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Observational study: effect of varying @
transport durations and feed withdrawal

on the physiological status and health of dairy
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Abstract

Long-distance transport and associated fasting of unweaned calves have the potential to compromise the animals’
welfare. This observational study aimed to determine how transport and fasting durations impacted the physiology
and health of 115 transported calves in three transport groups; IRE (=20, mean age 29.8d; short road transport
(~29 h incl. resting time) and short feed deprivation (~ 11 h)), INT (n=65, mean age 24.9d; long road/ferry transport
(~79 hincl. resting times) and long feed deprivation (~28 h and 25 h)), and NLD (n=30, mean age 17.7d; short
road transport (~28 h incl. resting time) and long feed deprivation (>18 h)). All calves travelled through an
assembly centre. Each calf was blood sampled (arrival at destination farm, 1-week and 3-weeks post-arrival), health
scored (arrival, 1, 3, 7, 8, 20d post-arrival) and weighed (farm/mart of origin [IRE and INT only], arrival, and 3-weeks
post-arrival). (Generalised) linear mixed models were used to analyse differences in blood variables, weight, and
health scores on arrival and during recovery (all other timepoints). Despite differing transport durations, both INT
and NLD calves exhibited glucose, beta-hydroxy-butyrate, non-esterified-fatty-acids and sodium levels outside
reference limits upon arrival, which were different from values observed in IRE calves (p <0.05). Lactate and
potassium were above reference range for INT calves on arrival, and higher than in IRE and NLD groups (p <0.05).
One- and three-weeks post arrival, most variables returned to within reference ranges, and differences between
groups were minimal and not clearly associated with either transport duration or fasting during transport. Health
scores did not differ between transport groups at arrival, and differences were minimal during the three-week
recovery period. INT calves lost more weight during the journey than IRE calves (p<0.01), while INT and NLD calves
gained similar weight in the 3-weeks post-arrival, but less than IRE calves (both p<0.01). Overall, changes in the
physiological status of calves post transport appeared to relate more to the duration of feed deprivation than to
the duration of transport, except for potassium and lactate (muscle fatigue), which were impacted more for INT
calves. Most variables showed clear signs of recovery to within reference levels for all groups within three weeks.
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Minimizing the duration of feed deprivation during transport should be a key consideration for the dairy industry

to reduce the impact of transport on calf welfare.

Keywords Animal welfare, Journey duration, Feed deprivation, Hunger, Dehydration

Introduction

Long distance transport of unweaned, ‘non-replacement’
calves coming from dairy farms represents a focal point
of physical and biological challenges which could com-
promise the animals’ welfare [1, 2]. The impact of altered
physiological status and health of calves during and
after transport has been well documented and has been
shown to be triggered by a combination of factors includ-
ing a reduction in feed and water intake, and increased
physiological and physical stressors, muscle fatigue and
immunosuppression [3-9]. The culmination of these
cofactors, albeit with unequal contributions, can lead to
an increased likelihood of altered physiological status and
health [10-12]. The amount of antimicrobials is higher in
calves that have been bought through livestock marts and
when calves from multiple sources are amalgamated on a
veal farm [13], both of which are common factors in veal
systems.

Within Europe, transport of calves is rarely a singular
event but rather a combination of stops at livestock mar-
kets, assembly centres and/or control posts, intermingled
with periods of truck transport by road, and in some
instances, by sea. Duration of the journey, therefore, is
a combination of some or all of these movement events,
leading to extended or repeated episodes of transport
and feed withdrawal, even when operating within legal
requirements [14].

While international transport is likely to be of greater
distance and duration, prolonged feed deprivation can
apply to both national and international transports. For
example, the total journey duration of Irish calves trans-
ported internationally to the Netherlands is approxi-
mately 79 h [15]; incorporating one sea and multiple
road transports, with a stop in an Irish assembly centre
where calves are collected and fed prior to transport, and
a stop in a French assembly centre where calves are fed
and rested. In the Netherlands, nationally transported
calves are transported from their dairy farm of origin
to an assembly centre where they are fed and rested,
and can remain there for up to 30 h (NL regulation
#W]Z/18205482) before being transported to a regional
veal farm, which may take no more than a few hours by
road. By means of comparison to this system, Irish calves
transported nationally to be reared for beef can have a
journey time of approximately 12 h when sold through
a livestock mart (a location where calves from many dif-
ferent locations are sold through an auction process), or
approximately 6 h if sold from farm of origin; they are not
typically fed until they arrive at their final destination.

Because of this journey variability, few studies have
tried to pinpoint the factors that contribute most to
increased morbidity and compromised homeostasis. Pre-
vious research has indicated that the physiological status
of calves transported for longer distances is impacted to
a greater degree [12], particularly in terms of energy bal-
ance, dehydration and muscle fatigue. Blood parameters
related to energy balance such as blood glucose, beta-
hydroxy butyrate (BHB), and non-esterified fatty acids
(NEFA) often normalise within 24 h after 6 to 18 h of
travel [11]. However, indicators of dehydration such as
blood urea and lactate display more variability and may
gradually return to normal levels over a span of one to
five weeks post-arrival [4, 11].

Aside from changes in the energy balance and dehy-
dration status of calves during transport, elevated corti-
sol levels, indicative of physical strain, have been found
in calves transported for greater durations (18 h vs. 6 h),
while navel inflammation was observed more frequently
in calves transported for 6 h vs. 18 h [10, 11]. Further-
more, an increased duration of transport has been shown
to increase mortality rates during transport in young
calves (approximately four to seven days of age) trans-
ported to slaughterhouses in Australia and New Zealand
[16, 17]. For this reason, transport of calves of this age is
not allowed within the European Union.

Differentiating the key drivers of altered physiological
status and health in transported calves (either transport
duration or feed withdrawal), is essential for the develop-
ment of interventions that improve the welfare of calves
during transport. Therefore, the purpose of this observa-
tional study was to determine how transport and fasting
durations impacted the physiology and health of trans-
ported calves in three transport groups. In this instance,
we compared Irish calves destined for an Irish beef sys-
tem, Irish calves destined for a veal farm in The Nether-
lands, and Dutch calves destined for the same veal farm
in The Netherlands. We hypothesised that longer dura-
tions of fasting and transport would lead to greater physi-
ological disturbances in unweaned calves post transport.

Materials and methods

Calf selection

Data for this prospective observational study was taken
from three groups of calves (a) those transported nation-
ally within Ireland (IRE), (b) those transported interna-
tionally from Ireland to the Netherlands (INT), and (c)
those transported nationally within The Netherlands
(NLD). The IRE and INT groups were assessed across
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two journeys in April and May of 2022, while the NLD
group was assessed across one journey in April 2022. The
IRE group was deemed to have short transport and short
fasting durations, the INT group had long transport and
long fasting durations, and the NLD group had short
transport but long fasting durations.

Minimum sample size was set at 20 calves per group
based on an initial sample size calculation using means
for glucose of 3.4 (raw data from an earlier trial following
calves on a commercial transport from Ireland to France)
and 4.4 mmol/L (mean value for non-fasted calves [18])
and an expected standard deviation of 1.0 mmol/L. Using
a power of 0.8 this calculation yielded an effective sample
size of 34 calves (n=16 per group), to allow for dropouts,
20 calves was set as the minimum number of animals
required per group. Because of the novelty of this analysis
and uncertainty in expected physiological expectations,
sample collection for 30 calves per group was approved
by ethical commissions to ensure valuable outcomes.
The INT group was part of a larger study assessing calves
during long-distance transport, which resulted in a larger
group size.

The selection criteria for enrolling calves in the study
were as follows: for both the IRE and INT groups, calves
were enrolled into the study from eight commercial dairy
farms (Co. Cork, Ireland), who routinely sold calves to
a collaborating exporter. When visited one day prior to
transport in April or May 2022, all available calves eli-
gible for export on each farm were enrolled in the trial.
Calves were eligible for export when they were between
14 and 40 days of age, weighed >40 kg, and were dairy
or dairy X beef breed, Jersey bred calves were excluded,
every animal was assessed by a veterinarian (Department
of Agriculture Food and the Marine) at the assembly cen-
tre and calves deemed unfit for transport were excluded.
Fitness for transport was not assessed by the research
team as this study was observational and followed
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commercial transports. On dairy farms, calves were ran-
domly assigned to either the IRE (n=20) or INT (n=27)
group. As calf details (age, breed, and sex) were unknown
to the study team until their arrival at each farm, group
assignments (IRE or INT) were made sequentially on
a farm-by-farm basis. The trial team balanced calves
between treatment groups, optimizing the distribution
as equally as possible across transport groups. Age limits
were set by the purchasing veal company. On all farms,
at least one calf was enrolled in the IRE group and two
calves in the INT group. Additionally, two commercial
marts (Co. Cork, Ireland) were visited in April or May
2022, from which 39 additional calves purchased by the
commercial livestock exporter were enrolled into the
INT group only. Calves (n=30) for the NLD group were
selected based on being born at Dutch dairy farms, they
were between 14 and 42 days of age and were selected at
the assembly centre by a Dutch veal company.

Transport

Transport times (time spent on the truck) and journey
times (departure from farm/mart of origin to arrival at
veal farm) are described below. A layout of the transport
journey for all groups, including estimated transport
and journey times, is shown in Fig. 1. Not all transport
sections were tracked in detail and some transport,
resting, and fasting times were estimated. All trans-
port events conformed to national and European trans-
port legislations for stocking density (0.30-0.40 m2 per
calf; EC 1/2005), lorries were fitted with deeply bedded
straw. Loading conditions were assessed and approved
by department veterinarians prior departure. Calves
for both the IRE and INT groups, across both April and
May cohorts, were transported for <12 h (likely between
6 and 12 h, but this section of the journey was not
tracked) from the dairy farm or livestock mart of origin
to an assembly centre (Leinster, Ireland), arriving about

Total:
&<12h=> AC 29h
Total:
28h
Total:

77 to 81h

Fig. 1 Journey layout for short- (IRE & NLD) and long-distance transport (INT) calves, including the location of origin (ORG), assembly centre (AC), lairage,
destination farm or veal farm, and approximate transport durations between locations and approximate total journey times per group. Transport of NLD
calves is shown, but calves were first sampled on arrival at the destination farm and not prior to this point. Locations shown are in Ireland (IRE), France

(FR), or The Netherlands (NL)
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midnight and were offloaded to straw pens (maximum
20 calves per pen, dimensions approx. 5x5 m), they
remained at the assembly centre for 12 to 16 h. Calves
arrived on many different trucks from different loca-
tions which were unable to be tracked by the trial team
and arrival times are not recorded at the assembly centre.
Calves were fed 2 L of milk replacer [125 g/L fed at 40 °C;
21% protein, 17% fat] in teat feeders the following morn-
ing (approximately 8 h after arrival). That afternoon, IRE
calves were loaded onto a commercial livestock lorry and
transported for approximately 2 h to their destination
(Teagasc Grange Research Centre, Dunsany, Co. Meath,
Ireland) where they were offloaded and penned. At the
same time, INT calves were loaded onto a three-tier
commercial lorry and transported for approximately 1 h
by road to a ferry port in Dublin, Ireland (April cohort) or
Rosslare, Ireland (May cohort), where the lorry boarded a
ferry to Cherbourg, France for a 18 to 20 h sea journey.
On arrival in France, the lorry drove 30 min to a lairage
(Normandy, France) where the calves were offloaded and
fed 3 L of milk replacer [90 g/L fed at 40 °C; 22% protein,
19% fat] in teat feeders and rested on straw (average of
40 calves per pen) for 13 h. Upon re-loading, calves were
transported by road for an additional 13 h (April cohort)
or 17 h (May cohort) to the destination veal farm (two
separate farms for April and May cohorts in the province
of Gelderland, The Netherlands). On arrival, calves were
offloaded and penned individually at a stocking density
of 1.6m2 per calf (pen dimensions typically 1.6 x 1.0 m).
NLD calves were transported from Dutch dairy farms
of unknown origin to an assembly centre in The Nether-
lands and remained there for an unknown duration, but
not greater than 30 h and commonly less than 24 h (per-
sonal communication). The feeding regime at this cen-
tre was unknown. Calves were loaded onto a lorry at the
assembly centre and transported to the same veal farm as
the INT April 2022 cohort. They arrived three days after
the INT group, and on arrival were offloaded and penned
individually.

The total journey time for IRE calves was approxi-
mately 29 h and they were fasted for approximately 11 h
before sampling on arrival at their destination farm. The
total journey time for INT calves was 77 (April cohort) to
81 (May cohort) hours and they were fasted for approx-
imately 27 to 28 h between Ireland and France, and for
approximately 23 to 27 h between France and arrival at
the destination farm in The Netherlands. The total jour-
ney time for NLD calves was estimated at 28 h and, based
on energy balance and dehydration indicators in blood,
were retrospectively estimated to have been fasted for
>18 h before arrival at the destination farm.
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Husbandry procedures after arrival at destination farm

Husbandry procedures, in particular housing and feeding
regimes, differed between the IRE group versus the INT
and NLD groups. IRE calves were housed with 10 calves
per pen on deeply bedded straw and were fed 3 L of
milk replacer [125 g/L fed at 40 °C; 26% protein, 16% fat]
twice a day in teat feeders. Calves of the INT and NLD
groups were randomly housed in individual wooden
slat pens according to Dutch housing legislation for veal
calves for at least 3 weeks post-arrival. Calves were sepa-
rated by stainless steel fencing but were able to see and
touch calves in neighbouring pens. INT and NLD calves
were fed an electrolyte mix in 2 L of water for the first
feed post arrival (as part of the standard on-farm proto-
col), from the next feeding onwards calves were fed 1.5 L
of milk replacer [130 g/L mixed at 45 °C; 21% protein,
18.2% fat] twice a day in buckets, the volume gradually
increased to 2.7 L twice a day by 3 weeks post arrival.

During the April transport cohort for IRE and INT
calves, weather was mild with a slight overcast (15.8 °C,
humidity: 72%; average data recorded by two TinyTags
positioned on the inside wall in the front and rear of the
INT lorry; temperatures for IRE calves were between
5.4 °C and 15.5 °C (Phoenix park weather station, Met
Eireann), for INT calves the sea was calm with mini-
mal swell [mean wave height of 1.6 m at M5 buoy; [19]].
For INT calves transported for the second day between
France and the Netherlands, the weather was mild with
a slight overcast (15.9 °C, humidity: 67%). For the May
transport cohort for IRE and INT calves, the weather was
mild with a slight overcast (17.7 °C, humidity: 66%; aver-
age data recorded by two TinyTags positioned on the INT
lorry; temperatures for IRE calves were between 9.7 °C
and 17.2 °C (Phoenix park weather station, Met Eireann),
for INT calves the sea was rough [mean wave height of
3.6 m at M5 buoy; [19]]. For INT calves transported for
the second day between France and the Netherlands,
there were heavy downpours (20.3 °C, humidity: 82%;
average data recorded by two TinyTags positioned on the
inside wall in the front and rear of the INT lorry). Trans-
ports of NLD calves were not tracked and no lorry tem-
perature details were collected, weather reports reported
temperatures between 2.4 °C and 13.8 °C on the day of
transport (de Bilt weather station, KNMI). Barn temper-
ature in Ireland and the Netherlands was inconsistently
recorded, but no unseasonable variations in weather
events occurred during the study.

For INT and NLD calves, blanket antibiotic treatments
were prescribed by a veterinarian based on a criterion of
10% of calves with disease within a five-day period or 4%
of calves newly diagnosed with disease within 24 h. Indi-
vidual treatments, where applicable, were established
jointly by the farmer and veterinarian and were based
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on external signs of disease, unwillingness to finish their
feed allowance and altered rectal temperature.

Sampling

All calves were blood sampled on arrival at the destina-
tion farm (Arrival), 7 to 10 days post arrival (1WK), and
17 to 21 days post arrival at the destination farm (3WK).
Calves were fed 3 to 9 h before sampling at the 1WK and
3WK time-points.

Weighing of calves was performed at the point of ori-
gin for IRE and INT calves only, while all calves were
weighed on arrival and three weeks post arrival using cal-
ibrated weighing scales (Sampling in Ireland: EziWeigh
7i Cattle Weighing Scales; sampling in the Netherlands:
Calf scales Type ISC-V, Henk Maas Weegschalen B.V,
Veen, NL). Differences in body weight over time (delta
weight) were calculated between origin and arrival (IRE
and INT only), and between arrival and 3 weeks post
arrival (all three groups).

Additionally, an external clinical health scoring sys-
tem based on the Wisconsin calf health score [20], and
research by Barry et al. [21] and Marcato et al. [11]
adapted for use in transport situations, was employed to
assess the health of calves on arrival and 1, 3, 7, 8, and 20

Table 1 Health scoring criteria used to assess external, clinical
health of calves (based on Wisconsin calf health protocol [20] and
research by Barry et al. [21] and Marcato et al. [11])

Indicator

Score  Criteria

Eye discharge 0 No discharge
1 Small or moderate amount of unilateral or
bilateral ocular discharge
Altered ear 0 Normal ear position or slight unilateral
droop
position 1 Head tilt or bilateral droop
Nose discharge 0 Normal serous discharge
1 Small amount of unilateral cloudy
discharge, moderate amount of bilateral
cloudy discharge, or copious bilateral
mucopurulent discharge
Coughing No cough
Occasional or continuous cough
Skin tent (> 1s) Normal, skin tent returns to normal < 1s
Dehydrated, skin tent returns to
normal>1s

- O — O

Navel 0 Normal (up to approx. width of pointer

finger)

Mild (more than approx. width of pointer

finger), or moderately inflamed (approx.

width > 3 fingers, hot, and/or pain)

Gut fill 0 Full, width of < 1 fist fits in the triangle of
the Para-lumbar fossa.

inflammation 1

1 Empty, width of fist can easily fit in the
Para-lumbar fossa

Decreased 0 Bright, alert, responsive

responsiveness 1 Dull, markedly depressed, or unresponsive
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days post arrival. Health scoring criteria were scored in
a 0-3 tier system, but were transformed to binary vari-
ables (0 =healthy, 1 =not healthy) prior to analysis due to
low numbers of some ordinal categories for some health
variables. Binary health scoring criteria are presented in
Table 1. Health scoring was performed by five different
observers, observers in the Netherlands reached 75-87%
inter-rater agreement. Inter-rater agreement was not
assessed between observers in Ireland and the Nether-
lands, as observers being located in different countries
made inter-rater agreement testing logistically impos-
sible. However, all observers met online multiple times
prior to the study and discussed the scoring system with
the aid of photographic examples to ensure agreement
and clarity on scoring criteria.

Laboratory analysis

Four different blood tubes (6 ml EDTA, 6 ml heparin,
6 ml glycolytic inhibitor, and 8.5 ml serum-separator
tubes) were collected per calf for each time-point. EDTA
tubes were refrigerated and transported to Teagasc
Grange (all IRE samples; Dunsany, Ireland) or Rimondia
(all INT and NLD samples; Elspeet, The Netherlands) for
haematological analysis (haematocrit and white blood
cell, neutrophil, lymphocyte and monocyte counts). Hae-
matological analysis at Teagasc Grange was performed
using the Advia 2120 system (Bayer, AG). Rimondia used
fluorescence flow cytometry (XT-1800i, Sysmex Europe
GmbH, Germany) for haematological analyses. All hae-
matological analyses were performed within 48 h of
collection.

All remaining samples were spun at 3000 rpm for
10 min (serum-separator tubes), or 15 min (heparin &
glycolytic inhibitor), decanted into serum tubes, and
stored in a freezer (-20 °C). Upon completion of the trial,
all serum tubes were transported to Teagasc Grange
(Dunsany, Ireland). Analysis of biochemistry (glucose,
beta hydroxy-butyrate (BHB), non-esterified fatty acids
(NEFA), sodium, blood urea, total protein, L-lactate,
creatine kinase (CK), haptoglobin) was performed using
a colourmetric AU 480 chemistry analyser (Beckman
Coulter, USA). Analysis of magnesium, potassium, and
chloride was performed using the ISE AU 480 chemistry
analyser (Beckman Coulter, USA). A commercial ELISA
was used to analyse cortisol (Enzo AD1-901-071, Brus-
sels, Belgium), serum amyloid-A (SAA) (Tri Delta TP802,
Maynooth, Ireland), immunoglobulin-A and Immuno-
globulin-G (Eagle BGG69-KOI, Amherst, NH, USA), and
immunoglobulin-M (Eagle BCM61-KOI, Amherst, NH,
USA).

Statistical analysis
A preliminary review of the data identified negative val-
ues for some blood variables (4 records for BHB and 2
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records for NEFA), which were deemed a fault of labo-
ratory analysis and thus removed. Additionally, 12 out of
508 values for sodium, deemed unreliably low and incon-
sistent with clinical signs, were removed from the data-
set, along with corresponding potassium, chloride, and
strong-ion difference values which were similarly affected
and removed. For one calf, the pre-transport weight was
deemed to have been recorded in error and removed
from the dataset.

SAS on Demand (SAS Statistics, 2021) was used for
all statistical analyses. Two models were used for arrival
(model 1) and post-arrival (model 2: repeated measures)
data due to differences in management systems post
arrival which may have pre-emptively impacted arrival
data when used in a single model. For both model 1 and
2, blood variables were analysed using a linear mixed
model (SAS Procedure PROC MIXED) to assess differ-
ences between the three groups and thereby assess the
impact of transport time (long: INT, short: IRE and NLD)
and fasting duration (long: INT and NLD, short: IRE) on
the physiological status and health of calves. Notwith-
standing cofactors, a difference in INT calves compared
to IRE and NLD calves would be due to transport dura-
tion whereas a difference in INT and NLD calves com-
pared to IRE calves would be due to fasting. Normality
tests were performed on residuals, and data that failed
normality tests upon initial analysis were analysed using
a generalized linear mixed model (SAS procedure PROC
GLIMMIX) using a lognormal distribution (BHB, NEFA,
magnesium, blood urea, CK, lactate, cortisol, white blood
cell count, neutrophil count, monocyte count, hapto-
globin, immunoglobulin-G (IGG), immunoglobulin-A
(IGA), and immunoglobulin-M (IGM)), as a square-root
transformed variable (lymphocyte count, SAA), or using
a binary distribution (eye discharge and navel inflamma-
tion). Covariance structure was decided based on the AIC
fit statistic (ARH [1], AR [1], CSH, or Unstructured). Six
health score variables (nose discharge, altered ear posi-
tion, coughing, decreased responsiveness, skin tent> 1s,
and gut fill) failed to converge in initial models, therefore
a third model (Model 3) was employed as a minimalist
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model to assess whether there were any effects of treat-
ment group and time on these clinical health scores, this
model used a binary distribution.

Full details on the models are as follows:

Model 1 :p4 + Group;+Breed;+Sexi
+Journey;+Age,, +Weight,,

Where u is the population mean, and Group; (i=IRE,
INT), Breed; (j=HF, HF X beef cross), Sex; (k=Male,
Female), and Journey, (I=Transported in April or May
2022) are fixed effects. Age,, (m=age at assembly centre:
14 d to 44 d), and Weight, (n=Weight at arrival: 36.6 kg
to 74.5 kg, or weight at dairy farm/mart: 39.5 kg to 75k g
(A Body Weight at arrival only)) are included as continu-
ous covariates.

Model 2: 1 + Time;+Group;+Breedy +Sex;+Journey,,
+Age,+Weight,+ (Time;xGroup;)

Where p is the population mean, and Time, (i=1 week,
3 week, or for health scores: i=1, 3, 7, 8, and 20 days
post arrival), Group; (j=IRE, INT, NLD), Breed, (k=HE,
HF X beef) and Sex; (1=Male, Female) and Journey,,
(m=Transported in April or May 2022) are fixed effects.
Age (m=age at assembly centre: 14 d to 44 d), and
Weight, (n=Weight at arrival: 36.6 kg to 74.5 kg) are
included as continuous covariates.

Model 3 : i + Time;+Group;

Results

Overview of transport groups

The final arrangements of each group is presented in
Table 2 and includes distributions of calves across trans-
port cohorts, sexes, breeds, and means and ranges of
arrival ages and weights.

All INT and NLD calves received antibiotic treatment
shortly after arrival (Tilmicosin: 1 cc I.M.), and received
an additional two courses of metaphylactic batch antibi-
otics in week 1 and week 2 post arrival at the veal farm

Table 2 Distribution of calves across groups (IRE, INT, NLD) and transport cohorts (C1, C2), including the distribution of calves across
sexes (male, female), breeds (HF, HFXBEEF), and means and ranges for arrival ages and weights. Values represent number of calves

C1 c2
IRE INT NLD IRE INT NLD
Sex Male 10 36 30 6 20 /
Female / / / 4 9 /
Breed HF 3 5 30 10 10 /
HFXBEEF 7 31 / / 19 /
Age (d) mean (range) 285 299 17.7 31.1 18.6 /
(18-41) (16-42) (14-24) (24-35) (17-36)
Weight on arrival (kg) mean (range) 559 526 42.5 556 54.6 /
(39-74) (40-63) (36-48) (49-59) 41-71)
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(Doxycycline: 0.03 g per feed in milk twice a day for three
and five days respectively). One NLD calf received a
dose of Florfenicol (8 cc I.M.) 17 days post arrival due to
symptoms of respiratory disease. Within the IRE group,
a respiratory disease outbreak (pathogen undetermined)
two days post arrival necessitated an antibiotic treatment
for four calves (Amoxicillin, 5 ml .M, once daily for five
days). Further to this, a subsequent respiratory disease
outbreak 10 days post arrival, an additional 6 IRE calves
(10 in total) received antibiotics (seven given a single
dose of a long-acting Oxytetracycline: 1 ml/10 kg body
weight and three given a single dose of Oxytetracycline:
2 ml/10 kg body weight .M., once a day for five days). No
calf in any of the transport groups died during the trans-
port or for three weeks thereafter.

Effect of transport duration and fasting duration on blood
variables

Blood variables on arrival

Calculated blood values and statistically significant dif-
ferences for electrolytes and blood variables related to
energy balance for all groups on arrival are presented in
Fig. 2. On arrival at their respective destination farms
(Ireland/The Netherlands), IRE calves had higher glucose
than INT and NLD calves (5.3 vs. 3.6 and 3.6 mmol/L
respectively; both p<0.01), while BHB and NEFA were
lower for IRE calves than for INT and NLD calves (BHB:
0.09 vs. 0.34 and 0.40 mmol/L; NEFA: 0.23 vs. 0.61 and
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0.65 mmol/L respectively; p<0.01). For all three energy-
balance related variables, values for the IRE group fell
within normal reference limits on arrival, but values
for INT and NLD groups were below (glucose: 3.9-8.4
mmol/L) or above (BHB: 0—-0.13 mmol/L [22] and NEFA:
0.04—0.27 mmol/L [23]) normal reference limits. Sodium
was lower for IRE calves than for INT and NLD calves
(139.6 vs. 142.5 and 143.3 mmol/L; p<0.05); IRE calves
were within the reference limits (133.3—-140.2 mmol/L
[24]) while INT and NLD calves had values above the ref-
erence limit on arrival. Additionally, corrected chloride
was lower for IRE (97.3 mmol/L) than for INT and NLD
calves (99.0 and 98.9 mmol/L respectively) on arrival
(both p<0.05), although all groups had chloride levels
within the reference limits (93—101 mmol/L [24]).
Calculated blood values and statistically significant
differences for urea, haematocrit, total protein, L-lac-
tate, cortisol, creatine kinase, SAA, and haptoglobin for
all groups on arrival are presented in Fig. 3. On arrival,
blood urea values tended to be higher for INT than for
IRE calves (4.14 vs. 3.35 mmol/L; p=0.08), and INT were
the only group presenting with blood urea values above
the reference limit (0.4—3.4 mmol/L [22]). Total protein
was lower for NLD calves than for IRE and INT calves
(52.6 vs. 60.8 and 59.8 g/L; p<0.01), but was within refer-
ence limits for all groups (40-90 g/L [25]). Lactate was
higher for INT than for IRE and NLD calves (1.81 vs. 1.33
and 1.23 mmol/L respectively; p <0.01), and was within
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Fig. 2 Effect of transport group (IRE, INT, NLD) on blood variables related to energy balance and electrolytes (glucose, BHB, NEFA, sodium, potassium,
magnesium, corrected chloride and strong-ion difference (mean+Cl)) on arrival and the interaction of group and time (1WK: 1 week post arrival, 3WK: 3
week post arrival) on the recovery of these blood variables. Values for arrival and subsequent recovery were analysed in 2 different statistical models. Sub-
scripts highlight significant (p < 0.05) differences between IRE and INT (a), between INT and NLD (b), or between IRE and NLD (c) calves within a timepoint.
Shaded areas represent areas outside (red/dark) or inside (green/light) reference limits (based on previous research [22-24])
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Fig. 3 Effect of transport group (IRE, INT, NLD) on urea, haematocrit, total protein, L-lactate, cortisol, creatine kinase, SAA, and haptoglobin (mean +Cl))
on arrival and the interaction of group and time (1WK: 1 week post arrival, 3WK: 3 week post arrival) on the recovery of these blood variables. Values for
arrival and subsequent recovery were analysed in 2 different statistical models. Subscripts highlight significant (p < 0.05) differences between IRE and INT
(a), between INT and NLD (b), or between IRE and NLD (c) calves within a timepoint. Shaded areas represent areas outside (red/dark) or inside (green/light)

reference limits (based on previous research [22-271)

reference limits (0.33—1.37 mmol/L [26]) for IRE and
NLD calves but not for INT calves. SAA did not show
differences between IRE (90.2 mg/L) and other groups
but was lower for INT than for NLD calves (95.6 and
153.1 mg/L respectively; p=0.03), SAA was considered
to be within the reference limits (<178 mg/L [27]) for all
groups.

Calculated blood values and statistically significant dif-
ferences for immune cell subsets and immunoglobulins
for all groups on arrival are presented in Fig. 4. White
blood cell and neutrophil counts were higher for IRE
(12.20 and 4.84 10°/L respectively) than for INT calves
(8.21 and 2.89 10°/L respectively; p<0.01). IRE calves
showed higher lymphocyte count and lower monocyte
count (5.46 and 0.91 10°/L respectively) than their INT
(3.54 and 1.26 10°/L respectively) and NLD (4.00 and
1.37 10°/L respectively) counterparts (all »<0.05). All
immune cell subsets were within reference limits for all
groups (white blood cell: 2.55-23.73 10°/L; neutrophil:
0.39-15.78 10°/L; lymphocyte: 0.17-9.45 10°/L; mono-
cyte: 0.01-2.11 10°/L [25]). No differences were found
in IgA, IgG, and IgM, for which no reference limits were
available.

Blood variables 1- and 3-weeks post arrival

Estimated blood values and significant differences for all
groups at 1 and 3 weeks post arrival are also presented in
Figs. 2 and 3, and Fig. 4. BHB concentrations were slightly

lower for IRE calves compared to INT calves 1 week post
arrival (0.05 vs. 0.10 mmol/L; both p<0.01) while NEFA
was higher for IRE compared to INT and NLD calves 3
weeks post arrival (0.14 vs. 0.10 and 0.08 mmol/L; both
p<0.01), despite mean glucose, BHB, and NEFA values
falling within the reference limits for all groups at 1 and 3
weeks post arrival.

Blood urea showed a decreasing pattern between
arrival and 3 weeks post arrival, at 1 week post arrival,
blood urea was lower for IRE than for INT and NLD
calves (2.2 vs. 3.3 and 3.6 mmol/L; both p<0.01), by 3
weeks post arrival all groups had mean urea values within
reference limits. Other dehydration indicators such as
haematocrit and total protein did not differ between
groups 1 and 3 weeks post arrival and were within ref-
erence limits throughout the study. Lactate was higher
for IRE than for INT calves 1 week post arrival (1.5 vs.
1.0 mmol/L; p<0.01), but levels were similar to IRE and
NLD calves by 3 weeks post arrival, where all groups had
mean lactate levels above the upper reference limit of
1.37 mmol/L [26]. Cortisol and CK did not differ between
groups 1 and 3 weeks post arrival; cortisol levels were
consistently above reference limits for all groups while
mean CK levels were close to upper reference limits one
and three weeks post arrival [22]. Inflammatory marker
SAA was higher for IRE than for INT calves at 1 week
post arrival (81.5 vs. 36.1 mg/L; p<0.01) and 3 weeks
post arrival (63.4 vs. 28.6 mg/L; p<0.01). SAA was also
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Fig. 4 Effect of transport group (IRE, INT, NLD) on immune cell subsets (white blood cell, neutrophil lymphocyte, and monocyte counts) and immuno-
globulins (A, G, and M) (mean +Cl)) on arrival and the interaction of group and time (1WK: 1 week post arrival, 3WK: 3 week post arrival) on the recovery of
these blood variables. Values for arrival and subsequent recovery were analysed in 2 different statistical models. Subscripts highlight significant (p <0.05)
differences between IRE and INT (a), between INT and NLD (b), or between IRE and NLD (c) calves within a timepoint. Shaded areas represent areas outside
(red/dark) or inside (green/light) reference limits (based on previous research [25]) except for immunoglobulins G, M, and A, for which no reference limits

were available

higher for IRE than for NLD calves 3 weeks post arrival
(63.4 vs. 28.6 mg/L; p<0.01), even though SAA was
consistently within reference limits [27] for all groups.
Haptoglobin showed large variations within groups and
lacked interactions between groups 1 and 3 weeks post
arrival (p=0.41), and was consistently above the upper
reference limit [23] for all groups.

At 3 weeks post arrival, IRE calves tended to have
a higher white blood cell count (vs. INT, 11.3 vs. 9.3
10°/L; p=0.04) and neutrophil count (vs. NLD, 3.76 vs.
2.32 10°/L; p=0.09). Lymphocyte count did not show
an interaction between group and time (p=0.14), but
at both 1 and 3 weeks post arrival monocyte count was
lower for IRE (0.55 and 0.89 10°/L) than for INT (1.08
and 1.23 10°/L) and NLD (0.89 and 1.39 10°/L) calves (all
p<0.01). Immune cells white blood cell, neutrophil, lym-
phocyte and monocyte counts were consistently within
reference limits for all groups [25]. Changes in immu-
noglobulins were small, except for a peak in IgA con-
centrations for IRE compared to INT and NLD calves
1 week post arrival (142.4 vs. 77.3 and 61.6 mg/L; both
p<0.01), and a peak in IgM for NLD calves 3 weeks post
arrival, which was higher than that of INT calves (735 vs.
502 mg/L; p=0.04). Reference limits were not available
for immunoglobulins.

Table 3 Proportions of calves for IRE, INT, and NLD groups
showing clinical health scores on arrival at the destination farm
and effects (p-values) of treatment groups on clinical health

score variables

Variable Group p-value
IRE INT NLD

Eye discharge 0.30 032 0.12 0.12
Nose discharge 0.00 0.17 0.00 -
Altered ear position 0.00 0.05 0.03 -
Coughing 0.00 0.03 0.00 -
Decreased responsiveness 0.00 0.05 0.00 -

Skin tent>1s 0.20 042 063 0.26
Gut fill 0.25 0.31 0.00 -

Navel Inflammation 045 0.34 0.13 0.70

-'= model did not converge

Effect of transport type and fasting on clinical health and
body weight

Proportions of various clinical health scores at arrival
and the effect of group are presented in Table 3. Eye dis-
charge, skin tent, and navel inflammation did not differ
between groups (all p>0.1), and models for other health
score variables did not converge due to low proportions
of health scores in some groups.

Proportions of various clinical health scores post
arrival and effects of group, time and the interaction
between group and time are presented in Table 4. Eye dis-
charge and navel inflammation alone showed interactions
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Table 4 Proportions of calves for IRE, INT, and NLD groups showing clinical health scores and effects (p-values) of group and time (1, 3,
7,8,and 20d post arrival), and interactions between group and time on clinical health score variables

Variable Group p-value
IRE INT NLD Group Time Group * Time
Eye discharge 0.31 0.39 0.23 0.08 0.17 0.02
Nose discharge 0178 0.17° 0.05° <0.01 <0.01 -
Altered ear position 0.03° 0.04° 0.19° <0.01 <0.01 -
Coughing 0.15 0.05 0.00 - - -
Decreased responsiveness 0.20 0.02 0.04 - - -
Skin tent>1s 0.08° 0.06° 0.16° <001 <001 -
Gut fill 0.06 0.28 0.00 - - -
Navel Inflammation 036 0.16 0.36 0.02 <0.01 <0.01
"= model did not converge, mean values without a common superscript (') differ significantly (p <0.05)
® |IRE * INT ¢ NLD
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Fig. 5 Effect of group (IRE, INT, NLD) on eye discharge and navel inflammation (proportion of calves affected) on arrival and 1, 3, 7, 8, and 20 days post-
arrival. Values for arrival and subsequent recovery were analysed in 2 different statistical models. No significant differences were present between groups

within any timepoint

between group and time, as shown in Fig. 5, while no
significant differences in eye discharge or navel inflam-
mation were found between groups on any day. How-
ever, the proportion of calves with eye discharge tended
to be larger for INT than for NLD calves 1 day post
arrival (0.57 vs. 0.13; p=0.07). The proportion of calves
with navel discharge tended to be smaller for INT than
for NLD calves 3 days post arrival (0.24 vs. 0.76; p =0.09)
and tended to be larger for IRE than for INT calves 7 days
post arrival (0.50 vs. 0.09 calves; p=0.09).

The proportion of calves with nose discharge was
smaller for NLD than for INT and IRE calves (both
p<0.01), nose discharge was found less frequently on
day 20 than on day 1 (p<0.01), day 3 (»p=0.03), day 7
(p=0.03), and day 8 (p=0.01). Altered ear position was
found more frequently in NLD than in INT and IRE
calves (p<0.01 and p=0.01 respectively) and was more
frequent on day 7 than on day 8 (p=0.02) and day 20
(p<0.01). A skin tent>1s was found more frequently
in NLD than in INT or IRE calves (both p<0.01), and
tended to be found more frequently on day 1 than day
8 post arrival (p=0.05). Models for coughing, decreased
responsiveness and gut fill did not converge due to low
frequencies of these health scores observed, though it
must be noted that there was a large proportion of IRE

Table 5 Effect of group on body weight loss and gain (in kg;
mean + standard error) between the dairy farm/mart of origin
and arrival on the veal farm (A farm of origin — arrival), and
between arrival on the veal farm and three weeks post arrival on
the veal farm (A arrival — 3 week)

Group p-value
IRE INT NLD
Arrival Weight 55.7 (+1.689)  53.5(+0.838) 4246 (+0.560)
A Farmofori- —0.71 —-237 <0.01
gin-arrival  (£0.402)? (£0.296) °
AArrival -3 +107 +7.00 +6.69 <001
week (£0.729) (£0.533)° (£0.826) °

Mean values without a common superscript (* ®) differ significantly (p < 0.05)

calves presenting with coughing relative to other groups
(0.15 in IRE vs. 0.05 and 0.00 in INT and NLD), while the
INT group numerically had a much larger proportion of
calves with an empty gut fill compared to other groups
during the recovery period (0.28 in INT vs. 0.06 and 0.00
in IRE and NLD).

Changes in body weight between the farm/mart of ori-
gin and arrival on the veal farm, and between arrival on
the veal farm and three weeks post arrival are presented
in Table 5. For IRE and INT groups, 65% and 94% of
calves lost weight during their journeys’ respectively, INT
calves lost significantly more weight during transport
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than IRE calves (p <0.01), amounting to an average loss of
an additional 1.79 kg more than the IRE group (4.2% and
1.3% of body weight lost during the journey respectively).
During recovery, INT and NLD calves gained similar
weight which was significantly less than that gained by
the IRE calves (p<0.01), amounting to an average overall
additional gain of 3.7 kg relative to the INT group, over
the same 21-day period.

Discussion

Live transport, by its nature, is a variable event with com-
bined periods of moving and waiting at staging posts,
which are often repeated events. A calf’s negative expe-
riences during transport are a summation of psychologi-
cal and physical strain, the need to constantly adjust to
the truck’s unsteady movements, and feed deprivation
culminating in an altered physiological status and loss of
homeostasis. The aim of this observational study was to
determine how transport and fasting durations impacted
the physiology and health of transported calves in three
transport groups. The extensive transport and fasting
durations experienced by calves in this study and result-
ing changes in their physiological status emphasise the
need for changes in the management of calves before,
during, and after transport to mitigate the negative
effects of transport.

Overview of transport groups

Typically, Irish calves heading for Irish rearing farms are
transported for no more than 12 h, whereas Irish calves
headed for veal farms in The Netherlands can experi-
ence total journey (transport and resting) times of 79 h
[15]. Dutch born calves destined for veal farms are typi-
cally transported for short distances to collection cen-
tres where they remain for a few hours (although average
durations are unknown but may legally last up to 30 h;
NL regulation #WJZ/18205482) and are usually fed milk
replacer once, after which they are transported for one to
four hours to a veal farm [28]. In all these systems calves
are commonly fed milk (replacer) prior to leaving the
farm of origin and again upon arrival at their destination.
In the case of a resting period at an assembly centre or
lairage (internationally transported and Dutch calves)
they are usually fed milk replacer (commonly 2 L) once at
each assembly centre/lairage.

In the current study, the IRE group experienced a jour-
ney time of approximately 29 h, transport of up to 13 h
and a single feed withdrawal time of 11 h prior to arrival,
which could be regarded, in relative terms of duration, as
the lowest impact of all three groups. Similar to the IRE
group, the NLD group experienced a journey time of
28 h and transport of 4 h, however they had a prolonged
feed withdrawal time, estimated at >18 h, a period sug-
gested by the owners as being atypically long compared
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to normal industry practice (personal communication),
although no public records state average journey times of
Dutch calves heading for veal farms. In relative terms, the
INT group went through the most challenging experi-
ence during their journey, with a prolonged journey time
of approximately 79 h, repeated transport totalling 40 h
(sea and road) and prolonged repeated feed withdrawal
periods of 27-30 and 2428 h.

Analysis of the blood variables for all groups during
transport demonstrated that IRE calves displayed three
(out of twenty-three) variables outside reference limits,
namely cortisol, creatine kinase, and haptoglobin. The
NLD group displayed seven (out of twenty-three) vari-
ables outside the reference limits upon arrival, namely
the same variables as the IRE group, in addition to glu-
cose, BHB, NEFA, and sodium. For the INT group, ten
(out of twenty-three) variables were outside reference
limits upon arrival, namely the same variables as the IRE
and NLD groups, in addition to potassium, blood urea,
and lactate. It was clear that the number of variables out-
side of reference ranges progressively increased in groups
with increased welfare impacts, including fasting (NLD)
and fasting plus transport (INT).

Fasting duration

Previous research has shown that energy balance is
altered following long-distance transport, as evidenced
by a decrease in glucose and corresponding increase in
BHB and NEFA [4, 11, 12, 29]. This profile of change
was evident, and pronounced, for both the INT and
NLD group on arrival, both showed signs of a deterio-
rated energy balance on arrival, particularly relative to
the IRE group, with mean values of all three energy bal-
ance related variables outside of reference limits for
these two groups. The almost identical average values
for these variables in the INT and NLD groups on arrival
were notable (glucose: 3.64 vs. 3.63 mmol/L; BHB: 0.34
vs. 0.40 mmol/L; NEFA: 0.60 vs. 0.65 mmol/L for INT
and NLD respectively), despite undergoing a different
journey experience. The added factor of transport com-
bined with prolonged fasting in the INT group did not
lead to a worsening of the profile of these three energy-
based variables, suggesting that fasting in itself may be as
detrimental to the energy balance of calves as combined
fasting and transport. Calves were fed low volumes of
milk replacer (2 to 3 L depending on the location) before,
during, and after transport, which, based on energy bal-
ance and hydration indicators, was clearly inadequate for
their nutritional needs. The low volume of milk replacer
provided, in conjunction with extensive fasting times,
negatively impacted the calves’ energy balance. Increas-
ing both the volume and frequency of milk repl