year, he explained me how important is the time management skill
and he was always @ein his useful and prompt feedback. Evelyn has been my statistics
Aangel 0. She is a |l ovely person, a great st
explain how to do the analysis and how to use the statistical software. My statistisadrskill
greatly improved thanks to her help. Kumi opened the door of her fantastic lab to me, allowing
me to work on immunological parameters which enlarged my expertise in a critical field for
animal welfare. Cath is my best Australian friend and we asestar that we could be sisters.
Working with her on the dataset of transp@tated problem behaviours and training methods
has been a pleasure. Nicole is my model as a lab technician, she just open my eyes and teach

me laboratory strategies which amcpless.

Xii



| would like to thankProf. Kendra Kerrisk for kindly suggesting stylistic improvementsiyo
review (Chapter 1).

| would like to thankWayne Brydenthe director of Combined Horse Transport Company. He

is an expert in horse transportation aeddery interested in improving horse welfare during
transportation. Hgrovided me with invaluable records which allowed me to identify risk
factors in long distance transportation (Chaptet®) also helped me in organising the first
animal experimenChapter 4), introducing me 8haron Welsh;elen Chuggnd all the horse
owners.This project would not have been possible withouir thgsistancandcooperation. |
would also thankMaxine Johnston and Adriana Trecapelli for helping amdiing horses
during that data collectiorend Kathy Turner for the haematological analysis.

For my survey on horse transportation, | would like to tHaaldners Horse Transport, Hunter
Valley Thoroughbred Breeders Association, Equestrarstralia Association, and #h
International Society of Equitation Science for emailing the survey to their members. This
project would not have been possible without the malty contribution of the respondents
who gavetheir time to respond in the kome survey. Thanks also to Jayton for her technical
assistance witthe Survey Mnkey program.

For the analysis of cortisol in chapter 4 and 5, | would like to thank Kim Heasman.

For my chapter 3 would like to thankKathrine Muscat, James Gilkerson, Nino Ficorilli for

the viral analyses at the Centre for Equine Infectious Diseases at the University of Melbourne;
Neil Horadagoda for training me in cytology for the tracheal wash examinatiohyglian
Genome Research FacilffGRF) team for helping me to analyse the trachealhnwbacterial

data.

For the published works, | would like to thank the reviewers and the editors for the time spent
in reviewing the papers. Their feedback have been very helpful and have improved the quality
of the papers.

Thanks you to Navneet Dhand flois statistical advice. His assistance with survey design as
well as general support was invaluable for developing my confidence in choosing the correct
statistical methods for analysing my data.

| would like to thank my family and my partner Greg, whaevalways there in the good and

the bad time, celebrating my success and drying my tears.

| would like to thank all my friends at the Camden Campus, who were my family for two years,

helping me with my son and cheering me up during social sport and hemisev

Xiii



| would like to thank my colleagues of the School of Animal and Veterinary Sciences, Lesley,
Petra, Sarah, Hayley and Rafael. They have supported me in the writing phase of the PhD, in
the challenge of lecturing in English and any personal and &amiioblems.

At last but not least | would like to thardue McDonnell Four years ago Sue pointed me in

the direction of further study. She told me that with a PhD | could make a substantive
contribution to the future of equine behaviour and welfare aBtetold me that being a single
mother was no barrier to becoming a good scientist. This PhD is testament to her excellent

advice.

Funding
The thesiswas unded by the University of Sydney International Postgraduate Research

Scholarship (IPRS) and Uravsityof Sydney internal grant scheme.

Xiv



LIST OF TABLES

CHAPTER 2: Health problems and risk factors associated with long haul transport of

horses in Australia

Table 1.Description of theéransporirelatedissues.

Table 2.Frequency of the total transpedthorses by sex, breed and age category.

Table 3.Incidence of transportation issues grouped in 5 major categories according to clinical
signs and body system affected.

Table 4. Results of the univariate logistic regression analysis with developmetaoisport

related problem as the outcome (1/0: affected/non affected), with sex, breed, and age as
explanatory variable.

Table 5. Estimate, ods ratio (OR) and confidence interval (Cl) for each transpeldated

problem on a journey longer than 20 hours.

CHAPTER 3.1: Survey of horse transportation in Australia: issues and practices

Table 1 Distribution and promotion of the survey.

Table2Det ails of respondentsd demographics
Table 3 Details of horse numbers and horse movements in the survey

Table 4. Strategies after transportation reported by 421 respondents. As many respondents

indicated that they used multiple strategies, the percentage responses sum to more than 100%.

CHAPTER 3.2: A Survey on transport management practices associated with injuries
and health problems in horses

Table 1. Predictive variablesName, description and values of the predictive variables
evaluated.

Table 2.Incidence of transporkelated health problems.

Table 3. Results of the multivariate model with traumatic injuréssthe outcome variable.
Significant respondents details and transport management risk factors for traelsped
traumaticinjuries identified using a multivariate logistic regression moae’§7)

Table 4. Results of the multivariate model with hetibke as the outcome varialfiggnificant
respondents details and transport managementactrs for transpostelated heat stroke

identified using a multivariate logistic regression model7g87)



Table 5 Results of the multivariate model with musar problem as the outcome variable.
Significant respondents details and transport managementadiks for transposntelated
muscular problemslentified using a multivariate logistic regression model/87)

Table 6. Results of the multivariate moldeith laminitis as the outcome variabignificant
respondents details and transport management risk factors for tramtad laminitis
identified using a multivariate logistic regression model7g87)

Table 7.Results of the multivariate modeltwitransport pneumonia as the outcome variable.
Significant respondents details and transport management risk factors for transport pneumonia

identified using a multivariate logistic regression model7/g87)

CHAPTER 3.3: Investigations in equine transpot-related problem behaviours: survey

results

Table 1 Classification of the studied variables.

Table2Def initions and examples of respondentso
Table 3 Distribution of the data after categorization.

Table 4. Frequency(n (%)) of training method per equine industry sectors.

CHAPTER 3.4:Risk factors in equine transportrelated health problems: a survey of the
Australian equine industry
Table 1 Categorisation of health problems observed in transported horses

CHAPTER 4: Immunological, clinical, haematological and oxidative responses to long
distance transportation in horses

Table 1. Summary statistics fothe clinical parameters in Control Group (Aoansported
horsesyandin Experimentagroup (transported horsea) dayl (soon after unloading for EG

and at rest CG)

Table 2 Physiological parameters in Control Groufmontransported horseshnd
Experimental Group (transported horses) at day 1 (soon after unloading for EG and at rest CG)
and day 7 (7 days after th@urney for EG and at rest for CG). Data are expressed as least
square mean * standard error (SBiffering superscripts within rows indicate significant
difference (A,B:P<0.01; a,b: P<0.05) (Tukekramertest)

Table 3. Haematological and biochemicahnameters in Control Groufmontransported

horsespand Experimental Group (transported horses) at day 1 (soon after unloading for EG and



at rest CG) and day 7 (7 days after the journey for EG and at rest fob@a)are expressed
as least square mean standard error (SE)Differing superscripts within rows indicate
significant difference (A,BP<0.01; a,b: P<0.05) (Tukeramertest)

Table 4. Pearson correlations (expressed as value of r) betwedeppleadenvariables which

reported at least one sifjnant correlation P<0.05.

CHAPTER 5: Behavioural, clinical, haematological, oxidative and respiratoryesponses

to 8 hour transportation in horses

Table 1. Detailed &perimental protocolSame procedures were undertaken on each group
(n=6) 48 hours art.

Table 2.Clinical assessment sheet used to record the clinical data modified fron2R6éay

Table 3. Behaviour sampling ethogram used. Each animal was observed for 25 minutes for
recording the occurrence and duration of the following choose mhral/events and states.
Table 4.Clinical sheetecording observatiorduring respiratorgndoscopy.

Table 5.PCR proceduresed before sequencing.

Table 6. V1-V3 primers and relevant region of the 16srRNA gene

Table 7. Results of the clinical exam ofdhhorses at unloadin@linical assessment was
conductedhccording to the methodologhescribedy Reed et al2003) Gastrointestinal tract
motility was assessed by auscultation of all four quadrants and scored as described previously
(0 = no intestinabounds, 1 = decreasedrborygmi, 2 = normal borborygn{Sundra et al.,
2012)

Table 8 Effect of transportation on heart rate (HR), respiratory rate (RR) and temperature at
preloading, unloading, 12 and 24 hours after journey (AJ), and at 5 days Adr®axpressed

as square mean and standard error (SE). P value of the time of examination.

Table 9. Difference in the environmental parameters monitored inside the box and the truck.
Data are expressed as square mean and standard error (SE).

Table 10.Percatage of the predominant bacterial family of the total genome in the air samples
collected in the stables and in the truck.

Table 11.Effect of the journey hour (from the first to the eighth) on frequency of the measured
behavioural events (n/25 min) aradal head down duration (s/25 min). Data are expressed as

square mean and standard error (SE). P value of the journey hour.



Table 12.Effect of the situation (journey, rest stgpablebox) on frequency of the measured
behavioural events (n/25 min) andaichead down duration (s/25 min). All data are expressed
as square meaassstandard error (SE).

Table 13 Effect of the time (Preloading, Unloading, 12h AJ, 24h AJ, 5d AJ) on the
haematological parameters. All data are expressed as square meansz* stamd¢Se).

Table 14 Effect of the time (Preloading, Unloading, 12 hours AJ, 24 hours AJ, 5 AJ) on the
oxidative parameters. All data are expressed as square arestandard error (SE).

Table 15.Changes of the examined blood gas parameters at pradoadiloading and 24
hours AJ. Data are expressed as square mean and standard error (SE).

Table 16.Number of positive horses for gamimerpesviruses by gPCR at various time points.
Table 17.Pearsorcorrelations and linear regression analysis resulita Bxpressed as r and
P2for the correlation, and as’Rnd P for the linear regression.



LIST OF FIGURES

CHAPTER 2: Health problems and risk factors associated with long haul transport of
horses in Australia

Figure 1.Incidence of transporelated ssues as reported by the transport company. The arrow
divides issues related pyeloadingfrom those related to trai&nd post transit phase.

Figure 2. Probability of a more severe transpatated issue to be associated with journey
duration. Bar chas with different letter have a different distribution of transpelated issues:

a, b: P<0.05

Figure 3. Probability of a more severe transpretated issue to be associated with season. Bar

charts with different letter have a different distributiotrahsporirelated issues: a, b: P<0.05

CHAPTER 3.1: Survey of horse transportation in Australia: issues and practices

Figure 1. X2 Amateurs versus professionals: a) number of horse in care; b) sector; c) frequency

of transport; d) most common journdyration. Thee was a significant association between

the amateur/professional status and all the studied variables in this figure (P< 0.001).

Figure 2. Strategies reported by survey respondents to prepare horses for transportation. The
Aot her 0 oepd:tadmmnistratiomaf dastrotector (7/797), probiotics (5/797), or anti
inflammatory medication (2/797); reduction of grain intake (2/797), regular vaccinations
against herpes virus prior to long haul transportation (1/797), planning the journeyiragcord

to the weather condition (3/797). (The question allowed multiple responses).

Figure 3. How the health/fitness for and after travel veasessed by owners or staff member,

without a veterinary qualificatonl n t he O6ot her 6 cat giesoverg, t he
reported to monitor horses both pre and pastney by the respondents: inspection of horse(s)

legs and shoes and a lameness test (3/797), monitoring of horse mental status (11/797),
auscultation of gut and lung sounds (2/797), and monitorindetdecation and urination
(2/797) . The foll owing ot hefoorney:tchecktfoethei e s w
presence of cuts, lacerations and swelling (11/797), hydration status assessment (6/797). (The

guestion allowed multiple responses).



CHAPTER 3.4:Risk factors in equine transportrelated health problems: a survey of the
Australian equine industry
Figure 1. Frequencies of illness and injury in 214 of 797 horses in transportation by journey

time.

CHAPTER 4: Immunological, clinical, haenatological and oxidative responses to long
distance transportation in horses

Figure 1. PTAS in Control Group(CG) (nontransported)and Experimental GrougEG)
(transported horses) at day 1 (soon after unloading for EG and at rest CG) and day 7 (7 days
after the journey for EG and at rest for C@, B: P<0.01)

Figure 2. Proliferation of lymphocytes in culture medium aldqig, ConA (2), PWM (3)n
Control Group (CG)nontransported) and Experimental Group (H@ansported horses) at

day 1 (soon aftemnloading for EG and at rest CG) and day 7 (7 days after the journey at rest
for EG and at rest for CG). Different subscript shows statistical differe(eB: P<0.01; a,

b: P<0.05)

Figure 3. PWM-i n d u c e despbnBeioControl Group(CG) (nontransported)and
Experimental GrougEG) (transported horses) at day 1 (soon after unloading for EG and at
rest CG) and day 7 (7 days after the journey for EG and at rest for C@}. PA0.01)

CHAPTER 5: Behavioural, clinical, haematological, oxidative and respiratoryesponses

to 8 hour transportation in horses

Figure 1. Heat index (°Qinside the truck (Trip 1, Trip 2) and in the stable (Box 1 and 2)
Figure 2. Changes of wind spedthph) inside tle truck (Trip 1, Trip 2). The wind speed in
the boxegBox 1 and 2was 0 mph

Figure 3. Effect of thetime*group interactioron the distribution of the Tracheal inflammation
score (0= no, 1= mild, 2= moderate, 3= extrem@&rP<0.05; **=P<0.01) (Time: T1:
preloading; T2: unloading; T3: 24 h Al4: 5days AJ. (Group: A:abnormal lung sounds at
unloading; B: normal lung sound at unloading).

Figure 4. Effect of the Timga) and Group (byn the distribution of the Tracheal Mucus score
(O=none, 1=little, 2=mderate, 3=marked, 4= large, 5=extrem€plumns with different
superscripts are significantly different: A, B P<0.01; a,b P<0.05.

Figure 5. TW collected at unloading of trip 1 from the 6 horses. One TW was transparent, three

were white and two yellow.



Figure 6. Effect of Time on the distribution of the TW colour score (1=clear, 2=white,
3=yellow, 4=blood). Columns with different superscripts are significantly different. A, B
P<0.01; a, b, c P<0.05.

Figure 7. Effect of Time on the distribution of the Tracheaash turbidity score (0=
transparent, 1= clouded, 2= smoken glassed, 3= opaque). Columns with different superscripts
are significantly different: A, B P<0.01; a, b, ¢ P<0.05.

Figure 8. Change# the% ofneutrophils TW over the four time between the gwoups. (***
P<0.001).

Figure 9. Bacterialconcentration recovered in TW (legCFU/ml) in group A and B from
preloading to 5 days after journey.

Figure 10. Photo of a plate planted with 10W collected at unloading after 48h of incubation.
Figure 11.Shawnon diversity index calculated on the different type of bacteriseptan the
TW collected at pieading, unloading, 24h AJ, 5d AJ. Box plot with different letter differ
significantly A,B: P<0.01; a, b:P<0.05.

Figure 12.Changes in mean percentage ¢dkbacteriagenome of the 5 classes (Saprygps,
Enterobacteriacegestrict anaerobesStreptococcaceaandPasteurellaceadeat the different
time points.

Figure 13. Pilot barfor Pasteuellaceae at the different time®nly obtained in phyloseq
(McMurdie and Holmes, 2013 the legend, if there 130 namédor a colour, itindicates that

for that OTU the identification didat progress to genuthusfamily = Pasteurellaceaebut

no further information for that particular sequence.

Figure 14. Linear regression results between total head down duration (X) and mucus score,
TW bacterial load, ROMs and O8}).



LIST OF ABBREVIATION S

The following abbreviated terms have been used throughout the thesis and are defined at first
use in eaclChapter Abbreviations used exclusively in tables are not listed and are defined

below the table.

% percent

Mg microgram($

pL microliter(s)

pum micrometer(s)

pmol micromole(s)

Al after journey

AOPP advanced oxidation protein products
APPs acute phase proies

BCS body condition score

BJ before journey

BW bodyweight

Cl confidence interval

CFU coliform forming units

CP ceruloplasmin

CRT capillary refill time

d day(s)

DNA deoxyribonucleic acid

g gram(s)

GSH-Px glutathione peroxidase

H habituation

h hour(s)

HI heat index

kg kilogram(s)

L liter(s)

Logio logarithm base 10

LPB loading problem behaviours
m meter(s)

mg milligram(s)

min minute(s)

mL milliliter(s)

mmol millimole(s)

mM/L millimole(s) per liter

NSW New South Wales

NT no trainng

°C degree Celsius

oC operant conditioning

OR odds ratio

oSl oxidative stress index
OoTU operational taxonomic unit
P probability

PCR polymerase chain reaction
pH hydrogen ion concentration



PLPB preloading problem behaviours

PTAS plasma total aioxidant status

gPCR reaktime polymerase chain reaction
r correlation coefficient

R? R-squared (coefficient of correlation)
ROMs reactive oxygen metabolites

S second(s)

SB Standardbred

SE standard error

SL selfloading

spp. species

B thorougtbred

TPB travelling problem behaviours

TRPB transporirelated problem behaviours
TW tracheal wash

U. Carr units ofCarratelli

U. Cor units of Cornelli;1 U.Cor = 1.4uMol/L of ascorbic acid
UK United Kingdom

UPB unloading problem behaviours

VS versus

wk week(s)
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General introduction

Introduction
Transportation is a part of everyday life for most horses, and much more so than for other farm
animals(Friend, 2001) Unfortunately travelling horses by any means of transportation can
cause dleterious effect¢Leadon, 1994; Mansmann and Woodie, 1995; Weeks et al.,.2012)
There are therefore important welfare concerns, particularly with road tra(Bymmntn, 2008)
as well apotentiallyserious economic losses for the Australian horse ing(Sbrdon, 2001)
The most common transpeslatedconditionsare traumatic injuries, respiratory problems,
colic, laminitis and thermal stressitivpneumonia and enterocolitensidered to be the most
significant egiine transport related diseag@sistin et al., 1995; Hillyer et al., 2002; Leadon,
2015; McClintock and Begg, 1990; Noble et al., 2013; Raidal et al., 1997a)
An international code of practice for farm animals being transported by road was published in
Europe in 2005(http://eurlex.europaeu/legalcontent/EN/TXT/?uri=uriserv:f83007)This
code is also meant to cover horses, but a study showed that no journeys for horses transported
for slaughter complied witthis code and in 65% othe examined journeyswrses welfare was
compromisedesuting in horsesrriving at the slaughterhouse in poor condit{bfarlin et al.,
2011) An Australiancode for animal transportationas published in 2012 which set the
maximum time without water at 24 hours, and propagedelines to assess fithess faavel
and how the journey should be manadbtip://www.animalwelfarestandards.net.au/land
transport/)However, Australia is a huge country and horses often have to travel great distances
and in extreme conditions of heat and humidity compared to thoBeirmpe. Therefore
transport related equine health and welfare issues in Australiebe different from those
Europe Since the publication of éhAustralian Codethere have been reludies examining
horse movementpractices in Australia, thus no s#iics, no information on how
owners/trainers comply with the Code and no aaidhe frequency and type$ transport
related diseasesd injuries have been reported
The objective of thisthesis was to address these gaps of knowledg¢e increase our
understanding of transportation and the implications for horse health and welfard¢o
suggessome practical recommendations for safer tralvleé research included in this thesis
is based on two underlying hypotheses:

1. As a mental and physical stressdr lmrses, transportation will relsun the

development of behavioural and health probleomng or after travelling by road
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2.

there would be an association between the transport management and the
development othose problems.

Hor s es 60 bneadutg physmlagy and the redox balance will be affected by
transportationncreasing oxidative stressid predisposing to diseases.

In order to address these hypotheses a number of relevant research questions were considered:

1.
2.

N o o k&

o

What are the most common diseas#ated to equine transportation in Australia?

Is there an association between transport management and development of disease?
How does transportation affect horse health and why is the respiratory system so
susceptible?

How does transportation affect taguine immune system

Does the stress of transportatieactivateequinerespiratory viruses?

How does transportation affect the oxidative balance of the horse?

Can oxidative biomarkers be used to identify horses at risk of trarsbeted
disease?

Canbehavioural responsest as predictors for transpaoglated disease?

9. Whatmanagement practicese likely to improvehe welfare and wellbeing of the

transported hor&e

Outline of the thesis

A large amount of data was collected from the Australian taahspdustry for this PhD

project. This comprised a unique multifactorial approach covering many aspects of travelling

horses by road in Australi@he work undertaken has been incorporated into 5 Chapters. The

first 4 Chapters have beenblishedn apprgriate peetreviewed journals and the fifth one is

intended for publication at a later date.

1 Chapter 1 This review summarises the research on equine transportation over the last

30 yearsThe transportation process wdisided into 5 phases preloading landling,

loading, transport itself, unloading, and adaptation to a new environment. The effects

of each phase on horse health and welfare were described, and how best practice for

each phase should be managed. The review highlights the gaps in knowledgeat

of debate and where more resedsaheeded.

1 Chapter 2 This is the first epidemiological study conducted on horses undertaking a

unique multiday road trip across Australia. It analysed reports of transglated
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health problems identified krivers and horse owners for 180 journeys between Perth
and Sydney from 2013 to 2015. The journeys all complied with the Australian Code.
Health problems occurred in 2.8% of the transported horses, and fatalities in 0.24%.
Respiratory and gastrointestinaloblems were the most common problems (27%);
journey duration (> 20 hours) and season (i.e. spring) were identified as risk factors.
Transportation was confirmed to be a humealated risk to horses and also a herse
related risk to humans. Moving horse®plong distances successfully is possible, but

it should be always carried out by experienced horse handlers who respect the welfare
standards of transportation.

1 Chapter 3A survey was developed to collect data from the Australian horse industry
about tansport management and the most common complications experienced by
horses being moved across Australia. The survey was composed by 40 questions
(Appendix 1. It was published online and was open for 12 weeks from July to
September 2015. Almost 1000 respes were collected and since the quantity of data
was so large, 4 different articles were written. However, the results needed to be
interpreted with caution because the questionnaire was limited by many factors. The
main limitations of the questionnaiveere selfselected participation in the study and
selftreported nature of transpewlated behavioural and health problems.

1 Chapter 3.1 The first articlefrom this survey addressethe following 4 research
guestions: i) what are the most common trartspanagement practices applied in the
Australian equine industry?, ii) do the applied practices comply with the Australian
Code of land transport?, iii) what are the most common transgated behavioural
and health problems suffered by horses transgdrom 2013 to 20157?, and iv) are
practices and problems different between amateur or gwmiofeal members of the
industry? It also reports on how the questionnaire was designed, developed, and
distributed, its response rate and the descriptive statistadsthe questions. Amateurs
and professional organised transportation differently, and both often did not comply
with the Australian Code. Transpodlated behavioural and health problems were
experienced by horses in the care of 38% and 67% of rdspts respectively. The

incidence of behavioural and health problems related to transport was similar between
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amateurs and professionals, indicating that transportation remains a substantial risk of
adverséhealth andvelfareconsequencesnd economic Iass

1 Chapter 3.2The second articlexplored thessociation between transport management
strategies and transperlated injuries and diseasédl the responses (n=797) were
analysed using univariate and multivariate regression analysis to identifgcisks.

The risk of traumatic injuries was higher when the respondent was young (<40 years),
took care of many horses (>30rkes), used protective equipmemtd tranquilisers

prior to transport. An increased risk of thermal stress was linked to thetrestof

hay and water prior to transportation. Muscular problems appeared to be greater when
the healthof the horsevas not assessemtior to transportThe risk of laminitis was
approximately3 timesgreater when podgtansport recovery strategies wer applied.
Associations were made between transport pneumonia and duration of the journey, and
with racehorses in trainindNo associations were seen between the incidence of colic
and the predictive variables examined. The findings provide evidesc@portmany

current recommendations for safe transportation of horses, and highlight the need to
refine existing policies and practices.

1 Chapter 3.3 The third articleexplored theassociation between transpostated
problem behaviours (TRPB) and transt management, with particular emphasis on
the training method for travellind@he association between TRPB and transpsated
injuries was also explored. Training methods were classified into: operant conditioning
(OC), selfloading (SL), habituation(H) and no training (NT). Univariate and
multivariate regression analysis were conducted to identify risk factors. The training
method was identified as a risk factor for all types of TRPB and their odds were higher
in horses trained by OC and NT compat@@&L and H. The training method, loading
and travelling problem behaviours were found to be risk factors for transteted
injuries. Based on the results, H and SL training are recommended to reduce the
incidence of TRPB and subsequent injuries,gadeding horse and handler wellbeing
during transport.

1 Chapter 3.4 The fourth articleexplored theassociation between transpostated
health problemshe journey (i.e. duration, vehicle, commercial/femmmercial) and

the horse characteristics (i.exs age, breed, usamateur or professional statushe
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respondents provided details of the last case of a trangated health problem that

had affected their horse. Multivariable multinomial regression analysis was performed
to identify risk factos. Respiratory problems were the most frequently reported
problems (33.7%), followed by gastrointestinal problems (23.8%) and traumatic
injuries (16.3%). The type of health problem was associated with journey duration
(P<0.001) and horse breed (P=0.00njuries were more likely to occur on short
journeys, while more severe illnesses (e.g. gastrointestinal and respiratory problems or
death) were more likely to occur on long journeys. Using Standardbreds as the baseline
comparison, Thoroughbreds, Arabiamsl aVarmbloods were found to be more likely

to experience a severe iliness tlaamjury. The study confirmed that journeluration

was associated with the type of health probl@napter 2, it highlighted the need of
further studies on lonrgaul transpdation effects Chapter 4 and on transprt-related
respiratory diseadghapter 5.

1 Chapter 4 This is the first multidisciplinary study reportiran the impact of long
transportation othe health and welfare of performance horses. It tests the hypothesi
that a horseb6és i mmunological capacity to
journey, and that this decrease might be associated with increased cortisol concentration
and other clinical, haematological, inflammatory and oxidative stress pa@EmThe
effects of a 4 day journey on these parameters were compared with a group of similar
horses that had not undergone transportation. The 4 day journey was associated with
changes on clinical examination, neutrophilia, an acute phase responsgedmpa
lymphocyte proliferation and a mobilisation of antioxidants. However, the observed
changes were not associated with increased cortisol level, as was expected, nor with the
development of clinical diseases. The tested journey complied with the AarstCalde
and horses were monitored carefully for a week after the journey. The findings of this
study confirm that appropriate transport management is crucial to reduce the risk of
transportrelated diseases and monitoring hydration and redox balance beght
proposed as tools to assess the welfare of horses during and after transportation.

1 Chapter 5 This multidisciplinary study was undertaken to evaluate relatiogship
between transport environment, behavienmroute redox balance, respiratory viruses

shedding/reactivation and respiratory disease in hamsdsergoing an 8 hours transport
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event devoid of water and feethe findings supported the hypothesis a8 hour
journeydevoid of water and feed was a strebsfient for horses with associatiseen
betweenstressrelated behavioural responses routeand haematological, oxidative

and respiratory outcomes. This is the first study where conventional and molecular
bacteriology support the role Bfasteurellaceaas early opportunistic invaders okth
respiratory tract associated with transportatiBased on thee findings, clinical
examination before and after journey, behavioural observations, monitoring of redox
balance and fibrinogeconcentration aneecommended to safeguard the welfare of the

travelling horses.
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Chapter 1

1.1. Introduction

Transportation is an integral aspect of horse manageimantransport stress is still an issue

and many problems are associated with it. Horses are transported more frequently than any
other type of livestockFriend, 2001) They are moved for amy different reasons: in the past

for war and, today, mostly for competitions, breeding, pleasure activities, sale, or slaughter
(Fazio et al., 2008b)rhree thousand horses are transported daily in (&tyagnoli, 2008)

Around $3 billion annually argpent in transportation in the Unit&dates, with an estimated
population of 9.2 million hors€€ouncil, 2005) It has been reported that a typical Texan horse
owner transports an average of 2.5 horses, 24 trips (average 380 km per trip) p8ibjsar

et al., 1997; Gibbs et al., 1998)

Horses can developreloading loading, travelling or aftetransportationhealth and
behaviouraproblems. Many injuries to horses and owners occur during the loading procedure
(Ferguson and Rosal&iz, 2001) Some brses move or kick inside the trailer, causing
driving problems and fatal road accidents. Poor performance problems, health disorders and
infectious diseases are the most common complications after transportation. Thus, assessing
best practice transportingrocedures for horses warrants comprehensive investigation
(Cregier, 2010)

In the last thirtyyears many scientists have conducted research aimed at improving horse
welfare during transport and at reducing the incidence of related problems. Resultsrare o
conflicting, and how best to manage transport stress is still a matter of debate. One reason for
the conflict is that some results are not comparable because the studies used different trucks or
trailer models, in different seasons, on different hbreeds. Moreover, it seems that the level

of stress caused by transportation is related to the temperament of the horse and its historical
travel experiencgFazio et al., 2013b)orientation during travel, the provision for head
movement, and factors duas driver skill, ventilation and/or window placement.

This paper reviews approximatel® $ears of publications concerning horse transport. The aim

of this review is to split transport into its critical points, highlighting the effects that each phase
has on horse behawio and pathephysiology. Suggestions for managing journeys to encourage
practical outcomes that safeguard equine wellbeing before, during and after different types of

transport are discussed.
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1.2. Different means of transport: ship, tran, truck, plane

The earliest form of water borne horse transport likely utilized a waterproofed hide stretched
over a wooden frame; a form of transport thousands of years old. Specializedovater
transport for horses has been in use for centurieshascevolved with different types of
ship/vessel construction for river, lake, or sea transport (Cregier, personal communication,
2014). Byzantine historian Theophanes described such specialized horse transport in 762 AD.
Chelandiawere relatively small shs designed to carry up to a dozen horses with a specific
landing ramp(Pryor, 1982) Later, horses were carried regularly by shisegier, 1984)and

sea transport was the only means of transport for horses until the late 19th Century. Today sea
transprt is still in use because it is the cheapest form of transport, particularly for slaughter
horses travelling from South America to Eurd@@ovagnoli, 2008) In modern cargo ships,
horses travel in boxes whose dimensions range from 4.5 x 4.5 m to &.0mwth access to

a sand yard to exercise during the voy@yaran et al., 2007)The key disadvantages of sea
transport are mainly duration and risk of injyéydge, 1969)Long transfers by ship are well
accepted by horses, although after the jouaresnals can develop jet lag, medical conditions
associated with a change in management and conditions or caused by hierarchical conflicts
associated with adapting to the new stall and social (i@ayallone et al., 2002)

The earliest mode of land tramsp was via horselrawn wagon. Performance horses were
drawn by those of lesser value beginning sometime around the reign of Queen Anne in the
early 18" century.

Transport by rail was very common from the mideteenth century to the midientieth

centuy with various wagon designs being used. The smaller horse car with two wheels on each
end carried eight horses. The larger car, supported by a four wheeled truck or bogie on each
end, could carry 16 to 20 horses at speeds up to 145 km/h. Since moneetibameal occupied

a wagon, the risk of treading on and kicks from cohorts was high. Thus, there was a special
single horse van used for more valuable horses. The disadvantage of train transport has been
mainly the rough, uncomfortable journey and, offmojonged waiting times at rdieads for
collection or delivery(Judge, 1969)Today, transport by rail is still in use in developing
countries because it is a relatively low cost transportation method.

After World War I, following the building of intetate highway systems, ro&@nsport
became the most popular means of trandporend, 2001) The 1960s and 1970s are known

as the "Trailer Age", because many different kinds of trailers and trucks were designed and
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built. Consequently, today there arany different types of road vehicles used to transport
horses, the major difference being found between lorries or vans and trucks, and trailers. The
"motorized horse box" or "horse lorry van" varies in capacity from 1 to 10, 12 or even 16 or
more individually stalled or grouped horses. The most common trailer is for two horses and it
is usually attached to the towing vehicle at one point via a tow hitch, which makes trailers less
stable than lorries or truck€regier, 1984)Trucks and trailers generalhave a rear and/or a

side ramp for loading and unloading. In some countries tfgeguS), there may be no ramp

and the horses are trained to "stgy into the trailer. In the K, Canada and New Zealand,
platform loading horse trailers were designedeuce transport stress and increase loading
and unloading safety. The horses step onto the platform from the off side, reverse into the
trailer, and face away from the direction of travel to allow fqodrter resting and freedom to
balance with their headduring transit (Equi Balant¥).

The first reported air transportation of hot
horses being flown across the Atlantic in 19dédge, 1969)To date, air transport has become

very common even though & the most expensive form of horse transport. In the plane, horses
travel in air stables or jet stalls designed to accommodate a maximum of three horses, side by
side, separated by partitior(8Varan et al., 2007)Air transport is used primarily for
compettions and breeding purposes: in this manner stallions can be mated with mares in both
the Northern and Southern Hemispheres in the same calendar year.

The most stressful phases of air transport are loading, unloading, taking off and landing
(Stewart et b, 2003) During the flight horses tend to have resting heart rate values and engage
in restingbehavious, indicating that they may settle better to air transport than road transport
(Munsters et al., 2013Quarantine regulations are generally appliést air travel to minimize
biosecurity risks, however, restraint in the quarantine boxes can cause an increase in heart rate
associated with environmental str¢@hmura et al., 2012)

The vast majority of studies have focused on effects of transpas strdnorses moved by

road. It is this mode of transport that is the focus of the remainder of this review.

1.3. Different destination of transport: toward a slaughterhouse, a new stall or a
competition

Horses travel for different reasons, but the pringifference that can determine the kind of
travel is the destination: a slaughterhouse or a different stall.
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1.3.1. Transportation of horses for slaughter

Globally, many horses travel daily to slaughterhouses. Horsemeat consumption became
popular in Europ after World War Il amongst people with lowacomes. At the time beef

was scarce, and old or lame draft horses were slaughtered for affordable lean meat with a high
iron content. Horsemeat has become a delicacy associated with high prices in(Btugpe

2001) although the 2013 scandal involving beef tainted with phenylbutazone containing
horsemeat may have altered this profile. According to the most recent data from the Food and
Agricultural Organization (FAO) the largest producer and consumer sé¢ moeat in the world

is China, which produced 170,848 tonnes of horse meat in 2010. The second largest producer
and consumer is Kazakhstan. In many European countries horse meat is used as an ingredient
in traditional meals, and is imported for this.the USA, even though Congress cancelled
federal funding to inspect horse meat destined for human consumption in 2007, 68,444 tonnes
of horse meat was produced in the USA in 2010 for pet fotbp://faostat.fao.org/, 2015n

Canada, horsemeat exports, ity to markets in Europe and Asia, exceeded $60 million in
2011, and it is reported that more than 2,000 tonnes of horsemeat are consumed in Canada each
year. There are samcountries (e.ghe United Kingdom) that have never accepted horsemeat

as part btheir diet(Reece et al., 2000)

In South America horsemeat is popular, Argentina is the largest equine meat exporter, and
Chile slaughters nearly 50 thousand horses ann(kyner and Gallo, 2008)

Meat horses travel loose in the truck toward tlaeghterhouse, and density during transport

is variable. In higkdensity compartments horses can fall during shipment, resulting in injury

or death, but injuries due to kicking may be less freq(\&fmiting, 1999) In a lower density
shipment, horses canoagpe biting situations and aggression, lowering the mentally stress for
the horse$Collins et al., 200Q)but aggressivbehaviourduring transport may be related more

to individual horse temperament than to conditiasono et al., 2007ajurther stueks are

needed to define optimal travel density and environment.

Interestingly, the effects of travel on meat quality have been well studied in cattle and pigs
(Ritter et al., 2008)but there are few studies in horses. After transportation increased blood
lactate and glucose have been reported in horses, factors which meaaiguality(Werner

and Gallo, 2008)The stress associated with transport, lairage and stunning also affects horse

meat quality.
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1.3.2. Transportation toward a new stall

There arean estimated 58 million horses worldwide, and the equine transport industry is a
wealthy oneln industrialized countries horses reared primarily for pleasure or sport are most
commonly transportedrofessionally.Tamed horses travel in single stalls witkthe vehicle,
whereas unhandled horses are more inclined to be transported in groups. It is common for
mares to travel loose with their foal within a box inside the t(UWé&eks et al., 2012)

Every time a horse travels to a new place, there is an as=sbeidaptation period during which

the horse needs to adjust to the stall, management and training styles, @ecdiete horses

may also be exposed to pathogens which they have limited immundy ¢arry exotic
pathogens sublinically, standarebf-care recommendatisnncludea quarantine period and
gradual transitions to new diets.is advisable to avoid abrupt dietary changes and prevent

intense exercise sessions during the period following transpor(stiaran et al., 2007)

1.3.3 Travel bdore competition

Despite many horses being transported specifically for performance purposes, surprisingly
little is known about the effect transportation has on performatitbethe resultsof studies

often conflicting.

It has been suggested that for esipnced horses, transport over short distances had little
impact on performanc@eaunoyer and Chapman, 198MApwever, other research found that

a 194 Km journey could negatively affect the performance in a close race, particularly in front
facing transprted horses, which displayed the effects of slight s{®&ssle, 1987)The effect

of transport on competition jumping horses?o
horseswith less travelling experiencowed signs of major stress and redugerformance
(Covalesky et al., 1992)

A recovery period of two hours after three hours travel was suggested on the basis of the
increase of muscle enzyme concentration caused by the tra(iBpia et al., 2012)Travel

longer than 8 hours is discousa before a competition, as it could compromise racing
performance and require some days of recoflenden et al., 1991)

After a 100 km transportation distance in a-twese trailer, facing in the direction of travel,

an increase in the concentratiohfree triiodothyronine (T3) was recorded. Triiodothyronine
(T3) is a thyroid hormone involved in growth, metabolism, heart rate and thermoregulation.

22



Chapter 1

Elevated levels of T3 are commonly associated with sessions of intense effazieeet al.,

2008b) Snce T3 is intricately associated with the other thyroid hormone, known as thyroxine
or T4, by an endocrinology feedback mechanism, it may be supposed that an elevated T3 value
recorded at unloading before a race could impair performance. But there hamlstedy to

date that correlates the specific impact of elevated T3 levels resulting from transportation with
performance.

The relationship between transport and performance needs more investigation. However,
developing good scientific methodologies falefinitively assessing the effects of
transportation on performance is deemed very challenging due to the confounding effects of
factors including horse temperament, position and orientation in the vehicle, fitness level of

the horse, historical transpation experience and driver ability/skill level.

1.4. Phases of transport and their effects on hordeehaviour and physiology

The transport of animals is a complex procedure involving several potential stressors. The
transportation process includes thédwing critical factors which can all impact on stress

levels: handling, separation from familiar physical and social environments, loading,
confinement, vibration, changes in temperature and humidity, inadequate ventilation, often
deprivation of food an#vater and unloadinfWaran, 1993)Factors that induce stress during
transport are mostly psychologidaVhite et al., 1991)but physical factors such as the trailer
motion, noise, the driveros abil i(Jongs,2808)d r oad
Confinement itself is stressful for hors@dal et al., 1991) but for many farm animals a
stationary vehicle is generally considered to be less stressful than a mov{iigwast, 199Q)

Indeed, during transportation, horses are subjectedhémging forces primarily due to
acceleration, deceleration, and the turning movements of the v@hatan and Cuddeford,

1995)

Accordingly one survey reported horses have problems both in loading (53.4%) and travelling
(51.5%). During travel the majoyiof problems were recorded when the vehicle first began to

move (53%) or when it went around a curve (4{1%¢ et al., 2001)it has been reported that
breed has no effect on the problem type, whe
assocition with negative experiences may beportant factors in the aetiology of misport
problems(Lee et al., 2001)
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It should be highlighted that horses can associate the transportation itself with what they
experience during and after the journey. Soeémss that horses used for sporting and
recreational purposes with a number of positive experiences of loading and transportation are
less adversely affected by transportation than horses with no experience and horses who have
previously experienakenegativesituations including falling or ovesrowding(Leadon et al.,

2008)

1.4.1. Handling

Handling refers to how animals are touched, moved and interacted with during husbandry

procedures. The handling methods (reinforcement or punishment) can have eesiginifpact

on animal welfare. It has been found that for horses sent for slaughter, handling without the use
of sticks or electric goads resulted in improved welfare and lower risk of poor quality meat
(Broom, 2005) Restraint is often part of the handjiprocedure. During restraint animals are
often separated or isolated from their conspegifidsich is a known factor causing stress
(Grandin and Shivley, 2015Both handling and transportation involve the interaction of
animals with humans and it is imgant to know how animals react to huntehaviouraimed

at effectively moving and restraining thdiffiazio and Ferlazzo, 20Q3)he taming/training
method (ethological or traditional), can have an ongoing influence on the-thorsmn
relationship, therebhavi ng | ong t er m behavioarduting subsequenth e h o
handling procedurg€asamassima et al., 2008)

Age, sex and physiological condition also influencelikaviourof horses during handling

and transport; indeed handling young animalshsas foals and yearlings, which are usually

not tamed extensively, can be significantly more difficult and risky than handling older
animals. Although it is generally assumed that intact males are more difficult to handle than
castrates, this differencenay also be age dependent. Rearing environment and previous
experience are generally agreed to be of considerable importance. Animals respond to
challenges in their immediate environment through several interacting mechanisms including
behavioual, hematechemical, physiological and nedh@mrmonal(Fazio et al., 2013b)The
response of animals to handling and transport can also depend on their sensory capabilities, the
visual field and flight zone. Somigehavioual indicators of discomfort are vocalizatigns

attempts to escape, kicking, or struggling. Identifying stressful situations blyekeyious
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could be useful during handling and transport and would promote greater wellbeing in horses
(Siniscalchi et al., 2014)

Overall, it is generally more desirabio transport horses that are already well accustomed to
handling so that they do not associate the stress of being handled with the process of being

transported.

1.4.2. Loading (Injuries and Fear)

Loading is considered to be one of the most stressfmpoaents of transpo(Waran, 1993)

Loading fear comprises different stimuli, such as fear of entering an enclosed space, the height
of the step leading onto the ramp and the instability and incline of the(Foupt and Lieb,

1993) It is these factorthat result in inexperienced horses often exhibiting extreme evasive
behaviourand a strong reluctance to step up onto the ramp. Accustoming the foal to loading
has been proven to redusehavioual problems associated with loading and transporting later

in life (Houpt, 1982)

The heart rate during loading is usually higher than the average heart rate during transport,
regardless of the level of experience. In fact, climbing a ramp is probably a frightening
experience for a naive horse, and although harsgsbecome accustomed to the situation,
experienced horses are still stimulated in some way. This elevation in heart rate can be ascribed
partly to the energy expended in climbing the ramp and partly to the emotion@lMaan,

1993) Evasivebehaviourduring loading is typical of very young horses and the time taken to
load is influenced by age. In fact, it is reported traaveragegearlings took more time to load

(368 s) than Z/earolds (29.5 s), dearolds (21.5 s) and those over 3 yeald (5 9 (Waran

and Cuddeford, 1995)

As a fear response, many horses fight during loading which in itself is a source of stress and
can result in injury to the horse and/or handBahavious such as rearing, pulling back, head
tossing, pawing, and turning sidays are commonly exhibited. Thdsehavious are likely to

be negatively reinforced when the loading process is aborted by the H&adtar, 1991)The
combination of | oading a O0problembé horse and
produce a &ry dangerous situation. Rope burns, lost fingers, broken bones, or bruises and
lacerations have been reported as most common owner injuries. Lacerations to the head from

banging into the trailer, scrapes and cuts on the legs, broken legs from falemgnax broken
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back if the animal falls backwards while rearing are the most common horse injuries occurring
during loading[Ferguson and Rosal&uiz, 2001)

Some studies have been conducted to determine procedures which reduce loading fear. To
reduce thdikelihood of injury, horses that are difficult to load can be trained to load more
willingly. Successful training procedures
breaking loading into simpler, separate tasks that can be accomplished in a relatecnd
physical state. These tasks include moving forward on command, stepping onto and backing
off an unstable floor, and moving into a confined sg&®ggins, 1996)

The TellingtorTouch Equine Awareness Method (TTEAM), developed by Linda Tellington
Jones takes this concept of relaxed, progressive training one step (Qrtieo-\Wolfe, 1996)

This method uses neawersive touch and commands in novel situations as a means for
inducing behavioual changes in horses. Horses are generally neopholdcTa8BAM is
specifically designed to teach horses to relax and function in the presence of novel and
potentially frightening stimuli. Nofaversive retraining methods (based on TTEAM) were
effective in reducing loading time for horses with a history of taluz to load onto a trailer

and were also associated with a decreasedlpading heart rate and saliva cortisol levels
(Shanahan, 2003)

Loading fear is innate in the horse, but some environmental stimuli can be attributed to
exacerbating loading feadne such example would be loading a horse directly from a brightly

lit arena into a dark trailgCross et al., 2008)

People have used winches, whips, war bridles, chains, cattle prods, and a variety of other
punitive methods to force horses to load haligh professional horse trainers do not openly
advocate extremely aversive methods, most of their methods of loading horses include some
form of negative reinforcement and the use of punishment in response to undesirable
behavious.

On the other hand, rent literature has proven that in particular for horses which refused to
load, positive reinforcement (PR) provided the fastest training solution with the lowest levels
of stress respongelendriksen et al., 2011l has been reported that the use of i@gpdquine
training systems, based on positive reinforcement, results in increased probability of
appropriatebehaviourbeing displayed during handling and loading procedures in loading

problem horseéSlater and Dymond, 2011)
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1.4.3. Transportation

Trarmsportation involves many stressful factors. During the journey, the internal truck
temperature, relative humidity and level of environmental contaminants can change
dramatically (Leadon et al., 1991)The horses in the vehicle may also have to adapt to
unfamiliar factors including traveling companions, confinement spaces, movement beneath
their feet, acceleration and deceleration, ascending and descending, taste of drinking water,
exposure to vibrations and noise and so on. Transport stress should berednssda mukHi
factorial physical and emotional status, where the sympathetic nervous system shifts from alert
to fear many times and where the maximal effort is spent in balance preservation. To maximize
the wellbeing of any horse during transportatiba following factors should be taken into

account and/or checked during the journeys.

1.4.3.1. Confinement and Isolation

Both confinement and isolation are stressful and may suppress fdashagiourduring
transportatiorfMal et al., 1991)Once loadedhto the vehicle, the horse is placed in a restricted
space, either due to being confined in an individual stall using partitions, or due to pressure on
individual space exerted by the other loose horses with which it may be travelling. Tamed
yearlings trasported in individual stalls or loose had sinjlaincreasedcortisol levels
measured both during and after transporcomparison topreloading In both situations
transportation was a significant stresg®arey et al., 2010)

Since transport often geires the animal to travel alone, the effects of transporting horses
alone, in company or with a mirror that provided surrogate companionship were investigated.
Behavious (vocalizing, eating, headssing, pawing, and heddrning) and physiological
paraneters were recorded. When traveling with a live companion significantly less time was
spent vocalizing, heatlirning, heaetossing and pawing and eatibghaviouincreased. Heart

rate and temperature also significantly decreased when travelling witle @dmpanion.
Travelling with the mirror did not significantly affect physiological responses when compared
to travelling alone, but did significantly reduce time spent turning the head, vocalising and
headtossing while eatingpehaviouralso increase@Kay and Hall, 2009)

In general, the provision of surrogate companionshiphenform of an unbreakable (e.g.
stainless steel) mirror is preferable to travelling alone, but where possible a live companion is

recommended.

27



Chapter 1

1.4.3.2. Effect of Density

Duringloose horse transportatidngh stocking densities create a situation of constant struggle
for the horses. Medium stocking densities likely reduce injury and bruising during
transportation, but also increase transport costs. It was suggested thatmigderasty would

reduce the overall stressfulness of long distance transport by allowing horses more opportunity
to avoid aggressive horses, to stand in a more comfortable position, to adopt their preferred
travelling orientation, and perhaps allow themest during periods when the truck is stopped
(Whiting, 1999) However, it was recently proven that there was no difference in the
movements recorded in unrestrained horses transported in low or moderate density. It was
however apparent that the movemeatsthe unrestrained animals inside the truck were
strongly influenced by a small number (one or twbjnore active horses causing disruption

of the group(Calabrese and Friend, 2009)

For individual horses stall size is important and there is legislabont the minimum space
required during road transport according to age and type of horse, but minimum space
allowances differ between countri@¥aran et al., 2007)

1.4.3.3 Effect of fasting and water intake

Depending on the final destination, horsesy or may not have the opportunity to feed and
drink en route Sport horses transported to a racetrack are often allowed to feed on some hay,
usually offered in a net, because it has been shown that it does not impair performance, whereas
horses transpted to a slaughterhouse are usually fasted to reduce the risk of soiling and
resultant meat contaminatigivaran and Cuddeford, 1995 ome studies suggest avoiding

hay in thevehiclein all cases, because it affects the air quality. Dry hay is likelpge p risk

to horses prone to recurrent airway obstruction (RAO), which could become symptomatic after
allergen exposure: for these horses it is better to use wet/dampened hay o(Hbatiddtsiss

et al., 2007)However, if the hay is offered during tlwifney, it is generally better to dampen

it and to place it on the floor, to minimize the dust risk. Furthermore, this location could
stimulate travelling horses to eat with a lowered head position, which seems to be fundamental
in reducing the developmeot respiratory diseas€Raidal et al., 1996 Regardless of whether

or not feed is provided during travel, weight losses are reported after a j¢Wamn, 1993)

Weight loss is likely to be due to a combination of reduced feed and water intakeraadedc
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energy expenditure and fluid loss through swea(fignith et al., 1996)It is important to
emphasize that horses always tend to reduce feed and water intake during the journey, because
they are less willing to eat and drink in unfamiliar and stoéssurroundings and from
unfamiliar sourceg¢Kay and Hall, 2009)Generally, it is better if familiar water and food are
offered to the horses during the journey, as well as during planned rest periods. It has been
proven that increasing the resting tianed cleaning the interior of the truck during rest stops
decreases transport stress and respiratory ir§ikawa et al., 1995)

During long trips water should be offered to the horses, while the vehicle is stationary, at least
every 2 to 4 hours, espatly when the environmental temperatures are figupt and Lieb,

1993) During a 24 hour trip, a stop is needed at least every 4 hours to provide the horse with
the opportunity to urinate; horses urinate approximately six times daily and male horses in
particular need to be able to stand in a particular posture which is difficult to do comfortably
en route(Weeks et al., 2012)

In many codes of transport practice it is deemed acceptable to remove all access to water and
food for up to 8 hours during trgportation, however, it is recognized that the impacts of such
long periods of fasting have not been deeply investigated yet.

1.4.3.4. Environmental Challenges

Temperature, humidity and ventilation inside the vehicle are critical aspects of a journey.
Ventilation for horses during transportation has been a topic of research since the 19th century
with links reported between level of ventilation and the occurrence of both heat stress and
shipping feveli.e. equine transport pneumonia/pleuropneumomapite research findings,

and proof that trailers are uneentilated at all speeds (from 13 to 90 Km/h) and ventilation
configurations, trailer desigrhave not been modifiedPurswell et al., 2006)The suitability

of the trailes &hermal environment igenerally well assessed for other livestock but is still
lacking with regards to horgeansportationThe upper limit of the thermoeutral zone (TNZ)

in horses is also not well defined, but it is estimated to be in the range between 25°C and 30°C.
Therma comfort depends not only on temperature, but also on humidity and it is expressed by
a calculatedhermalindex. For horses the upper limit of this therfimalex was set at 28°C by

the Federation Equestre Internationale (FEI) for competit{émernationale, 2009) The
problem is that inside the truck this limit is not valid and it is often exceeded. In traditional

trailers, insideto-outside temperature differences decrease with increased speed and the open
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vent area, but it still ranges from 5.1°C t6€ (Purswell et al., 2010)'his means that horses
should not be transported during hot and humid days, when outdoor temperatures exceed about
30°C. Since itis impractical to restrict horse transportation on days that exceed 30°C
(particularly in hot ad countries), future research should include new engineering and design
solutions to improve thermal environment and ventilation characteristics of trailers and trucks.
Increasing vent and window area, increasing the height of the vehicle and addinaviaad

been suggested for vehicles transporting other species, but should also be applied in horse
transport vehiclegMitchell and Kettlewell, 2008) The risk of heat strokés increased
dramatically when the vehicle is stationary and when more thamoose is aboard the vehicle
Under such circumstances it is advisable to park the vehicle in shaded areas with all windows
and ramps open duringst stopgWaran et al., 2007)

Animals produce C@through respiration and ammonia with their urine, in toldi to
secretingnicroorganismshrough faeces and other secretiois a resultthe confined space
inside the moving vehicle is not usually conducive to a healthy environment. Consequently,
good ventilation is vital to ensure not only acceptable aip&ature and relative humidity,

but also low levels of airborne contaminants such as gasstsind microbesMany studies in

this research area were conducted by Leadon €Qfl8)who reported that air usually enters

the horsdransport vehicleghrough the windows or vents along the side, but that this air tends

to drop toward the floor and become contaminated. As a consequence the air quiladty in
vehicle becomes very pooover time Further studies are needed on ventilation design to
improve air ciculation and air quality.

It is important to limit the concentration of noxious gases in the air because it has been proven
that during transportatiothe horses Gespiratory clearancenechanismis compromised
following exposure to ammonia, nitric oxidad carbon monoxide. &e gases damage the
pulmonary epithelial barrier, thereby increasing the permeability to bafTeaialbDargatz et

al., 1988) In a study reported by Smith et @1996) ammonia concentration was recorded in

a standard-horse trder. The mean concentration during a 24 hour journey was 0.8 ppm with
no detectable odour. Although there is no recommended upper limit for exposuramebequ
ammonia and other gasése safe human limit should be taken into account. The current
recommended exposure limit is 25 ppm for ammonia and 9 ppm for carbon moiiBakeell,

1991) Endotoxins in air can also create inflammation of the airways. Whilst it has been proven
that stabled horses are exposed #ol8 higher concentrations of endotaxihan pastured
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horsegBerndt et al., 2010here are no reported studies of endotoxin levels in transportation
vehicles.

Another critical equine health consideration is the risk of disease spread during and after
transportation. In the truck, animal®ofn different farms often travel together, so pathogen
(bacterialviruses/parasites) transmission risk is relatively high. Wherever possible, loading of
animals from different farms and of different ages should be avoided. Since trailers and trucks
are satuated with potentially harmful bacteria and spores after transporting horses, they must
be disinfected prior to reuse. An effective cleaning procedure should involve cleaning with hot
water, prior to removing excess water with a suitable vacuum cleandreandncentration of

the disinfectant should be elevated at least by a factor of 3. Mechanical actions, such as
scrubbing, will improve disinfectioefficacy of vehicles as well as preliminary disinfection

prior to cleaningBéhm, 1998)

Monitoring of themicroclimate can be conducted with the use of probes located at various
positions within thevehicleto measure temperature, humidity and air movement. Monitors
located in the vicinity of the horses head(s) should be used to measure concentrations of
ammaia and other gas€Smith et al., 1996)The use of a commercial data logger inside the
truck is strongly recommended with the collected data being used to modify the vehicle and
management practices in manners that neutralize environmental challemgleyg ttmgroving

animal welfargMirandade la Lama, 2013)

Finally, to eliminate odours, neutralize some gases and disinfect hard surfaces, the use of
vinegar, zeolite or baking soda as alternatwvdimicrobiological agent can be used for

routinely clearmg of the vehicl¢Fong et al., 2011)

1.4.3.5. Direction of travel

Body orientation during travelling is an important matter of debate. Equine anatomical
conformation is such that 60% of the equine body weight is carried over the forelegs, and the
hindquarters are poorly designed for continual shifting of weight and bracing against
directional changéCregier, 1982) It is probably for this reason that the most commonly
observed body posture in horses travelling in a forward facing direction involvdsgtarth

the front and hind limbs apart and the forelegs stretched forward. This exaggerated limb
position during transit likely helps the horse to retain its balance by exerting inclined thrusts
with one leg or the other, #ise occasion demand®oberts 1990)
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Inappropriate orientation, and consequential loss of balance, can cause injury during horse
transportWhiting, 1999) There are different opinions amongst experts about travel positions
that minimize transport <HanspertperformandsSibbgpand mi z e
Friend, 1999) Several studies have been performed in order to determine the effects of
orientation on a horseso6 ability to maintain
conflicting due to differences imdiler design and lack of simultaneous comparisons. When
transported in a-Rorse trailer, backwarthcing horses had fewer side and total impacts and
losses of balance when compared with forwiacng horseqClark et al., 1993)Horses
transported in &-horse lorry without a saddle compartment and facing backward had a
significantly lower heart rate, moved less frequently, and showed a greater tendency to rest
their rumps on a partitiofWaran et al., 1996)

Comparison of three different positions (kaard, forward and sideways) during a three hour
journey for Standardbred trotters accustomed to travel, revealed that backward facing was the
most ideal orientation. Backwafdcing horses moved more but lost their balance less and
were able to rest a ldrmquarter in a three leg position during the jourgigadalino et al., 2012)
However, since some horses have demonstrated a superior ability to maintain their balance in
a particular orientation, individual characteristics and other factors, rather titinael
orientation alone, may impact the ability of horses to maintain their balance during transport

(Toscano and Friend, 200Therefore, further studies are needed on the travel position.

1.4.3.6. Duration of travel: short versus long trip

In order tounderstand the effects of road transport on equine physiologicadlednaioual
parameters many studies have been conducted and it seems that a key variable is the duration
of the journey.

Long transport times likely have a strong effect on both equigsiglogical and endocrinal
parameters. The effects of nine hours of transport efoah mares showed increased
concentrations of cortisol and progesterone. Despite the increases, no early embryonic deaths
were reporte@Baucus et al., 1990a)

After 24 haurs transport, equine body weight decreased by 6% immediately after unloading
with a 3% deficiency remaining at 24 h post transit. The white blood cell (WBC) counts,
haematocrit and total proteins concentrations showed a progressive increase with the durat

of travel, peaking at the termination of transport. Serum lactate, creatine kinase and aspartate

32



Chapter 1

aminotransferase concentrations increased during transport and in the eatrignsitsperiod.

They returned to normal levels-Pdafter unloading, wheas glucose concentrations tended to

rise with the initiation of transport and did not decrease to baseline concentration within the 24
hour post transportation perio@Stull and Rodiek, 2000) Plasma cortisol and the
neutrophil:lymphocyte ratio also inciead during transportation, as a stress response. Those
haematological and endocrinal changes may increase disease susceptibility and influence
energy availability for athletic performance following transportation of horses over long
distances.

Due to thedng journey, streseelated respiratory diseases and even death have been reported
in horseqAnderson et al., 1985; Oikawa et al., 1994; Racklyeft et al., 2000as observed

that in healthy horses traveling in a trailer for 36 h (1,100 Km), the nuwofbalveolar
macrophages and their bactericidal function decreased and cortisol concentration remained
elevated one week after transport; favouring the development of lower airway diseases
(Laegreid et al., 1988)

According to European law, a journey isnsaered to be long if it lasts more than 8 hours,
requiring that some rest must be planned to minimize the risk of the above mentioned health
problems and to safeguard equine welfare.

Horses are transported mainly over shorter distances, in particutae lseimpetitions, so the
effects of short journeys are also a topic of importance and relevance.

Comparing a shomuration (300 Km) journey and an exercise bout of cantering 1,500 m,
similar effects on serum enzymes and metabolic processes were reporta horses
(Codazza et al., 1974)

In a comparison of one hous three hour journeys the number of movements recorded per
kilometre was greater during the short journey than the long one. More forward and backward
movements were reported, possiblyaa®sult of the greater agitation shown by the horses at
the start of the journey. In addition, horses subjected to the short journey showed a higher
serum cortisol concentration at unloading, suggesting that they could not adapt to the travel
within one lour (Tateo et al., 2012Many authors have argued that horses need around 5 hours
to adapt to a transportation experience, and the first phase is always the mos{Raticat

et al., 1990a; lacono et al., 20078xher studies have confirmed that pgeziod of adaptation

to a journey is longer than one hour which increases the importance of animal management

during short journeys, because the horse is under an acute stress SFaaimet al., 2008a)
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In conclusion, long and short journeys botheeff equinebehaviourand endocrinology
differently, but both require a restore time and appropriate management. Long journeys should
be planned with frequent and long stops, during which the horses should be fed aad,wate

the male horses allowed twinate, and the truck cleaned. It is important to choose quiet and
shaded rest areas. The horses could be more nervous than usual, so unload them only if the area

is fenced and deemed O6safed.

1.4.3.7 Effect of driver behavigr

Driving style is another imptant factor which influences horse welfare during transportation.
The driverds ability could affect the moveme
the transported animals, in particular during accelerations, braking, cornering and any other
difficult manoeuvres. There are two main components in dbedaviour style and skill,
where fAskill o is the ability to control the
driven(West et al., 1993 Driver behaviouand road quality (motavayvs. minor roadvs. city

traffic) affect thebehaviourof transported animals as has been shown for gt@&sgkram et

al., 2004) cattle, young calves and pigSockram and Spence, 2012) horses, heart rate

seems to be highly correlated with muscudativity spent in balance preservation, and both

are strongly affected by the degree of experience of the driver. Consequently, it has been
suggested thathe vehicle condition (suspension, tire pressure), road quality and driver's
professional ability @ crucial factors in determining the magnitude of transport stress
(Giovagnoli et al., 2002)

1.4.3.8 Effect of noise and vibration

Animals can perceive high frequency sounds and it is possible that they are disturbed or scared
by sounds that are inailte to man. During loading, transportation and unloading, noises
audible to humans can arise from different sources such as human voices, whips, animal
vocalizations (including other species e.g. barking dogs), noisy machinery, alarm bells/klaxon,
and conpressed air brakes on vehicles. We cannot quantify easily all sources of ultrasounds,
but ani mals are exposed to many O6annoyingé6
results in a central nervous system excitation, which causes immune systeessiopp

fatigue and cell deatfMinka and Ayo, 2009)
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Vehicle vibration has been correlated with liver and muscle glycogen depletion and consequent
fatigue in bird\Warriss et al., 1999jhis effect coulatontribute to reduced animal performance

or hore meat quality after transportation.

1.4.4 Unloading

Unl oading at journeyo6s end may be another p

difficult to unload, particularly if the ramp is very steep or if the animal is exhibiting lameness.
Heartratd¢ ended t o remain higher than o6at rest h
but it is difficult to apportion this to the unloading. the cumulative transport stre@&/aran

and Cuddeford, 1995However, it has been recently proven that Quatteses were stressed

more during loading into a truck and stepping off a 20 centimetre step than during unloading
(Siniscalchi et al., 2014)

1.4.5 Adaptation period in a new environment

Little is known of horsedbehavious after a journey, and very eft, behavioual alterations

noted may be a result of environmental chafi&aran, 1993) The behavious of horses
transported both short and long distances were studied. To allow the researchers to account for
the confounding effect of environmental charggroup of control horses was included in the
investigation. These control horses did not experience a journey but were relocated to
unfamiliar stalls. Comparing the 3 groups upon arrival in the new stalls, it was clear that horses
which had made the joney sniffed less and snorted later than the control group. In the first 2
hours following travel, horses were attracted immediately to concentrated food and then started
feeding on hay. After the long journey, the horses performed more bouts of drarkdndyank

earlier, than the short journey and control gro(feteo et al., 2012)The latterbehavious

could be explained due to the slight dehydration caused by a long journey, which could have
had been a direct cause of the positive influence on dgrdehaviour(lacono et al., 2007a)

It was in agreement with another study where horses, after 6 hours transportation, tended to
spend more time standing, playing or resting only after drinking and €giagn, 1993)

After a journey, horses are usualtyore interested in feeding than in otHsrhavious,
including exploration, rest, and play, which are usually concentrated in theepdstg hours,

probably to recover energy spent to maintain balance in the truck. Consequently, to guarantee
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favourableadaptation to a new stall, it is recommended that food and fresh water are offered
to the horses at their arrivd@adalino et al., 2012)
A common practice to encourage rapid adaptation after a journey is to stall horses &aljacent

a familiar stable copanionon arrival.

1.5. Major Pathology Connected with Travel

Another important research area relating to transport is the development of pathology and
disease during and after travelling. Higher risks are connected with long transportation. These
include acute enteraolitis, laminitis, transit tetany, shipping fever and mild azoturia
(Mansmann and Woodie, 199%Jowever, short and frequent transportation can also result in
injuries and health disorders. Frequently travelled horses are likely to shoptelisfeeding
patterns, weight loss, and fatig(eregier, 1982)

Notably, each horse journey implies some risk of disease transmsrcontraction
Safeguarding the horse industry against this danger is one of the major responsibilities borne
by equire clinicians. The occurrence in 2002 of West Nile fever in a stallion ingooséal
guarantine and the catastrophic outbreak of equine influenza recorded in 2007 in Australia
provide some examples efevated diseasisk to the travelling horsandtheimportance of
guarantine period® protect domestiequine populationgClinicians also need to be aware of

the potential problems relating to horse transport and the way in which these problems may
arise(Herholz et al., 2008)

1.51. Traumatic Injuries

Thesecond (second to paddock/yard) most common source of injuries to hatsesashe
transportation traile(Darth, 2014) At loading leg injuries associated witte loading ramp

are very common. During the journey halter rubbing at the poll or muzzle andbtaing are
specific types of abrasion. To avoid these problems, it is useful to use specialized protections
such ashead bumper or soft wrapping around the halter and protective bandaging on the tail.
Long tieropes are suggested to allow loweringled head, but protective screens must be in
place to eliminate the risk of biting between neighbouring horses. Wither wounds can be caused
though contact with the vehicle ceiling whilst leg wounds most commonly occur as a result of

loss of balance after &king and cornering. Rapid and extreme braking has been reported to
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result in vertebral fracture and dislocation in horses facing forward and restrained with short
tie-ropes(Mansmann and Woodie, 1995)

A recent Australian survey reported that 72% of @ae/ners blamed the horseshaviour

for travel incidents. However, the author highlighted that many incidents are actually related
to the drives @bility particularly on winding country roads. Among the most commonly
reportedbehavious were scramblingnd slipping during cornering both of which are
exacerbated by wet flooring. Injuries resulting directly from hdisese interactions and
conflict were also common as were injuries caused during loading and unl@ddbig et al.,

2013)

Injuries durirg transportation can also be related to road accidents; 2500 known transport
accidents involving horses have occurred in the USA over the past 30 years. Often the blame
is attributed | argely to O6poor6 desiggn of
overloading). Whilst traumatic injuries are very common; correct transporting procedures and

appropriate levels of care could reduce their prevalence.

15.2.Respiratory illness post transport

Recent transportation is frequently associated with theldement ofpleuropneumoniar
Ghipping fevefy which is a bacterial pneumoniaommonly associated with respiratory
commensalswith varying involvement of the pleural spaéaidal et al., 1995)Although its
etiological role is uncertairStreptococcugqui subsp.zooepidemicudias been frequently
isolated from pneumonic lesions in those cgdésir and Lane, 1989)Streptococcugqui
subsp.zooepidemicuss a commensallybacteriumof the upper respiratory tract ana a
opportunistic pathogert mayprdiferate and become pathogemen host susceptibility to
respiratory infection is increased by strasd other host compromising factassociated with
events such as transportation. It has been suggested that transportation predisposes the upper
respratory tract and the lower airways to invasion by the bacterium, with resultant occurrence
of episodic pyrexia and acute pneumofakawa et al., 1994)Pleuropneumonia has a 5%
incidence after long transportation, with a significant negative impactrse elfare, largely
becauseof therelative high case fatality rateen in transport associated pleuropneumonia
(Wilkins, 2003) Early identification and appropriate treatment results in survival ratgsng

from 43 to 76%, but only approximately 60% dinically affected horses are able to resume
their athletic caregiCopas, 2011)
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The initial clinical signs of shipping fever can be insidious with the most common symptoms
being fever, depression, and sometimes stiffness. A lack of coughing orisakalge is not
uncommon and clinical signs are not specific. Factors that may contribute to traptded
respiratory disease in horses are: presence of subclinical respiratory diseases, prolonged
restrainipo npas fihreadt bnarycleardnteenedhanismshstedged | m
impairment of the immune response, the presence of noxious gases, high concentrations of
airborne dust and bacteria in the truck, poor ventilation, length and duration of journey and any
emotional and physical gssor, which results in immune system suppreq€Xikawa et al.,

1995) Recent studies have also proven that an imbalance in oxidative status could be a related
cause in the development of respiratory disease in h{fPgest al., 2013)but validation is
required to ascertain the link with transportation.

I n the traditional hauling of horses, i1t is
allow feeding and to keep the horse entertained. Unfortunately, normal, good quality hay
contains manylust particles and small mold spores that can be inhaled. Dampening the hay
and placing it on the trailer floor, or replacing hay with pellets reduces the risk of significant
air contamination.

To reduce the insult to the respiratory system, it is impoetiso to choose a bedding material
which is not dusty but which is very absorbent.

Since it has been proven tlnatrses restrained with their heads elevated for 24 hours developed
an accumulation of purulent airway secretions and bacteria, witobasd the pulmonary

risk (Raidal et al., 1996)cross tying horses should bmiied torestraining the horseith a

rope which is long enough to allow the horse to lower its head. Horses may be secured by the
"log and rope" method that allows head movemeptand down as well as side to side. Using

the "log and rope" method it is feasible to provide hay at floor level thereby allowing the horse
to eat in a natural position (with head lowered). Another approach is to anchorribeetie
alongside the wither3.he operator then has the option to route the tie rope through a second
ring positioned such that the horse cannot worry the neighbouring(koegger and Gimenez,

2015) In well-designed trucks where the stall dividers are well designed and thenesik ab

horses biting travelling companions, horses can travel untied.

Another preventative measure for reducing shipping fever is to avoid transporting horses which
are undergoing drug therapy. For example, phenylbutazone can mask the early signs of

pneunoni a whil e corticosteroids ar e known t o
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mechanisms and may also increase the risk of lam{Mia& and Lane, 1989; Racklyeft et al.,
2000)

Increasing the rest time and frequency and cleaning the interior of théewming rest stops
reduces transportation stress and respiratory insults which may lead to respiratory diseases
(Oikawa et al., 2005)

Diagnosis of early stage pleuropneumonia and other respiratory diseases associated with
transport is an area that deses investigation and is not widely reported in the literature.
Infrared thermography (IRT) has been shown to have merit in the early detection of bovine
respiratory disease complex before it was otherwise maniféStbadefer et al., 2012J here

are alsomany other reported examples of the use of IRT for early disease detection across
many species including humans.

Since recent significant findings have linked hydrogen peroxide, a common oxidant marker,
in exhaled breath condensateRbbodococcugquipneumonia in foal§Crowley et al., 2013)

the latter method could become useful to test the travelled horses at unltaévejuate the

pulmonaryoxidant status and likelihood of subclinical pneumonia.

1.5.3 Dehydration, laminitis and colic syndrome

Even when water is available, horses tend to dehydrate during a journey which predisposes
them to other pathologies.

Dehydration status can range from mild to severe after transporting and is largely dependent
on the travel conditions (e.g. environmentahdition and journey duration). Despite an
increased physiological requirement for water, drinkbefaviouris generally suppressed by

the travel stress (Mars et al., 1992).

The earliest stages of dehydration are difficult to determine clinically, beadusese could

have up to 5% dehydration without showing any significant clinical signs. For the athletic horse
2-3% dehydration can affect performance, so preventing even slight dehydration may be
extremely important for racehorses or any horse travdtirmgmpetition.

Dehydration can also cascade into more serious metabolic situations. Moderate dehydration
can initiate abnormalities in blood flow to the hooves thereby inducing laminitis. This problem
is probably often accentuated by the hoof inflamarataused by removing shoes (a practice

for reducing kick injuries) from a horse that normally wears shoes. Other compounding factors

that may significantly increase the risk of laminitis could be the duration of the journey relative
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to the state of fitnesof the horse, the level of carbohydrate intake maintained during the
journey and any potential endotoxic disorders initiated by the travel event itself. Preventive
measuregould include: not changing the shoeing status of the horse, adding frog siopport
higher risk horses, and reducing carbohydrate intake before and during transportation
(Masmann and Woodie, 1995).

Diarrhoea can also be caused by transport stress and increases the risk of laminitis, since it is
commonlyassociated with endotoxemia.

Sewere dehydration could induce the development of large colon impaction. In fact, there is a
higher risk of colic in horses that have more than six transports/year compared with horses that
are not transported and those transported fewer than six timesgoéiinker et al., 1997).

Another potential risk caused by dehydration is the reported decrease in renal function which
is particularly relevant for horses due to undergo medical treatments (MacAllister and Tailor
MacAllister, 1994).

There are severakthniques which are often implemented to minimize the risk and extent of
dehydration. One involves the familiarization of horses with an aqueous normalizing substance,
such as apple flavoring which reportedly offsets any difference in water taste during
transportation and at the destinatidars et al., 1992)Mineral oil or electrolyteenriched

water via nas@astric tube has also been successfully implementedrgmeport, for the
prevention of gastrointestinal impaction. Care should be taken witidthenistration of both
mineral oil which can affect the absorption of other nutrients and electrolyte which should not
be given in a concentrate form (such as paste) close to a stress event (includingxaeme
exercise or transportation). Electragt shouldalways be administered in an isosmotic
solution (Pagan and Geor, 2005The recommendations for stopping frequency during
transportation are every@hours and ovenighting horses at least every-18 hours. During

stops and ovenighting, toprevent dehydration and correlated pathologies, the horses should
have the ability to exercise and to be examined by a veterinarian who can administer fluids as
required. Oral electrolytes and water can be easily administered vigastsic tube to mild

or moderately dehydrated horses otravenously if dehydration isevere. A 456400 kg

hor seds st oma8dithes af electrolytenriehedavater every 15 minutes for 1 to

2 hours(Mansmann and Woodie, 1995)
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1.6. Transport and Oxidative Stress

Oxidative stress (OS) occurs when the oxidant/antioxidant imbalance results in excess
production of reetive oxygen metabolites (ROM#$adng to cellular and tissue damage.
Oxidative stress plays an important role in diseases such as cancer, lamentadogical

disease and heart and pulmonary dise@3eslap et al., 2006)

The imbalance occurs during and after stressful events such as travel, exercise and intensive
management in both humans and anin{&lisschvink et al., 2002) Racehorses are ofte
transported long distances and endure maximal exercise during training and races and have
been shown to suffer frequently from oxidative strg@sargreaves et al., 2002t has been
suggestedhat in horses oxidative stress has an effect on the develdmhairway disease

such as chronic obstructive pulmonary disease and exercise induced pulmonary haemorrhage
(EIPH) (Kirschvink et al., 2008; Soffler, 200.Mlowever, the potential role of oxidative stress

in the pathogenesis of transport pneumonsiilsunclear.

A recent study was conducted to evaluate oxidative stress indicators in ten horses, transported
528 km by road. Physical (rectal temperature, respiratory and heart rates), haematological,
biochemical and oxidative stress (malonedialdehydeAMand superoxide dismutase (SQD)
parameters were measured before and after transportation. The transportation induced
significant increases in respiratory and heart rates, and in haematocrit and glycaemia levels
whilst the other clinical, haematologi@aid biochemical parameters remained unchanged. The
occurrence of oxidative stress induced by a 12 hour journey was evident by a significant
increase in plasma MDA concentrations coupled with a significant reduction in plasma SOD
activity compared to basek value§Onmaz et al., 2011Yhe effects of an-8Bour journey by

road on plasma total antioxidant status (PTAS) and general clinical appearance were also
investigated in horses and showed that the average PTAS increased soon after unloading and
remainel elevated even after 24 hours stallfesti ed fwi ed¥ et al ., 2013)
One approach to reducing the impact of oxidative stress during horse transpodakibhe

to supplement their diets with antioxidants prior to transporting, which has been assessed in
other production animal(®denkola et al., 2011)n goats it is reported that long distance travel
affected their oxidant/antioxidant status and decreased their excitability and dpalzangour

after unloading. In contrast, goats supplemented with lascacid (a known antioxidant)

before the journey, did not display similaehavioual changes after unloading and their
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oxidant/antioxidant systems remained in balance after the journey was contlpletea and
Ayo, 2013)

Further study is needed to intigate the relationship between transport stnestoxbalance
and respiratory pathologies development.

1.7. Conclusions

To safeguardhe welfare of the transportédrse it is important to minimize transport stress.

A horse which is disturbed when firsoaxed into a transport vehicle may show various signs

of disturbance, but most of these signs will disappear by the tenth transport exg@&ieone

and Johnson, 1993; Schmidt et al., 20I®us, loading and transport training with appropriate
provision of positive reinforcement are strongly recommen{dGreevy and McLean,

2007) Sport horses should be transported occasionally for pleasure riding, decreasing the
association between the truck and the competitions. As transport is a stressor even for
experienced horses, it may be reasonable to give a rest period (a period with no travelling) to
Afrequent traveller horseso.

To limit health problems post transportation, it is important to examine the health status of the
horses before travellingnd tooptimize the environmental conditions inside the trick
minimise noxious insults and maximise physiological comf@roviding horseswith
electrolytes and antioxidantsitamin E, C and seleniunprior to and after the journey may

also aid in recovery ahin reducing the risk for the development of transpeldated disease.

During long distance journeys it is essential to plan rest stops (of at least thirty minute duration)
every 4 hourgor watering, feeding, urination (particularly for male horsesfl, @aaning the
vehicle. Horses should not be loaded more than 18 hours without being unloaded and being
able to do some physical exercise. Upon arrival at the destination it is important to offer fresh
water and high quality food, since itis apparentdhati nki ng and f eedi ng ar e
priority needs after transportation.

Whilst significant research has been conducted and repatteding for the development of

best practice management guidelirfagther research is required to more fullyderstand the
relationships between transport strébg immune system status and risk of post transport
disease development. Transport stress is caused by a mosaic of stressors and the travelling

horse's wellbeing can be best improved only through &-fiagtorial approach.
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2.1. Introduction

Transport stress in horses is caused by a myriad of stressors (e.g. isolation, confinement, noise,
vibration and balance problem) which affect them both mentally and physically, causing
behavioural and health problempsor to, during and after travéChapter 1) Both short and

long trips are stressful for horses and require proper managéhaged et al., 2012) onger

trips have a greater effect on horse health and require particular att@remaon and
Hodgson, R14; Marlin et al., 2009)and those longer than 10 hours duration may lead to
psychological and physical exhaustion and d@sittrlin, 2004) Consequently, many animal
transport codes include special requirements for longer journeys. For instance, the EU
regulation 1/2005(http://eurlex.europa.eu/legatontent/EN/TXT/?uri=uriserv:f83007has
specific requirements if the transport exceeds 8 hours. Australian Animal Welfare
Standards and Guidelines for the Land Transport of Livedtaskinstead speaspecific
maximum journey and minimum rest periods that take into account access to water and food
en route(de Witte, 2009)

Stress activates hormonal changes in animals, which help them to adapt to the stressful
situation. This response is commonly redéel as "theflight or fight response”, ands
characterized by the activation of the pituitary and adrenal responses and by a release of
adrenaline and cortisol. The most common effects of adrenaline are an increase in heart and
respiratory rates, and ancrease in sweating and defecatidioberg and Mench, 2000)

During transportation these hormonal responses are often a result of the horse attempting to
adapt to the challenging situation (being transported), but they can affect the horse's immune
resporse, making the horse more susceptible to transptated diseasgStull et al., 2008;

Stull et al., 2004)

Transportation has been associated with physical injuries and heat stress, as well as specific
illnesses such as respiratory diseases, colicjniis) enterocolitis and rhabdomyiis

(Collins et al., 2000; Leadon and Hodgson, 2014; Mansmann and Woodie (C88pjer 1)

The most seriougotentially fatal respiratory disease is equaheuropneumoniacommonly

referred to as "travel sickness"'shipping fever'(Copas, 2011)The risk of developing this
disease increases with journey duration, especially when the duration exceeds (Ausburs

et al., 1995) Predisposing factors for the development of shipping fever include prolonged
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head edvation(Raidal et al., 1995)poor air quality(Katayama Y, 1995)and preexisting
respiratory diseaséMarlin, 2004) Transport associated dehydration, withholding of food and
water, and diet change on arrival have been proposed as risk factorsdevéh@ment of
transporirelated gastrointestinal disease in hors@Shapter 1) Colic during or after
transportation is commonly reported, with impaction of large colon most often recognised
(Mansmann and Woodie, 1995; Padalino, 20Enterocolitis caugskeby Salmonellaspp has

been also associated with transport st(€esry and Hassel, 2008hd can be fatal. While
many risk factors for the development tedinsporirelateddiseases and injuries have been
identified, further studies are required to itignadditional unrecognised factors, and to
determine the relative contribution of different contributing factotsatosporirelateddisease

and injury. Knowledge of the full range of risk factors related to equine transportation may
help to safeguardehealth and welfaref horses.

Surveys on farm animal transportation have been performed to identify risk factors and explore
the epidemiological basis aofransporrelated health and welfare issueBor instance, the
incidence of mortality during roaansport has been calculated for cattle in North America
(0.011%)(Gonzaélez et al., 2012bobby calves in Australia (0.64%ave et al., 2005)pigs

in Europe (0.07%JAveroés et al., 2010and in broilers in Brazil (from 0.42% in summer to
0.23% in autmn)(Vieira et al., 2011)Iin horses, surveys have been reported only for transport

to abattoirs/slaughter plant&randin et al., 1999; Marlin et al., 2011; Stefancic and Matrtin,
2005) In these studiestansportrelatedhealth problems ranged from 7%28%. However,

large numbers of horses are transported for other commercial activities such as competition
and breeding, and for recreational uses. As these animals have a greater economic value than
those destined for abattoirs, it is likely that theamagement and their transpogtated health

problem incidence will be different.

Millions of horses are moved daily all over the world, with the true global total of horse
transport movements so large that it is impossible to estifkééeholz et al., 208).
Consequently, there is a gap in our knowledge of the incidertcansporirelatedproblems,

horse mortality, and risk assessment related to equine commercial transpoftatithre

aut horsoé knowl edge, a sur vey aoypurgoserhaseeveri a l
been conducted in Australids the scientific identification and evaluation of hazards can only
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be done when the scenario including the animal and the transport environment is defined
(Marahrens et al., 201,1the records of a hors&nsport company specialized in long road trips
(~4,000 km, taking 3.5 days) in Australia were collected and analybedobjective of the
present study was to determine the incidenceamisporirelatedinjury and illness in horses
undertaking commeial longdistance road transportation, and to assess and quantify the
relationship between animal (sex, breed, and age), transport conditions (duration, and season)
and welfare outcomes measured by the incidence of death, injuries, pyrexia, respiratory and
gastrointestinal problems associated with a defined commercial long haul transport in

Australia.

2.2. Experimental Section
2.2.1 Materials and Methods

Records of all transport movements from April 2013 to April 2015 were obtained from a
commercial hase transport company which regularly transports horses between the east and
west coast of Australia (~4,000 km and at least 3.5 days duration). Care and handling of the
animals during transportation was not supervised by the research team. This dats set wa
collected as part of a comprehensive survey on horse transportation approved by the Human
Research Ethics Committee of the University of Syd2ey$/308).

2.2.2.Trip details

Before booking the trip, eachorse owner had to send to the company the following

information: breed, sex, age, body measurentieat height body weight) level of tame,

reason for transportation. This information was necessary to allocate the right space to each
animal inside the vehicle. As policy the company moved tarhed horses, at least trained to
halter and basic commands from ground (e.g. follow and stop at the rope) and advised previous
transport experience, the transported animals complied with this policy.

All transportation was performed following a fixed schedule from a collection stable inySydne
The trip consisted of four stages: SydiMglbourne (10 hours), Melbourr&delaide (8.5

hours), Adelaidékalgoorlie (24 hours) and Kalgooriieerth (6 hours). After each stage, horses
were given a twelve hour rest period. The total duration was apptetym85 hours with
approximately 49 hours in transit and 36 hours for rest stops. The schedule was reversed for

PerthSydney trips.
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At the collection stable and rest points, horses were individually housedavaikrout rubber

lined stables and/or padcks that were used only for horses in transit.

All animals travelled on the same type of vehicle (Mega Ark Trailers, MAN®, Munich,
Germany, Europe) equipped with 15 horse individual stalls, 6 facing backwards and 9 facing
forwards. However, since largerses were allocated 1% stall spaces, the average number of
horses transported per trip was 9.1.

The ventilation system comprised venturi vents, louvres and electric fans generating an airflow
which the manufacturer verified wasmpliant with the Austradin Gde of transportation
throughout the trailer. When the vehicle was moving fresh air entered through the louvres and
was extracted by the venturi vents. The fans were used in extreme heat conditiod§°C)35

and to ensure constant air flow when tituek was stationary (e.g. feeding and watering times,
fuel stops).

The horses travelled in individual stalls, restrained by rubber cords which would break under
extreme pressure. Foals, poniesveanlingswvere not tied up. Mares anddls travelled in a 3

stall section which allowed them to move around as if in a small box. Horses wesithfady

and watered every-8 hours, using the stainless steel feed and water bins in each bay; water
and food were refreshed regulaély route

Two drivers were used for all trips for which data were collected. Both were licensed to drive
heavy combination vehicles and were exgreced horse handlers withtgne ar s 6 ex per |
in commercial horse enterprises.

All journeys complied with the standards ahd guidelines for the transport of horses required

by the Australian Code of Livestock Land Transportation

(http://www.animalwelfarestandards.net.au/ldarahsport/)

2.2.3 Monitoring of the animals and identification of pathology

The assessment of thankss for travel of the horses was performed by the drivers and
experienced staff members of the company at the collection stable and at each transit stable
before loading the animals to continue the journey. The assessment was made ime@ecorda
with the Australian Code otivestock Land Transportation. Thenditiors to be assessed
included any signs of colic, raised or lowered rectal temperature, letlikagyoea wound

or abscesses, lameness (no more or equal to the fourth grade) and body csraiiidno less
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of two)(http://www.animalwelfarestandards.net.au/larahsport/) After the assessment the
report was sent to the operation manager, who gave final approval for transport.

During transport, there were two opportunities for monitoring hoeséh. The first was during

the mandatory rest stop whichrequired after four hours of driving. Atithstop, the driver
undertook a visual examination of the horses. The second opportunity for monitoring occurred
at the transit stables where rectamperature was recorded, and drinking, feeding and
eliminating behaviouramonitored. At the rest stop in Adelaide, horses were inspected by an
Australian government accredited veterinarian who confirmed that horses were fit to continue
their journey, admistered atriclabendazoledrench and collected a faecal sample in
compliance witthe Western Australian quarantine regulations.

As soon as any health problem was identified by the drivers, the company manager was
informed and a veterinarian was calleddonsultation and for treating the affected horse. The
company director had a list of veterinarians to call in emergency. The affected horse did not
continue the trip if the veterinarian did not evaluate it fit for travel. When health problems were
identified by the owners post transport, the transport company manager was informed and he

required a veterinariands report to prove th

2.2.4.Dataset

The data set included 1650 horses transported from BeByonhey (~4000 km) or vice versa

for 180 journeys. Horse details (breed, sex, age) and the date of the trip (month and year) were
recorded.The data set included reports of problems and issues identified by the drivers and
horse owners and sent to the g@ny manager, including the type of problem(s) and where

(e.g. location) and when it occurred (i.e. an estimation of the approximate time at which the
issues or incidents were first identified). As after the identification of each problem, horses
were cheked and treated by veterinarians, and after death necroscopy was condusted, the
veterinary records were also included in the data

For statistical analysis, the recordgdnsporirelatedissues and problems were classified
according to the time afccurrence in the following categorigseloadingl f r om t he hor
home stable to the companyés collection stat
or at rest stops); and pesansport (within 3 days after arrival at destination).

Based o the veterinary records, thransporirelatedhealth problems were also classified into

five categories according to clinical signs/body system affected (Table 1).
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Table 1 Description of theéransportrelatedissues

Category Definition
Injuries Lacemtion, abrasion, contusion, swelling.
Pyrexia Rectal temperature >38.5°C, in the absence of other

localising signs.
Gastrointestinal problems  Colic, enterocolitis, large quantity of internal parasites
eliminated aftetriclabendazole treatment

Respirabry problems Nasal discharge, coughing, inflammation/infection of th
upper or lower respiratory tract, and pneumonia.
Death Horses found dead or humanely destroyed.

2.2.5. Statistical Analysis

Descriptive  analysis of the dataset was conductedsing $atulofe®
(http://statulator.com/descriptive.htmtjata were reported as number of injuries or illnesses
and as percentages. All further statistical analyses were performed using S&feSian 14

(VSNi InternationalHemel Hempstead, UK). Fall sttistical analyses, a Value of <0.05

was considered statistically significant.

The details of all the travelled horses were categorized according to sex (mare/filly, gelding,
stallion/colt), age (weaning/foal, yearlingb2years, 610 years, >10 yearsand breed (Arab,
Quarter horse, Standardbred, Thoroughbred, Warm Blood). Univariate logistic regression
analysis was conducted with development of a transptated problem as the outcome (1/0:
affected/non affected), and sex, breed, and age as theneaiqly variables. Wald tests were
obtained along with mean predictions of disease rate for each variable.

The date of recorded transpoetated issues was categorized into the 4 Southern hemisphere
seasons: winter (Jusfugust), spring (Septemb&tovemier), summer (Decemb&ebruary),
autumn (MarckMay). The time of the recorded transpretated issues (calculated from
departure to when the recordeansporirelatedssue or problem was identified) was classified
into three categories of journey duaati <20, 2140, and >40 hours. Based on the veterinary
records, considering the severity of the clinical signs, the required treatments and the time of
recovery, the type of transperlated issues was listed in order of increasing severity as follow:
injuries, pyrexia, gastrointestinal problems, respiratory problems, deedimal regression

analysis was then conducted to study the association between the type of tratesieokt
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issues (outcome) and the journey duration (<284@21>40 hours), and treeason of the year

(winter, autumn, summer, spring) (factors).

2.3. Results

2.3.1 Descriptive statistics

The general demographics of the population of horses studied is shown in tdnise? were
transportedor the following reasons: saf@rchas (30%), competibn (50%), and breeding
(20%).

Table 2 Frequency of the total transported horses by sex, breed and age category

Variable Category Frequency (%)

Sex Gelding 35.7
Mare/Filly 49.5
Stallion/Colt 14.8

Breed Arab 9.6
Quarter horse 8.7
Standardbred 27.5
Thoroughbred 43.0
Warm blood 11.2

Age Weaning/Foal 11.2
Yearling 12.9
2-5yrs 34.7
6-10yrs 27.9
>10yrs 13.3

Approximately ninetyseven per cent (1604/1650) of the horses arrived at destination in good
health, without anpain, signs of lameness or other pathology and did not develop any diseases
post journey.

Only 2.8% (46/1650) were included in the company datafor atransporirelatedissue at
preloadingin transit, or postransit (Figure 1). Of the 46 cases, foases related fareloading

events, three were injuries that had occurred before the trip commenced or during transport to
the collection stable, and two were cases of colic identified at the departure stable. Of the
remaining cases, two horses were imuderring loading while resisting loading and 4 injuries

happened in transit.
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Figure 1.Incidence of transporelated issues as reported by the transport company. The arrow

divides issues related pyeloadingfrom those related to transit and post tiapkase
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All the injuries were minor and the horses were treated topically and continued their journey.
Six horses were identified as febrile at rest stops, and another two were identified as febrile
upon arrival. No localising signs were identifiadany of theseasesand all were treated with
antrinflammatory medications. Four horses showed signs of colic at rest stops with another
three showing signs of colic post journey. All cases were interpreted as impaction colic; two
resolved without treganent (required only monitoring) and 5 were treated medically.
Enterocolitis was identified in one horse during transport, and in two horses post transport,
with all horses requiring hospitalisation. One horse eliminated a massive quantity of parasites
after the anti-parasiic treatment. Five horses developed respiratory signs, including nasal
discharge, coughing, and pyrexia during the journey, and one developed signs after arrival. The
veterinary diagnosis was inflammation of the upper or lower airwafsout pneumonia and

all cases were treated medically. The specific diagnosis of pneumonia was made on the basis
of signs that developed in four horses during transport, and in one horse after arrival. All horses
recovered after appropriate medical treattim&here were fouransporirelateddeaths, giving

an overall death rate of 0.24%. Two occurred during transport, 1 horse was found dead within
24 hours after transportation, and 1 was humanely destroyed due to enterocolitis post transit.
Another horse was found dead two days after transpbyever this deatloould not be
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confirmedto be transpostelated Postmortem examination failed to reveal the cause of death
in the four horses that were found dead. If the horse that was found dead two dagnafiert

is included in the statistics, the death rate increases to 0.30%.

The incidence of the transpasdlated issues grouped by category is shown in Table 3.

Table 3.Incidence of transportation issues grouped in 5 major categories accordingct clin

signs and body system affected

Category n Incidencein the Incidencein all transported
affected animals (n=41) animals (h=1650)

Injuries 6 15% 0.36%

Pyrexia 8 19% 0.48%

Gastrointestinal 11 27% 0.66%

problems

Respiratory problems 11 27% 0.66%

Death 5 12% 0.30%

2.3.2 Logqistic regression

Univariate logistic regression analysis of horses experieriangporirelatedhealth issues

showed no significant effect of sex, breedage (Table 4).

Table 4. Results of the univariate logistic regressamalysisvith development of a transpert
related problem as the outcome (1/0: affected/non affected), with sex, breed, and age as

explanatory variable.

Variable Category Disease rate Estimatex OR Lower Upper P
prediction (%)xs.e.  SE (%) 5%CI 95%CI value
Sex Gelding 7.0£15 Ref
Mare/Filly 5.3+1.1 -0.2%0.3 0.74 0.39 1.424 0.611
Stallion/Colt  7.1+2.4 0.02:0.4 1.02 0.43 2.403
Breed Arab 3.312.2 Ref
Quarter horse 5.4+3.0 0.140.7 1.16 0.25 5.217
Standardbred 5.2+1.6 0.56t0.6 1.75 0.50 6.039 0.187
Thoroughbred 9.2+1.7 0.72t0.6  2.05 0.59 7.141
Warm blood 2.5%1.9 0.96:0.6 2.61 0.70 9.743
Age Weaning/Foal 1.8+£1.0 Ref
Yearling 2.1+1.0 0.51+0.9 1.67 0.26 10.41
2-5yrs 3.2+0.8 8.12E 0.523
-7.29.3 0.00 12 68858
6-10yrs 3.8£0.9 1.08:0.7 2.94 0.67 12.8
>10yrs 4.8+1.5 -0.1t1.0 0.85 0.11 6.246

Standard error (SE), Odds ratio (OR), Confideimterval (Cl).
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2.3.3 Ordinal regression analysis

There was a significant association (P=0.022) between typeamdporirelatedissues and

duration of trip, with a higher probability of a more severe disease after 20 hours of transport.
Injuries were more likely to occur in the first 20 hours of transport (Figure 2).

Figure 2. Probability of a more severe transpagtated issue tbe associated with journey

duration. Bar charts with different letter have a different distribution of transgated issues:

a, b: P<0.05
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Table 5 shows odd rati@ompared to risk of injuryand confidence interval for each disease

occurring in gourney longer than 20 hours.

53



Chapter 2

Table 5.Estimate, oddratio (OR) and confidence interval (Cl) for each transpeleted

problem on a journey longer than 20 hours

lower 5% upper
Transport-related problem estimate SE Pvalue OR CI 95% ClI
Injury - - - - - -
Fever 2.56 1.34 0.057 12.91 0.9271 179.8
Colic 3.19 1.3 0.014 2437 191 311.1
Respiratory 2.93 1.32 0.027 18.69 1.399 249.7
Death 4.54 1.52 0.003 93.49 4.783 1827

Season had a significant effect on the distribution of transplatied ssues (P=0.035), with a

higher probability to have a more severe transpsdted issue (gastrointestinal problems,

respiratory problems and death) in spring (Figure 3).

Figure 3. Probability of a more severe transpatated issue to be associateith season

Bar charts with different letter have a different distribution of trangteted issues: a, b:

P<0.05
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24. Discussion

The present study reports the incidence of trangptated issues and mortality associated with
long-haul equindransport by a commercial equine transport company. An overall incidence
of transportrelatedinjuries or disease of 2.8% was observed in this study, which is much lower
than has been reported by horse owrfbigble et al.,, 2013and for horses transported
abattoirs for slaughtgiGrandin et al., 1999; Marlin et al., 201The data demonstrates that
travelling is a risk to equine healtivellbeingand welfare and a correct management of

transportation is required for moving horse successfully.

The prewalence of injuries identified in the present study (0.36% of horses) was lower than the
rate reported in horses transported to abattoir for slau@tandin et al., 1999; Marlin et al.,
2011) This may reflect differences in the way in which the transp@s managed (i.e.
individual calculated space), and in the tractability and transport experience of the horses.
However, it was also lower than reported by owners during-coommercial horse
transportation(Noble et al., 2013)which suggests that trarsp management is a key
determinant of the injury rate. The design of the truck (including the floor, suspension and the
height of height of the roof) has been identified as a risk factor in the development of injuries
andtransporirelateddiseases in fan animalgMarahrens et al., 2011n cattle, the incidence

of injuries during long haul transportation has been associated with the years of experience of
the driverdGonzalez et al., 2012and in horses travelling on n@emmercial road transport,

mary incidents are related to poor driving skills, particularly on winding country rdémse

et al., 2013)Vehicle design, road quality and driving that allows horses to keep their balance

appears to be important in minimising injuries.

Two injuries occured during the loading process due to resistance to boarding the truck. The
horsesd fear of being | oaded onto the vehi
dangerous actions and behaviours (e.g. kiclkand rearingChapter 1).Handling horses

duning loading/unloading is therefore considered toableighly dangerous risk for those
handling the transported hor$gley et al., 2015)Thus it is important that transport procedures

are carried out by experienced horse handlers wearing protectiveneaqajsuch as, capped
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boots and gloves, to minimize the risk of injuries to the horse and the handler during the loading
and unloading phase of equine transport.

The body systems most commonly affected by transport are the respiratory and the
gastrointestial systems, and a common clinical sign associated with inflammation to these
systems is pyrexi@Marlin, 2004) Pyrexia affected 0.48% of all transported horses in this
study. Since early identification of pyrexia prompts investigation and implementaition
appropriate therapy and recovery, checking temperature during and after long trips should be
seen as best practice when dealing with the transported horse and has been recommended
previously(Racklyeft et al., 2000; Raidal et al., 1997a)

Transportatia has been associated with the development of airway inflammation and equine
pleuropneumonigCopas, 2011)Poor ventilation inside the truck, forced high head position,
and dehydration have been identified as predisposition factors in the development of
respiratory diseases associated with trangpheddon and Hodgson, 2014)he horses in the
current studytravelled in a vehicle equipped with a forced ventilation system, which should
assure good air quality and a comfortable temperature inside the, toatldhorses were not
allowed to lower their head beyond the height of the wither. In our study 0.66% of all
transported horses developed respiratory problems, and only 5 developed pneumonia. This rate
is less than expectd@hapter 1)potentially refleting the importance of a good ventilation
system in the transport vehicle. However, there is no evidence to suggest that good ventilation
alleviates the need to provide correct waterfAgon, 2014) to minimisethe duration of
confinement with the head eslated, or to maximize the time available for the horse to

physically clear its respiratory tra@@tull and Rodiek, 2002)

Transportation may increase the likelihood of colic for several red3amiser et al., 1997)

Firstly during a stressful situaho preferential perfusion of the brain and the muscles may
reduce visceral perfusions (flight and fight respofideberg and Mench, 2000\dditionally,
dehydration during transportation can reduce vascular perfusion of the gut, potentially inducing
impacton of the colon(Mansmann and Woodie, 1999jinally food and water withdrawal,
altered diet and/or eating in an unnatural position on route might create change in the pH and
gut flora which may influence the chanceentteraolitis. In this study, trangpt associated

gastrointestinal problems were seen in 27% of cases, with enterocolitis seen in 4 out 41 cases,
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with one requiring euthanasia. Equine enterocolitis, can manifest in sudden death and be
associated with ovarroliferation ofSalmonellaspp ClostridiumsppandFusariumsppin the

equine guf(Staempfli et al., 1991)Stress is considered an important predisposing factor for
salmonellosis in horses; this pathology has already been associated with transportation,
surgery, feed withdrawal, changadeed, and antimicrobial and anthelminthic therépsary

and Hassel, 2006)Avoiding prolonged feed and water restriction, abrupt diet changes, or
overuse of antibiotics and anthelminthics before, during and after transportation could therefore
potentidly reduce the incidence of gastrointestinal transport asso@abdétems

In this study the mortality rate associated with transport events was 0.24% or 0.30%, which is
somewhat higher than rates reported for cattle in North America (0.038t\zalez etl.,
2012)and pigs in Europe (0.07%veros et al., 2010)A reasorfor this high ratecould be

that animal transportation is more risky in Australia due to the long journey duration and the
climate; the rate described in this study is indeed in linle mibrtality rates observed in cattle
transported in Queensland by rail (an overall mortality rate of 0.10%, ranging from 0.44% in
bulls to 0.06% in calveg)arratt et al., 1982and in bobby calves (> 4 days old) transported

by road in Victoria (0.64%YLave et al., 2005)Thus, moving horses in Australia may require
more detailed and specific strategies to cope with extreme distance and weather.

In the current study, 2 horses were found dead in transit and 2 died soon after transportation.
Even after patblogical examination the reasons for these deaths were unknatumalgbe
contributed by protracted stress. Stress is a physiological and endocrionological response that
helps individuals to cope with stressors and to survive. However, when an anintalddagpt,

the stress response can lead to d@dtiberg and Mench, 2000n horses, transport stress is
often followed by the stress of living in unfamiliar environments (e.g. new stall, food, social
group), further af f ect nthy pffeting simildr feedsaaddasvoidh e a | t
inserting the recent arrival into a new herd could reduce protracted stress and assist with
adaptation to the unfamiliar environment after the jouri@hapter 1)and potentially reduce

the risk of death after transpation eventsWitnessing a death of any animal can have a
negative impact on those who have witnessed it, whether they are professionals working in the
animal or veterinary industry or members of the general public owning anjRester and

Maples, 2014) Consequently, minimisinthe equine transport associated mortality rate will
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have a positive impact on the wellbeing of horses and the mental wellbeing of those dealing

with the transported horse on a day to day basis.

No significant effect of sex, ager breed in the development of transport diseases was found,
suggesting that individual horse variability and past experience might be more important in
influencing the ability of the horse to cope with the transport e(featio et al., 2013b)
Elevated but not statistically significant, prediction rate were seen for males, horses aged over
10 years, and Thoroughbreds, consequently dealing with these categories of horses may require
specific transport management strategies to reduce the predictefthisgeohorses developing

transportrelatedcomplications.

In agreement with Stefancic and Mar{@005) although numbeof caseswvere small, this
current study showed transported related death and respiratory diseases were more likely to
occur in sprig. This may reflect abrupt temperature increases at a time when many horses still
have winter coats, with consequent, impaired thermoregulation in transit. Alternatively, animal
behaviour and immune system may be affected by the reproductive hormonal girtfie
breeding seaso(Btyrt and Sugarman, 1991Qther factors, such as the occurrence of viral
respiratory tract infections or increased pollen or other allergens might contribute to increased

risk of respiratory disease at this time. Such speculstiarrant further research.

The data presented in the current study, confirm the increased risk of mortality and disease in
horses associated with longer transport events, with more severe diseases (e.g. enterocolitis,
pleuropneumonia) and de&ththanas more commonly observed after 20 hours of
transportation. Horses travelling to abattoirs for slaughter, were similarly more likely to die
after protracted transportati¢Btefancic and Martin, 2005nd in cattle, higher mortality rates

have been ass@ted with trips longer than 36 hours in Austrgbarratt et al., 1982)and

longer than 30 hours in Canafaonzélez et al., 2012Better understanding of the increasing

risk of severdransporirelateddiseases and death with increasing duration okpart may
encourage the adoption of more rigorous preventive strategies, such as a veterinary

examination, for horses that are going to be transported for more than 20 hours.
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The biggest limitation of this study is that the assessment of the horseldefale, during and

after journeys was not performed by the authors. Consequently some traakied
problems might have been missed by the drivers and the owners, and the incidence of the
transporirelated diseases could be underestimated. Thigtisydarly likely if horse owners

did not associate illness with recent transport, failed to recognise minor or subclinical disease,
or failed to report minor or major illness to the company. Pleuropneumonia and enterocolitis
can manifest up to a week afteansport(Marlin, 2004) and other effects of transportation
stress can take up to one month to manifest after the @egfier and Gimenez, 201%jence

it is possible that owners or agents may have failed to associate disease with transportation, or
may have failed to detect mild effects on horse health. The data obtained in this current study
is also limited by the lack of environmental parameters measured or recorded during journeys.
Extreme hot and cold temperatures have been identified as wksdrsfain long haul
transportation of farm anima($chwartzkopiGenswein et al., 2012Notwithstanding these
limitations, this study is the first carried out on horses undertaking this uniquedawitoad

trip across one of the harshest continents énvtbrld. It has provided important data for the
equine industry on the incidence of health problems associated with long haul transportation in
the horse. Preliminary evaluation has identified and suggested some predisposing factors
associated wittranspat-relatedhealth problems which warrant further evaluation to enhance

policy and practices relating to transportation of the horse.

25. Conclusions

Journey duration and season were identified as risk factors contributirapnsportrelated

health poblems in horses undergoing long distance road transportation. Although the trips
were well organized and complied with or exceeded the requirementsAdidtralianCode,

serious diseases still occurred. Moving horses should be considered as adlam®dmisk to

horses and also a horsadated risk to humandhompson et al., 201530 it should be always
carried out by professional and experienced horse handlers and drivers, wearing adequate
protective equipment, to reduce the risk of injuries andadies in both horses and humans.
Further research to confirm preliminary conclusions based on this data and to recognize other
risk factors for the development of equitransporirelatedissues is needed to assist in

improvement of the Australia@odeof horse transportation.
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Chapter 3

Risk factors in equine transportrelated health
problems: a survey of the Australian equine
iIndustry

Overview of chapter 3

This chapter is based ¢ime results of a survey on horse transportation, whicldesigned to
eval uate hor se anparspective oef hgrse transpartationp ot Iprsvaie and
commercial, in regards to how transport is conducted and theeffettit has on their hses.

We invited people to undertake the survey (Appendix 1) to collect reddl wiata so as to

answer the following questions:

1. What are the most common transport practices conducted in Adstralia

2. What are the most common pathologies which hoesesap during and after transpation
in Australia?

3. Is there an association between horse transportation practicesrspubrirelatedhealth
problems?

4. Is there an association between horse transportation practicearesmbrirelatedproblem
behaviours?

5. Are horse and journey characteristics associated with trawsfaigd health problems?

Even though the survey was composed of 40 questions (Appendix dhamgmusit got an

optimal completion rate andore than 150 respondamdft theirdetails sorting feedback from

the survey, confirming the considerable intetestAustralian horse industry $ianimproving

the health and welfare of the transported horBegive feedback and to educate horse people

on transport best practices, 4fdient articles were written. One article was also published in

open access to allowed easy access and the results were also presented in a number of seminars

to improve the communication of findings.

The ethical aspects of this stuagreapproved by thélumanResearchEthics Committeeof
the University of Sydnef{2015/308].
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3.1.1.Introduction

Horses are transported for competition, sales, breeding, and slg@jbtexgnoli et al., 2002)
However, transport is considered a stressful experigh@ndin and Shidy, 2015)and may
lead to serious health disordéthapter 1, 2)There is extensive literature on transportation
of horses and its effects on physiological, behavioural and health paraffetzis et al.,
2013b; Friend, 2000; Tateo et al., 201Rrreaes in heart rate, respiratory rate, sweating, and
bl ood ¢ on c eemdonmphant freetnicdothyrbnin®, cortisol and adrenaline have been
reported as responses induced by transport sffesso et al., 2013a; Fazio et al., 2015)
Anxiety, refusal ¢ load, flight responses, kicking, pawing, scrambling, and stereotypic
behaviour are the most common transpelated behavioural problen{kee et al., 2001)
Injuries have been reported as the most common health problem related to transportation
(Mansmam and Woodie, 1995)but a variety of other disorders may also result from
transportatiorfLeadon and Hodgson, 2014)ich as impaction of large colMansmann and
Woodie, 1995) enterocolitis (Feary and Hassel, 20Q6and equine pleuropneumonia
(Racklyet et al., 2000) The management of hordesfore,duringand afteitransportation is a
key factor in minimizing transport stress and reducing the incidendeawdporirelated
disease¢Leadon et al., 2008)

A number of strategies have been identified to improve the rearexg of transportation and

a number of codes for horse transport have been developed worldwide in the last decade to
minimize transport stress and suffering of travelling horé&son, 2014; http://eur
lex.europa.eu/legadontent/EN/TXT/?uri=uriserv:f8300Q
http://www.animalwelfarestandards.net.au/ldrahsport/) For instance, travelling horses
untied(Stull and Rodiek, 2002allowing the horse to stretch its head and neck downward, and
cleaning the truck at rest stop®ikawa et al., 2005have been gigested to reduce the
incidence of airway inflammatiomhe Australian Animal Welfare Standardnd Guidelines

for Land Transport of Livestock was updated in 2012
(http://www.animalwelfarestandards.net.au/ldarahsport/)and is based on the most recent
sdentific findings. The standards contained in tbedeare requirements that must be met
under law for livestock welfare (e.g. horses over 6 months old have a maximum time without

water of 24 hours and 12 hours of minimum-4&sp). The guidelines contad in theCode
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are recommended practices to improve animal welfare outcomes. The Ausiadiestates

that the driver is responsiblerfthe welfareof t he transported horse; t
for the intended | our replgnded paroparly.tHoweter, unlikeethej o u r n
requirement specified in the EuropeanCode (http://eurlex.europa.eu/legal
content/EN/TXT/?uri=uriserv:f83007) Australian drivers do not need a certificate of
competence and a health certificate for the horse beémarture is not mandatory. Moreover,

in the AustralianCode there are no guidelines for the management of horses post

transportation.

Despite the large body of research, a gap remains in our knowledge of implemented transport
management practices aneitreffects on horse health for a number of reasons. Most scientific
findings have been based on observational studies of experimental trips on research horses,
which may not reflect the status of horses used for economic or recreational p(icpases

and Hodgson, 2014Many studies investigating transpoetated welfare outcomes have been
conducted during commercial transportation toward abaiteieslin et al., 2011; Roy et al.,

2015) but this is unlikely to represent current practices for othemoercial or recreational

pursuits. Information on compliance with the existing codes is linfitdlin et al., 2011)

The demographics of horse movements in New ZedRasanowski et al., 201and in Great

Britain (Robin et al., 2011have been determed by questionnaire to inform disease control
measures, and surveys were developed to document the incidence of particular transport
related issues, such as loading problébe et al., 20019r injuries(Noble et al., 2013)As

no such information is @dable in Australia, a survey was conducted on transport practices
and issues including racing, equestrian and recreational equine industry members. The study
had two main objectives: the first was to gain a better understanding of current management
pradices related to transportation of horses in Australia and to determine whether they
complied with the Australia@ode the second was to document the most common behavioural
and health problems recognised by horse owners and connections associated with

transportation in Australia.
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3.1.2.Materials and Methods
3.1.2.1 Respondents

The target population for this survey was people who were experienced in the transport of
horses for commercial or recreational purposes. Respondents were required to hrazedrga
transport at least monthly over the two years prior to completing the stwegr calculation
(http://statulator.com/samplesize.hjndetermined that greater than 400 survey responses
would provide a representative sample of the estimated 400,080ahans who care for
horsegSmyth and Dagley, 201%yi t h power of 0.8 and U = 0.05

3.1.2.2 Survey
The survey Appendix ) asked respondents for demographic details (gender, age, Australian

state or territory in which they were resident) and infdromeon their involvement with equine
pursuits (equine industry sector, relation with hofisggofessional or amateur, number of
horses in care, travel frequency and duration), typical transport management (before, during
and after journey), and transpoeiated problems (horse behavioural and health issues) over
the two years prior to survey completion (2013)15). The survey was developed by a process

of iterative review by the researchers, piloted by the corresponding author with twenty horse
owners, published using Survey Monkey (SurveyMonkey Inc., California, USA,

www.surveymonkey.cojp and promoted in many different ways to a broad and diverse

selection of Australian equiriaterest groups (Table 1).

Table 1 Distribution and promotion of the survey

Category Name Method
Horse association Equitana Australia Promotion on theil
Horsetalk.nz website

Australian Stock Horse association

NSW endurance association
Nswhrc.com.au

Australian Standarbred Breeders associat
Australian Hungr Horse Association

Horse Magazine  Horse and People Promotion on theil
Hoofbeats printed and online
Australian Horsemanship copies
Sportsman

Queensland Endurance
West Australian Horse racing Journal
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Horse transpor Goldners Horse Transport Emailing of the
company survey to their clients
Horse Association Hunter Valley Thoroughbred Breede Emaling the survey

Association link to their members

Equestrian Australia #sociation
International Society of Equitation Science
The  Australian Endurance Ride
Associations

Briefly, an invitation letter(Appendix 1)and the link to the survey were provided to all
associations of Australian horse sports identifiable in the public domain, and were published
through their websites. Thak was also promoted through several horse magazines and posted
on relevant Facebook pages and online horse forums. The survey link was posted to
Thoroughbred trainers by at least one commercial horse transport company, and a number of
industry associatiemailed the survey link to their members. Survey details were shared on
the internet and social media, and reached various other websites (e.g. Australian Horse
Industry Council) without being directly contacted by the authors. The survey link was

available for completion betweer"®f July and ' of September 2015.

3.1.2.3 Statistical Analysis

Descriptive ~ statistics of the survey data were obtained using st&fulor
(http://statulator.com/descriptive.htmIpata were reported as number of resporeses as
percentage<Chi squared tests were conducted to determine the association between being an
amateur or professional and the sector of the horse industry they were involved in, the number
of horses, the frequency of travel, the most common journegtidn, transportation
management strategies, and incidence of transelatedbehaviouraland health problems.

Chi squared was performed using Gen™Starsion 14 (VSNi International).

3.1.3.Results

The survey generated 955 responses, of whichditb8ot meet the main inclusion criterion of
having organized transport on a monthly basis, giving 797 valid responses. Percent responses
to some questions did not always add to 100 because some questions &lomettiple

responses.
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3.1.3.1Respondet s®&6 det ail s

Respondent sé details are summarised in Tabl

approximately 70% were under 50 years old. Consistent with the location of most horse owners
(Smyth and Dagley, 2015more than 66% were from New South &l Victoria and
Queensland. Almost half (48.8%) were involved in equestrian sport activities (dressage,
eventing, jumping, reining, driving, vaulting) and the rest were distributed almost equally
across the other equine industry sectors (endurance, tgeedecreationatiding,
Thoroughbred and harness racing). Thirty percent of respondents were professionals (people
who were involved with horses for financial reward) and 70% were amateurs (people who were
involved with horses as a hobby). Respondentsidéatified a professional relationship with

horses were more likely to be involved with racing or breeding sectors (P<0.001, Figure 1).

Table2Det ail s of respondentsd demographics
Respondent details Frequency (n) Percent (%)
Sex (n=797)

Female 671 84.1
Male 126 15.8
Age (n=783)

20-30 191 24.4
31-40 160 20.4
41-50 198 25.3
51-60 167 21.3
61-70 59 7.5

71 or older 7 0.9

Australian State (n=797)

Australian Capital Territory 27 3.3
New South Wales 318 39.8
Northern Territory 25 3.1
Queensland 95 11.9
South Australia 54 6.7
Tasmania 18 2.2
Victoria 186 23.3
Western Australia 74 9.2

Equestrian sector (n=797)
Endurance 51 6.3
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Equestrian sport* 389 48.8
Horse breeding 73 9.1

Recreationalriding 192 24.1
Thoroughbrd and harness racin 92 115

* Dressage, eventing, jumping, reining, driving, vaulting

Figure 1. ¢ 2Amateurs versus professionals: a) number of horse in care; b) sector; c) frequency
of transport; d) most common journdyration.There was a significant association between

the amateur/professional status and all the studied variables in this(Rgude01).
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3.1.3.2 Number of horses and horse transport event demographics

I nformati on about the number of horses kept

events were organized and the most common journey duration is provitialolén3.
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Table 3 Details of horse numbers and horse movements in the survey

Horse and journey demographics Frequency (n) Percent (%)
Horse on the property (n=797)

<5 horses 341 42.7
5-10 horses 192 24.1
11-30 horses 147 18.4
31-50 horses 55 6.9
51-100 horses 26 3.2
> 101 horses 36 4.5

Journey frequency (n=797)

Daily 55 6.9
Twice a week 124 15.5
Weekly 200 25.1
Fortnightly 161 20.2
Monthly 257 32.2
Journey duration (n=797)

Less than 2 hours 463 58.1
2-4 hours 227 28.4
4-8 hours 79 9.9
More than 8 hours 28 3.5

The average number of horses transported in each event (survey question 3) varied from 1 to
20, and the median number of horses transported in each event was 2. Relative to respondents
with an amateur involvementygiessionals reported a greater number of animals in their care,
more frequent transportation (often daily) and journeys of longer duration (all P<0.001, Figure
1).

The 797 respondents were responsible for approximatéd@@horses (question 2) and itsva
estimated that they organized more than 313,000 individual horse transport events over the two
years nominated in the study (question 3). Assuming an estimated populatima &93,915

horses in Australiéhttp://faostat.fao.org/, 2015this study rports recollections of owners on

the movements, transport practices and issues arising during transportation of approximately

4.3% of all horses in Australia.
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3.1.3.3 Management

More than half of respondents (56.5%) trained their horses to assist nthiemading and
travelling, and there was no difference in the proportiomroateurs or professionals who
adopted prdraining in loading and travelling (P=0.890)he various strategies reported by
respondents to prepare horses for transportation are shdvigure 2; 34.0% of respondents

did not employ any strategy to prepare horses for travelling. There were no differences between
amateurs and professionals in the use of protections (P=0.617), or in offering water atid hay
libitum (P=0.125). Amateursugged horses more frequently (P<0.001), and professionals more
frequently reported removing shoes, administering sedation or antibiotics before journeys
(P<0.001).

Figure 2. Strategies reported by survey respondents to prepare horses for transpditiation.
Aot hero option i ncl upraedtor (7&%7 mprabiotisst(5/787), orami o f
inflammatory medication (2/797); reduction of grain intake (2/797), regular vaccinations
against herpes virus prior to long haul transportation (1/79&pnpig the journey according

to the weather condition (3/797). (The question allowed multiple responses).

Preparatory strategies

No pretransport strategies
Bandages/boots/tail and hoof wra|
Wearing of rug

Libitum water and hay

Oral supplement
Other

Removing shoes

methods

Tranquilaizers
Antibiotics
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The health/fitness for travéhttp://www.animalwelfarestandards.net.au/ldarahsport/)was

assessed by 76.6% of respondents, almost exclus@4l§%) by people without veterinary
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gualifications. The health/fitness after travel was assessed by 88.4% of respondents, with
93.6% of these evaluations conducted by people without any qualifications. Professionals
reportedly assessed horse health/fitmesse frequently prior to and following transportation,

and more often consulted veterinarians than amateurs (all P<0.001). Figure 3 shows how the
fitness for and after travel was assessed when this was conducted-bgteramary staff.

Visual examinationwas the most common method (90%); monitoring of feeding and drinking
behaviour pre(58%) and posloading (74%) were largely applied; temperature, weight, and
heart rate were determined by only 30%, 20%, and 15% of respondents (respectively)both pre
ard postloading.There were no differences between amateurs and professionals in monitoring
the weight of the horse before and after journey (P=0.565 and P=0.604), or in the assessment
of the fitness by visual inspection before and after transportation.q83;0P=0.281).
Compared to amateurs, professionals more often reported that they monitored drinking and
feeding behaviours before and after transport (both P<0.001), and they were more likely to
record heart rate (P=0.015, P=0.002) and temperature (k6tA0) before and after travel.

Figure 3. How the health/fithess for and after travel veasessed by owners or staff member,

without a veterinary qualificatonl n t he O6other é6 category, t he
reported to monitor horses both prelqostjourney by the respondents: inspection of horse(s)

legs and shoes and a lameness test (3/797), monitoring of horse mental status (11/797),
auscultation of gut and lung sounds (2/797), and monitoring of defaecation and urination
(2/797). The followiy Aot her 6 strat egi e sjoumeyrcheckrfoetheor t e d
presence of cuts, lacerations and swelling (11/797), hydration status assessment (6/797). (The

guestion allowed multiple responses).
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The most common transport vehicles were altnse straightrailer (63.5%), a truck (30.7%),

a 34 horse anglerailer (18.7%), and a-3 horse gooseneck trailer (9.25%); however some
respondents had more than one vehi€tleere was an association between the vehicles used
and the amateurs/professabistatus (P<0.001): amateurs more frequently used a saill,

and professionals more frequently used Borsetrailers, gooseneck trailers and/or trucks.
Horses were most commonly transported facing forward (59.3%) or sideways (on the angle)
(38.2%) Fewer than 2% of the respondents transported their horses facing backwards, and 1%
of horses were unrestrained (i.e. free movement and able to choose their position). Amateurs
transported their horses facing forwards more frequently than professior@l8qP). Even

though the majority of respondents (92.1%) had trailers and/or trucks to move their horses,
67.2% of them indicated they also used commercial horse transport companies, especially for
journeys longer than 8 hours.

Of the 92.1% of responderttainsporting horses privately, only 9.1% did not tie up the horses
during transport. Of those who tied their horses, 87.5% reported that the horse(s) were able to
lower their head to or below wither height. There were no differences between amateurs and
professionals in tying horses during journeys (P=0.104). Food and/or water was offered to the
horses inside the vehicen routeby 58.5% of the respondents transporting horses privately;
90.8% of them put hay in a net, 5.2% put water and 4% put hardrfeethanger or bucket.
Offering food and wateen routewas a practice more frequent applied by amateurs than
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professionals (P<0.001). Approximately 39% of the private transportation respondents did not
monitor the horse or environmental parameters insge vehicle during transit. Some
respondents (37.9%) reported that horses were usually checked visually at every fuel or driving
stop, whilst others (21.1%) reported the use of video cameras in the vehicle to monitor horse
behaviour constantly. Only 1.7% tife respondents reported the use of equipment to monitor
environmental parameters inside the trailer. Amateurs reported monitoring their horses less
than professionals during journeys (P<0.001).

Strategies to assist horse recovery from transport stress employed by 52.8% of
respondents (Table 4). Strategies to rehydrate, such as administration of oral electrolytes and
administration of water/haad libitum were commonly utilisedrofessionals reported the use

of recovery strategies more frequentlgrtramateurs (P<0.001).

Table 4. Strategies after transportation reported by 421 respondents. As many respondents

indicated that they used multiple strategies, the percentage responses sum to more than 100%.

Strategy post transport Frequency (n) Percentag (%)
Oral electrolyte 155 36.8
Walking 147 34.9
Water/hay ad libitum 121 28.7
Grazing 83 19.7
Rest 78 18.5
Monitoring of horse behaviour 24 5.7
Feed on ground 18 4.3
Vitamins/amminoacid 15 3.5
Fluids (nasogastric drench/i.v 10 2.4
Rugging 9 2.1
Cool wash 5 1.2
Anti-inflammatory 4 0.9
Gastric protection 3 0.7
Probiotic 3 0.7
Wet food 3 0.7

3.1.3.4 Behavioural problems

More than one third (38.6%) of the respondents reported that they had encountered behavioural
problems in at least orad their horses during transpofihere was no association between the
amateur/professional status and the incidence of transgatéd behavioural problems
(P=0.620). Among the respondents who reported experiences of behavioural problems, the

most comma problem was refuse to load (50.8%), followed by travefpiradplembehaviours,
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such as scrambling, kicking, and biting (42.4%). Less common trassgeted behavioural
problems includegreloadingproblem behaviour&@nxiety, vocalization and pawing{.8%)

and refusing to unload (15.5%).

3.1.3.5 Health problems

At least ondransporirelatednealth problem was reported by 67.0% of respondents during the

two years reviewed in the studihere was no association between dh@ateur/professional

statts and the incidence of transpoetated health problems (P=0.23@yansporirelated

health problems reported in the survey were injuries (including lacerations and fractures,
45.0%), diarrhoea (20.0%), muscular problems (including rhabdomyolysis, 18@bjatory
problems (including nasal discharge, coughing, fever, airway infection, 12h8%t)stroke
(10.5%), colic (10.3%), and laminitis (2.9%our cases of choke and three of conjunctivitis
were also reported. In a question dedicated to trangp@wmonia, 9.4% of respondents
indicated they had experienced at least one case. Death/euthanasia for one or more horses due
to a transportelated problem was reported by 3.5% of survey participants; a total of 35 deaths
attributable to transport were eded giving an approximate mortality rate of 0.01% (35
deaths during an estimated 310 individual horse movementd)he most common reasons

for death/euthanasia were bone fractures (8 in total: 6 limb fractures, 2 cervical fractures), colic
(7 cases)pneumonia (7), colitis (5), and dehydration (1). Seven respondents reported they did
not know the reason for death and had found the horse dead in transit (3) or soon after arrival

(4).

3.1.4.Discussion

The results of this survey documented the demducapharacteristics and management
practices of equine transportation in Australia and provided information on the perceptions of
owners or connections dfansporirelatedbehavioural and health problems in horses. The
perceptions of industry stakeholdeepresent a valid perspective and initial data set for
understanding current standards of care around equine transportation, and as a basis for
comparison against existing industry codes of practice, such as the Australian Animal Welfare
StandardandGud el i nes for Land Transport of Livest

the first surveyxonducted on equine transport management strategies and outcomes worldwide,
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and the findings are new and relevant for safeguarding horse walfidrevellbeingin

Australia

In the current study, respondents who identified as professionals took care of more horses, and
organized transportation more frequently and over longer distances than amateurs. These
findings were expected and in agreement with the Australimee demographig€Gordon,

2001; Smyth and Dagley, 201and the higher use of transportation in horses used for
competition and racinfRosanowski et al., 2013; Rosanowski et al., 2015)

Rugging and bandaging were the most comnpoeloading strategiesreported by our
respondents, with rugs more frequently applied by amateurgolrresy guidelines from the
Australian Code recommend that when horses are rugged, airflow should be appropriate to
minimizethermal stresand dehydration risfhttp://www.anmalwelfarestandards.net.au/land
transport/) It has further been suggested that horses should be transported without rugs, head
bumpers, tail guards, bandages, leg wraps or boots, because these devices might become hot
or loose and caudeeat stroker panc (Cregier and Gimenez, 201%lthough the provision

of water and hagd libitumbefore transportation & guideline of the AustraliaBode it was
reported by only by one third of respondents e tlrrent survey. Other less common-pre
transport repded practices included removing shoes, and administration of sedation,
antibiotics and antinflammatory medications. These practices were more commonly reported
by professionalsThe current Code recommends that hind shoes must be removed when horses
travel with no partitions and in a groufhttp://www.animalwelfarestandards.net.au/land
transport/) but this circumstance was uncommon in the study population, as most respondents
indicated that horses in their care were transported singly or in partitiosieidles.
Unnecessary medications should be avoided before transport, particularly corticosteroids and
nonsteroidal antinflammatories (NSAIDs) should not be administered as they can depress
the immune system, mask pyrexia and may potentiate gastricfatogation(Kohn, 2000)

The AustraliarCodesuggests that sedation should not be used because it can affect the ability
of the horse to maintain its balance and increases the risk of fé@llnegier and Gimenez,
2015)and affect also the mucociliary el@nce(Raidal et al., 1996)The use of antibiotics
should be evaluated carefully considering the risk of antibiotic resistance, and possible
development of antibiotimduced colitis(Feary and Hassel, 2006Jhe use of a singler
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multiple doses of praine penicillin did not prevent the accumulation of mucus or proliferation
of bacteria in the trachea of horses restrained with their heads elévaiddl et al., 1997b)
suggesting that antibiotic administration prior to or during transportation iseynto be an

effective strategy to prevent transpasgsociated respiratory infections.

The assessment of the fitness for travel is a requirement of the Australian Code. Horses with
clinical signs of colic or other diseases, that are febrile, lametégtdan grade 4 out of F)r

with a body condition score (BCS) less than 2 out of 5 must not be transported
(http://www.animalwelfarestandards.net.au/ldrehsport/) Fitness for travel, or any
conscious assessment of health beyond visual inspectian,s@ldom reported by study
respondents. None of our respondents reported they considered the BCS of horses before
transportation, and only 10 respondents reported checking horses for lanfReetsd.
temperature was taken by fewer than 30% of the respt)derainly professionals. A
standardized assessment of the fitness for travel, including veterinary consiutdtatifficult

casesis now required in Europ@ttp://www.fve.org/news/index.php?id=208#208, 2046(i
should, i n the audtldomAssidaliavi ew, be promot e

To comply with the Australia@ode animals being transported and environmental parameters

such as ventilation and temperature inside the trailer should be monitored at least every three
hours during journey, the driver should haveir@ct access to each animal, and alarms or a
monitoring system should be fitted to alert the driver to any problems
(http://www.animalwelfarestandards.net.au/ldrahsport/) However, video cameras and/or
weather stations in transport vehicles were usgdnly 21.1% and 1.7% of respondents
respectively, and many reported travelling configurations did not allow access to each horse.
Monitoring by surveillance cameras for early identifications of animals in distressdatory

in Europe for journey of geater than 8 hours(http://eurlex.europa.eu/legal
content/EN/TXT/?uri=uriserv:if8300d nd it shoul d, i n the author

also in Australia.

The most common position of transport reported in the current study was facing forward, even
though travelling facing backward has been reported as the best position to allow horses to
maintain balancéClark et al., 1993)being not more stressful than facing forwésdnith et
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al., 1994) and tohave less impact on muscle enzymes than other pos{fatalino et al.,
2012) Similarly, even though it has proved that travelling untied is efficient in minimizing
airway inflammation(Stull and Rodiek, 2002nly 9% of the respondents do not tie bp t
horses during transport.

In Great Britain 90% of horse transport movements were for less than 2(Boden et al.,

2013) and in New Zealand the median of journey distance varied from 40 to 80 km
(Rosanowski et al., 2013)n Australia, a land of micgreater distances and more widely
dispersed population centres, journeys of less than 2 hours were reported only by 58.1% of
respondents. Thus many horses travelled frequently and over long distances in this country.
Because journeguration has been idéfied as one of the major risks for the development of
transporirelated health problem@&ohn, 2000jChapter 2) the management of journeys,
particularly those longer than 2 hours, should be checked for compliance with the standards

and guidelines of #h AustralianCodeto limit the adverséealth andvelfare incidence

The AustralianCodedoes not give guidelines for the postnsport management of horses,
however many professionals seemed to yappbktrategy after transpoith particular, hand
walking, grazing or turn out in a small paddock for one hour, and feeding of hay at the floor
level were largely applied and in line with the literatyke®hn, 2000; Leadon and Hodgson,
2014) As dehydration is a common consequence of transportation and athyolether
diseasegChapterl) the reported podtansport practices, such as the administration of oral
electrolytes and water and hag libitum,are also appropriat@gohn, 2000; Marlin, 2004)
Assessing the health of animals by colour and statushgivgl mucosa (normally pink and
wet) and the capillary refill time (CRT, normaky2s) were suggested as specific strategies
following travel by few respondents. CRT was proved as a reliable welfare indiDaita
Costa et al., 20149nd animals witra CRT longer than 3 seconds, with dry and congested
mucosa, should be treated by a veteringfligadon and Hodgson, 201&ven though careful
monitoring of temperature and behaviour should be maintained7foda&ys after journeys
longer than 12 hour¢Leadon and Hodgson, 2014this was rarely applied. As astute
management following transportation could prevent many transglated diseases or ensure

prompt remediation, post transport strategies should be included as guidelines. However,
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further reseah is needed to test different strategies before, during and post transportation in

an authentic settings to identify best practice guidelines to include in the AusGatian

Transporrelated behavioural and health problems were reported by amadewrs
professionals in similar proportions. Behavioural problems at loading were common, as has
been reported in the US@.ee et al., 2001)Loading is the transport phase most frequently
associated with the Aaflight oandidfjuriey botharses es p o |
and horse handlers are frequé@hapter 1) While training schemes to desensitize horses to

the innate fear of loading and atraining for loading problematic horses have been reported

(Houpt and Wickens, 2014)Chapter 1) only 56.5% of respondents trained their horses
accordingly with these latter mentioned training methods. Evideased training methods

should be therefore promoted to both amateurs and professionals involved in horse care and

transportation.

The incidence ahjuries associated with transportation is higher in this study than that reported
previously by Australian equestrian horse owr{disble et al., 2013)This difference may be
associated with differences in survey methodology, participants and the nafmberses
represented. In the current survey, members of racing and breeding sectors were involved and
many of them had more than 100 horses. As injuries have been associated with poor driving
and animal handling skills, and poor quality of the vehi@larahrens et al., 201,Initigation

of these risk factors should be recommended in Australia.

Apart from injuries, other transpertlated health disorders reported in this survey were
gastrointestinal (including diarrhoea and colic), respiratory (incugmeumonia), muscular

and metabolic (including laminitifieat strokg In Japan the incidence of pleuropneumonia
varied from of 1.4% as an overall of all type of journeys to 11.9% on longer journeys (1000
1300km)Kohn, 2000) Transport pneumonia was refea by 9.4% of respondents in the
current study. As prolonged journeys and extreme weather conditions may increase risk to
horses in transit, the Australian Code suggests checking weather conditions before departure
and travelling by night when possiblghis strategy might reduce the incidencdeéat stroke

and alltransportrelateddiseases (pneumonia, colic, laminitis) which have dehydration as a
predisposing facto(Chapter 1).However, only three respondents reported they plan their
journeys in acaalance with the weather forecast.
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All adverse health outcomes reported by our respondents have been previously identified as
risks associated with inappropriate transport management and poor education of horse people
(Cregier, 1984)More than two thirdof our respondents reported management strategy/ies
associated with equine transportation that did not comply with the current Transport Code or
best practice, suggesting that research findings and changes to transport codes over recent years
have not redwed horse industry members and may not adequately inform practice.
Dissemination of best available scientific evidence relating to preventive measures as a basis
for education of amateurs and professionals responsible for horse care and transportation is
likely to decrease the incidence of both health and behavioural problems associated with

transport.

A number of limitations, many of which are common to su#vaged studie@Boden et al.,

2013; Rosanowski et al., 2013; Schemann et al., 2014y be idetified with the current

study. The surveys were not distributed randomly, but respondents were invited to fill the
survey to report management practicestaausporirelatedproblems. This strategy may have
induced a selection bias by preferentially réang people who are highly concerned and
diligent about transportation, or may have selected for respondents with past adverse
experiences of transportation. Hence the reported findings may-wrdeverestimate the
incidence of transporkelated problem. Transportelated problems were identified by
participant recall, hence the diagnosis and incidence of problems may not be accurate, and the
technique is vulnerable to recall bias. Women replied more than men to the survey, but this is
likely to reflectthe higher participation of women in online surveys observed in previous
studies(Schemann et al., 2011; Smyth and Dagley, 2048l/or the greater participation of

this gender in horseelated activities(Gordon, 2001; Smyth and Dagley, 201Dome
Australian States were less represented in our responses, however this also reflects the non
homogenous distribution of horses and population in Aust(@don, 2001; Smyth and
Dagley, 2015)Finally, since there is not an official estimate of the numbAwustralian horse
owners (Smyth and Dagley, 2015)and the horse population(Gordon, 2001,
http://faostat.fao.org/, 2015)he calculation of a representative sample size for our survey

could be not precise. Notwithstanding these limitations, this studgémerated important
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insight into participantsd current understan

relating to transportation of horses.

3.1.5 Conclusions

Overall, respondents reported a number of strategies that are not advocatedvailabéa
literature or do not comply with the guidelines of the Austrafiale Adverse welfare and
health outcomes were commonly reported and in a similar proportion by both amateurs and
professionals associated with transportation. Thus, equine tréatgpopresents still a risk of
adverse welfare and health outcomes in Australia. This risk might be mitigated by better
communication of current best practice standards, improved policing of compliance with the
AustralianCode and improved implementatiasf research findings. Further research is also
recommended to evaluate transport practices, in order to provide evidmssstiguidelines

to inform the Australian Code.
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3.2.1.Introduction

The act of transportation has been associated tvathratic injuries and diseases in horses
(Chapter 1) Traumatic injuriessuch as lacerations and contusiotts,horses and horse
handles are considered to be the most common problem arising from equine transportation
(Mansmann and Woodie, 199%esults of aurvey onhorse injuries have shown thapart

from the paddock, the trailer is the second nli&sty place for horses to hejured (Darth,

2014) Transporrelated injuriesare oftenminor, butwill sometimes be severe enough to
warrant euthanasia diie injured horséChapter 3.1)Injuries related to transport commonly
affectthe legs @ccurring when the horse contacts the ralmpng loading; or against the other

leg or part of the trailer/truck during the trip due to loss of balance), the déstd (nadequate
height of the trailer or truck) and the tadlcCurringwhen the hors&ans its reaagainst the

wall of the truck)Chapter 1)Onein four respondent® a survey conducted in South Eastern
Australia reported an incident where horses wgtged during norcommercial transport and
many of these injurieesultedfrons cr ambl i ng and ot her dAftrdi ght
(Noble et al., 2013)

Transportation fear seems to be innate in hoflses et al., 2001jriggeringA f | i gdhtt o r
responseo0 ardethea ®omman rsigns of activation of the sympathetic system
including increasedefecation and profuse sweatifMoberg and Mench, 2000An increase

in faecal water content and in defecation frequency (diarrhoea) has beeugyerelated to
generalize stress responses during tr@lates, 2003; Marlin, 2004$weating may also be a

sign of stress, but when it becomes profuse and associated with hyperthermia, weakness and
lethargy, it could indicate heat strofieeed et al.2003) Heat stroke caberelated to transport
eventsoccurringon very hot and humid day$his is not surprising given that in most cases

the temperature differences between inside and outside the velsiclea |l | y range fr
9. 5e C d e pahinlalsperdjanddtime open vent gRaaswell et al., 2010Temperature

in the vehicle can be close to 10eCvelicter mer
(Purswell et al., 2006 However, it should be highlighted that fear level can drdltiaéect

the response to transit where a frightened horse may become overheated and sweat, even in

comfortable weather conditioifé/eeks et al., 2012)
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Other diseases related to transportraebdomyolysislaminitis, colic €aused bympaction

of large colon, and enterocolitis), andtransport pneumonia(Chapter 1, 2).Transport
pneumonia is one of the most studied transpaldted pathologies and in the past two decades
many predisposgfactors have been identifiédustin et al., 1995; Copas, 201Epr instance,

it has been showthat confinement and restraint of the head in an elevated position for 6 and
12 hours causes an accumulation of mucus and bacteria llowtbe airways(Raidal et al.,

1995) Viral infections transmittedluring and after th trip (Anzai et al., 2001can also
contribute to the development of transpprieumonia(Cullinane, 2014) Other factors
associated witla risk of transportpneumoniancludepoor internal vehicle environme(g.g.

air quality, temperature, humidity) atfte lack of appropriate ventilatigheadon et al., 1989;
Leadon et al., 20087 he lack of daptation to transport has also bentified as a contributor

to the risk of transpofssociatedoneumonia. A Japanese study evaluating many stress
indicatorsshowed that horses that adapted well to transport ssékely to be affected by
pneumonia during extensive transport events (either 36 or 41 (@ikesya et al., 2004 Most

of these identified risk factors have been generated from relatively bedtscientific trials,

during which horses were managed by scientists and not by members of the equine industry
(either owners or transport companieBhus, there are still many unknown factors in the
development of equine transport pneumamd otherransportrelated diseases that need to

be identified, in particularelating6 r e a | worl doé transportation
disease risk.

The association between horse managementtedevelopment of behavioural and health
problems has been oftenvestigated through survef3arth, 2014; Hockenhull and Creighton,
2014; McGreevy et al., 1995purveys distributed to horse owners/trainers have generally
produced excellent response gafe2.5% and 67.2%, respective(chemann et al., 2011;
Smythand Dagley, 2015)emonstrating a great interest from pe@sgsociated with horses
research related to the health and wellbeing of their hdrsesuticular, mline surveg have
been shown to be an efficient way to gather data from the equinérin@® in Australia and
4601 in Great Britain return ratdBoden et al., 2013; Schemann et al., 20Mhile
transportation is an integral aspect of horse management, to the best of our knowledge a survey
has never been conducted acradsroad cross ston of the Australianequine industry to
investigate th@ssociationbetween transport management practices and health problems.
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The ains of this online crossectional study ereto collect information about transport
management and transpoelateddiseases experienced by members of the equine industry
(professional and amateur in all sectors) in Austratid to determine possible associations
between themThis studyreportsthese dataand commentsipon associations thatay help
those working inlie equine industrip instigate changetbat willimprove the health outcomes

of the transported horse.

3.2.2.Materials and Methods

3.2.2.1 Survey

Key design features required to ensure valid questionnaire results, recently reviewed by Dean
(Dean, 201pand Christley(Christley, 2016)were addressed in this study desigetails of

the design and distribution of the survey and the description of the demographic characteristics

of the study population have been reported previo{@hapter 3.1)Briefly, the survey was

digitized using SurveyMonkey (SurveyMonkey Inc., California, USA,
www.surveymonkey.comand it was open from June to September 2015. People involved in
any equine industry sectfmacing, equestrian and recreationadre invited to takeagrtin the

survey if they had organized transport at least monthly over the past twoAransitation

letter and the link to the survey were provided to a wide range of Australian horse sports and
organisations, that were asked to publicise the suiisg .survey link was also published on
eguestrian websites and promoted through several horse magazines, relevant Facebook pages
and online horse forum§he anonymous survey was organige@® sectiongAppendix J.

The first section contained questioeslirat ed t o r e s page, addness,equined et ai
industry sector, relation with horses, number of horses in care, journey frequency and most
commonjourneyduration). The second section focused on their typical management practices
related to equie transport (i.e. transport managemeefiore, during and after the journey).

The last section was on transpmtatedhealthproblems which the respondedits h ohads e s

experiencedn the past two years.

This study focused otie association betweenpee ndent sdé6 detail s, trans
transporirelated health problems. Aower calculationlt{ttp://statulator.com/samplesize.hjmi
determned that mor¢han 400 survey responses would provide a representative sample of the
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estimated 400,000 Austrahs who care for horséSmyth and Dagley, 201%)ith power of

0. 8 and (Chapter 3.0)The survey had a return rate of 987 responses, of which 797
met inclusion criteria (respondentganized transportation at least monthlyd provided
usable responses to all survey questions). The 797 conhpésjgonses were used as data set

for the analysis.

3.2.2.2 OQutcome variables

The key transpoitelated health problemsf interest weretraumaticinjuries (laceration,
bruisng, swelling); diarrhoea; heat stroke (profuse sweating with hyperthermiataadgy);

muscular problemsying up) laminitis, transport pneumonia and colic.

3.2.2.3 Predictive variables

Predictive variables investigated in this study were: respondent dedaiistransport

management before, during and afterjtheney(Tablel).

Table 1 Predictive variablesName, description and values of the predictive variables

evaluated.

Name Description Values
Respondents details

Age Age of the respondents 20-30, 3140, 4150, 5160,
>61

Address In which Australian state they lived Australian Capital territory,
New South Wales, Northerr
Territory, Queensland,
South Australia, Tasmania,
Victoria, Western Australia

Sector In which sector of the horse industn Thoroughbred (B) racing,

were involved StandarbredSB) racing,

Equestriarsport, Endurance
Horse breeding,
Recreational non
competitive

Background Relationship with the horses Professional (involved with
horses for financial reward)
Amateur (nvolved with
horses as a hobby)
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Number of horses Number ofhorses present on their <5, 510, 1230, 3150, >50
propriety in the busiest week of the horses

year
Journey frequency Frequency obrganized transport Daily, twice a week, weekly
evens fortnightly, monthly

Journey duration  The most common journey duration <2, 24, 58, >8 fours
Transport managementbefore journey (BJ)

Antibiotics Administration ofantibiotics Yes, No

Tranquilizers Administration of tranquilizers Yes, No

Oral supplements Administration of electrolytes, Yes, No
vitamins

Ad libitum Ad libitumaccess to hay and water Yes, No

hay/water

Protections Application of any type of protectior Yes, No
equipmen{travel boots, bandages)

Rug Wearing of rug Yes, No

Health assessment If and by whom fitness for travel wa A veterinarian, non
assessed veterinary gaff, no

assessment
Temperature Assessment of body temperature  Yes, No
Heart rate Assessment of heart rate Yes, No

Feeding behaviour Monitoring of feeding behaviour Yes, No
Drinking behaviour Monitoring d drinking behaviour Yes, No

Weight Regstering body weight Yes, No
General health Assessment of general healéhg. Yes, No
horse coat, demeanotny visual
inspection
Transport management during journey
Vehicle Vehicle used to transport horses ~ Two-horse straightrailer,

two-horse anglérailer, 3-4-
horse anglérailer,
gooseneckrailer, truck

Tying Horses tied inside the vehicle Yes, No

Monitoring If and how horses are monitored By video camera, at fuel
stop, no monitor

Feeding If horses had access to food and/or Yes, No

water whis traveling
Transport managementafter journey (AJ)

Health assessment If and by whom the fithesafter A veterinarian, non

travel was assessed veterinary staff, no
assessment

Temperature Assessment of body temperature  Yes, No

Heart rate Assessmenidf heart rate Yes, No

Feeding behaviour Monitoring of feeding behaviour Yes, No

Drinking behaviour Monitoring of drinking behavior Yes, No

Weight Registering body weight Yes, No
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General health Assessmendf general health (e.g. Yes, No
horse coat, deaanour)y visual
inspection

Reavery strategies If a particular strategy Yes, No

(administration of electrolytes, hand
walking) was applied to helping in
recovering

3.2.2.4 Statistical Analysis

The overall incidence for eactransporirelated problem was calculated by descriptive
statistical analysis usinGenStdiVersion 14 (VSNInternational, Hemel Hempstead, UK).
The survey results weranalysedby logistic regression using GenStdersion 14 (VSN
International, Hemel Hempstead, UK)A model was derived for eactransporirelated
problem; the otcome was binary (1/0, affected/naffected) P values were calculated using
Wald Test Each predictor variable returningPavalue <0.25 from the univariate modelling
was considered for inclusian a multivariate model for that outcor@ppendix 2, Table 1)

A stepwise backward elimination procedure was then cotetbihereby predictive variables
were removed until all variables in the final model h&value<0.05 indicating significance.
The findings are presented as odds ratio Y@Rd confidence intervgP5% CI) for each

predictive variableralue Wa | d t valges Wese reported for each association.

3.2.3 Results

Descriptions of the respondent population, transport management siaa@giereported
incidence of transpoirelated problems have been published previously (Chapter 3.1). Briefly,
the overall incidence of specificansportrelatedproblemsis shown in Table 2Traumatic
injuries were the most prevald@rdnsporirelatedproblem in this survey, with an incidence of
45%reported The incidence ofransporirelateddiarrhoea was 20%whilst the incidence of
heat stroke, muscular problems, colic and pneumassaciated with transport ranged from

9.2- 13.0%. The incidence ofansporirelatedlaminitis was<3%.
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Table 2 Incidence of transporelated health problems.

Transport-related problem Overall incidence (Ol)
Traumatic iuries 45.0%
Diarrhoea 20.0%
Muscular problems 13.0%
Heat stroke 10.5%
Colic 10.3%
Transport peumonia 9.2%
Laminitis 2.9%

Overall incidence for thexaminedransporirelated health problenfsom the most frequent

to the less frequent was traumatiguries, diarrhoea, muscular problenhgat stroke, colic
transporpneumonialaminitis.

The esults of univariate analyses are provided in the supplementary materials (Appendix 2,
Tables 27).

The significant results generated frattme final multivariae logistic model for the outcome
variablesare presented in Tabl&s7. The incidence ofraumaic injuries related to transport

was significantly associated with age of the respondent, maximum number of horses
respondents cared for in a given week, administration of tranquilizers, application of any type
of protection, the type of vehicle used tartsport horses and the general health of the horse

after transportatiofirable3).

Table 3. Results of the multivariate model with traumatic injuries as the outcome variable.
Significant respondents details and transport management risk factors fooutraeksped

traumaticinjuries identified using a multivariate logistic regression moaef87)

Variable and Category  Estimate SE OR 95%ClI ap
Age <0.001
>61 Ref 1
51-60 0.17 0.33 1.15 0.602.22
41-50 0.45 0.32 1.57 0.832.97
31-40 0.90 0.33 240 1.254.61
20-30 1.52 0.33 441  2.31-8.43
Number of horses <0.001
<5 Ref 1
5-10 0.44 0.20 1.64 1.11-2.43
11-30 0.31 0.22 1.39 0.892.15
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31-50 1.48 0.34 4.23 2.168.28
>51 0.74 0.45 3.69 1.966.96
Tranquilizers 0.017
No Ref 1
Yes 1.22 0.50 3.30 1.238.83
Protections 0.002
No Ref
Yes 0.47 0.16 1.65 1.21:2.25
Vehicle 0.028
Truck Ref 1
Two horses straightailer 0.59 0.22 1.82 1.172.83
Two horses angliailer -0.01 0.32 0.98 0.521.86
3-4 horses @agletrailer 0.347 0.28 1.41 0.812.44
3-4 gooseneck trailer 0.05 0.19 1.76 0.502.18
General health AJ 0.004
No Ref 1
yes 0.48 0.19 1.76 1.192.58

Ref= Reference categor$E= standard error; OR= odds rafiti=95% confidence intervat
Pval ue cal cul at Adtafterpournegy Wal dds t est ;

The incidence ofransporirelateddiarrhoea was significantly associated with one predictor
variable, that being the background of tagpondents. The oddstoinsporirelateddiarrhoea

were 1.5 Cl: 1.01:2.24, P=0.046) times greater if the carers were amateurs compared to
professionals The incidence ofheat stroke related to transportation was significantly
associated with the background of the respondents and access to feed and water prior to

transport @d libitumhay and water{Table 4).

Table 4. Results of the multivariate model with heat stroke as the outcome va8apidicant
respondents details and transport management risk factotsafeporirelatedheat stroke
identified using a mltivariate logistic regression modei=787)

Variable and Category  estimate SE OR 95%CI ap
Backgrounds
Professionals Ref 0.045
Amateurs 0.864 0.27 1.75 1.01-3.03
Ad libitum hay/water
Yes Ref 0.002
No 0.864 0.277 2.37 1.37-4.086

Ref= Reference categor$E= standard error; OR= odds rafti=95% confidence intervat
P value calcul ated using Wal dodés test
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Transporrelated muscular problemswere reportedsignificantly more often if health
assessment prior to transpads performed by nonveterinary (lay) persons or not at ahd

if drinking behaviar after transportatiowas monitored (Table 5).

Table 5. Results of the multivariate model with muscular problem as the outcome variable.

Significant respondents details and transponanagement risk factors foransporirelated

muscular problems identified using a multivariate logistic regression model (n=787).
Variable and Category  estimate SE OR 95%ClI ap

Health assessment BJ 0.016
A veterinarian Ref
Non veterinary sta&f 0.967 0.734 2.62 0.6211.09
No assessment 1.731 0.780 5.64 1.2226.05
Drinking behaviour AJ 0.031
No Ref
Yes 0.557 0.258 1.74 1.052.89

Ref= Reference categor$E= standard error; OR= odds ratiti=95% confidence intervat
Pvaluecad ul at ed u s iBi:deforégourdedy; AJafteejauney

The incidence of laminitis related to transport was significagitbater if body weight was
monitored prior to transportation, and was lessenedsf transport recovery strateg were
used (Table 6).

Table 6. Results of the multivariate model with laminitis as the outcome vari8igaificant
respondents details and transport management risk factorsaf@mportirelated laminitis

identified using a multivariate logistic regression rlod=787)

Variable and Category  estimate SE OR 95%CI ap
Weight BJ 0.035
No Ref
Yes 0.995 0.47 2.70 1.07-6.80
Recoverystrategies 0.018
Yes Ref
No 1.089 0.46 297 1.207.33

Ref= Reference categor8E= standard error; OR= oddsioa Cl=95% confidence intervat
P value cal cul aBkbeforejsurneyg Wal ddés test;

Four risk factors were significantly associated with the occurrence of transport pneumonia

This condition was reported less commonly by respondents transgurtses for recreational
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purposes, by respondents caring for fewer than five horses per week, and when journeys were
less than 2 hours duration. The condition was reported more commonly when rectal

temperature was monitored following transportation (Tahle 7

Table 7. Results of the multivariate model with transport pneumonia as the outcome variable.
Significant respondents details and transport management risk factors for transport pneumonia

identified using a multivariate logistic regression model787)

Variable and Category estimate SE OR 95%ClI ap
Sector 0.002
Recreational Ref

Endurance 0.80 0.64 2.24 0.637.92
Equestrian Sport 0.41 0.49 1.50 0.57-3.95

Horse Breeding 0.48 0.60 1.61 0.497.92

SB racing 1.59 0.63 4.91 1.4017.15

TB racing 1.84 0.55 6.34 2.1218.98
Number of horse 0.004
<5 Ref Ref

5-10 0.82 0.42 2.27 0.985.26

11-30 0.63 0.45 1.89 0.77-4.63

31-50 1.22 0.53 3.39 1.189.67

>51 1.90 0.50 6.73 2.5016.11
Journey duration <.001
< 2 hours Ref

2-4 hours -0.021 0.34 0.97 0.501.90

4-8 hours 0.92 0.41 2.53 1.135.63

>8 hours 1.84 0.52 6.29 2.2617.49
Temperature AJ <.001
No Ref

Yes 1.24 0.28 3.46 1.986.06

Ref= Reference categor$E= standard error; OR= odds rafiti=95% confidene intervaj @
P value calcul ated wusing Wal do sAJtaftesjaurneySB: St

None of the examined predictive variables were signifigaassociated with the risk of

transporirelatedcolic; this was true for both univariagsnd multivariate analyses.

3.2.4 Discussion
This cross sectional study explored for the first time associations between equine transport
management, including information on those caring for the horses,ramd pondent s

perception®f transporrelated lealth problems in horse$She occurrence of colic associated
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with transportation was not associated with any risk factor examined in this current study.
Different risk factors were associated with théher transporirelated healthproblems
examined Howe\er, the findings of surveys relying upon the retrospective retolfeof
participants shouldnot be construed as defining causal relationships among factors
(Hockenhull and Creighton, 2014he findings of this study add to the knowledge base that
can ke used in the development of transport guidelines that are designed to improve the welfare
of the travelling horse and decrease the risk of disease or injury. Our findings highlight key
areas that require empirical further reseaiths worth highlightirg that he nature of the
relationships identified between transpaatated health problems and transport management
routines in thistudy cannot be clearly definédohen et al., 2005; Hockenhull and Creighton,
2014) For instance, mnagement practicesay have been applied am attempt to identify
transporirelated problems rather than being the catlises some of the associatishetween
monitoring strategies and transpogtated problem (e.g. visual inspection and injuries;
monitoring temperaturand transport pneumonia) are more likely a reflection of good practices
for promptidentification oftheseproblems and have been interpreted in this way. Thus, based
on the observed associations, these practices might be recommended for identifyifgyanima
risk of diseases and not for preventing transpeleted health problemdndividual horse
details, sex, breed, age, travel experience havieasrtonsidered in this cross sectional study

and they should form a critical component of future expemiia or observational studies.

This study has a number of limitatioeemmon to online survey&hristley, 2016) The
response rate and power analyses performed can be based only on estimations of the total
number of participants in the Australian hossztor(Smyth and Dagley, 2015as the true
number of horse owners cannot be knolxean(2015)identifiedsampling bias, nenesponse

bias, recall bias and social acceptability @agactors that may confound the interpretation of
survey data, and athay apply to this studyAlthough strenuous efforts were made to recruit
participants across all components of the Australian horse industry, and numbers of
respondents from each sector have been reported, it is not possible to determine whether there
is a difference in response rate between sectors (sampling bias). Certainly online survey
distribution selected for participants with internet access. Across sectors, respondents who have
experienced transperélated problems may have been more motivatedrticypate (response

bias). Arguably, however, the experiences of such a group is best suited to informing discussion
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of factors associated with injury or disease after transportation. Conversely, potential
respondents who are utilising practices thatatiffely limit the incidence of such problems

may not have responded. In the absence of objective data on disease incidence, recall bias may
have influenced findings and some observations, particularly the apparent association between
respondent age and thamber of adverse events might be explained by this factor. As there
was no means to document whether a veterinary diagnosis informed participant perceptions or
recall, the diagnosis of specific problems associated with transportation must be treated with
some circumspection. However, to mitigate this risk, disease categories were deliberately
defined in broad terms designed to be meaningful to lay people in the industry. Rheher,
health problems rating scale well described andvas reduced into bing responses for
analysis to limit the efig of individual interpretation. Finally, participants, although
anonymous, may have been reluctant to disclose some aspects of their practice in the survey
(accountability bias). 8en the aim of the study was $arvey a largand diverse component

of the equine industry to document perceptiabsut transport managemepriactices and
outcomes,this work reports for the first time findingshat may be useful not only to
safeguarding horse welfare but also to eedg the economic waste related to transport in the
equine industry.Our findings add confirmatory evidence to the Européanon, 2014;
http://www.fve.org/news/index.php?id=208#208, 2016) and Australian
(http://www.animalwelfarestandards.net.au/larahgort/) guidelines for equine
transportation.

In comparisonto horses managed bglder respondentshorses managed by respondents
younger than 40 years old appeared to be at greater risansporirelatedinjuries. These
findings support the assertioodmmonly found in the literature that horses should be managed
during loading and travelling by experienced and educated pgoggier, 1984; Houpt and
Wickens, 2014; Weeks et al., 201Zur finding may be linked not only with limited
experience in hoeshandling but also in driving skills. Driving ability has been identified as a
factor associated withransporrelatedinjuries, due to erratic driving related to lack of
experience impairinghe horsé sbility to balance in the traile(Giovagnoli et &, 2002)
Similarlyincattledr i vers with | ess than 5 yearsod exp:¢
injuries associated with transportati@onzalez et al., 2012ppecialized training in equine
transport is not mandatory under the AustralialCode of transport

94



Chapter 3.2

(http://www.animalwelfarestandards.net.au/ldrehsport/) and although such training is
mandated in Européhttp://eurlex.europa.eu/legadontent/EN/TXT/?uri=uriserv:f83007}0

t he aut horm éourkrinhasnabxpliditgequirementdr a special driving license for

live animal transporSpecialised training ihow driving styles impact on balance, injuries and
stressof the transported animal may be beneficial in redutiagsportrelatedinjury risk.
Traumatic injuries during trapsrtation may involve also horse handlers. An elevated risk of
injury has been associated with poor experience, misjudging how to handle a situation, reduced
attention caused by distraction, taking a general view, and failing to consider other strategies
that may reduce riskéDeAraugo et al., 2016)To improve safety for humans and horses,
knowledge and experience in horse handling and driving would appear important. The odds of
a horse injury associated with transport were more than 4 times greatesplondents who

took care of more than 30 hors&$is maybe related to the fact that moving larger numbers

of horses increasdhe likelihood oftraumatic injuriessupporting the assertion that injuries
during transporhappermainly by acciden{Darth, 214).

The higher likelihood of injuries associated with the use of tranquilizers may be related with
the fact that tranquilizers can affect the hoérgeoprioception and balandacreasing the risk

of falling over at loading and during travellifg/aranet al., 2007) The results of this study
therefore support studies and recommendation that advocate ndnasejoflizersprior to and

during journeys (http://www.animalwelfarestandards.net.au/larahsport/; Kohn, 2000)A

higher risk of injuries waalso assaated with the use of protective equipmeiithough this
finding seems counterintuitive, the use of leg protections and head bumper guards ha
previously been discouraged during transportation of hof$¢supt and Wickens, 2014;
http://www.animéwelfarestandards.net.au/latrénsport/) Protections should hesed only on
horses completely accustomed to them, theliould beproperly applied and checked
periodically en route and they should not be worn for a longperiod of time(Houpt and
Wickens,2014) That is,the use oprotective equipmerghould probably bé&émited and not
universally recommended.

The transportvehicle and its internal design has been previolisked to injuries during
animal transportatio(Marahrens et al., 2011QPur findings showhat the two horse straight
trailer design appeared to lsssociated with elevatedsk of transporrelated injuries
compared withruck and gooseneck traigerThis could be related with threducedstability

that trailers have compared withe other vehiclefHoupt and Wickens, 2014)he elevated
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risk of injury in straight trailers compared with those in which horses are situated at an angle
(~45°) was an interesting finding and reflects recommendatinade previously that
discourage plaoig horse so that they arfacing in the direction of travéClark et al., 1993;
Padalino et al., 2012lHorses tend ttosetheir balancenore easilywhen facing the direction

of travel, in particular at abrupt stof@eir posture when facing in thiirectionalso tends to

be morerigid and less relaxed, potentially making them more susceptible to injWesn et

al., 1996) Taking into account that most of the currently used methad practices for the
transportation of horses have been estaldishesr a period of time by the demands of the
industry, with few governmental or industry standards appliqgitdept and Wickens, 2014)

our findingssupportthe needdr a stricter application aftandards in horse transport vehicle

design(Cregier and @nenez, 2015)

The link in this study between elevated risld@rrhoeaand amateur status of the respondents
was an interesting on®iarrhoea may be a response to an acute dtkésiserg and Mench,
2000)and euitation science theory suggests tiaenpressure on the horse is not release
correctly, horses tend to be more agitated and show more conflicting hekgMoGreevy,
2007) Thus, horses managed during transportation by less experienced people may be under
more stress and consequently expergeediarrhoea more frequentlihis hypothesisvould

need to be investigated in more detail thropgbspectiveobservatioal studies comparing
handling and management procedures of amateurs and professionauch potential
physiological stress respossasdiarrhoeaHorses transported byreteur respondentsere

also more likely to experience transpmtated heat stroke in their hors&his may havealso

been due to greatemotional stress when horsgere not managed correctly. Agitated horses
have beenreportedto suffer heat stroke even when weather conditions are said to be
comfortable(Weeks et al., 2012)

The risk oftransporirelatedheat stroke was elevated when waterlagvere restricted before
transportDehydration can impagquinethermoregulation and lead to heat str@Reed et al.,
2003) Offering ad libitumwater anchayprior to thegjourney, can act to insugood electrolyte
balance and hydration status, enabling horsdxetierhandle environmental conditisand
stressediat could result in significant dehydration and electrolyte lodgesg transportation
Due t o Aust rharses eatastimesbei tnarsgored in extreme heat and high
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humidity Ther ef ore ensuring horses ar e epdr ospterraltye gh

to enhance their wellbeing during travel. Therefbeg,and water restrictions prior to transport
should be avoidedThis finding complements recent published guidelines on watering during
transportation oEquidae(Anon, 2014)

An devatedrisk of muscular problems associated with transpa@s observedvhen pre
transport health checks were lacking. Electromyography studies have demoribaatbe
muscles of the horse anme continuous activity during transpaoais theyadjust posture and
balancgGiovagnoli et al., 2002Elevations in muscle enzymesich agreatine kinase (CK),

have been noted even after trips of relatively modest duration (3 t@atsp et al., 2012)
whilst transportation events spanniB@0 km produce muscle stresguivalent to a 1,500 m
canter(Codazza et al., 1974} he evaluation of the fitness for travel is mandatory and simple
guidelines have been recently published by the world organisation for animal health (OIE)
(http://www.fve.org/news/index.php?id=208#202016) We therefore recommend that
fitness for travelbe assessed using these guidelines for all horses before every trip, with
assessment by a qualified veterinarian if there is any doubt about an individual horse
(http://www.fve.org/news/index.php?id82#208, 2016)r before journeys longer than 20
hours (Chapter 2).

Laminitis is a pathology which can lead to death or euthanasia of the horse, and it has been
associated with a number of factors such as endotoxemia and dekgdeation after colic,
placenth retention and transpofReed et al., 2003)In this study, the risk of laminitis
associated with transport was significantly elevated when there was a lack of a post transport
recovery strategy, such as rehydration and walking. There is a laelsedrch testing the
effects of specific recovery strategies on the risk of transplated diseases, however
rehydration, hand walking and housing in paddocks have been recomni&atec 2000;

Marlin, 2004)Chapter 1)

Transport pneumonia was assoethwith the responderitsector, with racing horses at higher
risk than pleasure horses. This could be explainesbme way by bred predisposition to
transport pneumonia, as reported for the Thorough#estin et al., 1995)but also may be
related tothe combined effects aftrenuous exercise and transportation, which are both seen
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as predisposition factors for equine pneumdi@apas, 2011)Journey duration has been
previouslyassociated with increased risk developingtransportpneumoniaChapter2), as

was reported in the current studyhe association between number of horses in care and
pneumonia could be interpreted in two ways. The first is just the likelihood of disease increased
proportionally with the number of horses, such as for injufiieg. second is the typology of

horse stable. Horse stables with more horses might have more cases of transport pneumonia
because they tend to travel on longer distance or could more easily transmit pathogens among
horseslnterestingly, this study showed association between pneumonia and the monitoring

of temperature after the journéphis result may be related to the use of this tool in the early
detection of disease, with an elevated temperatureelarecognizedearly indicator of
transporirelatedrespiratory diseasg.eadon and Hodgson, 2014he practice of monitoring

the body temperature of horses after transport is commonly recommended within the industry
(Leadon et al., 2008; Marlin, 20Q4)nd these results should not discourage this prdmiicas

an evidence in the utility of applying it

Even though transperelated colic was reported by more than 10% of the respondents, no
associations were found with thvariablesinvestigatedin this study. Colic is a common
problem in horses and it mae caused by a variety of factors (e.g. dehydration, abrupt change
in diet, ingestion of sand while grazing). Transport has been identified as a risk fasimpier
colonic obstruction and distension col{#lillyer et al., 2002)and for salmonellosis
(McClintock and Begg, 1990Yut previous colic, age {P0 years), increased concentrate
intake, change in feeding and medical treatment have also been identified as major risk factors
in the development of col{@inker et al., 1997)We can therefore spelate that transportation

may worsen gastrointestinal conditions and contribute to colic development, in particular in
association with poor waterinAnon, 2014)and inappropriate diet manageméRagan,
2004) However, more research is required to idgmther unknown risk factors in transport

related colic.

3.2.5 Conclusions

This study identified various potential factors contributing to a number of key tramns|ated
healthproblemsin horse. Age, experience and professionalism seemed toendle the risk
of injury and other more directly stress related outcomes, sudla@Boea andheat stoke
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Among the various strategies investigated to prepare the horse for transport, atfdiitgm

water and hay andhappropriatéhealth checlprior to transportatioseemedo reduce the risk

of heat stroke and muscular problems. The monitoring of the horses after transport, in particular
observing their behaviwm and recording their body temperatuappeared to increasiee risk

of disease but shacoutcomes shouldot be interpreted as causal but rather are likely to reflect
early diagnosis and intervention that would likely benefit the lierakility to recover from
transporirelatedproblem.Our findings add confirmatory evidence on the imparéaaf best
practices during transportation to reduce the negative impacts of transportation on horse health
and welfare, confirming previously suggested guidelines and suggesting also some new
practices. However, since it is obvious that transpadtedproblems are multifactorial and

this study is only a surveyur findings need to be interpreted with cautidhe factors
identified in this studyvarrant future experimental exploration in ordetdst the efficacy of

some strategies amgnerate moreanicrete guidelines to safeguard the transported equine.
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3.31. Introduction

Transport stress results from a mosaic of stressors which affect thedtaifeesve and
physiological states, leading to behavioural and health prshteior, during and/or after trips
(Weeks et al., 2012)The transportation process includes the following stagedoading
handling, loading, transport, unloading and adaptation to a new envirof@hampter 1) Each

of these stages can present adaptithallenges to the horse and each is characterized by

different stressors which may resultdifferent problem behaviou(tee et al., 2001)

Preloadinghandling can result in behavioural anxiety due to enforced separation from familiar
physical and sdal environments. Through associative learning, horses may recognize-the pre
transport routine (e.g. handling, grooming, fitting of protective tack, and the noise of the
transport vehicle) and associate it with past travel experie(esks et al.,, 2012)
Consequently, animals which have experienced problematic travel in the past, such as falls
during transport, tend to exhibit increasehavioual problems duringreloading(Leadon et

al., 2008) Horses withpreloadingproblem behaviowrmay show sign®f anxiety, such as
vocalization, pawing, heightened locomotion and shafffaglalino, 2015; Waran et al., 2007)

The loading process of leading the horse into an enclosed space which may be poorly lit, often
up an unstable and noisy ramp, or a large, $¢éapherently aversive for the majority of horses
(Houpt and Wickens, 2014)oading horses onto transport vehicles is therefore associated with
the majority oftransporirelatedproblem behaviourHoupt, 1986; Lee et al., 2001hlorses

may display anxaty when approaching the vehicle or stepping onto the ramp, regardless of the
level of experiencgSiniscalchi et al., 2014Behaviours associated with anxiety that rbay
expressed during loading include rearing, pulling back, head tossing, pawin@gtaoiing,

and turning sidewayf_ee et al., 2001; Waran and Cuddeford, 19%jch behaviours may

lead to injury to the horse and/or the han@iansmann and Woodie, 1995; Riley et al., 2015)

Psychological stress during transportation can be dwsriénement, isolation and forced
proximity to unfamiliar travelling companions and they are exacerbatéaebyther physical
stressors (noise, poor ventilation and heat) typical of this transport {@iaaater 1) During
transport horses may exhibit ariety of behaviours including pulling back, pawing, kicking
out at the vehicle, and biting and kicking directed at travelling compa(ttmspt, 1986; Lee
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et al., 2001)These behaviours can lead to injuries from impacts with vehicle components, such
as kcking the vehicle walls or dividers, or due to loss of balance which may result in a fall
(Mansmann and Woodie, 1995)

Unloading may be challenging if the ramp is too steep or is slippery, or if the horse is lame or
anxious about the environment intoiathit is being unloade{Chapter 1).These problems

may be exacerbated in vehicles which require horses to be unloaded backwards, preventing
them from seeing what is behi(@regier and Gimenez, 2015ome horses may freeze inside

the vehicle and be ditfult to coax from it, whereas others may perform flight responses such

as leaping or backing out of the vehicle at sg&aciscalchi et al., 2014Messori et al(2016)
reported that when slaughter horses performed such behavioursereantitrvened using

positive punishment which resulted in injuries and poor horse welfare outcomes.

Transporrelated problem behaviours (TRPB) have been associated with vehicle
characteristics, such as the slope of the loading ramp, position of 8eeihside the vehicle,

the absence of dividers, and loading density in unstalled group tratdpapt and Wickens,
2014; Roy et al., 2015However, minimum design standards for horse transport vehicles do
not exist in Australiaand the ideal vehicle digm in terms of minimizing transport stress and

related problem behaviours is still a matter of def@tegier and Gimenez, 2015)

A variety of training methods have been developed and proposed to reduce incidence and
consequences of TRPB-erguson and ésalesRuiz, 2001; Houpt and Wickens, 2014;
Shanahan, 2003; Slater and Dymond, 2011; Starling et al., .Z0ké)majority of loading
training methods rely on negative reinforcem@tGreevy and McLean, 2011; McLean and
MCLean, 2008; Parelli et al., 1998hd a variety of equipment has been used to assist with
loading, including winches, whips, various bits and bridles, nose and lip chains, cattle prods,
ropes around the hindquarters, fatiguing lungifgrguson and Rosak&xuiz, 2001) Poorly
implemented agative reinforcement methods, or methods relying on equipment which apply
aversive pressure, may induce anxiety of sufficient intensity that the horse is motivated to
escape from the vicinity of the vehicle and/or handler, resulting in the reinforcemant o
response which is the opposite of what is inten@éciGreevy, 2012)It has been theorised

that successful escape from an intensely-f@duicing or aversive stimulus, such as a trailer, is
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highly reinforcing and maming(leouxel®® nMcLean, f or m
2003) In situations where the strength of the
of the handler, the correct application of negative reinforcement to elicit the desired response
can become very difficult, ofteresulting in increased difficulties loading the horse because it

has been inadvertently reinforced for escape rather than approach regpoGe=evy and

McLean, 2011)

Selfloading (loading on a verbal cue) using target training via positive reinfontevas used

to successfully rérain horses which previously refuse to lg&e@rguson and Rosaleuliz,

2001) Habituation occurs when there is decreased response to a stimulus as a result of the
repeated presentation of that stimul(Bhompson and Spen¢ed966) Houpt (1982)
recommended training foals to load and exposing them to travel early in their lives. Early
positive familiarization with the vehicle and travelling procedures will habituate the horses to
these inherently aversive experiences. Habdngpractices can include travelling foals with
their dam or a familiar older horse, installing leading, backing and parking responses prior to
attempting to load the horse for the first time and travelling for short periods before attempting
long journey with naive horses. Such practices should result in habituation to all aspects of
the transport process reducing the likelihood that behaviour problems will develop in these
horseqHoupt, 1986)

There is currently little empirical data on how commoathlg many methods and equipment
recommended by trainers and training schools are used, nor has the effectiveness of these
methods been compared on a large scale. The aims of this study were firstly to investigate the
perceptions of owners and connectiorgareing the incidence GfRPB, secondly to identify
training methods commonly used to load and travel horses, and thirdly to determine if TRPB
were associated with factors such as training method, type of transport vehicle, equine industry

sector or trangpt-related injuries in Australia.
3.32. Material and methods

This study was approved by the Human Research Ethics Committee of the University of
Sydney[2015/308].
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3.3.2.1.Study design and data collection

A crosssectional online survey was conduciedAustralia from June to September 2015.
Details of the design and distribution of the cross sectional survey and the description of the
demographic characteristic of the study population have been reported preyhepter

3.1). Briefly, the survey ws digitized using Survey Monkey (SurveyMonkey Inc., California,
USA, www.surveymoonkey.com). Participants in the racing, equestrian and recreational
equine industry sectors responsible for organizing transportation of horses on a monthly basis
or more freguently, were invited to take part in the survey. An invitation letter and the link to
the survey were provided to a wide range of Australian horse sports and organisations, and the
survey link was also published on various equestrian websites. The brraraoted through
several horse magazines, relevant Facebook pages and online horse forums. The survey
contained 40 questiorfdppendix 1)

This paper considers the findings relating to the following five questions: equine industry sector
in which the repondents were involved; whether training in loading and travelling was
conducted and a description of the training and the equipment used where applicable; whether
TRPBoccurred and, via multiple choice options, in what stage of transportptiElnading

at loading, travelling, unloading; the type of vehicle used to move the horses, and whether

transporirelaed traumatic injuries occurred in the last two years.

3.3.2.2 Statistical analysis

Table 1 shows the classifications of the predictive variables.
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Table 1 Classifcation of the studied variables

Name Description Values
Sector Sector of the horse industry in whicl Endurance, Equestrian sport*,
the respondent was involved Horse breeding, Recreatiomain
competitive, Standarbred (SB)
racing, Thoroughbred (T)Bacing
Training If and how the respondent used to Habituation, slf-loading, operant
train horses to load, travel and unlo conditioning, no identified training
method.
Equipment  What equipment the respondent us: No equipment, hadt and lead
during loading procedure rope, hind quarter rope, whip,
lunge, food.
Vehicle What type of vehicle was used to  Two-horse straightrailer, two-
transport horses horse anglé¢railer, 3-4-horse angle
trailer, gooseneckrailer, truck.
Problem What type of prolem behaviour was Preloading (PLPB), loading (LPB)
behaviours experienced during transportation travelling (TPB), unloading (UPB)

*Dressage, eventing, jurmy, reining, driving, vaulting

The respondent replies were classified by one of the researchers (CHypettise in animal

training irto the following training methas habituation (H), selfoading (SL), no training

(NT), operant conditioning (Table ZJo be considered as habituation, the respondent should

have specified that the training was applied keetbe real trips with the aim to desensibilise

the horses to the transport procedures. To be considered-lmdgify, the respondent should

have

Based

wr H totaedni nfigsoe | f

on the respondent

sO0 descriptiedmp t he e

the following categories by the same expert: no equipment (ioseling), halter and lead

rope, food, lunge, hindquarter rope and whip. Where the equipment was not specified,

i ncl

udi where traini

ng

ng

met htoaelr warsd nloég adi srea

assigned by the expert, as this equipment is uniformly used across all equine industry sectors
(Hill, 2000).
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Table2Def initions and examples of respondentsbo

Training Definition Have youused any training to aid in
category transporting your horses? If so,
describe the training tool (i.e. training
in loading and unloading the vehicle).
Examples of typical responses
Habituation The habituation category include 1. The basic training on and off loadin
(H) techniques used to habitue Short trips. "No force policy, no whi
horses to all aspect of transpc etc"All horses are taught to load/unlo:i
prior to travel, such a and tie up prior to travel.
familiarising young horses (foal 2. Trained to load as foals with ma
and weanlings) and new horses where possible. Taught to load, tie
the transport vehicle, repeatt and back out when necessary
loading and unloading prior t yearlings or two year olds at the lates
travel and/or taking the horses
short trips and/or using a
experieced companion for sho
trips prior to undertaking longe
journeys for specific purpose
(Houpt, 1982)
Selfloading Operant conditioning and classic 1. Horses are trained to séfd and
(SL) conditioning leading to the hors unload.
selfloading orio the vehicle on ¢ 2. Clicker training to seHoad and
verbal, visual or other classical unload horse.
conditioned cue (Bruce, 2009; 3.Train in selfloadingusing technique:
Ferguson and Rosakgauiz, 2001; as per Buck Branaman/ Warwric

McLean, 2003) Schiller etc
No training Respondents did not train the 1. No. When | bought my horses the
(NT) horse to load or travel had already tamed. They travel regula
now.
Operant Negative or positive 1. Used various techniques to load. N
conditioning reinforcement, or positivi sure that is training as suchpod
(OC) punishmentBaragli et al., 2015) incentive (this really is a training aid

bum tape (also linked handsyhip/stick
2. With a horse thais particularly hard
to load, | ensure the most uncomfortal
place to be is away from the truck, whi
the most comfortable place to be is
the ramp (with a view to being on tt
truck).

Based on the results of the multiple choice question, the TRélBems were classified into:
preloading (PLPB), loading (LPB), travelling (TPB) and unloading (UPB).
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The initial descriptive analysis included creation of frequency tables and was conducted using

statulorbetalttp://statulator.com/descriptive.html

Since initial descriptive analysis showed low numbers of responses for some equipment,
including food (< 2%) and lunge ropes (0.8%), food was removed as a factor and lunge ropes
were combined with equipme used around the hindquarters variously described as
Abumropeso, Arump ropeso and Al ong ropeso as
then analysed by univariate and multivariate logistic regression using GexiStsipn 14

(VSNi Internatioml, Hemel Hempstead, UK) and two models were derived. The first model
had each problem behaviour (PLPB, LPB, TPB, UPB) as the binary outcome (1/0) and the
following predictive variables: sector, training, equipment and vehicles. The second model had
transprt-related traumatic injuries as the binary outcome (1/0) and the following predictive
variables: sector, training, equipment, vehicles, PLPB, LPB, TPB, and UPB. For botls,model

p values were calculated using Wald Test and peatiictor variable returng a Pvalue <0.25

from the univariate modelling was considered for inclusion in a multivariate model for that
outcome. A steqvise backward elimination procedure was then conducted whereby predictive
variables were removed until all vables in the finamodel had a Ralue<0.05 indicating
significance.The findings are presented as odds ratio (OR) and confidence interval (95% CI)

for each predictive variable.

3.33. Results
3.3.3.1 Descriptive statistics

The survey generated 797 responses and thibdistn of the data after their categorization
(including missing values) appears in Table 3. More than one third of the respondents (38.8%,
n=309) reported they had experienced problem behaviours with at least one of their horses
during transports and st respondents had experienced more than one type of problems. Of
the problem behaviours reported, loading problems were the most frequently experienced
(157/309, 50.8%), compared to travelling (131/309, 42.4¥&lpading(86/309, 27.8%) and
unloading (4809, 15.5%).

Transport relating training was reported by 448/793 (56.5%): OC, H and SL were used by
25.5%, 20.2% and 10.8% of respondents, respectively; whilst 345/793 (43.5%) of respondents
did not train their horses (NT). In the OC category, positmeforcement was employed by

only 2% of the respondents. TablesHows the distribution of the different training methods
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by equine industry sector. Of 797 respondents, 359 (45.0%) reported that at least one horse was

injured during transportation.

Table 3. Distribution of the data after categorization.

Variable Category Number (n) Percentage (%)
Horse Use Endurance 51 6.4
Equestrian sport 389 48.8
Horse breeding 73 9.2
Recreational non 192 24.1
competitive riding
Standardbred racing 34 4.3
Thoroughbred 58 7.2
Racing
Total 797 100
Vehicle A 3-4 horse angle 108 13.6
loadtrailer
A gooseneckrailer 48 6.0
A two horse angle 75 9.4
loadtrailer
A truck 160 20.1
A two horse straight 406 50.9
loadtrailer
Total 797 100
Type of training Habituation 160 20.2
Seltloading 86 10.8
No training 345 43.5
Operant 202 25.5
conditioning
Total 793 100
Missing Values 4 0.5
Equipment No equipment 86 11.7
Halter and rope 581 75.5
Hindquarter rope 30+7 4.8
Whip 62 8.1
Total 770 100
Missing value 31 3.4
Problem Behaviours No 488 61.2
Yes 309 38.8
Total 797 100
Preloading Problem No 711 89.2
Behaviours Yes 86 10.8
Total 797 100
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Loading Problem No 640 80.3
Behaviours Yes 157 19.7
Total 797 100
Travelling Problem No 666 83.6
Behavours Yes 131 16.4
Total 797 100
Unloading Problem No 749 94.0
Behaviours Yes 48 6.0
Total 797 100
Traumatic Injury No 438 55.0
Yes 359 45.0
Total 797 100

Table 4. Frequency (n (%)) of training method per equine industry sectors.

No training Habituation Selfloading Operant Conditioning

Recreational 68(35.6) 43(22.5) 28(14.7) 52(27.2)
Endurance 15(29.4) 12(23.5) 9(17.6) 15(29.4)
Equestrian 176(45.5) 70(18.1) 43(11.1) 98(25.36)

Sport

Horse 29(39.7) 26(35.6) 4(5.5) 14(19.2)
Breeding
SBracing 23(69.7) 3(9.1) 1(3.0) 6(18.2)
TB racing 34(58.2) 6(10.3) 1(1.7) 17(29.3)

Total 345(43.5) 160(20.2) 86(10.8) 202(25.5)

3.3.3.2 Regression analysis: behavioural problems as outcomes

In the univariate regression analysis with PLPBhasoutcome, the type of training (P<0.001),
equipment (P=0.015), and vehicle (P=0.029) were significantly associated with PLPB. No
association was found with industry sector (P=0.470). In the multivariate model, only the type
of training (P<0.001) and vetie (P=0.048) were retained as significalipgendix 3,Table

1). Compared to habituation, the odds of a horse having a PLPB were 3.43 times greater when
given no training, whilst the odds in horses in the OC group having a PLPB was 7.64 times
greater thathose habituated to transport. The odds of having a PLPB were 3.13 times greater
when horses travelled in a two hotsalerthan in larger vehicles.

In the univariate regression analysis with LPB as the outcome, no association was found with
industry setor (P=0.363), but LPB was associated with the type of training (P<0.001),
equipment (P<0.001), and vehicle (P=0.026). In the multivariate model LPB were associated

with the type of training (P<0.001) and vehicle (P=0.016) The odds of a horse experiencing
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loading problems were 16.60 and 3.51 times greater for respondents using OC and NT when
compared with respondents using habituation. There was no difference in LPB between
habituation and selbading Appendix 3,Table 2).

With TPB as the outcome, no asgtion was found with vehicle (P=0.569) or equipment
(P=0.792). The type of training was associated with TPB in both the univariate (P<0.001) and
multivariate analyses (P=0.002). Industry sector was also associated with TPB in the univariate
(P<0.001) ad multivariate analyses (P<0.001). Compared to habituation, the odds of a horse
exhibiting problem behaviours during travel were 3.52 times greater for those trained by OC
and 2.13 times greater for those in the NT group. There was no difference in TB&es

trained with habituation and sdtiading @ppendix 3, Table 3). In comparison to the
endurance sector, the odds of horses in the Thoroughbred and Standardbred racing sectors
experiencing TPB were 24.92 and 18.60 times greater, respectively.

Using unloading problem behaviours (UPB) as the outcome, no association was found with
industry sector (P=0.360), vehicle (P=0.150) or equipment (P=0.303), whereas there was an
association between UPB and the type of training (P=0.011). This was true both in the
univariate and multivariate analysis. The odds of a horse showing UPB were 3.78 times greater
if horses were trained using OC compared with habituation (P=0.8pBgdix 3, Table 4).

3.3.3.3. Regression analysis: traumatic injury as outcome

In the uniariate logistic analysis, horse injury related to transport was associated with the type
of training (P=0.002). The odds of experiencing injury in horses trained by OC welE€L.72
1.122.59)times greater compared to horses which had been habituatedveto there was

no difference between H, SL and NT. Injuries were also associated with LPB (OR: 2.96; ClI:
2.0-4.27, P<0.001), TPB (OR: 3.10; ClI: 2:@%2, P<0.001) and UPB (OR: 2.18; ClI: %.16
3.87, P=0.014). Injuries were not significantly associatett WitPB (P=0.097), equipment
(P=0.900), vehicle (P=0.064), or sector (P=0.120).

In the multivariate logistic regression, injuries were associated only with LPB (P<0.0®&L), TP
(P<0.001) and vehicle (p=0.042). Horses with LPB (QR2, CI=1.883.97) and TPROR:

2.85, CI: 1.894.29) were more than twice as likely to have experienced an injury in comparison
with horses without those problem behaviolmsomparing type of transport vehicle the odds

of experiencing a traumatiojury related to transport wetggher in twehorse straight load
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trailers (OR:1.57, CI:1.02.33, P=0.022) and in-8 horses angl#&ailers (OR:1.72, CI;1.032
2.88, P=0.038) than in a truck.

3.34. Discussion

This survey documented that problem behaviours and injuries associated quitie e
transportation was common in Australia in agreement with what reported é&®@et al(2001)

in the USA Only approximately half of the survey respondents reported training horses to load
or travel. The type of training was identified as a riskdafdr the development of TRPB and
horses trained by habituation were at lower risk of developing TRPB then horses received no
training or that were trained by negative reinforcement and positive punishment. The
importance of TRPB is emphasised in thiglgtthrough it being identified as a risk factors for
transporirelatedinjuries. Although not captured in this study, it is possible that horse related
injuries amongst handlers increase with TR®Bansmann and Woodie, 1999)herefore,
training of horsefor transportation, and the training methods used warrant significant attention

both in terms of human safety and horse welfare

Operant conditioning was employed by one quarter of respondents. The majority (98%) of
respondents in the OC category usedatigg reinforcement to train their horses to load.
McGreevy and McLea(R007)have identified that poorly applied negative reinforcement can
produce a multitude of undesirable and even dangerous behaviours in horses. Effective
negative reinforcement reliem the provision of the reinforcemeneduction in aversive
stimulug immediately after the desired respofBaragli et al., 2015)Delays in providing the
reduction or releasing after the performance of an undesired behaviour can result in the horse
aqquiring unwanted responses to c(igleLean and MCLean, 2008As previously noted, the
inherently aversive characteristics of transport may elicit flight and escape behaviours which
mitigate against well timed negative reinforcement. When this is coutle@mor difficulties

in loading or travelling, the horse may be strongly motivated to avoid logMoGreevy,

2012) These reasons could explain why in this study OC was associated with a higher risk of

problem behaviours and injuries, compared to hakitn and seffoading.

Positive reinforcement training to reinstall loading responses in problem loaders is superior to

negative reinforcemeifendriksen et al., 2011; Slater and Dymond, 20Hbyvever, our data
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showed that positive reinforcement iaig is not a widely used training modality in Australia

in the context of preparing horses for transport. This could be due to a lack of awareness of the
efficacy of the method or because it may not be appropriate in situations in which the horse is
in anenvironment which results in arousal or the environmental stimulus may overshadow the
training. These could include shows, or competition, where food rewards may not be
sufficiently salient for effective reinforceme(tieidenreich, 2007)Further investigtion of

the reasons for the low use of positive reinforcement in transport training of horses is warranted.

Our respondents reported that their horses exhibited more problem behaviours during loading
and travellinghan preloading and unloadinthis finding is in agreement withefindings of

Lee et al(2001)who reported that problem behaviours were demonstrated by 53.4% of horses
while loading and 51.5% during travelling. Given that loading is nominated as the phase with
the highest incidence of problem behaviours, it is ngbr&ing that the focus of advice in

many training manuals is on getting the horse to load (McLean and McLean 2008, Parelli
1993). However, simply training the horse to load may not be sufficient to achieve a level of
habituation that is protective agairtbie future development dfansporirelated problem
behaviours or health issues. Indeed, as Waran et al. (2007) has noted, transport is a complex
activity for animals, comprising a nhumber of phases, all of which have the potential to be
aversive. Our findigs indicate that habituation training, preparing horses for all phases of
travel in advance of undertaking significant journeys, is likely to be important for reducing
problem behaviours throughout all phases. Many respondents stated that they exposed the
horses to the transport process when they were foals or weanlings. It has been shown that early
handling of foals improved their tractability when handled some months(légery et al.,

2006)

Techniques included in the habituation category all@alyninimizing the aversiveness of the
travelling experience by using methods such as shaping (short journeys), social facilitation (the
use of a calm cespecific), pretraining the operant responses required for loading (leading
from poll pressure, baakg, parking) and travelling (parking), unloading, (leading, backing)
before exposing the horse to the vehi@ttoupt, 1986) This approach breaks down the

travelling process into its components and ensures that the horse is trained to offer correct

112



Chapter 3.3

responss at a sufficiently reliable level prior to the addition of the aversive characteristics of
the transport itselfHoupt and Wickens, 2014)

The International Society for Equitation Science training principle 9 advises trainers to
dissociate flight respwses and reduce aversive pressures to the minimum required to elicit the
respons€ISES, 2016)The habituation techniques nominated by respondents to our survey are
consistent with these principles. By minimizing fear responses through a graduated shaping
process, the horseb6s ability to attend to
addition, repeated exposure to the aversive stimulus (transport), whether at loading or during
travel, enables the horse to habituate to the stimulus, trdigcing behavioural and

physiological reactions.

Selfloading is also associated with fewer problem behaviours during loading. This is
unsurprising given that such horses are trained to load without the application of pressure
directly to their bodies. lorder to train a horse to sdtfad it is necessary to first install the
response via operant conditioning, followed by classical conditioning to associate the loading
response with a verbal or ngnessure cu@~erguson and Rosal&uiz, 2001) This mettod

meets the requirement to reduce pressures to their minimum and also reflects a level of
habituation to the loading process and being inside the transport vehicle.

Common to both the habitation and deliding groups is the necessity of allowing susint

time for individual horses to habituate to the vehicle and the loading process. Both methods
require time to implement, however it appears that this time is repaid by increased efficiency

in loading and reduced injuries from loading and transporti@mbehaviours.

Overall, our data suggest that improvements in handler knowledge of the correct application of
negative reinforcement, as well as the increased use of classical conditioning to achieve self
loading and the increased use of purposefultbhabon activities may lead to a reduction in

loading and travelling problem behaviours and reduced injuries.

Our data demonstrated that the likelihood of travelling problem behaviours was lower in horses

used for endurance and breeding compared to eguesports and racing. The demands of

t

the endurance, racing and equestrian sports sectors generally require horses to be transported
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on a frequent basis, in some cases daily or weekly. In comparison, breeding horses are usually
transported infrequently fien experiencing only a few journeys a year; to and from the stud
farm in the case of Thoroughbred broodmdte=adon et al., 1989 he lower likelihood of
travelling problem behaviours in the endurance horses compared to the racing and equestrian
sportsdiscipline requires further investigation as the reasons for this difference are not apparent
from our data. It has been indeed suggested that horses are able to associate the journey with
the previous transport experiences and the activitiesj@astey, thus short trips for pleasure
purpose (e.g. going to grazing) has been recommended to reduce travelling p(bldepts

1986) This recommendation requires further investigation.

From our results, it seems that the tharse straightoad trailer is associated with a higher

risk of problem behaviours and injuries. There are a number of potential reasons for this
finding. Horserailers can be driven without a special driving licence, thus it could be possible

that the horserailerdrivers had fewerdrvi ng ski I I s t han behdwieurt r uc k
can indeed affects the behaviours of the transported an{@atkram and Spence, 2012;
Giovagnoli et al., 2002)Horsetrailers are less stable than trucks and or goose necks, and
maintaining balanaig inside draileris more challengin@_ee et al., 2001)The effort required

to maintain balance has been found to be greater in horses travelling facing forward compared

to facing sideways or backwar(f@adalino et al., 2012pur data suggest that titeeal design

of a twohorse trailer warrants future research.

Our survey documented that many horses experienced frequently traumatic injuries during
transportation, in agreement with a previous survey conducted in Au@ttabge et al., 2013)
Transpotation appears to be a significant hurralated risk to horsg€hapter 2and a matter

of welfare concernfWaran et al., 2007)Our survey documented also that loading and
travelling problem behaviours were associated witkr a two-fold increase in té risk of
horses experiencing an injury during transport. While the inherent risks of injury during loading
and transport may be extended to handlers as well as lfptaasmann and Woodie, 1995;
Riley et al., 2015)the wide dissemination of evidence lht@ining techniques which reduce
TRPB should be a priority to safeguard horse welfare and improve handler(Balietgli et

al., 2015; Riley et al., 2015; Starling et al., 2016)
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Ourfindingsshouldbe interpreted with cautiofecause our study wagjaestionnaire, and it

had a number of limitations in common with other online questionné@ksgstley, 2016)

Firstly, problem behaviours and injuries were sefforted. They relied on accurate recall by

the respondents and the respondents may not hewerately identified the causes or
symptoms Secondly, even though the survey was widely publicised to a range of Australian
equine industry sectors, the results may not be representative of the industry as a whole due to
self-selection bias. Thirdly, thelassification of the training methods and the equipment were
based on the respondentsd descrihedkitem.s and
Notwithstanding these limitations, our study is the first to report and compare the effects of
training methds on problem behaviours and injuries related to transportation in horses. To
date, the majority of training advice focuses only on loading and unloading lBirgssone

et al., 2011; Hill, 2000; Shanahan, 200&)her than taking a more holistic approatchich

includes purposeful habituation procegd¢supt, 1986) This lack of awareness of the benefits

of purposeful habituation is reflected in our results where habituation was applied only by
20.2% of respondents. Conversely, in the light of our figslimdvice on preparing horses for
trouble free transport should include specific guides to the most appropriate habituation
activities that should be undertaken prior to attempting travel. The widespread adoption of
purposeful habituation of horses tortsgort, including training horses to skdfd could result

in a reduction inransporirelatedbehaviour and associated health problems.

3.35. Conclusions

Problem behaviours and injuries related to transport are common in Australia and habituation
appeared to be the most effective method to prepare horses for transportation. However, only
20.2% of respondents implemented habituation techniques to prepare their horses for loading
and travelling. Our study suggests that the neglect of a holistic appodachiliarizing horses

with all aspects of loading, travel and unloading is associated with a higher incidence of
problem behaviours and injuries. Based on our results, habituation training methods and the

seltloading technique are recommended to safeejbarse and handler wellbeing.
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3.4.1.Introduction

Transportation is amtegral part of many horse related activities, with horses being moved
frequently(Rosanowski et al., 2013)nd for a wide range of reasofhe®adon, 1994)Horses
transpored frequently may become habituated to tré@delupt and Wickens, 2014 owever,

for other horses, the challenges associated with transport, such as confinement, noise and
vibration (Chapter 1) may trigger fea{Grandin and Shivley, 2015The physical ath mental
Sstressors associated with transportation <ca
(Oikawa et al., 2004)Fear may also trigger behaviours that put horses at risk of injury
(Ferguson and Rosal®&uiz, 2001) ranging from small abrasiorie catastrophic fractures
(Mansmann and Woodie, 1999)he stress associated with transport, and the way in which
horses are managed during transgQikawa et al., 2005; Raidal et al., 1997a; Stull and
Rodiek, 2002) can contribute also to the developrneh potentially fatal infections of the

respiratory(Austin et al., 1995pr gastrointestinal systeni8lcClintock and Begg, 1990)

Transportos ef f @atdosetalg 2012pdhagvieual ¢Padalmo et al.] 2012)
endocring(Fazio et al., 203a) reproductivgBaucus et al., 1990binuscularGiovagnoli et

al., 2002) gastric(McClure et al., 2005)inflammatory(WesselySzponder et al., 201%)nd
respiratory parameter@Raidal et al., 1997ahave been described in many observational
studies.In contrast, few epidemiological studies have been conducted. The incidence of and
risk factors for health problems has been reported in horses being transported for slaughter
(Marlin et al., 2011; Roy et al., 2015; Stefancic and Martin, 20D%¢ only @idemiological

study on risk factorfor the development of transpeaslated health problentiring long haul
transportation of horses for other purposes identjbedney duration (more than 20 hours)

and season (spring) as risk factdiewever, the sidy reported only 47 caséShapter 2)

Consequently, the relationship between journey and horse characteristics, and the risk of
developing disease remains poorly defined. We used an online survey to examine associations
betweentransporirelated health problems and journey and horse characteristics across a

number of Australian equine industry sectors.
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3.4.2.Material and methods
3.4.2.1 Study design and data collection

The study was a cros®ctional online survey conducted in Australia from Joreeptember

2015. Detail of the design and distribution of the cisssional survey and the description of

the demographic characteristics of the study population have been reported préGioagtgr

3.1). Briefly, the survey was digitized using Suytonkey (SurveyMonkey Inc., California,

USA, www.surveymonkey.com). The target populatioasyweople involved in any equine
industry sector who had organised or participated in the movement of horses (commercially or
nornrcommercially) at least monthly ovehe past two years. The respondents classified
themselves as either professionals (people who were involved for financial reward, such as
trainers, stud/farm managers) or amateurs (people involved as a hobby, such as riders, owners).
An invitation letterand the link to the survey (https://www.surveymonkey.com/r/SM9F9SJ)
were provided to several Australian horse sport associations and were published on their
websites. The link was also promoted through several horse magazines, relevant Facebook
pages andmdine horse forums.

The questionnaire was divided into four parts: respondent details; management strategies pre,
during and postransport; transporrelated behavioural and health problems identified during

and after transportation in the past two yedetails of the most recent case including horse

sex, age, breed, the use of the horse, the vehicle in which the horse was transported, the journey
duration, and whether the horse was moved by a commieari@mommercial carrier. The
resultsof the first tiree part®f the surveyare presented elsewhdfehapter 3.1, 3.2, 3.3The

data collected within the first and fourth part of the questionnAppdndix 4, Item Y are

presented in the current report.

3.4.2.2 Risk factors and outcome

Horselevel pralictive variables were sex (mare/filly, gelding, stallion/colt), ag248nonths,

2-5 years, 610 years, >10 years), breed (Arabian, Quarter horse, Standardbred, Thoroughbred,
Warmblood, use(breeding, recreational netompetitive activities, Standardbredcing,
Thoroughbred racing, endurance, equestrian competitive sportgnaaigur or professional
status

Journeylevel predictive variables wereategorized accordinto the type of vehicle used

(truck, rorse trailer) and operator (commercial versus-cmmmercial transporter). The
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journey duration was categorized as: short (less than 8 hours), intermedidtad8rs) and
long (more than 24 hours). These-offs were chosen on the basis of the European and
Australian Code of Animal Transportation,which the maximum journey durations without
watering are of 8 and 24 hours respectivelfhttp://eurlex.europa.eu/legal
content/EN/TXT/?uri=uriserv:f83007; http://www.animalwelfarestandards.net.au/land
transport/) In Australia a rest stop of 12 hours é&commended after Iurs of transpownd
compulsory after 24 hours dfransport (http://www.animalwelfarestandards.net.au/land
transport/) Thus all reported multiday trips in this datt included mandatory rest stops

To categorise outcome, there was open question in which the respondents reported a

description of the signs and t h-elated heakht e r |

n

-

C

problem that affected the hor#dased on the respondentdos descr

classified into st categories (injuries, muscular problems, heat stroke, gastrointestinal
problems, respiratory problems, and death/euthanasia) by an experienced equine veterinarian
(BP; Table 1).

Table 1 Categorisation of health problems observed in transported horses

Health problem category Definition

Injuries Laceration, abrasion, contusion, swelling.
Muscular problems Tying up, sore muscle, stiffness.
Heat stroke Rectal temperature >38.5°C, sweating, lethargy.

Gastrointestinal problems  Oesophagal obstruction, gas ulceration, diarrhoea, colic
enterocolitis.

Respiratory problems Nasal discharge, coughing, inflammation/infection of th
upper or lower respiratory tract, and pneumonia.
Death Horses found dead or humanely destroyed.

3.4.2.3.Data analysis

Initi al descriptive analysis was undertaken using statuld¥®?
(http://statulator.com/descriptive.htinlAssociations between the predictive variables were
explredusinge nt i n g e n c yYtedtsausingersStdia/arsion &4 (VSNi International,
Hemel Hempstead, UK).

A multivariable multinomial regression analysis was constructed using SPSS VersiBM22 (
SPSS)with health problem category as outcome with injuries hes reference level for

comparisons. Vehicle and operator were excluded as they were found to be collinear with
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journey duration. Horse age, breed, sex, aseateur or professional statasd journey
duration were considered for inclusion in the final imaitnial model A stepwise backward
elimination was then conducted to remove the least significant variable one at a time until all
variables within the model had P value < 0.0%e data met with all assumptions for
multinomial regression including that 8A. The findings are presented as odds ratio (OR),

confidence interval (95% CI) and P value for each predictive variable value.

3.4.3.Results
3.4.3.1.Population
Of the 797 responses to the survey, 214 included details of a traredptetl health mblem

and these 214 records make up the dataThe distribution of the data (including missing
values) is reported iAppendix 4(Table 2.

The frequency of the health outcomes according to the predictive variables is shown in
Appendix 4(Table 3. Tenhorses died during transit: 8 were humanely destroyed due to
fractures (5 limb, 1 pelvis, and 2 neck), and 2 were found dead. A further 15 horses were
humanely destroyed within one week after the journey due to colic (5 cases), colitis (5 cases),
and pneurania (5 cases)Additionally, 7 deaths occurred within 24 hours after arrival, of
which 5 underwent post mortem examination, one was diagnosed with water intoxication; no

cause of death was identified in the other four cases.

3.4.3.2 Journey variables
Jaurney duration was associateith vehicle ¢% 71.51, df= 2; P<0.001) and transpbyt a

commercial companyet: 78.74, df=2; P<0.001ompanies transported fewer horses on short
journeys and more horses on long journeys. The number of horses moveddyrditer was

larger for short journeys, and smaller for long journéyspendix 4,Table 4).

3.4.3.3.Factors associated with Health Outcomes

The final multivariate multinomial model for risk factors associated wihlth problems
included journeyluration @ 88.153, df10, P<0.001) and breed’{46.087, df20, P=0.001).

None of the other predictive variables considered for inclusion reached significance. Figure 1
shows the distribution of the different transpatated illness according to the jourrdayration
category. Using injuries as reference, death/euthar@Bial(01.6, C110.21010.5, P<0.001),
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gastrointestinal (OR: 14.2, CI: 1183.8, P=0.02) and respiratoryRO113.9Cl: 12.21060.7,
P<0.001) problems were more likely to occur on longreys than on short journeys.
Respiratory problems were also more likely (OR: 15.7, Ck56.3, P<0.001) to occur on
intermediate journeys than on short journeys. Using the injury group as the reference, muscular
problems were more likely to occur on amermediate journey than on a short one (68,

Cl: 1.1-29.5, P=0.0B There was no significa difference among the journejuration

categories comparing injuries versus heat st(dppendix 4,Table 5)

Figure 1. Frequencies of illness and injury 214 of 797 horses in transportation by journey

time.
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Using injuries as reference group, gastrointestinal problems were more likely to occur in
Arabians (OR: 95.8, CI: 4-6990.3, P=0.003) and Warmbloods (OR: 43.0, Cl:488B.9,
P=0.002) compared witht&dardbreds. Respiratory problems were more likely to occur in
Arabians (OR: 20.8, CI: 1-345.2, P=0.034), Warmbloods (OR: 18.5, CI:-236.89, P=
0.004), and Thoroughbreds (OR: 7.4, Cl:-4227, P=0.031) compared with Standardbreds.
Death/euthanasiaag more likely to occur in Thoroughbreds than in Standardbreds (OR: 7.5,
Cl: 1.056.0, P=0.048JAppendix 4,Table 5)

3.4.4.Discussion
This is the first study to investigate whether journey and horse characteristics were associated

with transporrelated health problems across a diverse range of Australian horses used for
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various activities undertaking different journeysurney duration and breed were identified as

risk factors for the development of transpafated health problems, while horse s&ge, use
andamateur or professional statuere not predictorsLhe main finding of this study was the
association between journeyration and the nature of transpretated health problems,
confirmingthat journeys longer than 24 hours pose the gseatk of horses having serious
health outcome¢Nielsen et al., 201{Thapter 2) The association between health problem
category and breed should be considered preliminary, and warrants future research using a
larger dataset.

The observation that sher trips are associated with a higher risk of injury is in agreement
with previous reports. In an epidemiological study conducted in Australia, injuries occurred
more often at the beginning of a 3.5 day journey and that they were often related to vahaviou
problems(Chapter 2) Previous studies have also identified that behavioural problems and
movement of the horse within the vehicle are greatest during the first hour of transportation,
and that horses become habituated after 5 hours of trafBpardts et al., 1990b; Fazio et al.,
2008a; Schmidt et al., 2010; Tateo et al., 20TRBg higher risk of injuries during short trips is
likely to be associated with behavioural problems and lack of habituation.

In this study muscular problems were reporteddour more often during necommercial
transport of nofracing horses, and the risk of muscular problem was greater for intermediate
journeys compared with short journeys. The reasons for this cannot be ascertained from the
available data, although it calube speculated that limitations in driver ability and in horse
fithess could have contributekh an electromyographic study on the effects of transportation

on muscle, horses transported by less experienced drivers required more muscular effort to
maintan balance compared with horses transported by expert dvergagnoli et al., 2002)

In another study it was found that the effort required to maintain balance during a 300 km
journey had the same impact on muscles as a 1,500 meters canter, anch caumpdrable
increase in serum muscle enzyme activif€sdazza et al., 1974 he effects of journey

duration on muscular problems warrant future research.

Respiratory diseases were the most commonly identified problem in this study, a finding that
agrees with previous studig¢seadon et al., 1989; Leadon and Hodgson, 204pur study
the likelihood of respiratory problems was approximatiytimes greater on intermediate

122



Chapter 3.4

journeys anaver 100 times greater on long journeys than on short journdaesrdlationship
between duration of transport and incidence of respiratory disease has been previously reported
(Austin et al., 1995; Kohn, 2000; Marlin, 2004; Oikawa et al., 2@D4l) our datsupports it

This relationshipis likely to relateto the headoosition of the transported horsehicle
ventilation or air qualitylf horses are restrained in a way that prevents them lowering their
head, mucociliary clearance will be adversely affe¢Raldal et al., 1997a)entilation may

be inadequate in mgntypes of vehiclegPurswell et al., 2006Esulting in an accumulation of

dust, bacteria and noxious gases in the vehicle as journey length in¢@ikaes et al., 2005)

The ongoing high incidence of respiratory diseases suggest that more resem@tiers to

identify how ventilation systems can be improved dmuv any periods of enforced head

elevation can be shortened.

In agreement with our previous stu@yhapter 2)the risk of gastrointestinal and respiratory
disorders and death/euthanasia geeater than the risk of injury for journeys longer than 24
hours. In livestock the association between adverse outcomes and journey duration is
influenced by the physiological and clinical state of the animal before and during journey, the
management ofekeding and watering, the opportunities animals have to rest and the thermal
environment rather than journey lengir se(Nielsen et al., 2011Yhese factors may also be
important in determining whether horses experience adverse outcomes as a neswdpoftt
However, the reasons why some horses develop fatal diseases during and afteddaymulti
journey, while others remain healthy under the same conditions are unknown. Protracted
transport stress may compromise the immune system and lead to pgigaiaad physical
exhaustion and deafMarlin, 2004) The use of immunostimulants before shipping has been
found to be useful in reducing the incidence of transmaited pneumonia in horses
transported for more than 24 ho(iestved, 1996)Thus, thehigher risk of severe diseases in
horses transported for longer than 24 hours might be related to immunosuppression, and the

relationship between long journeys and the immune system requires further investigation.

Compared with Standardbreds, ThoroughbrArabian and Warmblood horses were more
likely to develop gastrointestinal and respiratory diseases than to be injured during
transportation. Thoroughbreds were fotodbeat higher risk of transport pleuropneumonia in
a previous studyAustin et al.,1995) Arabians have been found at higher risk of colic
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compared with other breeq€ohen and Peloso, 1996)here might therefore be a breed
predisposition for developing a particular type of transpeleted diseases. However, our data
should be consided preliminary and a larger data set would be required to determine the actual
effects of breed on different typestodnsporirelatedilinesses.

This study has a number of limitations that must be considered in interpreting the results. The
problems obias associated with sedElected participation in the study could not be addressed,
nor could the possibility of response bias in the answers provided. It was not possible to check
the diagnoses reported, nor was there any standardisation of the @sobgs&hich the
diagnoses were made. The target population was not estimated and it was not possible to
calculate a response rate, a common problem with online sui@ysstley, 2016)
Notwithstanding these limitations, this is the first studywhich 214 transporrelated equine
healthcasesvere analysed using novel approachrhe studyfindings may be important in

helping reduce the negative impact of transportation on horse health.

3.4.5.Conclusions

There is an association between transpeleted health problems and journgyration and the
likelihood of developing a more severe iliness (i.e. respiratory and gastrointestinal problem or
death/euthanasia) was higher on journeys over 24 hours than on journeys of less than 8 hours,
suggesting the mel to decrease the maximum journey time in Austrdlidas study also
highlights the need for further research into the effects of long haul transport on the respiratory,
gastrointestinal and immune systems to assist in proposing improved managemeeispwacti

safeguard horseealth andvelfare during travel, particularly over long distances.
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4.1.Introduction

Transportation is generally regarded as an exceptionally stressful episode in the life of the
animal(Knowles and Warriss, 2000and there is an increasing public interest in and concern
for the welfare of livestock during transportati@randin and Shivley, 2015A number of
important diseases have been associated with animal transpoftationles aml Warriss,
2000)Chapter 3.4)and links between transport and health are well documented in human
medicing(Cohen et al., 2014Horses are transported for a variety of reasons, including shows,
competitions, slaughter, breeding, hospitalization and rieisConsequently they travel
frequently and over long distances, and are estimated to be the secotichuadlistd species

after humanglLeadon et al., 1989)ourney duration has been identified as a risk factor for the
development of severe transpogtated diseases, such as pleuropneumonia and enterocolitis,
because the risk of their occurrence increases in journeys longer than 2QCtapter 2)

Hence, the need for research on the implications of long distance transportation for horse health

and wefare has been raiséiessori et al., 2016 hapter 3.2)

Transporinduced immuneuppression has been identified as a possible cause for the
development of disease during and after long jour(idyges, 2000; Marlin, 2004; Stull et al.,
2004) In horsedransported for 12 hours, peripheral blood neutrophilia and a reduction in
neutrophil phagocytic function were evident for at least 36 h(Rasdal et al., 1997a)A
decrease in both B and T lymphocyte numbers was found after 38 hours of road trauitsport,

a greater effect on T cell©ikawa and Jones, 2000pecreased lymphocyte numbers and
variation in the distribution of lymphocyte subpopulations were also observed after a 24 hour
road journey by Stull et a(2008) who attributed the decline in ti@D 8", (CD21", CD3,

CD4*, CDpddulations to a cortisol mediated stress resp(®isd et al., 2008; Stull et al.,
2004)

Impaired celmediated immunity and release of cortisol have been identified as two
components of the acute phase respgisshrer, 1982)which is an immune based reaction

to nonspecific stimuli characterized by systemic, metabolic and physiological alterations
including oxidative stress and the release of acute phase pr@eayset al., 2009; Fallon et

al., 2001; Kushner, 1982The nexus between transportation and acute phase responses has
been investigated in animals, including p{lyturata, 2007)camelgBaghshani et al., 2010)
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and horsefCasella et al., 2012)n performance horses, increased fibrinogen was documented
after long journeys (37 hours of transportation by plane), and a plasma concentration greater
than 3.2 g/L was proposed as a reliable marker for horses at risk of pleuropneumonia (a.k.a.
shipping fever)Leadon, 2000)In slaughter horses, 6 hours of roahsportation induced an

acute phase response, characterized by increased fibrinogen and oxidative (Woesstty
Szponder et al., 2015; Wess&yponder et al., 2014ncreased plasma total antioxidant status
(PTAS) was detected in slaughter maresrafte8 hour journey Ni ed Fwi ed Tandet al
this finding was suggested to be a homeostatic mechanism to balance the production of free
radicals and the acute phase response induced by transport (kheda et al., 1999;

Ni edTwi ed¥ . Fanspatlassqciata Gliet)ons of oxidative balance may induce
oxidative stress with cellular damag&rschvink et al., 2008and increase susceptibility to
diseas€McCord, 2000)if not adequately mitigated by amxidant responses. Thus, oxidative
stress might be involved in the development of transpadted diseases, and monitoring of

the redox balance by assessment of reactive oxygen metabolites (ROMs) and PTAS could be
a useful tool to assess stress and dissaseeptibility, and consequentliiet welfare of
transported horses, as already proposed for transporteqa@sne et al., 2013)

A holistic, multidisciplinary approach has been advocated for research on animal welfare
(Veissier and Miele, 2014)The current multidisciplinary study waconducted to assess
immunological, clinical, haematological, inflammatory and oxidative responses and recovery

in transported horses by comparison with a group of similar horses that had not undergone
transportation and to explore potential diagnostatienships between observed responses. It

was hypothesised that clinical and haematological responses reported in previous studies of
transportation in horses would be recognized in transported horses in this study, but not in
control horses. It was furéh hypothesized that transportation would be a physiological stressor
able to activate an acute phase response an
capacity to react to a mitogen, and that the severity of such changes might be relate@tko clinic

examination or other laboratory findings.

4.2.Materials and methods
The ethical aspects of this study have been approved byriversity of Sydney Animal
Ethics Committee (AEC) (Project Number 2015/950).
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4.2.JAnimals

Sixteen show jumping horsed different breeds (Thoroughbred, Warm blood, Australian
Stock Horse) were selected for this study. The experimental group (EG) comprised ten horses
(7 geldings, 3 mares), aged from 5 to 15 years (10.3 £ 3.2), with body condition s8d¥e of

0.1 (Carrol and Huntington, 1988)rhese horses had travelled from Perth to Glossodia (New
South Wales, Australia), a distance of 4,80@meters, as described in session 4.&&X

horses (5 geldings, 1 mare), aged from 6 to 15 years (9.7 + 3.6), with bodyarosddre of

3.4+ 0.1 (Carroll and Huntington, 1988prmed the control group (CG). They were resident

at the horse stable in Glossodia for more than two years and had not travelled in the previous
three months. They were at a similar stage of fitnessamgbetition as the transported group

and there were no statistical differences between groups for age or body condition score. The
health (and hence fithess for travel) of the EG horses was assessed by an experienced equine
veterinarian (not a member ofetrstudy group) before the journey in their private stalls
following criteria listed in the Australian code of animal transportation
(http://wvww.animalwelfarestandards.net.au/ldrahsport/) The health of the CG horses was
assessed by another experienegdine veterinarian (BP) in the horse stall in Glossodia (New
South Wales, Australia), following the same crite@énical variables for EG horses prior to

transportation and CG horses were within normal ra(igeed et al., 2003)

4.2.2.Journey
The E5 animals left Perth at 8:44 am and reached Glossodia four days later at 6:00 am. The

trip consisted of four stages: PeKhalgoorlie (six hours), Kalgoorliddelaide (24 hours),
AdelaideMelbourne (nine hours) and Melbour@dossodia (12 hours). Horseseaiven 12

hour rest periods both at Kalgoorlie and Adelaide, and a 19 hour rest stop in Melbourne. The
total duration was approximately 94 hours with approximately 51 hours in transit and 43 hours
for rest stops. Horses were fed and watered on routg éveours, during the travel section

from Kalgoorlie to Adelaide. In the other travel sections, water and food were offered at the
rest stops. At each rest stop the fitness for travel of each horse was assessed by trained personnel
following the Australiancode for animal transportation, including assessment of rectal
temperature, heart and respiratory rgtatp://www.animalwelfarestandards.net.au/land

transport/)
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At the collection stable and rest points, horses were individually housed in waikirout

rubber lined stables and paddocks that were used only for horses in transit. The animals
travelled on a sentrailer (Mega Ark Trailers, MAN®, Munich, Germany). The ventilation
system comprised venturi vents, louvres and electric fans generating law atfich the
manufacturer verified was compliant with the Australian code of animal transportation
(http://www.animalwelfarestandards.net.au/ldrahsport/)throughout the trailer. When the

vehicle was moving, fresh air entered through the louvres asdextsacted by the venturi

vents. The fans were used when the truck was stationary (e.g. feeding and watering times, fuel
stops) to ensure constant air flow. The horses travelled in individual stalls, restrained by rubber
cords which would break under esttne pressure. The two biggest horses were allocated 1%
stall spaces to allow them a more comfortable journey. Two drivers were used for the journey
and both were licensed to drive heavy combination vehicles and were experienced horse
handlers with many yeas 6 experience in commerci al hor s
journey the temperature in Perth was 14.0°C with humidity at 69%. The temperature and
humidity in Glossodia at the end of the journey were 17°C and 42% respectively. The journey
complied wth the standards and the guidelines for the transport of horses required by the
Australian code and all horses passed the assessment of fithess for travel at each rest stop before

continuing the journeghttp://www.animalwelfarestandards.net.au/ldarahgort/).

4.2.3.Experimental protocol

A casecontrol study design was selected to allow comparison between transported horses and
a similar cohort of horses that had not been travelled. Each animal was assessed at 6:00 am
within 5 minutes of unloading fahe EG and at rest for the CG (day 1), and one week later at

the same time of day (day 7), at rest conditions for both groups. Clinical assessment was
conducted by aaxperienced equinesterinarian (BP) according to the methodology suggested

by Reed et la (Reed et al., 2003and consisted of the following parameters: demeanour,
mucous membrane (colour, status), capillary refilling time (CRT), heart rate (HR), respiratory
rate (RR), rectal temperature (RT) and pulmonary auscultation. CRT was assegstohése

in different parts of the oral mucosa (right, middle and left side of the upper jaw, above the
incisors). Gastrointestinal tract motility was assessed by auscultation of gut sounds as described

previously(Sundra et al., 2012pubjective gastroiestinal motility scores were assigned for
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each quadrant: score 2 indicated regular and ongoing peristaltic activity, score 1 was assigned
when the period of no borborygmi was longer than the period of peristaltic sound and a score

0 was recorded when thenere no gut sounds. Results from each quadrant were summed to

give a total score. A score of8fwas deemed normak6lwas classified as reduced and O was

absent. Body weight (BW) was assessed by the same veterinarian using a horse weight tape
(StrategyVi r bac, New South Wales, Australia) posi
the wither(Carroll and Huntington, 1988Yhe EG and CG horses were clinically examined

daily in this manner for a further five days (day @ay 6) after the journey. de developed

clinical signs of disease.

Blood was taken from the jugular vein of all horses into five Vacutainer tubes (Becton
Dickinson, Franklin Lakes, New Jersey, USA), three with heparin, one with EDTA and one
without an anticoagulant on day 1 and dalood samples were collected while horses were

at rest and standing in a tethered stall, restrained only by lead rope, at 6:00 am on day 1 and

day 7. After collection, blood samples were kept at 4°C and analyses started within 4 hours.

During the stdy (day 1 to day 7), all horses (EG and CG) were kept on pasture during the day
and stabled overnight. They were fed at the ground level with lucerne hay and commercial
horse feed (EasiRide, Prydes®, Gunnedah, New South Wales, Australia) twice daigng7:00
6:00 pm) and had access to wadelr libitum The diet was calculated individually to meet
maintenance requiremen{g/aldron, 2012) During the trial all horses were on the same
training plan consisting of three days of complete rest, followed by fous af easy work (20

minute walk and 20 minute trot/day).

4.2.4.Haematological and biochemical parameters

Haematology was performed using the Sysmex2R00i cell counter analyzer. The following
parameters were recorded: red blood cells (RBA)OY/L), haemoglobin (Hb) (g/L),
hematocrit (Hct) (%), platelets (PLT) (xXXD), white blood cells (WBC) (x10L), neutrophils

(N) (x10%/L), lymphocytes (L) (x18L), monocytes (M) (x19L), eosinophils (E) (x19L) and
basophils (B) (x19L). Fibrinogen was caldated by heat precipitatiofMillar et al., 1971)
Serum biochemistry parameters (chlorine (Cl, mmol/L), potassium (K, mmol/L), sodium (Na,
mmol/L), creatine kinase (CK, U/L), total calcium (Ca, mmol/L), albumin (Alb, g/L),
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aminotransferase (AST, U/L) andtal serum proteins (TP, g/L)) were assessed with Thermo
Scientific reagents and the Konelab 20XT photometer (Thermo Fisher Scientific, Finland) with

interferential filters.

4.2.5.0xidative stress parameters

Plasma was obtained by centrifugation gbduen blood tubes at 1600gfor 15 min.Reactive
oxygen metabolitesROMs) and plasma total antioxidant status (PTAS) were determined in
plasma by commercial kits /8OMs test and PAT test, respectively, H&D srl, Parma, Italy)
foll owi ng matructibna gsingiar dedicétest phiotometer (Free Radical Analytical
System 4 Evolvo, H&D srl, Parma, ltaly, Europe). The Hatsaay ceefficient of variations
(CVs) were 3.7% and 6.4 % for theRDMs and PAT tests respectively, while the irdssay
CVs werel.9% and 8.1% for4ROMs and PAT tests resggesely. The concentration ®0OMs

was expressed as U. Carr, where 1 U. Carr = 0.08 &gdH PTAS was calculated using the
ferric reducibility ability of plasma (FRAP) methd@8enzie and Strain, 1996)vith results
expressed as U.Cor, where 1 U.Cor = dMbl/L of ascorbic acid. The degree of oxidative
stress (oxidative stress index, OSI) vegtimated using the ratio &0OMs/PTAS multiplied

by 100(Crowley et al., 2013)

4.2.6.Immunological parameters

4.2.61 Isolation of peripheral blood mononuclear cells

Peripheral blood mononuclear cells (PBMC) were isolated by density gradient centrifugation.
Briefly, lithium heparin blood tubes were centrifuged at 14%55or 20 min, buffy coats were
harvested, diluted:3 in phosphate buffered saline (PBS), layered over Hramue Plus (GE
Healthcare) (2:4) and centrifuged at 75¢ for 30 min. Harvested PBMC were washed twice
in PBS (255 xg, 10 min) and resuspended in warm culture medium (RPMI 1640/10%
FBS/penicilin streptomycin). Cells were counted on a flow cytome®&004008 Guava®
easyCyte 8HTMerck Millipore, MilliporeSigma, Merck Millipore, MilliporeSigma, Billerica,
Massachusetts, USA) using a viability dyEQ00040 Guava ViaCount Reagent for Flow
Cytometry, Merck Millipore, MilliporeSigma, Merck Millipore, MilliporeSigma, Billerica,
Massachusetts, USA).
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4.2.6.2 Lymphocyte proliferation

A nonradioactive method was used to assess lymphocyte prolife(Btoish, 1999)PBMC

were labelled by incubatinix1@ cells in warm buffer (PBS/5% newborn calf serum) for 5

min at 3PC with the fluorescent tracking dygarboxyfluorescein diacetate succinimidyl ester
(CFSB ( 5 ¢dd)Silva et al., 2010jollowed by two washes with cold buffer, and
resuspended in avym culture medium. The cells were then plated into-awv@6 plate (final
concentration of 2.5xfmL)and cul tured in medium al one, 1
A) or 5 eg/ mL pokeweed miCtincbgped®. A(theWwid)of tHfeor 4
culture period, samples were acquired on a flow cytometer (Guava EasyCyte 8HT, Merck
Millipore, MilliporeSigma, Merck Millipore, MilliporeSigmaBillerica, Massachusetts]SA)

to determine total cell proliferatioifhe lipophilic dye, CSFE, is membrane permealbiei®

trapped within cells following cleavage into an impermeable form which binds covalently to
intracellular amine groups thus increasing its intracellular retention. Fluorescence intensity is
halved with each cell division of labeled cells. Thus pradifien is detected as the loss of
fluorescence intensityLymphocyte proliferation was measured based on the lower
fluorescence of cells labelled with CFSE (using Guava®%of8.1.1, Merck Millipore,
MilliporeSigma, Merck Millipore, MilliporeSigmaBillerica, MassachusettglSA) and data

are presented as a percentage (% CFSE).

4. 2.6.3 I nterferon gamma (1 FN2)

Whol e bl ood collected into | i-wehflatbattorhpaesa r i n (
containing an equal volume of either culture
for 2 days at 3T and 5% CQ@ At the endof the culture period supernatants were harvested

and stored at8C°C. The Equine IFBb Vet Set El i sa kit (Kingfish
Minnesota, USA) was used to measure4fN concent rati on in cul ture
manuf act urioms. Dhe absorbanterwasréad on a plate reader (Multiskan, Thermo
Electron Corporation, ThermoFisher Scientific, Waltham, Massachusetts, USA) at 450 nm.
Intracand inter assay coefficients of variation wér2% and 5.5%, respectively. IFN wa s
expresseth ng/mL and was calculated by subtracting the concentration in medium alone from

the concentration in PWM.
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4.2.6.4. Cortisol

Cortisol concentration was assessed in serum samples by radioimmuneassay (RIA) using the
ImmunChenmM Cortisol 125 kit followingnanuf act ur er 6s i nstructions
Orangeburg, New York, USA). Sensitivity wad7 pg/dL and intraand inter assay
coefficients of variation werg.3% and 7.5% respectively. Cortisol concentration was

expressed in pg/dL.

4.2.7 .Statisticalanalysis

Descriptive  statistics of the data were obtained wusing Statftffator
(http://statulator.com/descriptive.htmINormal distribution of all quantitative data was
checked using the Anders@arling test, and all data were normally distributed.dalla were

analysed by mixed linear model using PROC mixed procedure (SAS, version 9,ih388)

model, horsewas used as random factor, to account for multiple observatBrosp (EG,

CG), day (dayl, day7) and their interaction (gralay) were speciéid as fixed factors. When

the interaction was significant, the Tukkyamer st hoc test was used fawltiple pairwise
comparisons. Results are presented as least square mean + standard error (SE). Pearson
correlations were calculated for depemidvariebles using PROC Corr (SAS, version 9, 1999).

Significance was defined as P<0.05.

4.3.Results

4.3.1.Clinical parameters

Table 1 shows the summary statistics of the clinical examination of the CG and EG horses at
day 1. Soon after unloading EG horses veggriet and less responsive than nor(Raed et al.,

2003) Heart rates, respiratory rates and CRT were higher than n{Reed et al., 20035ix

of ten horses evidenced decreased borborygmi (score 1 and 0) in one or more quadrants on
abdominal auscultetn. Three of the horses coughed during the examinations and coarse
airway soundsvere audible during thoracic auscultation of these horses. Coughing resolved
within 24 hours after the journey and none of the three affected horses showed hyperthermia
during the study.

On day 7, BW was significantly increased relative to results obtained immediately following
transportation (day 1: 508.9+24.8 kg vs day 7: 519.6+24.8 kg, P<0.001) and all physiological

and clinical variables were within normal ranges. Clihi@iables from CG horses were in
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the normal range on both day 1 and day 7. None of them showed clinical signs during the trial
and no variation in BW was observed (dayl: 622.1+32.1 kg vs 8227t32.1 kg, P=1.000).
Comparison of RT, HR, RR and CRT ween groups and on days 1 and 7 is shown in Table

2. Significant differences were observed between EC and CG horses for HR, RR, RT and CRT
on day 1, but not on day 7, and significant differences were observed in EG horses between

day 1 and day 7.
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Table 1. Summary statistics fdhe clinical parameters in Control Group (Aoansported horseghdin Experimenthgroup (transported
horsesht dayl(soon after unloading for EG and at rest CG)

Variable Control Group (CG) Experimental group (EG) Normal

Mean Median Standard Range Mean Median Standard Range range**

deviation (min-max) deviation (min-max)
RT (°C) 37.3 37.4 0.2 37.1:37.6 37.9 37.8 0.2 14-24 37.0-38.5
HR (bpm) 34 36 3.3 28-36 45.2 45 4.6 40-54 30-40
RR (bpm) 10.6 12 2.0 8-12 19.4 18 3.4 14-24 8-12
CRT (sec) 2 2 0 2 3.5 4 0.6 2.54 1-2
GITM*  left 2 2 2 1 1.0 0-2 2
dorsal g
GITM*  left 2 2 2 2 0.8 0-2 2
ventral q
GITM* right 2 2 2 1 0.5 1-2 2
dorsal g
GITM* right 2 2 2 1.5 0.5 1-2 2
ventral g
GITM* total 8 8 8 55 2.3 2-8 7/8
score
Summary of nonquantitative variables Summary of nonquantitative variables

Membrane All horses had pink membrase 7 pink/ 2 pale pink/1dark pink
colour
Lung Sound All horses had normal lung sound 3 abnormal/7 normal normal
Membrane All horses hadhoist mucousnembrans All horses had drynucousmembrans moist
status
Demeanour  All horses were alert All horses were quiet alert

H: horse; RT: rectal temperature; HR: heart rate; RR: respiratory rate; CRT: capillary refilling time; GIT: gasitnalritact *Gastrointestinal tract motility (GITM) was assessed by auscultation
of all four quadrants (q) and scored as described previously (0O = no intestinal sounds, 1 = decreased borborygmi, Zorbooygral) (Sundra et al., 2012);tReed et al2003).
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Table 2 Physiological parameters in Control Gro(rntransported horsesind Experimental Group (transported horses) at day 1 (soon after
unloading for EG and at rest CG) and day 7 (7 days after the journey for EG and at rest for CG).eRptassed as least square mean + standard
error (SE) Differing superscripts within rows indicate significant difference (AAB0.01; a,b: P<0.05) (Tukeltramertest)

Control group (n=6) Experimental group (n=10) P values .
Parameter —p.v1  Day7 Day 1 Day7  Group Day Grouprday \ormalrange
RT (°C) 37.40.1*% 37.530.1* 37.9:0.1%° 37.50.1%* 0.144 0.039 0.0109 37.038.5
HR (bpm) 34.0t1.4% 34.6:1.4% 45.2+1.1° 35.01.1*  0.002 0.002 <0.001 30-40
RR (bpm) 10.6:0.9* 10.6:0.9% 19.4+0.7° 11.8:0.7 <0.001 0.004 0.004 8-12
CRT (sec) 2.0+0.1* 2.0:0.2 3.5+0.18 2.240.1  <0.001 <0.001 <0.001 1-2

RT: rectal temperature; HR: heart rate; RR: respiratory rate; CRT: capillary refilling time
*(Reed at al., 2003)
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4.3.2.Haematological and biochemical parantete

Haematological and biochemical parameters for CG and EG on day 1 and day 7 are shown in
Table 3. CG haematological parameters were within the reference(Reegket al., 2003nd

there was no variation between day 1 and day 7. There was no signifitaraction
(grouprday) for red blood cell count, haemoglobin, or hematocrit. There was no effect of
transportation on total leukocyte counts, but there was significant variation related to
transportation in leukocyte sygopulations. Specifically, EG hges demonstrated increased
neutrophil counts, with lower lymphocytes and eosinophil counts at day 1, and a higher number

of neutrophils and basophils at day 7, relative to CG horses.

A significant effect of the interaction (dagroup) was observed fortad protein (P=0.013),
albumin (P=0.001) and globulins (P<0.001). At day 7 the mean total protein concentration
observed in EG horses was significantly greater than that seen in these horses on unloading
(day 1) or in CG horses (day 1 and 7). At day 1 E®sés showed a higher mean serum
concentration of albumin thanhat was observed at this time in CG horses, or in the EG group

at day 7. At day 7 EG horses showed a higher mean serum concentration of globulins than that

was observed at both times in CGges, or in the EG group at day 1.

A significant interaction (groupfay) was observed for potassium (P=0.038), with EG horses
demonstrating a significantly lower serum potassium concentration following transportation
(day 1), relative to values obtaineat this group on day 7 or values obtained from CG horses
at either time. EG horses demonstrated a significant increase in AST activity (P=0.008) in
samples obtained immediately after arrival (day 1) relative to results obtained on day 7 or from
CG horsesteeither times. There were no significant effects of the interaction (tdeyp on

Cl (P=0.441), Na (P=0.969), CK (P=0.648), Ca (P=0.600) or fibrinogen (P=0.494).
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Table 3.Haematology and serum biochemistry parameters in Control Groujtrér@ported brses) and Experimental Group (transported horses)

at day 1 (soon after unloading for EG and at rest CG) and day 7 (7 days after the journey for EG and at refd&ta @@)expressed as least

square mean = standard error (SBjfering superscripts whin rows indicate significant difference (B; P<0.01; ap: P<0.05) (TukeyKramer

test)
Parameters Control Group (n=6) Transported Group (n=10) P values Normal
Day 1 Day 7 Day 1 Day 7 Group Day Group*day range*
RBC (10%*9/L) 6.9+0.3 7.4+0.3 7.6:0.2 7.6£0.2 0.137 0.225 0.163 6.512.5
Hb (g/L) 118.35.2 126.15.2 127.5:4.0 127.34.0 0.402 0.189 0.148 110190
HCT (%) 32.5:1.3 34.4+1.3 34.2t1.0 34.2t1.0 0.625 0.160 0.155 32-52
WBC(10°/L) 6.6:0.5 6.3:0.5 7.240.4 7.3:0.4 0.188 0.658 0.453 6.0-13.0
Neutrophils (10%L) 3.7+0.4* 3.4+0.4" 5.4:0.3 4.8:0.3" 0.002 0.074 0.0483 2.46.9
Lymphocytes@(®/L) 2.2+0.2 2.3x0.2° 1.3+0.18 1.8+0.14 0.006 0.042 0.028 1.63.4
Monocytes (L0°L)  0.3t0.0 0.3+0.0 0.3+0.0 0.4+0.0 0.496 0.246 0.178 0.00.7
Eosinophils (L0%L)  0.3:0.0* 0.3+0.0™ 0.0+0.0¢° 0.1+0.0°¢P 0.008 0.005 0.015 0.00.9
Basophils (L0°/L) 0.01+0.0° 0.01+0.0° 0.01+0.0% 0.03:0.0° 0.300 0.007 0.027 0.00.3
PLT (10°%L) 179.519.8 174.519.8 158.%15.4 153.(:15.4 0.403 0.347 0.937 80.0-300.0
Fibrinogen (g/L) 2.7+0.3 2.50.3 3.4+0.2 2.9+0.2 0.111 0.182 0.494 2.04.0
Total protein (g/L)  62.0t1.6 62.0t1.6* 65.8:1.3 67.91.3 0.026 0.166 0.013 60.0-76.0
Albumin (g/L) 35.0:1.0° 35.31.0° 37.1+0.8 32.#0.8"° 0.821 0.004 0.001 29.0-38.0
Globulins (g/L) 27.0+1.5° 26.6+1.5° 26.6:1.2° 35.21.28 0.017 0.000 <0.001 26.040.0
Cl (mmol/L) 99.8:0.8 101.5:0.8 100.6:0.6 103.2:0.6 0.146 0.002 0.444 99-110
K (mmol/L) 3.8t0.22 3.7+0.22 3.4+0.1° 3.7+0.22 0.105 0.474 0.038 28-5.0
Na (mmol/L) 141.1#0.5 142.G:0.5 1420+0.4 142.80.4 0.117 0.077 0.969 132.61500
Ca (mmol/L) 3.0+0.0 3.0+0.0 3.0+0.0 3.0+0.0 0.684 0.121 0.600 2.783.32
CK (U/L) 176.216.2  193.#16.2 175.%12.5 205.5:12.5 0.737 0.108 0.648 <400.0
AST (U/L) 227.127.8  246.827.4 322.821.52> 283.&215" 0.068 0.325 0.008 < 400

RBC: Erythrocytes, Hb: hemogoblin, HCT: hematocrit, WBC: white blood cell€i@arine, K: potassium, Na: sodium, CK: creatine kinase, Ca: total calcium, AST: aminotran¥fsicrseal
range of the laboratory that performée &analysis
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4.3.3.0Oxidative stress parameters

The effect of interaction (groéiday) was not significant for ROMs (CG day1B87.113.9;
CG day 7:161.3:12.0; EG day1186.8:9.3; EG day 7171.4:9.3 U.Carr, P=0.558) or OSI
(CG day 1:4.2+0.5; CG day 74.1+0.4; EG day 14.0+0.3; EG day 74.8+0.3; P=0.111).

However there was a significant effect of the interaction (grdap) on PTAS, with an

increased value registered at unloading (Figure 1).

Figure 1. PTAS in Control Group(CG) (nontransported)and Experimental GrougEG)
(transported horses) at day 1 (soon after unloading for EG and at rest CG) and day 7 (7 days
after the journey for EG and at rest for C@), B: P<0.01)
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4.3.4.lmmunological parameters

The effect of interaction (grotipday) was sigificant for lymphocyte proliferation in medium

alone (P=0.038), PWM (P=0.014) and ConA (P=0.029) (Figure 2). In unstimulated cultures,
lymphocyte proliferation was significantly increased in EG horses on day 7 in comparison to
day 1. Following stimulatiomwith either PWM or ConA, proliferation was significantly lower

on day 1 in relation to day 7 and CG at ei't
increased in EG horses on day 1 relative to day 7 (Figure 3). In the CG, there were no significant

di fferences between | ymphocyte proliferation
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Figure 2. Proliferation of lymphocytes in culture medium alqdg¢, ConA (2), PWM (3)n

Control Group (CG) (notransported) and Experimental Group (EG) (transporteselsp at

day 1 (soon after unloading for EG and at rest CG) and day 7 (7 days after the journey at rest
for EG and at rest for CG). Different subscript shows statistical differe(eB: P<0.01; a,

b: P<0.05)
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Figure 3. PWM-i n d u ¢ e desmngeMoControl Group(CG) (nontransported)and
Experimental GrougEG) (transported horses) at day 1 (soon after unloading for EG and at
rest CG) and day 7 (7 days after the journey for EG and at rest for C@). PA0.01)
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4.3.5. Cortisol

There waso significant interaction (grodpay) for cortisol (CG day 14.8t0.6; CG day 7:

4.2¢0.6; EG day 13.9+0.4; EG day 74.7£0.4 ug/dl;P=0.0753).

4.3.6. Pearsooorrelations

Table 4 shows the results of significant Pearson correlations. Clinical var{@ileHR, RR,
CRT) were relatively strongly correlatedregm 0.5 to 0.73) and were also positively correlated
with PTAS, neutrophil count and AST. Lymphocyte count and the proliferation of lymphocytes
both in ConA and PWM were negatively correlated whehclinical variables, neutrophil count
and AST.
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Table 4.Pearson correlation (expressed as value of r) between the dependent variables which reported at least one signifioar{Pe@.@3a

RT HR RR CRT PTAS N L TP K ALB Glo AST | FN: Media PWM ConA
RT *
HR 0.503 ~*
*kk
RR 0.630 0.733 *
**k% **k%
CRT 0.622 0.742 0.767 *
*kk *kk *kk
PTAS 0.344 0.527 0.679 0.420 ~*
* *%k% *kk *%
N 0.213 0.566 0.542 0.468 0.277 *
ns **k% *% % *kk ns
L -0.352 -0.370  -0.486 -0.602 -0.300 -0.352 *
* * *kk *kk ns *
TP -0.039 0.238 0.142 0.105 0.047 0.649 -0.207 *
ns ns ns ns ns i ns
K -0.243 -0.316 -0.440 -0.431 -0.460 -0.269 0.403 -0.232 *
ns ns *% *% *k%k ns * nS
Alb 0.235 0.439 0.408 0.346 0.408 0.174 -0.030 0.124 -0.440 *
ns ** * * * ns ns ns *x
Glo -0.171 -0.041 -0.109 -0.287 -0.199 0.478 -0.167 0.819 0.047 | -0.466 *
ns ns ns ns ns Fohk ns ook ns ok
AST 0.564 0.487 0.669 0.508 0.615 0.397 -0.333 -0.036 -0.287 -0.021 -0.019 *
**k%k **k%k *kk *kk *k%k * nS nS ns I’]S ns
| FNo 0.217 0.303 0.284 0.146 0.373 0.109 -0.034 -0.489 -0.027 -0.037 -0.228 0.404 *
ns ns ns ns * ns ns *x ns ns ns *
Medium -0.417 -0.166 -0.249 -0.169 -0.135 0.077 0.020 0.223 0.201 -0.198 0.313 -0.262 -0.155 *
* ns ns ns ns ns ns ns ns ns ns ns ns
PWM -0.577 -0.546 -0.615 -0.571 -0.241 -0.371 0.239 -0.090 0.411 -0.223 0.048 -0.442 -0.108 0.4935 *
**k%k **k%k *kk *kk n S * nS nS * n S n S * n S *%
ConA -0.466 -0.524 -0.615 -0.551 -0.193 -0.525 0.285 -0.138 0.449 -0.350 0.079 -0.364 -0.042 0.423  0.876 *
*% *% *kk *kk n S *% n S n S *% * n S * n S * *k*k

* P<0.05; ** P<0.01; ***P<0.001

RT: rectal temperature; HR: heart rate; RR: respiratory rate; CRT: capillary refillingRife3: plasma total antioxidant status; N: Neutrophils; L: Lymphocytes; TP: total proteins; K: potassium; AlknalBlon
globulins,l FNo : -imWMced | FN2 c o npoéferdtion aftymghacytes M eutureunmadium alp@onA: proliferation of Lymphocytes in culture with ConA; PWM: proliferation of lymphocytes in
culture with PWM.
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4.4.Discussion

This multidisciplinary caseontrol study assessed immunological, clinical, haematological,
inflammatory, and oxidative parameters in performance horses, immediately after transport and after
a 7-day recovery period, and by comparison with a-transported group of horses at theedaime

points. The long distance journey was associated with an acute phase response, characterized by
abnormal clinical variables, neutrophilia, impaired lymphocyte responsiveness and increased PTAS
and IFNb. In particular, the decreased lymphocyte proliferative response at unloading supports the
hypothesis that a horseds i mmunol ogical <capac
of clinical examination findings (RT, HR, RR, CRT) were abovertbemal range, as has been
previously reportedPadalino et al., 2012; Stull and Rodiek, 2q@bapter 1) As evident in Table

4, these parameters were positively correlated with each other, and negatively correlated with
lymphocyte proliferation suggestinthat the degree of insult to homeostatic mechanisms might
influence the magnitude of clinical response and severity of immunological impairment. Although
correlation is a weak measure of association, these preliminary findings emphasize the importance of
clinical examination in assessing an individu
with the available literature, a clinical examination after arrival is recommended as a best practice to
identify horses at increased risk for diseasd # plan a recovery periddleadon and Hodgson,

2014)

In this study, the decreased proliferative response to mitogen suggests that long distance
transportation impairs the ability of lymphocytes to react to a stinfdeuSilva et al., 2010; Julia@n
Felippe, 2016)Lymphocyte proliferation is an essential feature of the adaptive immune response to
antigenic stimulation as the host responds to an infectious challenge by clonal expansion of-pathogen
specific cell§Felippe, 2016)ConA and PWM are pte-based mitogens that are commonly used to
assess lymphoproliferative capadiGrotty et al., 2004; Dwyer and Johnson, 1981; Kruisbeek et al.,
2004) In many species, ConA is essentially a T cell mitogen and PWM stimulates proliferation of
both T and B ells. While both mitogens induce a proliferative response in equine lymphocytes
(Robbin et al., 2011; Sanada et al., 1998 specific lymphocyte subtypes that respond are not

known in this species. Therefore the findings relate to the overall lymphesyense.

As was observed in the current study, impairment of mitogen induced lymphocyte proliferation has
been reported in calves after-ddur journey(Murata et al., 1987)n steers after a Hour journey
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(Blecha et al., 1984)in pigs transportedo a fattening farn(Artursson et al., 1989)n horses
transported for 38 hour®ikawa and Jones, 200@nd only in the more stress susceptible horses
after 24 hour journeyStull et al., 2004) The observed reduction was transient, with complete
restaation of the proliferative response observed followingaday recovery period. Interestingly

and as previously observed by Oikawa and Jones (2000), lymphocytes from the transported horses
demonstrated increased spontaneous proliferation on(@agurson et al., 1989; Oikawa and Jones,
2000) The increased mitogaenduced IFN response observed in the EG group on day 1 compared
to day 7, was unexpected and might be related to the immunosuppressive effect of this cytokine. IFN
can have a suppressive exff on lymphocyte proliferative responses via activation of other T cell
subset{Gajewski and Fitch, 1988; Sheng et al., 20@8antigen presenting cel{Shimabukuro et

al., 1992) As IFNo is produced by both innate and adaptive immune cells, theypellrésponsible

for the observed increase warrants further investigation.

The changes in leucocyte counts observed in the current study are in line with previous studies. In
horses that did not develop disease, transportation induced neutrophilia ahdpgmig without
increasing the total leucocyte co@ikawa et al., 2005; Stull et al., 2008uch changes in leucocyte
populations, and impaired leucocyte function, have been related to the trandpoed increase in

cortisol (Hines, 2000; McGlone atl., 1993; Stull et al., 2004However, no change in cortisol
concentrations was found in the current study. This finding is in disagreement with the literature, as
increased cortisol has been reported in many previous studies including after sheytsjdtanio et

al., 2013a; Tateo et al., 2018y transportation for 2Bours(Baucus et al., 1990loy 24-hours(Stull

and Rodiek, 2000; Stull et al., 2008; Stull et al., 20@#)wever limited data are available for
transportation lasting several daysh8idt et al.(2010) evaluated salivary cortisol in response to

road transport over 1370 km and 2 day transport eight days later, and showed that cortisol peaked at
mid-transport and then tended to decrease with each day of transport. The authors singgéisied
response was likely due to a degree of adaptation. In our study, cortisol was not determined prior to
or during the journey, so it is not possible to know whether the normal values observed on arrival
represent an adaptive response (due to ivegitedback inhibition after prolonged stress, or due to
habituation of the animal to the stresgbtoberg and Mench, 200Dpr whether there was no
observable increase in cortisol attributable to transportation in this study, as has been reported in some

previous studiegSoder et al., 2012)n pigs transported for 24 and 48 hours, no differences in cortisol
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were found at unloading, and the authors commented that cortisol concentrations may return to

baseline levels before the end of the journey if thegport is of long duratiofPineiro et al., 2007)

In contrast with previous studi€Stull and Rodiek, 2000; Tadich et al., 201%) variations in RBC,
hematocrit or haemoglobin were observed in the current study. Increased red cell mass following
journeys of shorter duration has been attributed to transpmhrted catecholamine release and/or
dehydration(Stull and Rodiek, 2000; Tadich et al., 201A) unloading, our horses were very quiet

and less responsive, suggesting that the acute catechelesponse to transportation had waned,
due to depletion of catecholamine or habituation to external stimuli for coping with the long journey
(Alexander and Irvine, 1998; Moberg and Mench, 2000)

Changes on clinical examination and serum biochemistrgnpeters were expected based on
previous studies. It is reported that transportation causes increased rectal temperature, heart rate anc
respiratory rate, decreased intestinal peristgl®ikawa et al., 2005)and variation in plasma
concentrations of AS&nd potassiurfiCodazza et al., 1974y hese changes have been interpreted as

an inevitable response to transportation associated with catecholamine release, muscle work and
thermoregulation(Leadon et al., 1991; Padalino et al., 201) EG horses, CRT, hich has
previously been suggested as the most reliable welfare indicator for adequate water intake or absence
of prolonged thirs(Dalla Costa et al., 2014yas much higher at unloading than in CG. This suggests

that animals suffered from thirst, thustemng on route every 4.5 hours might be recommended in
Australia as already applied in Euroffeon, 2014) The EG animals increased their body weight

(BW) at day 7 by approximately 2%. Dehydration and weight loss have been considered as the most
common onsequences of transportation, with transpeldated weight loss ranging from 0.10 to
0.63% BW per hour of journey and recovery time usually within three days of Niagdin, 2004)

As serum total proteins and albumin were still within a normal ramgeyere degree of dehydration

was not preser{Reed et al., 2003jhus, the observed changes in CRT and body weight in this study
might be considered as common and mild reactions to transit stress and limitations to water intake.
The monitoring of CRT rad assessment of body weight by tape following transportation are easy
practices which all owners and agents could perform before and after journey, and are therefore
recommended as readily implemented measures to assess the recovery of horses following

transportation.
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Our preliminary results on the effects of a long journey on the immune system are interesting because
transporirelated diseases usually become clinically evident in the week after the transport. In our
study, transpofinduced changes ressed by day 7 and no animals became unwell. Our data suggest
that a rest period is fundamental for the immune system to recover and to react to the pathogens to
which animals may be exposed during the jour(iaidal et al., 1997and in the new environmée

after arrival(Herholz et al., 2008)It is therefore better to avoid adding further stress such as a
strenuous exercise (e.g. racing or competition), soon after unloading. The ideal rest duration after
long hauling warrants future research, as intefata were not collected between day 1 and day 7 in

the current study.

The reported changes in albumin, fibrinogen and globulins might be interpreted as a transport induced
inflammatory responggray et al., 2009; Crisman et al., 200B)e higher valuefalbumin recorded

at unloading might be associated with dehydration or haemoconcen{&iidirand Rodiek, 2000)

The lower value registered at day 7 might be explained because homeostatic mechanisms have
recovered postransportation hydration indicesy because albumin is considered a negative acute
phase response (APR) proté@risman et al., 2008§lobulin concentration was increased on day 7

in the EG group, consistent with increased positive ARPay et al., 2009; Crisman et al., 20018)
ourstudy, there was no significant variation in fibrinogen, but it is worth noting that the average value
for EG horses at unloading was higher than 3.2 g/L, which was proposed by Leadon as an indicator
of shipping fever(Leadon et al., 1991)n particularthe three horses with abnormal pulmonary
auscultation at unloading had a fibrinogen concentration of 4 g/Ltr&sportation fibrinogen
values were not determined in the current study. Further studies including serum protein
electrophoresis and repeatetermination of specific APPs might enhance the understanding of the

link between transit stress and APPs in horses.

The reported changes in the oxidative/antioxidative parameters, PTAS and ROMSs, should also be
interpreted as components of the acutesph@&sponse inducted by transport st(€smaz et al.,

2011; Wessehbzponder et al., 2015)Ve did not find a significant increase in ROMs, as reported in
transported ewe@diccione et al., 2013however, peaks in oxidative products may be observed one

or two days after transportatigNazifi et al., 2009; Piccione et al., 2013; Wess&hponder et al.,

2015) suggesting serial sampling during recovery might be considered in future studies. The highest
ROMs values were observed on day 1 in EG horseseircdirrent study, with a simultaneous and
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marked increase of PTAS, which was almost double the normal (Kougano et al., 2016)The

latter could be interpreted as an antioxidant response to the increased production of free radicals for
avoiding oxidatie stresg Ce | i , 2011, Ni eTtiF extremalytighevalue ®flPTAS 2 0 1
could be related also to the marked increase in serum albumin concentrations on day 1 in EG horses.
Albumin is indeed assessed within PTAS as the sulfhydryl (SH) groupbwhad are considered a
significant element of extracellular antioxidant defense sy¢@at, 2011) However, it has been
estimated that proteins contribute only -10% o«
tocopherol contribute for 60, 5 anéloSrespectivelyBenzie and Strain, 1996)hus, our data are in
agreement with the literature suggesting that transportation induces an increase in PTAS, likely due
to mobilization of antioxidant§ Ni e d T wi e d ¥ It bas beanl reported2titatlaBighander

stress mobilize antioxidants to balance the increased production of free ré¢8amiberg et al.,

1993) thereby avoiding oxidative damage to the c@Ralston and Stives, 2012pxidative stress

has been implicated in numerous disease proséssriman and veterinary medicine and oxidative
parameters have been proposed as biomarkers to identify animals at risk of diSess®ank et

al., 2002; Kirschvink et al., 2008; Soffler, 200If) particular, PTAS was proposed as useful indicator

of stress in transported calves, since it may be more sensitive and reliable than the measure of single
antioxidant parametef®regel et al., 2005)Consequently, monitoring of PTAS and ROMs pre and

after journey might be recommended as best practicesnbfidanimals at risk of oxidative stress,

and consequently poor health and welfare outcomes. In further studies, it would be interesting to
determine if depletion of antioxidants might be a cause of the development of oxidative stress and

transportrelated diseases.

Contrary to previous reportseadon, 2000; Marlin et al., 2011; Messori et al., 2016; Oikawa et al.,
2005) no horse in the current study developed pyrexia or other clinical complications, demonstrating
that transportation over long distancegthout adverse health complications is possible when
management is consistent with the Australian code of animednsportation
(http://www.animalwelfarestandards.net.au/larehsport/)  and current best practice
recommendationfKohn, 2000{Chapter 1)Since we did not have any sick horses, our results need

to be confirmed in future studies comparing healthy and unhealthy horses after being transported for

long distance, with all parameters measured before and after transportation.
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Our results are pratiinary and should be interpreted with caution because this study has a number
of limitations. As in other studig®ineiro et al., 2007the lack of sampling prior to and during the
journey means that the effects of transportation on measured variabted\che inferred. However,

as animals are often not aswesbkdd petorngo
indicators were recently proposed only at unloadMegssori et al., 2016jand the current study was
designed to allow compaon with a nortransported control population and to assess recovery
following arrival. Determinations of other important APPs, such-asaCtive protein, haptoblobulin

or serum amiloid A, or other stress hormones, such as catecholamine, were aistudetliin the

current study. Assessing a greater number of horses would also be beneficial. Notwithstanding these
limitations, this study has enhanced the understanding of the implications of long transportation for
horse health and welfatsing a multidsciplinary approach.

4.5.Conclusions

Overall, this multidisciplinary caseontrol study suggests that long distancengpartation was
associated with an acute phase response characterized by neutrophilia, hyperglobulinemia, increased
| FNo and PTAS and an i mpairment of the 1 mmu
responsiveness. Recovery was evident by 7 days aftealaby which time most values were not
different to nortransported control horses. Transport was also associated with clinical changes,
including prolonged CRT and mild weight los€linical examination, including assessing
dehydration by CRT and bodyeight by tape, and the monitoring of redox balance are proposed as
useful means to evaluate the effect of transport on horse health and welfare and to ensure optimal
recovery of horses following transportation. Further studies are needed to inveséghieation of
transportinduced immunosuppression and to ascertain whether this impairment of the immune
system and antioxidant depletion after transportation may be linked with the development of

transportrelated diseases.
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5.1 Introduction

Respiratory disease is a common consequence of equine transpgtiatidon et al., 1989; Oikawa

et al., 2005; Oikawa and Jones, 20R@jdal et al., 1997a; Stull and Rodiek, 2q@japter 3.4). The

risk of transport associated respiratory disease in the horse may be inflimngedexisting
inflammation of the airwayfl_eadon, 1994; Leadon and Hodgson, 20jelrney duratio{Austin

et al., 1995{Chapters 2, 3.4), head positi(RRaidal et al., 1995, 1996; Stull and Rodiek, 20@3pr

air quality inside the truck (increased concentration of ammonia and carbon monoXidatggama

Y, 1995; Stull, 1999)dust and bacteri@d.eadon et a] 1991; Smith et al., 1996)inability to cope

with transport stres@varlin, 2004; Oikawa et al., 20043tressnduced immunosuppressigtines,

2000; Stull et al., 2008; Stull et al., 200@hapter 4), thermal stresa route(Purswell et al., 2010)

ard transporrelated dehydratiofHobo et al., 1997; Raidal et al., 1998 hether food offered during
transport influences transport related disease risk is still uncertain. The presence of dusty and dry hay
at the level of the nostrils during transportatigas identified as a risk factor for respiratory disease
(Hobo et al., 1997; Hotchkiss et al., 200HMpwever, it has been recently shown that horses travelling

for 2 ¥2 hours with hay at the level of the carpus showed fewer neutrophils in their traabieas w
comparison to horses which travelled without
motivated the horses to lower their head during the jouisiigno et al., 2016)

Transportatiortauses an increase in oxidative products in hgiéed ¥ wi ed ¥ et al ., 2
al., 2011; Wesselgzponder et al., 2015Dxidative stress has been associated with health problems

in horsegKirschvink et al., 2002; Kirschvink et al., 2008; Soffler, 2Qd@ym animalgBordignon

et al., 2014; Lykkesfelk and Svendsen, 200&@nd doggMongillo et al., 2015)While oxidative stress

has been identified as a possible contributor to the developm&tibdbcoccusequi pneumonia

(Crowley et al., 2013)it may also be involved in the pathogenesis of equimsp@t pneumonia.

Equine transport pneumonia is not linkedtspecific pathogen of note, rather a mixture of different
bacterial species have been linked to transport relateginfections with varying involvement of
the pleural spac@Racklyeft et &, 2000) Streptococcuspp, in particularStreptococcugquisubsp.
zooepidemicusand Streptococcus equsubsp. equisimilis have frequently been isolated from
pneumonic lesions in cases of transport pneum@ngr and Lane, 1989However, other baate,
including Paseuella caballi, Escherichia coli Streptococcus suiBacillus spp, Staphylococcus

spp, Enteroc@cusspp andClostridiumspp have been associated with cases of equine transport
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pneumonigAustin et al., 1995; Hayakawa et al., 1998hns et al., 2016; Oikawa and Jones, 2000)

The possible reactivation or spread among travelling horses of equine respiratory viruses, in particular
those in theherpesviridagamily (EHV-1 andEHV-4) has been identified as a possible contributor

to the atvelopment of equine transport pneumdgiastin et al., 1995)However, it is not clear yet

why after the same type of journey some horses develop transport pneumonia and others do not
(Kohn, 2000)

It was hypothesised that the stress related behavianthphysiological responses to an 8 hours
transportation event would be different among horses and would be associated with changes in redox
balance, herpes virus shedding, and increased mucus and changes in bacterial flora of the lower
respiratory tractThe aim of this current multidisciplinary study was therefor@ocument the effects

of an 8 hour transportation event, devoidvater and feed, on behavioural, clinid@ematological,
oxidative and respiratory parameters including microbiological dlorand explorepossble

associations between these factors.

5. 2. Material and Methods
Thestudy was approved by the Charles Stuart Univefgiiynal Care and Ethics Committéeroject
Number 14/037).

5.2.1. Animals

Twelve horses (7 gelding, 5 marésstandarbred and 6 Thoroughbred), aged from 3 to 8 ymae(
4.9 + 1.9years, with mean body condition score (BCS) of 2.8.4 (Carroll and Huntington, 1988)
were recruited ito this study Appendix 5,Table 1).All were well accustomed to handlingf good

temperamen{determined by reaction to human handling {€lsson, 2010Q) and hadprevious

experience of transportation.

5.2.2 Experimental Protocol
The trial was conducted from the 24th of September to 28th of October 2014 at the EquinefCentre

the School of Animal and Veterinary Sciences, Charles Sturt University, Wagga (NSW, Australia).
On day 1, all animals were clinically assessed, weighed, and dewormed by two research team
members (BP and SR). Blood samples were collected for haemasdlagd biochemical screening,

with results within the normal rangdata nd shown)
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The animals then haaltwo week acclimation period. During the first week, the horses were kept on
pasture. During the second week, the horses were kept in single boxes (4x4 mpaddhavings

as bedding. The front door, back and side walls of the box were half grid, so the horses could see and
interact with each other (Appendix 5, Figure 1). They were stabled for the rest of the experiment,
spending at least one hour a day in a yard tetrtteeir social and locomotory behavioural needs
(Mills and Clarke, 2007They were fed lucerne hay and oats twice a day (08.00;18.00 h), and had
waterad libitum The diet was calculated individually to meet maintenance requirements, assuring
that the hases with lower BCS would recover some condition before the experiwéitiron,

2012) During the acclimation period, all horses were handled by one of the researchers (BP) and
underwent training for saliva aneikhaled breath condensate (EBC) samplinggdores once daily

using positive reinforcement.

The horses were transported in two idenlycailanaged transport events on different days, 48 hours
apart (6 horses on each day) in a commercial truck without water and feed for the duration of travel.
Thehorses travelled in the samé6rse commercial truck (Freighter, Fuso, Mitsubishi, Japan), with

a ventilation system of venturi vents and louvres (Appendix 5, Figure 2). The truck was driven by the
same driver, who was licensed to drive heavy combinatticles and was an experienced horse
handl er with many yearsd experience in comme
individual stalls (0.80 m width x 2.30 m length), in a sideways position, restrained by rubber cords
(Appendix 5, Figure 3)The cord was attached to the low ring of the head collar, so animals were
able to turn their head and lower their head below wither height, such that they could touch their

carpus, but not the floor, with their nose.

The horses travelled for 8 hours arduhe Riverina district of NSW, starting from and arriving back

at Charles Sturt University (Wagga, NSW, Australia)(Appendix 5, Figur&@attomply with the
occupational health and safety act (OHS, 2(0QH)S, 2011)a rest stop for the driver, from 12.8b

13.00, was included. During the rest stop, the horses were not unloaded and the truck was parked in
the shade.

Horse behaviour and environmental parameters were recorded when the horses were at rest in their
stables (the day before the journey), andoute Air samples were collected in the stable (the day

before and one day after the journey) and in the truck at preloading and unloading on both journeys.
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During the trial all experimental procedures were sequenced according to invasiveness arel possibl
impact on animal welfare. Experimental procedures were conducted in the following order at each
sampling point: clinical examination, venous blood collection, saliva sampling, EBC sampling,
arterial blood collection, nasal swahg, thoracic ultrasoundra upper respiratory endoscopic
examination and tracheal wash collectidrnis order was chosen to minimise the effects of the
procedure used to restrain animals (e.g. rope restraint, application of twitch, sedation) during the
different sampling collectims on physiological parameters and serum cortisol concentration, which
were used as stress indicators, and to also minimise horse discomfort. All sampling protocols are

summarized in Table 1.
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Table 1.Detailed &perimental protocolSame procedures were undertaken on each group (n=6) 48 hours apart.

Day | 1|2 |9 [16]17] 18 19 20 21 22 23 [ 24 [ 25| 26 | 33 | 35
8 | 15
Hours 6.0 17.00| 6.00] 17.00 6.00 6.00 |6.00]6.00 6.00
CA [V][x |8V v V |V |V Vv v V |V
Saliva ¢ = v vV |V [V v
Ven.B |V]| ¢ | S v vV |V [V v v
= | AtLB 215 vV [g[ V Y v
3| EBC 2|3 Vi gl Vv ][V ]V V
G| Weight [V |8 | = vV |F [V v v
Nasal sv ; g Y] Y, Y, Y]
ScopAW Tl @& |V \ \ vV
Thor.US Y Y; Y; Y]
Hours 6.0 17.00] 6.00] 17.00] 6.00] 6.00| 6.00] 6.00 6.00
CA [V][x]3 V V | V]V [ V]|V ]V ]V
Saliva g = v V |V |V v
Ven.B |V | c | S v V |V | V v v
N[ AtB 215 Vsl V [ V]V Vv
3 EBC 2|3 V|g|V Y] Y,
G| Weight [V |8 | =< vV | F [V v v
Nasal sv ; _(gj \% \% \% \
Scop+TW =18 v Vv v v
Thor.US « Y] Y, v Y,

CA: Clinical assessment; Ven: Venous; Art: Arterial; EBC: Exhaled breath condensate; sw: Swabbing; Scop: Scoping; TW: Trach&alrwads: Thoracic ultrasound.

154



Chapter 5

5.2.3 Clinical Assessment (CA)
The clinical assessment was conducted on day 1, before the hodsswa/ent any other procedures

and on the morning before the journey prior to deparfure@dading, at unloading, 12 hours after
journey (AJ), 24 hours AJ, 2 days AJ, 3 days AJ, 4 days AJ and 5 days AJ. Clinical assessment was
performed by an experierdt@quine veterinaria(BP). It consisted afhe assessment and recording

of the following parameters: demeanour, mucous membrane (colour, status), capillary refilling time
(CRT), heart rate (HR), respiratory rate (RR), rectal temperature (RT) and pulmandry
gastrointestinal tract auscultation. Gastrointestinal tract motility was assessed by auscultation of gut
sounds as described previougBundra et al., 201@hapter 4)In addition, palpable lymph nodes,
presence of nostril discharge and canglwere also recorde@Table 2) All clinical assessments

were performed without knowledge of endoscopic or laboratory findings for each horse. All horses
were weighed atreloading unloading, 24 hours AJ and 5 days AJ using digital scales (Ibeef®,Farm,
Weigh S/stem, Ruddweigh! 200, Tauranga, New Zealand).

Table 2. Clinical assessment sheet used to record the clinicahdzaddied from Reed2003)

Demeanour: Temperature: Mucus Membrane: CRT:

Heart Rate: Respiratory Rate: Gut sounds:
LD: LV: RD: RV:

Nostrils: Bilateral air movement Discharge: UnilateralBilateralNone
Nostril Discharge Type: SerousMucus Mucopurulent Serosanguineoudal-odorous

Percuss SinusNormal Alnormal Facial Symmetry: YesNo- explain

Palpate Lymph nodes:Sub Mandibula{ ] Thyroid [ ]

- LymphadenopathyNot evidentMin Moderate Severe
- Comments:

Auscultate:
- Trachea [ ] Normal Comments:
- Left lung field [ 1 Normal Comments:
- Right lung field_] Normal Comments:

Cough during physical exam: YesNo

LD: left dorsal; LV:left ventral, RDright dorsal, RVright ventral
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5.2.4 Environmental parameters and air quality
A weather tracker (Kestrel: 4000 Pocket Weather Tracker, Nids#larman, USA) recorded the

following climate parameters: temperature (T, °C), humidity (H, %), wind speed (W, milesyyer h
(mph)). An additional parameter, heatlex (HI, °C), was also calculated. The HI combines air
temperature and relative humidity in order to determine the animal perceived equivalent temperature
(Atiyah et al., 1973)A gas detector (Drager-Zm 5000Serial Number: ARFB0560, Drager Safety

AG & Co., Lubeck, Germany) monitored the concentration of the following gases: ox@gen (
vol%), ammonia (NK ppm), hydrogen sulphide ¢, ppm), carbon monoxide (CO, ppm), methane
(CHa4, % of lower explosive limit(EL)). The weather tracker and the gas detector were placed inside

a stable box at horse head height the day before the journey (day 18 and 20, respectively), and were
placed in the last bay of the truck at horse head height during the two trips (dayl 4,an
respectively). The weather tracker recorded parameters every 5 minutes during the 8 hours. The gas
detector continuously monitored the parameters and was programmed to signal the researcher/driver
if limit values were reached. Air samples were ca#dcusing arair sampler (Corioligt, Bertin
Instrument,CNIM Group, Montigny-le-Bretonneux, Francep assess the concentration of bacteria

in the air inside the truck and the box stable. Air samples were collected in the middle of the truck
before loadig and immedialy after unloading, with the m@p opened and without animals. Air
samples were collected in the middle of the bt@blethe day before and the day after the journey.

Air was aspirated at 300L/min for three minutes into a sterile samplingrdorie1% peptone water.

The samples were put in a sterile container and kept on ice until analysis within 4 hours of collection.
The air samples underwent the same bacteriological evaluation as described for the tracheal wash

samples below (section 5.2.10).

5.2.5 Behavioural parameters

The horses were recorded in their stables by a security camera system (TechView DVR Kit, Model
Number Q\*3034) placed in each box. The day before transport, behaviour was recorded in the boxes
for 1 hour in the middle of theag (from 12.00 to 13.00), while the horses were devoid of water and
feed. A camera was placed in each single box
horsebs behaviour was recorded dur i ngamplihge | oL
ethogram (Table 3) was developed based on those used previously to study behaviour during
transportatiorfPadalino et al., 2012; Siniscalchi et al., 2014; Tateo et al., 20d2ps were analysed

by an experienced ethologist (BP) based on 25 maitime window during the first 25 minutes of
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each hour of the journey, during the rest stop, and the last 25 minutes of recording whilst stabled.
This time window was selected to permit direct comparison with behaviours observed during the rest
stop. Behwioural assessment was performed independently to clinical and laboratory assessment for

each horse.

Table 3. Behaviour sampling ethogram used. Each animal was observed for 25 rfanwesrding
the occurrence and duration of fledowing choose behéoural events and states.

Behaviour Description
Behavioural events (Expressed as frequency) (n/2fn)
Behavioural eventsrelated to stresgExpressed as frequency) (n/2n)

Evasive The horse tries to escape from the truckpiiés back trying to breal
behaviour/Pulling back the rope

Explorative The horse sniffs around, it snig®me area of the truttdox
behaviour/Sniffing

Licking/chewing Opening of mouth with extension and retraction of tongue, lip

smacking without tongue extension, lateral jasvements involving
partial opening of the lip@McGreevy, 2012)

Licking the truck/wall The horse licks part of the truck/ box (wall, stall rails)
Nose outside The horse puts his nose betwdlea bars of the tru¢kox
Pawing One front leg is lifted fronthe ground slightly, then extended

quickly in a forward direction, followed by a movement backward
dragging the toe against the flowra digging motio{(McDonnell
and Haviland, 1995)

Touching rubber tie The horse touches the rubber cord whiclshed with

cord

Turning the head The horse turns his head and neck to the right or to the left appe
to look at his flank

Total stress related Sum of thebehavioural evestrelated to stress

behaviours

Behavioural Eventsrelated to balance(Expressedsafrequency) (n/2%in)
Backward movements The horse steps backward
Forward movement The horse steps forward
Lateral movements The horse steps sideways
Leaning on stall rails The horse gently leartaterally againsbne of the two stall rails
Loss ofbalance/dashing The horse lossshis balance and crashes/bumps on one stall rails
on the partitions
Total balance related ~ Sum of thebehavioural evestelated tabalance
behaviours

Other behavioural Events (Expressed as frequency) (n/2fn)
Head tosshg/shaking The horse shakes its head suddenly, violently and frequently

Interaction with The horse interaswith one of his neighbourough the stall rails,
neighbours they sniff each other
Biting neighbour The horse bites the neighbour
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Look outside The horse looks outside, head and ears pointing outside

Lowering the head The horse lows his head below thighersheight

Shaking head The horse shees its head

Yawning An involuntary sequence consisting of mouth opening, deep
inspiration, brief apneand slow expiratiofWaring, 2003)

Total behavioural Sum of allbehavioural evest

events

Behavioural States(Expressedn duration) (s/25nin)
Head down duration The horsestayshis head at the level or below the withkesght

5.2.6.Venous bloodsaliva and EBC:ollection

Venous blood, saliva and EBC were collected by the same veterinariaat (B€lpading unloading,

12 hours AJ, 24 hours AJ, and 5 days AJ. Blood samples were collected from the external jugular
vein into three Vacutainer tubesg@&on Dickinson, Franklin Lakes, NJ), one with heparin, one with
EDTA, and one withoutin anticoagulant. After collection, blood samples were kept°@t &d
analysed within 4 hours of collection in the haematology laboratory of Charles Sturt University.
Saliva was sampled using a cotton swab on a s
mouth for 3040 s, over and under the tongue. The cotton swab was then squeezed into a 20 mL
syringe, and the saliva was transferred to an Eppendor{Talatola et al., 2016)After collection,

saliva samples were kept a&fCGiand analysed within 4 hours of collection. EBC collection was
performed using a modified ERA mask (ERA Equine Mask, Biomedtech, Moorabbin, Victoria,
Australia) connected to the Turbo DECCS breath condensation collection system (Medivac,
Parma, Italy. The mask used to collect respiratory condensate was placed over the muzzle and held
by two operators positioned on either side of the horse (Appendix GrefsQ) The horse was
approackd quietly and gently the mask was placed over the muzzle. Collection time was
approximately 20 minutes per horse. At least one mL of EBC was collected, transfar@driyo

tube and stored for six months-80°C until analysis.

5.2.6.1. Haematologi¢gparameters

Blood cell counts were performed using the Abbott cell counter analyser (Cell Dyn 3700; Abbott,
Chicago, IL), and the following parameters were recorded: red blood cells (RB&/Lx10
haemoglobin (Hb, g/L), haematocrit (Hct, %), white blamdls (WBC, x16/L), neutrophils (N,
x10%L), lymphocytes (L, x18L), monocytes (M, x19L), eosinophils (E, x1%L) and basophils (B,
x10%L).
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Serum was obtained by centrifugation (1600 x g for 15 min). Serum biochemistry parameters (total
serum proteis (TP, g/L), albumin (Alb, g/L), globulins (Glob, g/L), creatine kinase (CK, U/L),
aminotransferase (AST, U/L) were assessed with Thermo Scientific reagents and the Konelab 20XT
photometer (Thermo Fisher Scientific, Finland, EU) with interferential filtdfrinogen
concentrationwas calculated by heat precipitatioMillar et al., 1971) Serum AmyloidA was
determined by commercial kit (Equinostic, DN, Equibnostic, Copenhagen, Denmark) following
manufacturerds i nstructi oter (EWA| Egginostic, Copedhage, t e d
Denmark)(Hillstrom et al., 201Q)Serum Amyloid A was expressed in mg/L. Cortisol concentration
was assessed in serum samples by radioimmune Assay (RIA) using the Imm{MCbeisol 125

kit foll owi ng usctians (MP 8ioniedicalg, LLE ,Orangerdurly, NY, USA). Cortisol

was expressed jg/dl.

5.2.6.2 Oxidative stress parameters

Heparinised plasma was obtained by centrifugation (1600 x g for 15 min). Reactive oxygen
metabolites (ROMs) and plasma total antiaxit status (PTAS) were determined in plasasa
described previously (section 4.2.5he degree of oxidative stress (oxidative stress index, OSI) was
estimated using the ratio of ROMs/PTAS multiplied by 1{@owley et al., 2013)Advanced
oxidation proten product (AOPP) concentrations were measured according to the methods ef Witko
sarsat et al(Witko-Sarsat et al., 1998 eruloplasmin concentration was determined according to

the method described by Sunderman and Norfi®@0)except that absorbance was read at 510 nm

with a plate reader (FLUROstar Optima, BGM Labtech, Melbourne, Australia). Plasma Glutathione
(GSH) concentration was measured by an enzymatic recycling method (chemicals from Sigma
Aldrich Pty Ltd, Castle Hill, NSWAustralia) adapted for a microtitre plate reader (FLUROSstar
Optima, BMG Labtech, Melbourne, Australia) as previously desc(iBaker et al., 1990)

Saliva total antioxidant status (STAS) level was determined by commercial kits (SAT test) following
manufat ur er 6s i nstructions (H&D sr |, Par ma, I t a
Analytical System 4 Evolvo, H&D srl, Parma, Italy). STAS levels were also expressed in U.Cor.
Hydrogen peroxide (¢#D2) concentration in EBC was measured using tiQdMs exhalation kit
(Diacron International, Grosseto, Italy) by means of a dedicated spectrophotometer, the FREE system

(Diacron International, Grosseto, Italy).Gbl evel s i n EBC were expresse
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5.2.7.Arterial blood collection

Arterial blood samples were collectadaerobically fronthe supraorbital artery by an exgaced
equine veterinariaat preloading, unloading and 24ure AJ. They were colléed with a 3 mL
heparinized syring&amples were kept af@ and analysed within 2 hours of collection using a blood
gas analyser (Gem Premier 3500; Diamond Diagnolsiadijston, MA, USA) and the following
parameters were recorded: pH, PG@mHg), PQ (mmHg),sodium (Na, mmol/L), potassium (K,
mmol/L), total calcium (Ca, mmol/L), glucose (mmol/L), lactate (mmol/L), HGamol/L).

5.2.8 Thoracic Ultrasound

Ultrasound was performed by an expeded veterinarian (SR) using altrasound machine (LOGQI

E9, GE Healthcare, ESAOTE) with linear probe (ML 6.5 MHz). The area of the chest wall (4th,

5th and 6th intercostal space) to be examined was cleaned and then wet with alcohol. Videos and
imagesweresaved for later interpretation. The ultrasound imaga®weidentified and evaluated by

one member of the research team (SR) blinded to the time of examination and clinical findings for
each horse. The images were interpreted based on the method suggested by [20td4s&yiefly,

the presence of any veatpleural fluid accumulation at each site imaged was recorded as the distance
between parietal and visceral pleura measured by electronic calipers. Decreased pulmonary aeration
was determined subjectively (present or absent) by loss of reverberatiactafétural thickening

was identified subjectively as mild (+) or moderate (++) by the presence of comet tail artefact,

apparent irregularity or hyperechogenicity of the pleural interface.

5.2.9.Respiratory endoscopy and Tracheal wash (TW) collection

Respiratory endoscopy and tracheal wash (TW) collection were performed as previously described
(Hodgson and Hodgson, 200Wo days prior to the journey, at unloading, 24 hours AJ and 5 days
AJ. All horses were sedated using xylazine and acepromazine ¢kg BW and 0.02 mg/kg BW,
respectively) prior to the procedure. Briefly, a 1.35m, 9.2mm outer diameteropbeevideo
endoscope (Olympus, Gif Q165, Ausvet Endoscopy, Melbourne, Australia) connected to a video
processor (Olympus GX¥60 Exerm, Ausvet Etoscopy, Melbourne, Australia) was passed through

the right or left ventral nasal meatus and advanced into the trachea to a point just proximal to the
thoracic inlet. TW was obtained trasadoscopically using a guarded polyethylene catheter
(EMACB800, Mila International, Ausvet Endoscopy, Melbourne, Australia) passed through the

endoscope instrument channel immediately following instillation of 30 mL of sterile, room
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temperature 0.9% saline. Endoscopic observations and gross characteristics of TW sareples we
recorded using a clinical sheet (Table 4). The endoscope and the instrument channel were disinfected

with alcohol between each horse examination.

Table 4.Clinical sheetecording observatiorduring respiratorgndoscopy.

Pharyngeal Lymphoid Hyperplasa (Burrell, 1985):

0 No follicles

1 Few small white lymphoid follicles over dorsal pharyngeal Wwatiactive &
shrunken

2 Mainly small white follicles, occasional larger pink follicles over dorsal
pharyngeal wall, extends laterally to level of guttyp@uch ostia

3 Pink and white follicles covering entire dorsal and lateral pharyngeal walls,
involve dorsal surface of soft palate

4 Larger pink, oedematous follicles covering all visible mucosa of pharynx ai

sometimes including polyps
Tracheal Inflammation (Gerber et al., 2004) 0 No 1 Mild 2 Moderate 3 Extreme

Tracheal Mucus (Gerber et al., 2004)

Quantity
0 None preserit clean
1 Little i multiple small blobs
2 Moderatei larger blobs
3 Markedi Confluent strearfiorming
4 Largei pool forming
5 Extremei profuse amounts
o TW Colour:
TW Turbidity: 1 Clear
0 Transparent
1 Clouded 2 White
2 SmokedGlass 3 Yellow
3 Opaque 4 Blood

5.2.9.1. Tracheal wash (TW) cytology

Two smears were prepared from each TW samgilegua cytospin centrifuge (Shandon, Cytospin

[ll, GMI, Minnesota, USA). For viscid samples a TW smear was obtained by squash preparation. The
smears were stained using Wrigbiemsa stain (Hemgek stain pack, SigmaAldrich Pty Ltd, Castle

Hill, NSW, Austalia). Differential inflammatory cells counts were performed, using a modification
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of the method suggested by Tee e{2012) Briefly, four differential cell counts (DCC) of 100 cells
(neutrophils, lymphocytes, macrophages, eosinophils and mastwetks)made using higbower
(100X) light microscopy. Differential cell counts of all samples were performed (by BP) blinded to

the horse identification. They are expressed as percentage.

5.2.10. Bacterial parameters

5.2.101. Quantitative and phenotypi@bteriology

One millilitre of air sample an@W was 10fold serially diluted with serile saline and 100 pL of
each diluent inoculatednto 5% sheep blood agé6BA) plates and incubated under aerobic
conditionsat 37C and 6% CQ@(HF212 UV, Heal Force, Bwood, Victoria, Australia). Bacterial
growth was assessed aftertars and 48 hours and colefoyming unit (CFU)weretotally counted

at 48h and expressed in le@CFU/mI. Bacterial colonies were further identified based on colony
morphology (shape, z, elevation, surface, edge, colour, opacity, consistency, odour), presence of
haemolysis (i, complete or incomplete haemolysis), Gram stgiandbasicbacterial morphology
record(i.e. Gram +£, coccus, cocci in chain, cocci in clusters, coccobagilhacillus, filamentous
rod, or pleomorphish Anaerobic culture of isolates were attempted eatdhlaseests (for Gram
positive bacteria) aoxidase tests (for Gram negative bacteidarkey et al., 2013yere performed

and recorded on isolated subcawéts of predominate isolate types recovered from TW.

5.2.10.2 Genotypic bacteriology

Bacterial DNA extraction was performed using 1 mL of TW with the addition of 0.5 mL of
dithiothreitol (150ug/mL) and a commercial kit designed to extract DNA from huspaitum
(Sputum DNA isolation kit, NorgenBiotek Corp., Thorold, ON, Canada). Similarly Bacterial DNA
was extracted from air samples using a commercial kit designed to extract DNA froi b (

Soil Powerlyzer kit; Qiagen, Carlsband, Ca, USBdth purifed DNA samples were sent to the
Australian Genome Research Facility (AGRF) were microbial diversity profiling was conducted on
these samples. Essential this process involved PCR amplification and sequencing of the resulting
partial 16s rRNA(V1-V3 region)amplicons (i.e. produs}). Briefly, PCR amplicons were generated
using the primers and conditions outlined in Table 5 and 6, using AmpliTag Gold 360 mastermix

(Life Technologies, Australia) for the primary PCR.
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Table 5.PCR proceduresed before sequeng

Target Cycle | Initial Disassociatg Anneal Extension [ Finish
16SrRNA: 95 °C for 7 72°C for
V1-V3 29 min 94°C for 45s| 50°C for 60S| 60S 72°C for 7 min

Table 6. V1-V3 primers and relevant region of the 16srRNA gene

V1-V3 region 27F1 519R
V1 Forward Pimer(27F) | AGAGTTTGATCMTGGCTCAG
V3: ReversePrimer(519R) GWATTACCGCGGCKGCTG

A secondary PCR to index the amplicons was performed with TaKaRaTaq DNA Polymerase
(Clontech). The resulting amplicons were measured by fluorometry (Invitrogen Picogreen) and
normalised. The egmolar pool was then measured by gPCR (KAPA) followed by sequencing on
the lllumina MiSeq (San Diego, CA, USA) with 2 x 300 base pairs pa&neidchemistry. Paireends

reads were assembled by aligning the forward and reverse read®H#iRg(version 0.9.5)Zhang

et al., 2014) Primers were trimmed using Seqtk (version 1(fps://github.com/Ih3/seqtk)
Trimmed sequences were processed using Quantitative Insights into Microbial Ecology (QIIME 1.8)
(Caporaso et al., 2010)SEARCH (versin 8.0.1623jEdgar, 2010; Edgar et al., 20H)Jd UPARSE
(Edgar et al., 2011software. Sequences were clustered followed by chimera filtered using
Ardp_gol do database as the reference. To obt a
unit (OTU), reads were mapped back to OTUs with a minimum identity of 97% using Qiime

taxonomy and Greengenes database (version 13_8, Aug (@ESAntis et al., 2006)

5.2.11.Viral parameters

All analysis were conducted at the Centre for Equine Infectious [Riseaisthe University of

Melbourne.

5.2.11.1. Detection of EHY and-4 specific antibodies

Blood samples were collected by jugular venepuncture for antibody testomgl@adingand two
weeks after the journey. Serum was obtained by centrifugatioreahébs analysis. Levels of EHV
1 and-4 antibodies present BJ and 2 weeks AJ were determined using an kb et al., 1995)

Antibody levels were considered to be negative if the mean optical density of the 3 test wells was less
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than 0.1, questionablif between 0.1 and 0.2, and positive if more than 0.2, as has been validated in
field studieqCrabb et al., 1995; Gilkerson et al., 1998¢roconversion in the horses was defined as
an increase in optical density of more than 0.2 above the previoudpabse readin@Gilkerson et

al., 1999)

5.2.11.2. Nasal swab collection

Nasal swabs were collected for virus identification and isolation two days before the journey (baseline
measurement), at unloading, 24 hours AJ and 5 days AJ. A sterile rayoradirgSavstedt, Adelaide,
Australia) was passed into the ventral nasal concha and the swab was moved at least 5 times up anc
down close to the nasal septum. This was repeated for both nostrils. Each swab was placed in saline
solution and stored in ice. Withi4 hours of collection the swabs were transferre@@0C storage

until analysis.

5.2.11.3. Detection of viral shedding by quantitative PCR (qPCR)

Nucleic acid was extracted from 20Q of nasal swab sample using an automated nucleic acid
extraction system (QIAxtractoQl AGEN) and a QI Axtractor Vx kit
protocol. Quantitative PCR assays specific for EHV2, -4 and-5 were performed using the GOTaq

mag er mi x system (Promega) according to manuf act
mM MgCl,, 200 uM dNTP, 0.8 uM Syto 9 (Life Technologies), 1 U GOtaq Flexi DNA polymerase
and 170 nM of each of the forward and reverse primers. Primers usddtéation of each of the
viruses are shown in Table 1. The final 25 pL reaction volume includeddl the extracted DNA
template. DNA extracted from cell cultures infected with EHYstrain EHV1.438/7(Gtuddert and
Blackney, 1979) EHV-2 (strain EHV2.86/6{Studdert et al., 197))EHV-4 (strain EHV4.405/76
(Studdert and Blackney, 1979nd EHV5 (strain EHV5.2141 (Turner et al., 1970Q)were used as
positive controls. Dilutions of nucleic acid extracted from these reference virus cultures were included
on each plate along with nuclease free water as a negative control. The gPCR was perfogtiee usin
Stratagene Mx3000P instrument. Thermocycling conditions we@1°C for 15 minutes, then 40
cycles of 94°C for 15 sec, 60°C annealing for 30 sec and 72°C extension for 30 sec. The melting curve
analysis of each amplicon was analysed after one oy&&°C for 1 min, 55°C for 30 sec and 95°C

for 30 secThe fluorescence threshold value used was the default value set by the analysis software.
Samples were considered positive based on the linear range of detection of positive controls and the

melting €mperature of the amplicon. Using these factors, the positore thresholdut off (C;) value
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for the EH\A1, -4, -2 and-5 specific assays were determined to be 35.01, 34.07, 35.76 and 37.5

respectively

5.2.11.4. Virus isolation

Virus isolation throuf cell culture was attempted on all nasal swab samples. Briefly, the nasal swab
infused saline sample (500 OL) was diluted wi
essential medium (DMEM), 1% v/v foetal bovine serum (FBS), 1@-(2-hydroxyethyl}1-
piperazineethanesulfonic acid (HEPES); 83 , gentamicin, § GIi , amphderin B, and filtered

through a 0.461 syringe filter. Semitonfluent monolayers of rabbit kidney (RK13), Vero, and
equine foetal kidney (EFK) monolayers in-d2e | | tissue culture plates
of filtrate and incubated foup to 10 days at 3T, 5% v/v CQ in air. Cultures were considered
positive based on the presence of cytopathic effect and viruses were identified by gPCR as described

above.

5.2.12 Statistical analysis

All data were explored initiallyusing raw and summary descriptive statistics Statlifftor

(http://statulator.com/descriptive.htimiNormal distribution of all quantitative data was checked

using the Andersearling test, with abormal data being transformed accordingly. SAS (SAS,
version 9, 1999) was used to analyse data regukNOVA, mixed linear model, and Spearman
correlation Gen StdtVersion 14 (VSNi Internationalyas used foe?, and linear regression-R3.1

(R Core Teamyvas used to analyse data required ordinal logistic analysis.

For all statistical analyses, a P value of <0.05 was used to indicate significance.

5.2.12.1. Environmental and air quality parameters insiderinek and the boxes

The environmental data were analysed using ANOVA to determine the effaetsgtiation (box 1,

box 2, trip 1, trip 2) on the following variables: temperature (T), humidity (H), heat index (HI) and
wind speed (W)A least significantifference (LSD) test was used to perform multiple comparisons

in all modelsResults are presented as least square mean + standard error (SE).

5.2.12.2. Behavioural parameters
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All behavioural data (frequency and duration) were analysed by mixed fmzdel using PROC

mixed procedure with random factors utilised to account for multiple records per animal. Firstly, to
identify variation in behavioural parameters over the 8 hour journey duration, models were developed
using the hour (from 1st to 8th) a$ixed factor, with horse and trip (trip 1, trip 2) as random factors.

A separate model was developed with each of the behavioural parameters as the outcome. Secondly,
to identify behavioural differences during travelling, during the rest stop and whee the box,

models were developed using the situation (travelling;stegt, box) as a fixed factor, with horse

and trip as random factors. A separate model was developed with each of the behavioural parameters
as the outcomeéA LSD test was used to perfn multiple comparisons in all modeResults are

presented as least square mean + standard error (SE).

5.2.12.3. Clinical, haematological, oxidative and blagas parameters

Based on the atical examination, particularljung auscultation, at unloadj the horses were split

into two groups: abnormal lung sounds (A) and normal (B). To explore whether the journey, the group
and their interaction affected these parameters, all data were analysed by mixed linear model using
PROC mixed procedure using thiene (preloading, unloading, AJ), the group (A, B) and their
interaction as fixed factor. In the model, horse and trip were used as random factors, to account for
multiple observations. A separate model was developed with each of the parameters asrtfe outc
LSD was used asposthoctest. Results are presented as least square mean + SE.

5.2.12.4 Respiratory parameters
5.2.14.4.1Thoracic Ultrasound
The effect of the time (preloading, unloading, 24 hours AJ, 5 days AJ) and group (A, B) on the

guantityof fluid was evaluatetly mixed linear model using PROC mixed procedure, using horse and
trip as random factors?tests were conducted to determine the association between time (preloading,

unloading, 24 hours AJ, 5 days AJ) and group (A, B) and loss of aeration and pleura changes.

5.2.12.4.2Scoping and TW score

The results of the observations made during endpgand TWscores were analysed by ordinal
logistic regression analysigith the time preloading(T1), unloading(T2), 24 hours AJ (T3)5 days
AJ (T4)), the group A, B) and their interaction a$xed factors The horse antlip were used as

166



Chapter 5

randomfactars. The nullhypothesis was that the distribution of the ssavas the same. The data

were expressed as proportion of the distribution of the score.

5.2.12.4.3. TW cytology and bacterial concentration

TW data (differential cells count and concentratiohgacteria in logy CFU/ml) were analysed by
mixed linear modelisingtime (preloading, unloading, 24 hows and 5 days AJ), group(B) and
their interactionasfixed factors Horse andrip were used as random factofsseparate model was
developedvith each of the TW parameters as the outcome. W8®used aa posthoctest Results

are presemd as least square meaSE.

5.2.12.44. Statistical evaluation of microbial diversity TW

Statistical analysis veaundertaken using the programmingdaage RR Core Team)specifically
thephyloseqMcMurdie and Holmes, 2013ndedgeRRobinson et al., 201(@ackagesavailable
through BioconductofHuber et al., 2015)The biom file, the OTU table, the taxonomic assigntse

and associated sample datere imported into R to create a phyloseq object. OTUs for wineh t
variance across all samplessmaery lowwere filtered out.In order to test for bacterial diversity
changes th&hannon diversity index was calculated and compared using Welchatmuiest-test
between the different times (preloading, unloading, 24 hours AJ, 5 days AJ) and between groups (A,
B). Exact tests for differences in the means betwegrtimes (preloading, unloading, 24 hours AJ,

5 days AJ) and the two group$ negativebinomially distributed countsvere computedData was
normalized using the RLE scaling factor method and dispersions estimated. The counts were
extracted and ranked byvalue.

The percentage of bacteria reported in the OTU table were also classified into @: grou
Pasteurellacag StreptococcacgeEnterobacteriacae anaerobes (based on the genera of strict
anaerobes associated with equine respiratory disdassobacteriumspp, Clostridium spp,
Peptostreptococcuspp, Bacteroidesspp, Porphorymonasspp, Prevotela spp(McGorum, 2007)
saprophytes (based on the most common environmental organisms: Plactomycetes,
Gammatimondetes, Cyanobacteria, Chloroflexi, Acidobacteria, Verrucromiqidbrkey et al.,

2013) Those bacteria unable to be classified into one okthegroups were placed in a group
designat ed 0o twere armlgsed by Mmizes dnead mdadaing time (preloading,
unloading, 24 hour8J and 5 days AJ), group( B) and theirinteractionasfixed factors Horse and

trip were used as random fars. A separate model was developed with each of the grouped bacteria
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percentage within floral population as the outcome. M3 used aa posthoctest Results are

presened as least square meaSE.

5.2.145 Viral shedding, transport and clinicaagis analysis
To explore whether the journey affected viral shedding, the qPiGRIlues folEHV-2 and EH\5
were analysed by mixed linear model using PROC mixeac@dure using the tim@reloading,

unloading, 24 hours AJ and 5 days)Aads fixed factor rad horse and trip as random factors.
Association between the positivity pre and post journey to 2tvid EH\5 and the clinicabtatus

(group A: abnormal auscultation; group B: normal) were explored e$tegt.

5.2.14.6 Associations between behavioural, clinical, haematological, oxidative and respiratory

parameters
Pearsorcorrelations were performed identify possibleassociatios betweerbehavioural, clinical,

haematological, oxidative and respirgtparameters. Albehaviars measured during the journey
(while travelling and during the rest stop) were used. HR, RR, and T, haematological, and oxidative
parameters recorded at unloading were used. The loetiieeen preloadingna unloading of the
scopng scores anthe TW bacterial concentration (leggCFU/mI) was used to account for differing
preloading status between horses. Assimriatwith a significant Pearsaorrelation (P<0.05) were
further investigated usingniear regression analysBatawere expressed as r and R

5.3. Results
5.3.1. Clinical parameters

All horseshadclinical parameters within the normal rar{§eed et al., 2003)efore travelling. Table

7 shows the results of the clinloexamination of the horses immediatelffer unbading. Briefly,
they were quiet and less responsive thafore transport. Thelreart rates, respiratory rates and CRT
were higher than norméiReed et al., 2003)

Ten of twelve horselsaddecreased borborygmi in one or more quadrants on abdominaltatisou
Coarse airway soundsere audible during thoracic auscultatfon six horses (i.e. H1, H2, H3, H4,
H11 and H12, these six horses define group A), &meetof thee horses coughed during the
examination. Coughingnd coarse airway soungsrsistéd in these horsegntil 5 daysAJ. None of

the horses showgmrexia AJ.
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One horse (HQ) was injured during transportation, sustaining a full thickness laceration to the caudal
aspect of the hock. The horse was treated with procaine penicillin, phengleitazd butorphanol

for 5 days. Ravdatafrom this horse has been retained but results from this indiwekral excluded

from statistical analysidue to potential confounding effects of the injury or treatment on parameters
of interest

The effect of tine was significant on the clinical parameters, while group anditiegroup
interactionwere not significan{P>0.05) Comparison oheart ratgHR), respiratory ratéRR) and
rectaltemperaturéRT) betweenhedifferenttimes is shown in Table.&ignificant diferences were
observed between unloading and the other time points. HR, RR and RT peaked at unloading and
returned to normal within 12 hours. All horses lost body weight (BW) due to transpartation
significant decrease in BW was found at unloading anddz4s AJ in comparison with preloading

and 5 days AfPreloading: mean= 444.0, unloading: 431.2, 24 hours AJ: 437.4, 5 days AJ: 442.9 Kg;
SE: 15.8 Kg; P<0.001).
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Table 7.Results of the clinical exam of the horses at unloadifigical assessment wasrauctedaccording to the methodologhescribedy Reed
et al.(2003) Gastrointestinal tract motility was assessed by auscultation of all four quadrants and scored as described prevouisitegiral

sounds, 1 = decreasedrborygmi, 2 = normal bodrygmi)(Sundra et al., 2012)

HI H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12 Normal value

RT (°C) 38.0 38.2 38.2 385 381 38.1 374 377 379 383 376 381 37.0385
HR(bpm) 40 46 42 44 40 36 36 44 40 76 52 52 30-40
RR (bpm) 12 24 12 16 12 16 16 28 20 28 40 12 812

Lossin BW (%/h) 0.31 0.26 0.34 056 0.40 0.25 0.08 0.29 0.72 030 0.22 0.32 0.090.63*
Lung Sound Abn Abn Abn Abn Nor Nor Nor Nor Nor Nor Abn Abn

Left dorsal flank 1 0 0 0 1 1 1 2 2 1 0 1 2
Left ventral flank 2 2 2 2 1 1 2 2 2 1 1 1 2
Right dorsal flank 1 0 1 1 1 1 1 2 2 1 0 1 2
Right ventral flank 2 1 2 1 1 1 2 2 2 1 2 1 2
GIT total score 6 3 5 4 4 4 6 8 8 4 3 4 7/8
Membrane colour pink pink pink pink pink pink pink pink  pink  pink  pink pink pink
Membrane status dry dry dry dry dry dry dry dry dry dry dry dry wet
CRT (sec) 3 3 3 2.5 3 3 3 3 3 3 3 3 1-2
Demeanour quiet quiet quiet quiet quiet quiet quiet quiet quiet agitated quiet quiet alert
Coughing + + + - - - - - - - - -

Lymph nodes Nor Nor Nor Nor Nor Nor Nor Nor Nor Nor Nor Nor

H: horse;RT: rectal temperature; HR: heart rate; RR: respiratory rate; CRT: capillary refithieg &IT: gastro intestinal tract; Nor: Normal; Abn:
Abnormal; +: positive; - Negative.
*(Marlin, 2004)
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Table 8.Effect of transportation ondart ate(HR), respiratory ratéRR) andrectaltemperaturéRT)
atpreloading, unloading, 12 and 24 hours gfterney (AJ) and at 5 dayAJ. Data are expressed as

square mean and standard e(RE) P value of the time of examination.

Parameter Preloading Unloading 12h AJ 24h AJ 5d AJ SE P value
HR (Beat/min) 34.7 43.3 36.4 36.4 34.7° 1.1 <0.0001
RR (breath/min) 13.2 18.FP 13.% 12.* 11.¥ 1.6 0.0045
RT(eC) 37.8" 38.¢° 373 3758 37.3 0.1 <0.0001

Means with different supsaipt differ significantly (A, B:P<0.001; ab: P<0.05)

5.3.2 Environmentaparametersnd air quality inside the truck and the boxes

The internal truckeémperature ranged frot©°C t020°C during travelling anétom 10°C to27°C

in the boxes, withthe highest values recorded during tifternoon (Appendix 5, Fig 6ilumidity

ranged fron21% to82%inside the boxes arfdom 28% to85% during travellingit was higher in

the mornng and decreased in thiernoonAppendix 5, Fig 7)The heat indexanged from 10°C to
25°Cinside the boxes anidom 10°C to 20°C during travellingt;, increased progressively with the
duration of travelling (Figure 1Jhe wind speedanged from 0 mpko 3.2 mphinside the truckO

mph was recorded at the truck stops and consequently no air movement or any type of ventilation
was present during the rest stbjm wind was registered inside the box (Figure 2). The effect of the
situation (Box 1, Box 2, fip 1, Trip 2) was significant on all the environmental parameters, except
for the wind speed (Table 9).

Figure 1. Heat index (°¢inside the truck (Trip 1, Trip 2) and in the stable (Box 1 and 2)
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Figure 2. Changes of wind spedthph) inside the truckTrip 1, Trip 2). The wind speed in the
boxes(Box 1 and 2was 0 mph
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Table 9. Difference in the environmentphrameters monitored inside the box and the tiDeka
are expressed as square mean and standard®#)or

Parameter Box1 Box2 Tripl Trip 2 SE P
Temperature (°C) 15.3% 22.2 181° 16.7° 0.3 <0.001
Humidity (%)  49.8* 39.2 56.F 46.4 1.4 <0.001
Heat index (°C) 15.3% 20.6 16.7 14.4° 0.3 <0.001
Wind speedmph) 0.0° 0.00 1.2 1.1 0.1 <0.001
Means with differensupesaipt differ sgnificantly (A, B, C: P<0.001; a, b: Rx05)

Air composition did not vary by day (Trip 1, Trip 2), location (Box 1, Box 2), or between boxes and
the truck. In all cases, oxygen was 20%, and anmonig hydrogen sulphide,acbonmonoxide

and methane we not detected (@pm or 0 %LEL), suggesting that pollutant gases did not
accumulate in the transport environmemhe bacterial concentrations in the truck were 3.1
logiocCFU/M? at preloading and 3.2 legCFU/m® unloading in trip 1; they were instead 6.2
log1oCFU/n? at preloading and 4.0 legCFU/nmPat unloading in trip 2. The bacterial load inside the
stable box were 5.9 lagCFU/n? pre journey and 6.1 lagCFU/NPAJ (Figure 3).

From the microbial diversity profiling data, the populations of bacteria iaitreamples collected in

the box stable were similar before and after the journey. Table 10 show the percentage of the more

predominant bacterial families detect&hterdacteriaeceaevere not detected.
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Table 10 Percentage of the predominant bactef@ahily of the total genome in the air samples

collected in the stables and in the truck

Bacterial Family (% of the Box Box Tripl Tripl Trip2 Trip2
total genome) BJ Al preloading unloading preloading unloading
Staphylococcaceae 41.7 414 11.1 11.0 32.2 25.3
Corynebacteriaceaea 205 23.6 5.1 8.0 33.0 18.9
Yaniellaceae 141 149 3.7 4.4 17.5 13.7
Aerococcaceae 7.2 7.7 1.6 3.3 4.7 6.6

5.3.3 Behavioural parameters

H3 showed a locomotory stereotypy (head tossing) after the second hour of trip. H2 akioh w

the right side of H3 started showing the same stereotypy in the last two hours of trip. H3 was very
agitated during the rest stop (i.e. high frequency of pawing, evasive behaviours) and he recorded the
highest frequency of movements during the jourm€l1l and H9 recorded the highest frequency of
biting neighbours. During the seventh hour of the journey H11 showed many aggressive behaviours
toward H10, which started kicking as a response and got injured.

5.3.3.1 Effect of the journey hour (fronf'to g")

Tablell shows the average values of the studied behavioural parameters in each hour of the journey
and the significant differences between them. During the first hour of the journey the frequency of
stress related behaviours, including lickings@outside, touching rubber tie cord, peaked (221 in 25
min; one every 6 s). The frequency of these behaviours then decreased progressively. In the first hour
of the journey horses lowered their head less frequently and lost their balance more frequently i
comparison to the rest of the journey. The total frequency of balance related behaviours decreased
until the 5th hour of the trip after which it began to increase.

The effect of thgourney houmwas significant fothe total head down duration. The slesttduration

in a head down position was registered during the first bbdine journey, this increased as the

journey progressed and reached a peak during the eighth hour of journey.
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Table 11. Effect of the journey hour (from the first to the eighth)frequency of the measured behavioural events (n/25 min) and total head down
duration (s/25 min)Data are expressed as square mean and standar(S&ryd? value of the journey hour.

Parameter 15th 2" h 39 h 4" h 5" h 6" h 7" h 8" h SE P
Backward movements 1.6 1.8 1.2 1.6 1.4 1.1 0.9 0.7 0.8 0.773
Biting neighbours 2.6 3.2 1.4 1.3 2.4 0.9 6.1 2.0 1.9 0451
Evasive behaviar/Pulling back 2.7 2.2 1.0 1.2 0.3 1.4 0.9 0.6 1.0 0.054
Explorative behaviar/Sniffing 34.9 27.4 25.5 22.9 26.7 17.6 25.6 21.9 12.4 0.228
Forward movements 1.8 1.03 0.5 0.9 0.8 0.7 0.4 0.6 0.6 0.113
Head tossing/shaking 13.6 434 46.0 69.9 53.6 77.9 71.7 42.8 49.1 0.428
Interaction with neighbours  43.7  35.9 32.3 31.1 35.4 35.4 32.4 28.9 6.7 0.361
Lateral movements 16.1 18.4 14.0 15.3 16.3 15.9 16.5 22.3 3.9 0.343
Leaning on stall rails 34.0¢ 23.4% 26.3% 315 22.7 30.0* 30.1 40.1° 5,5 0.023
Licking/chewing 429 2262 179 12.38 15,58 10.1%° 12.3% 10.7%® 7.4 <.0001
Licking the truck 7.0 3.5 2.4 2.8 2.7 2.4 2.3 1.2 1.4 0.067
Look outside 38.8 35.0 34.7 38.6 35.1 34.1 38.0 334 5.9 0.933
Loss of balance/ 8.8 5@ 2.3¢ 3.6°¢ 4.28¢  47B¢ 55 6.5¢ 2.1 0.004
dashing on theartitions

Loweringthe head 12.* 39.7 43.1.2 4467 31.4° 38.4 42.3%2 49382 50 <.0001
Nose outside 41.8 2492 10.2° 155C QBCL g gL g X 2.7 6.7 <.0001
Pawing 55 1.9 1.3 3.4 0.8 1.2 1.8 1.1 1.4 0.284
Shaking head 7.0 6.4 3.5 6.4 3.1 3.4 5.7 3.5 29 0.779
Touchingrubber tie cord 35.82 30.0° 28.3 21.2¢ 212 20.8° 1872 16.9° 52 0.032
Turning the head 128 8.4 8.4 5.4 5.0 1.9 4.5 5.9 3.1 0.089
Yawning 1.3 0.7 1.0 0.8 0.1 0.2 1.0 0.1 0.6 0.672
Total movement 362.3 333.1 298.6 328.2 286.6 305.1 320.7 2899 71.2 0.216
Total stressbehaviours 221.8 1557% 129.8 123.% 117.2 98.7 110.6 94.4° 26.8 <.0001

Total balance related behavio 62.2¢ 49.9" 441 527> 4522 5220 533 70.8° 6.8 0.006
Total head down duration 55.1* 2454 318.F¢ 268.3C@ 249.7® 363.FC 265.92 429.5° 81.6 <.0001
Means with differensupesaipt differ signficantly (A, B, C: P<0.001; a, b: Fx05)
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5.3.3.2 Effect of the situation (travelling, restop,stablebox)

Table 12 shows the average values of the studied behavioural parameters during the joustey, whil
the vehicle was stopped (rest stop) and whilst horses were inside the stable box, and the significant
differences between them. Backward and forward movements were more frequent inside the box
compared to during the journey or during the rest stop.rélateovements were more frequent
during the journey. Whist travelling the horses performed more sniffing of partitions and walls,
looking outside, interaction with neighbours compared to the other two situations. They pawed,
yawned and licked the wall modering the rest stop than in the other two situations. Horses during
transport showed the highest frequency of stress related behaviours and balance related behaviours
compared with when the vehicle was at rest (i.e. rest stop) (P=0.044 and P<0.0@fiyedgper

when the horses were in the stable box (P<0.001 and P=0.004). During the rest stop, the horses
demonstrated more stressathted behaviours (P=0.011), but moved less (P=0.016) in
comparison with being into their stable boxes.

The effect of thesituation was significant on the tots#ad dowrduration. Whilst travelling it was
approximatively two and four time shorter in comparison with the rest stop and the stable box,

respectively.

Table 12. Effect of the situation (journey, rest stop, stabtx) on frequency of the measured
behavioural events (n/25 min) and total head down duration (s/25Atidata are expressed as

square meansstandard error (SE).

Parameter Journey Reststop  Stable hox P
Backward movements 1.3+0.7%  0.3x0.8°>  3.1+0.& <.0001
Biting neighbours 2.4+1.02 0.3+1.8 0.0+1.77 0.167
Evasive behaviar/Pulling back 1.3+0.8 0.5+0.9 0.4+0.9 0.163
Explorative behavior/Sniffing 25.4+10.f 12.9+10.8% 0.9+10.$° <.0001
Forward movements 0.9+1.2 0.6+1.9 21.2+1.§ <.0001
Head t@sing/shaking 52.4+39.1 30.3x44.7 0.1+44.7 0.089
Interaction with neighbours 34.4+4.6  20.7+6.F  3.4+6.F <.0001
Lateral movements 16.8+2.7% 8.1+3.¢ 8.2+3. P 0.0003
Leaning on stall rails 29.843.4 4245 na <.0001
Licking/chewing 18.1+5.60  12.8+7.0 4.1+7.¢% 0.0118
Licking the truckwall of the box 3.1+0.9 3.8+1.5% 0.1+1.4 0.0493
Look outside 35.9+4.00 19.8+5.% 118458 <.0001
Loss of balance/dashing on the 5.1+1.8 0.2+1.8& na <.0001
partitions

Lowering the head 37.6+3.42 31.8454  16.4+5.4 0.0001




Chapter 5

Nose outside 15.1+4.8 6.6+6.7 0.0+6.7 0.0097
Pawing 2.1+0.9 6.5+2.(Y 0.1+2.¢ 0.0481
Shaking head 4.9+1.8 3.3+2.6 1.5+2.6 0.2748
Touchingrubber tie cord 24.1+3.1 18.1+4.9 na 0.1814
Turning the head 6.5+1.7 2.3+2.8 3.8+2.8 0.1658
Yawning 0.6+0.3' 4.0+0.7 0.1+0.7° <.0001
Total movements 316.3+58.% 185.3+62.8 73.3+62.5  <.0001
Total stressehaviours 95.6+25.52 63.3+25.4 9.0+25.4° <.0001
Total balance related behaviour 53.9+4.4  13.3+6.82 32.8+6.8° <.0001
Total head dowrduration 273.9463.5 644.9+80.8 1204.7+80.8 <.0001

Means with differensupesaipt differ signficantly (A, B, C P<0.001; a,b Rx05)

5.3.4 Haematological parameters

There was a significant effect of time on red blood cell (RBC), haemoglobin (Hb), hadamatocr
(Hct), and neutrophil (N), lymphocyte (L), monocyte (M), and eosinophil (E) countstosadd
serum proteinéTP),albumin(Alb), globulins(Glob), creatine kinas@CK), fibrinogen and cortisol
concentrations (Table 13)he effects of group and the &fgroup interaction were not significant

for all haematological parameters (P>0.05). RBC, Hb and Hct were lower at unloading than at 24
hours AJ. The concentration of N peaked at unloading, whist L, M and E registered their minimal
value at that pointThe concentration of TP and Alb increased from preloading to unloading,
remained elevated until 24 hours AJ, and restored to normal by 5 days AJ. Globulins increased
progressively from preloading to 12 hours AJ, and started decreasing to restore to nadsmal by
days AJ. CK increased from preloading to unloading, stayed elevated until 24 hours AJ and
returned to normal by 5 days Adt unloading, two horses in group A had a fibrinogenaemia with
fibrinogen concentrations (8 g/L) higher than normal , and the gedilarinogen concentration

of group A was higher than B: 4.6 géis2.8 g/L. Rbrinogen concentrations was higher at 5 days

AJ in comparison with all the other times. The highest level of cortisol was registered at unloading,
the minimum level at 24 houssJ.
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Table 13. Effect of the time (Preloadingynloading 12h AJ, 24h AJ, 5d AJ) on the haematological

parametersAll data are expressed as square meateidard error (SE).

Parameter Preloading Un 12h 24h 5dAJ SE Pvalue Normal
loading AJ Al Laboratory
range
RBC 7.68 7.2 8.0 85 79 0.2 0.0006 6.512.5
(x10'/L)
Hb (g/L) 116.3 113.80 1215 130.8 121.6 3.7 0.0009 110190
Hct (%), 33.4 3220 351 37.4° 351 1.0 0.0010 3252
WBC 7.4 8.1 7.6 8.0 6.8 0.5 0.0768 5.512.5
(x10%/L)
N (x10°L) 4.2 6.5° 4.3 44 34 04 <0001 258.0
L (x10%L) 2.7 1.48 294 32° 322 0.3 <0001 1555
M (x10°%L) 0.22 007 024 024 015 0.04 0.0149 0.00.9
E(x1¢/L) 0.23 0.0 0.08 0.12 0.10 0.03 0.0003 0.00.8
B (x1(P/L) 0.04 0.00 0.2 0.06 0.02 0.02 0.2310 0.00.3
TP (g/L) 65.1% 69.6° 69.4° 683% 64.3* 12 <0001 5876
Alb (g/L)  282% 3038 29.¢ 2972 285 0.7 <.0001 2838
Glob (/L) 36.9°¢2 39.38> 395 38.5% 358 1.5 <0001 26-40
Alb/Glob 0.8 0.8 0.8 0.8 0.8 0.1 0.3751 0.81.9
CK (U/L) 248.8 291.8 2948 292.% 2685 9.9 0.0072 50400
AST (U/L) 271.0 2725 287.8 2702 2452 29.8 0.8725 150400
Fibrinogen 3.8 3.8 3% 37 54 0.4 0.0087 1.04.0
(9/L)
SAA(mg/L) 1.6 2.8 2.2 2.9 2.8 09 0.7537 <7
Cortisol 4.4 6.65 514 29° 422 0.3 <0.0001 n.a.
(Hg/dI)

AJ: after tramsport;RBC: red blood cells; Hb: haemoglobin; Hct: hematocrit; WBC: white blood
cells N: neutrophils; L: lymphocytes; M: monocytes; E: eosinophils; B: basofrils;otal
proteins Alb: albumin Glob: globuling Alb/Glob: albumin globulins ratioCK: creatine kinase;
AST: aminotransferaseSAA: Serum Amyloid A

Means with different subscript differ significantly (B, C P<0.001; ah, cP>0.05)

5.3.4. Oxidativestresparameters
The effect of time wasignificant for ROMs, PTAS, AOPP, ceruloplasmin (GiRSTAS(Table
14). The effects of group and the time*group interaction were not significant for any of the

oxidative parameters (P>0.05). ROMs increased fumeloadingto unloading, peaking at
unloadirg, and they progressively decreased, registering the minimum value at 5 days AJ. PTAS
and STAS had a similar trend, increasing from preloading to unloading and then slowly

decreasing; PTAS reached its minimum value at 5 days AJ. Transportation causgdaseim

177



Chapter 5
AOPP and CP at unloading and at 24 hours AJ; these values returned to normal 5 days AJ. There

was no effect of time on4@:levels detected in EBC.

Table 14. Effect of the time (Preloadind/nloading 12 hoursAJ, 24 hoursAJ, 5 AJ) on the
oxidative parameterdAll data are expressed as square meatedard error (SE).

Parameter Preloading Unloading 12h AJ 24hAJ 5dAJ SE P
value
ROMs (U.Carr) 167.9 180.7 155.18 166.3 146.F 18.9 0.0001
PTAS (U.Corr) 2474.3 2732.9%  2615.2° 24224 22944%° 69.9 0.0007
oSl 6.7 6.6 5.9 6.9 6.4 0.7 0.1078
AOPP( ¢ mo | , 1612 19.6°° 18.0 19.2¢ 1672 1.07 0.0017
Ceruloplasmin ~ 0.38¢ 0.50°° 0.3%% 0.4£¢ 0.32 0.02 0.0001
(9/L)
GSH( ¢ /MI) 9.3 9.5 10.2 10.2  10.8 0.7 0.5401
STAS (UCorr) 969.7 151912 1438.4 852.% 926.2 155.9 0.0047
EBCH20; 161.0 111.30 143.8 113.35 161.8 18.4 0.0889
(eEq/L)

ROMs Reactive oxygen metabolites; PTAS: plasma total antioxidant status; OSI: Oxidative stress index; AOPP: Advanced
oxidation protein product; GSH: plasma glutathione; STAS: saliva total antioxidant sta®4sn EBC: hydrogen peroxide in the
exhaled breath condensatéeans with different subscript differ significantly (A, B, C P<0.001; a, b P<0.05).

5.3.6. Bloodgas parameters

Tablel5shows the effect of transportation on blood gas paramétarssportation waassociated
with small, transient, but significant, decreases in Ca++, K+ and HG&Gcose and lactate
increased after transportation and remained elevated the day AJ. There was no effect on arterial
blood gas pressures, pH aN&+ The effects of grou@and time*group interaction were not

significant for any of the bloedas parameters.

Table 15. Changes of the examined blood gas parameters at preloading, unloading and 24 hours
AJ. Data are expressed as square mean and standar(bé&yay, B: P< 0.01 a, b: P<0.05.

Parameter Preloading Unloading 24 h AJ SE P value
pH 7.43 7.42 7.45 0.01 0.054
PCQ (mmHg) 47.93 45.93 46.39 1.34 0.479
pO. (MmMHQ) 117.00 113.00 106.73 5.06 0.371
Na+ (mmol/L) 133.20 134.20 133.11 0.65 0.211
K+ (mmol/L) 3.4 3.488 4.23”% 0.08 <.0001
Ca++ (mmol/L) 1.51%@ 1.428 1.58”° 0.02 <.0001
glucose (mmol/L) 5.24% 6.71°8 6.10¢ 0.30 <.0001
lactate (mmol/L) 0.5142 0.77° 0.812  0.09 0.002
HCO3(mmol/L) 31.68% 29.51° 31.25* 0.51 0.012
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5.3.7. Respiratorpaameters

5.3.7.1. Pharyngeal Lymphoid Hyperplasia
The effect of time was not significarR£0.979); the group was insignificant (A vs B: P=0.303).

5.3.7.2 Tracheal inflammation score:

The time*group interactionwas significant (P<0.001(Figure 3) In particular, group A hac
significantly higher tracheal inflammation scores in comparison with group B at prelc
(P=0.017),unloading(P=0.019) and 5 days AJ (P=0.003) general trend is apparent where
scores are significantly greater (P<0.001) abading compared with preloading.

Figure 3. Effect of thetime*group interactioron the distribution of the Tracheal inflammati
score(0= no, 1= mild, 2= moderate, 3= extrenfgP<0.05; *=P<0.01) (Time: T1: preloading
T2: unloading; T3: 24 h AJ; T4days AJ. (Group: A:abnormal lung sounds at unloading;

normal lung sound at unloading).
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5.3.7.3 Tracheal mucus score

The effect of time was significant (time 1 vs<®.007% time 1 vs 3: @14; time 1 vs 4: 0.85; time

2 vs 3 P=0.04; ime 2vs 4: P= 002; ime 3 vs 4P=0.632) (Figure dathe effect ofgroup was
significant £=0.022) (Figure 4b andthe interaction was not significant (©431. The time

effect illustrates scores being highest at unloading compared with preloading (P<Q:@01
scores progressively lowering from 1 day and 5 days after transport, but not reaching initial
preloading distribution (P=0.035). The effect of group indicates that animals in group A had

significantly higher tracheal mucus scores (in general) coedpaith Group B animals.

Figure 4. Effect of the Timeg(a) and Group (bdn the distribution of the Tracheal Mucus score
(O=none, 1=little, 2=moderate, 3=marked, 4= large, 5=extrd@ejup: A:abnormal lung sounds
at unloading; B: normal lung sound at unloadin@plumns with different superscripts are
significantly different: A, B R0.01; ab P<0.05.
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b Tracheal Mucus
b
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5.3.7.4. TW Colour (from 0: clear to 4lood)

At unloading, the TW colour ranged from clear to yellow (Figure 5).

Figure 5. TW collected at unloading of trip 1 from the 6 horses. One TW was transparent, three

were white andwo yellow.

The effect of time was significant (time 1 ve020003; time 1 vs 3: 0.011; time 1 vs 4: 0.002; time
2 vs 3 P=0.068; time 2 vs 4. P= 0.35®ne 3 vs 4. R0.373) (Figure B the groupand the
time*group interaction wereot sgnificant (P=0.21 andP=0.131, respective)y The time effect
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