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Cull dairy cows are typically transported to slaughter by road. Across different types
of cattle, road transport is recognized as stressful. Cull dairy cows may have different
injuries or weaknesses and may thus be more vulnerable to transport stress than other
types of cattle. The aim of this study was to investigate whether the clinical condition
of cull dairy cows deteriorates during transport (<8 h), and to evaluate risk factors for
potential deterioration of the clinical condition. A total of 411 dairy cows were clinically
examined on farm before loading and again after unloading at the slaughter plant. The
clinical examination included locomotion, presence of wounds, milk leakage, and general
condition. One-fifth of the cows either became lame or more lame during transport, and
there was a significant increase in the proportion of lame cows after transport (41% after
vs. 31% before, P < 0.0001). A significant increase in the proportion of cows with milk
leakage (17% vs. 1%, P < 0.0001) and wounds (34% after vs. 22% before, P < 0.0001)
after transport were also found. Low body condition score (BCS) (<2.75) (P = 0.001),
early or late lactation [<100 days in milk (DIM) or >300 DIM] (P = 0.01), digital dermatitis
in the hind feet (P = 0.01), and pelvic asymmetry (P = 0.001) were identified as risk factors
for the deterioration in lameness during transport. Early lactation (<100 DIM) (P = 0.04)
and transport distance (>100 km) (P = 0.006) were identified as risk factors for milk
leakage. For wounds, no significant risk factors were found. The results demonstrate
that cull dairy cows are vulnerable to the strains of transport, even journeys shorter than
8 h, to the extent that the occurrence of clinical findings were increased after transport
in cows legally considered fit for transport. These results call for further research into the
animal welfare implications and optimization of cattle transport.
Keywords: dairy cows, animal welfare, fitness for transport, lameness, animal transportation

INTRODUCTION
Cull dairy cows are typically transported to slaughter by road, either directly or through markets (1).
Across countries, recently reported proportions of the milking herd that is culled annually range
from 23 to 36% (2–4), which means that worldwide millions of cull dairy cows are transported to
slaughter each year.
Dairy cows are culled for a number of reasons relating mainly to productivity and health (5–7)
and in many cases more than one culling reason are reported by farmers (8). Recently, we presented
data from clinical examinations of the cows involved in the present study—while they were still
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The objectives of this study were to (1) investigate whether the
clinical condition of cull dairy cows changes during transport to
slaughter; and (2) evaluate risk factors for potential deterioration
of the clinical condition. In order to do so, we performed clinical
examinations of 411 cull dairy cows before and after transport to
a slaughter plant with special focus on locomotion, presence of
wounds, milk leakage, and general condition. We hypothesized
that a potential deterioration of the clinical condition would be
associated with (1) distance and duration of transport; (2) clinical
weaknesses already present before transport e.g., lameness or
mastitis; (3) production related factors e.g., parity or days in milk
(DIM).

on-farm before transport (9)—showing that almost 75% of the
cows deviated clinically from the normal condition. Overall, the
cull dairy cows constituted a diverse group of animals in terms of
age, parity, milk yield, type, and number of clinical signs.
Across different types of cattle, road transport is recognized as
stressful [as reviewed by Knowles (10)]; however only few studies
have included cows (11–15). Based on the knowledge that dairy
cows are often culled due to clinical conditions or weaknesses,
such as mastitis or lameness (5–7) as well as the relatively high
proportion of cows characterized by clinical deviations from
normal conditions (9), it seems justified to suggest that dairy
cows are more vulnerable to transport stress than other types of
cattle [as suggested by Nielsen et al. (16)]. In accordance with
this, Gonzalez et al. (12) found that cull cows were at a higher
risk of becoming non-ambulatory during long haul transport
than fattened cattle. Brown et al. (11) investigated the incidence
of dark cutting beef; a well-described meat quality indicator
associated with pre-slaughter stress, and found higher incidences
for cull cows than for steers, heifers, or calves. In addition, Malena
et al. (13) found that dairy cows had a higher risk of dying
during transport than fattened cattle or calves sent to slaughter.
Although these results were not based on direct comparison
of cull dairy cows with other types of cattle transported under
identical conditions, they may indicate that cull dairy cows
tolerate transport less well than fattened cattle.
However, only few studies have described the clinical
condition of cull cows after transport. Ahola et al. (17) did
a survey of cattle sold through markets immediately before
slaughter and found 13% of dairy cows to be emaciated or near
emaciated and 45% to be lame. Nicholson et al. (14) inspected
dairy cows as they arrived at slaughter plants and found 5% to
be emaciated and 49% to be lame. Rezac et al. (18) and Strappini
et al. (19) examined cull cow carcasses and found 54 and 92%,
respectively, to be bruised. However, in order to understand
the potential changes in the clinical condition after transport,
it is necessary to gather information of the clinical condition
both before and after transport, which was not included in the
above-mentioned studies.
The European Council Regulation on animal transport [EU
Regulation, EC 1/2005 (20)] is, in general, precise, and objective
for instance regarding loading densities or journey durations.
One exception, however, is the rules on fitness for transport,
which are vaguely defined and lack clear cut-off points [as
reviewed by Grandin (21) for cull sows]. The EU regulation [EC
2005/1 (20)] clearly states that animals must be fit for the journey
in order to be transported and may not be transported in a way
that will injure them or cause undue suffering. However, the
regulation also states that animals that are “slightly ill or injured”
and will not experience additional suffering due to transport
may be considered fit for transport. How to assess “slightly ill or
injured” and “additional suffering” is not defined, but a few severe
conditions that would define an animal as unfit for transport are
listed in the regulation, e.g., inability to walk unassisted, severe
open wounds, or prolapses. Cull animals are not mentioned
specifically in the regulation. Hence, knowledge about potential
deterioration of the clinical condition in cull dairy cows during
transport will add significantly to this area.
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MATERIALS AND METHODS
Study Design
This study was an observational cross-sectional study of 411 cull
dairy cows transported to slaughter by truck in Denmark between
January 2015 and 2016. All cows were examined clinically
on farm before being loaded onto commercial trucks. After
unloading at the slaughter plant, the clinical condition of the
cows was re-examined. All clinical examinations before and
after transport were done by the same veterinarian. Loading,
transport, and unloading took place under conditions typical for
commercial Danish cow transport. Transport distance, duration,
and stops underway were recorded. One slaughter plant, four
hauliers (with a total of five different trucks), and 20 dairy farmers
participated in the study.

Recruitment of Participants
Dairy farmers were recruited via four hauliers transporting cull
cows to the slaughter plant Danish Crown Beef (6670 Holsted,
Denmark). The hauliers were recruited with help from two
large Danish transport organizations, ITD (Dansk Transport &
Logistik, 1019 Copenhagen, Denmark) and DTL (International
Transport Danmark, 6330 Padborg, Denmark). The recruitment
procedure is described in detail by Dahl-Pedersen et al. (9).

Selection of Cows
The participating farmers decided which cows to cull and
followed their normal culling routines. The study did not include
cows clearly unfit for transport. However, in order to include
animals that were maybe fit for transport (in addition to cows
fit for transport) in the study, an ethical permit was issued from
the Animal Experiments Inspectorate (permit no. 2015-15-020100716), allowing the inclusion of animals of varying levels of
fitness, as long as they did not classify as unfit with respect to
the specific requirements of the EU regulation [EC 1/2005 (20)].
Following normal routines, the participating farmers contacted
the slaughter plant directly in order to make arrangements for
transport. The project veterinarian, in collaboration with either
the farmer or the haulier, then decided if a transport could be
included in the project with regards to the overall logistics and
time schedule.
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Clinical Examination On-Farm

rules were complied with at all times. In all trucks, the floors were
rubber-coated and sawdust was used as bedding.
The ramps were coated with rubber, fitted with foot battens
and the slope could be adjusted to fit the surroundings when
loading and unloading cows, but was never steeper than ∼26◦
cf. the EU regulation [EC 1/2005 (20)]. The ramps were provided
with side protections with an approximate height of 130–140 cm
to avoid cows escaping or falling off. The trucks were passively
ventilated through openings in the upper part of the side walls
in order to ensure adequate ventilation above the cows when
standing, cf. the EU regulation [EC 1/2005 (20)]. The ventilation
openings were rectangular, with an approximate height of 20–
25 cm and of varying length, but in total constituting <10% of
the wall area. All trucks had full air suspension. When loading,
the truck drove up close to the barn and the cows were loaded
directly from the small pen inside the barn or from the outside
pen. The driver would walk behind the cows, hold a lightweight
plastic board in front of him and gently drive the cows up the
ramp and onto the truck. Sticks or electric pods were never used.
At two farms, the cows were led by halter one at a time. The
loading time did not exceed ∼5 min.
For all journeys, the distance, duration, number of stops, and
the duration of stops were recorded. A stop was defined as the
truck not moving (irrespective of the reason) for at least 5 min.
In Denmark, cull dairy cows are seldom shipped from one farm
in great enough numbers to fill a whole truck, and hence, it is
normal practice for hauliers to pass by other farms on the way
to the slaughter plant and collect cows there. During journeys,
drivers might shift the partitions between the cows inside the
truck and move cows around as more cows are loaded onto
the vehicle. Hence, it was not possible to register the precise
stocking density or the occurrence of mixing of cows after

The clinical examination focused on locomotion, presence
of wounds, milk leakage, and general condition (Table 1).
Additionally, other aspects of the clinical condition of the cows
were evaluated to identify cows unfit for transport and to
gain information about possible risk factors for deterioration
of the clinical condition during transport. These included
e.g., rectal temperature, heart rate and respiratory frequency,
body condition score (BCS), inspection/palpation of skin, hair
coat, limbs, body, and udder, evaluation of peripheral and
central circulatory system (including auscultation of heart), and
evaluation of respiratory system (including auscultation of lungs)
[details described in Dahl-Pedersen et al. (9)]. Pelvic asymmetry
and digital dermatitis were scored as present or absent based
on a visual inspection of the cows. Only active stages of digital
dermatitis were recorded as “present” whereas healed lesions
were not recorded as “present.” The cows were restrained in
headlocks while examined, but let loose for locomotion scoring
and observed walking a short distance of 5–10 m (22). The
majority of cows were scored on slatted or solid concrete floors,
and 8% were scored while walking in deep straw bedding. The
clinical examination lasted ∼5 min per cow. If the cows were to be
loaded in the morning, they were examined clinically at the farm
the same day. If the cows were to be loaded during the night, they
were examined clinically the evening before. Until loading, the
cows would either wait in a small pen inside the barn (17 farms)
or wait in a small pen outside the barn (three farms). Depending
on the routines of the farmers, the cows would wait in the pens
from <30 min up to 8 h. No recordings were made during this
period.

Transport to Slaughter and Associated
Recordings
All trucks used in the study were approved for transport of
cows and all livestock drivers were authorized to transport cows
according to Danish legislation. Four of the five trucks used in the
study were single deck with trailer; one was double deck and no
trailer (Figure 1). Single deck trucks with a trailer could carry a
maximum of 25 cows, the double deck truck carried a maximum
of 35 cows on the lower deck; cows were never on the upper deck
in the present study. Current rules regarding space allowances
during transport state that a cow with an approximate live weight
of 325 kg must have 0.95–1.3 m2 , a cow with an approximate
live weight of 550 kg must have 1.3–1.6 m2 , and cows with a
live weight >700 kg must have >1.6 m2 [EC 1/2005 (20)]. These

TABLE 1 | Definitions for categorizing the clinical variables of the cull dairy cows
before and after transport to the slaughter plant as normal or deviating from
normal.
Clinical condition

Definition of deviating from normal

General condition

Not bright, alert, and responsive

Lameness

Locomotion score 3 or higher (22)

Wound

Lesion penetrating all layers of skin, size at least 1 × 1 cm

Milk leakage

Milk continuously dripping or flowing from one or more teats
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FIGURE 1 | Schematic drawings of the two types of vehicles involved in the
study: single deck truck with trailer (A), and double deck truck (B). During the
study, cows were never transported on the upper deck. The white rectangles
mark openings in the walls of the truck for ventilation.
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then screened one by one using a univariable logistic regression
model (PROC GLIMMIX). Only variables with a P-value ≤
0.25 were further analyzed in step 2, where the association
between each of the outcomes and variables from step 1 with P
≤ 0.25 was evaluated using a binary logistic regression model
(PROC GLIMMIX). The model was reduced using backwards
elimination. All possible two-way interactions were included in
the model. Confounding was evaluated comparing odds ratios
with and without the possible confounder included in the model.
If the difference was larger than 20%, important confounding
was considered to be present. To evaluate the possible effect of
cows at the same journey being more equal than cows at different
journeys, journey was included as a random effect in the models.
However, this only affected the results very little. The overall fit
of the model was tested by evaluating the dispersion parameter
which should be close to 1.

loading. If a farmer had ordered transport with special provisions
i.e., segregating a cow in order to protect her from the rest of the
animals, this was maintained throughout the journey and the use
of segregation was recorded.

Clinical Examination at the Slaughter Plant
Upon arrival at the slaughter plant, the waiting time until
unloading was typically short, but delays inside the slaughter
plant prolonged the waiting time on a few occasions (median
5 min, range 0–65 min). As the truck was opened and the
partitions removed, the driver would enter the truck and gently
move the cows, at their own pace, down the ramp from the truck.
Unloading took <5 min. The cows were then separated into a
holding pen, where they could move freely. The second clinical
examination took place while the cows were in the holding
pen and included a visual inspection of general condition,
locomotion, wounds, and milk leakage. Definitions of clinical
conditions are shown in Table 1.

RESULTS

Additional Data From the Danish Cattle
Database

Status of Included Cows
The study included a total of 411 cull dairy cows. Twelve cows,
assigned for culling by the farmers, could not be included in
the study as they were assessed as unfit for transport during the
clinical examination at the farm. The cows were unfit due to
severe lameness (score 5), fever, spastic paresis, and BCS <2.
These cows were left on farm and not included in this study.
The cows were culled after a mean of 2.9 lactations (range
1–10 lactations) and a mean of 270 DIM (range 15–871 days).
The cows had a mean BCS of 3.25 (range 2.0–5.0) and were of
the following breeds: Danish Holstein (68%), Red Danish Dairy
(14%), Danish Jersey (8%), and crossbreeds (10%). The farmers
stated the primary reason for culling: 28% of the cows were culled
due to reproductive failure, 26% due to low milk yield, 15% due
to udder health, and 13% due to lameness. The remaining 18% of
the cows were culled due to a variety of other reasons.

As a supplement to data from the clinical examinations, data
on age, parity, DIM, milk yield, and veterinary treatments
during the past 6 months before culling were obtained from the
Danish Cattle Database. The database is run by SEGES, a large
Danish agricultural industry organization (SEGES, 8200 Aarhus
N, Denmark), and holds detailed information entered by farmers,
veterinarians, hoof trimmers, dairies, slaughter plants, and others
involved in dairying in Denmark.

Data Analysis
Data were analyzed in SAS (version 9.4, SAS Institute Inc.,
Cary, NC). McNemar’s test (PROC FREQ) was used to evaluate
differences in the proportion of cows with a given clinical
finding before and after transport. Deterioration of locomotion
was defined as any increase in locomotion score, except for an
increase from 1 to 2 (as both score 1 and 2 are considered
not lame). For the other clinical findings evaluated before and
after transport (wounds, milk leakage, and general condition),
deterioration was defined as changes from absent to present.
Cows with a clinical sign (lameness, a wound, milk leakage, or
abnormal general condition) both before and after transport were
thus recorded as having no deterioration.
Three groups of explanatory variables were included in an
analysis of risk factors for deterioration of clinical findings. The
first group focused on the clinical condition of the cows before
transport. Factors related to the journey such as number of stops
or duration of transport were treated as a second group. The third
group of variables were related to the production of the cows and
consisted of data such as parity, DIM, and milk yield retrieved
from the Danish Cattle Database. No cows had a clinically
abnormal general condition, neither before nor after transport.
Risk factors for a deterioration of clinical findings were identified
for each of the remaining outcomes: locomotion, wounds and
milk leakage. The following step-wise procedure was used: In
step 1, the association between the outcomes and explanatory
variables from all three groups of explanatory variables were
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The Transport to the Slaughter Plant
A total of 49 journeys were included. The journeys covered a
mean distance of 129 km (range 20–339 km). Thirty-eight per
cent (156/411) of the cows were transported <101 km, 42%
(173/411) were transported between 101 and 200 km, and 20%
(82/411) were transported more than 200 km. The mean duration
of journeys was 187 min (range 32–510 min). The study was
designed to include journeys of up to 8 h (480 min), which is the
legal maximum for transport of cull cows in Denmark, but due to
a delay at unloading at the slaughter plant, six cows experienced
a journey of 8.5 h (510 min). Forty percent of the cows (164/411)
were transported for <121 min, 35% (144/411) were transported
between 121 and 240 min, and 25% (103/411) were transported
for more than 240 min, including the six above-mentioned cows.
The median number of stops underway was 2 (range 0–6 stops)
and the median total duration of stops (including journeys with
no stops) was 48 min (range 0–155 min). In five cases, a cow was
transported with special provisions i.e., segregated from the other
cows for protection.
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Fitness for Transport

where the scab covering the wound had been torn off during
transport. The new wounds were primarily found on the fetlock,
hock, and hips. None of the risk factors included in the analysis
were significantly associated with the increase in proportion of
cows with wounds.

Nine cows arrived at the slaughter plant in a condition, where
they, according to the current EU regulation [EC 1/2005 (20)],
may have been judged as unfit for transport. They had all been
lame (score 3 and 4) when leaving the farm and were severely
lame (score 5) upon arrival.

DISCUSSION

Clinical Variables

This observational study is among the first to compare selected
clinical signs of cull dairy cows before and after transport to
slaughter. The objectives of the study were to investigate whether
the clinical condition of the cows deteriorated during commercial
transport of up to 8 h in duration as well as to evaluate possible
risk factors for such a deterioration. In our dataset, including
only cull dairy cows which were not unfit for transport while onfarm according to the EU regulation [EC 1/2005 (20)], one-fifth
of the cows became either lame or more lame during transport
and a significant increase in the proportion of cows with milk

Three variables changed significantly during transport:
locomotion score, milk leakage, and wounds. Significantly
more cows were lame after transport than before (41% after
vs. 31% before, P < 0.0001). Overall, 19% of the cows became
lame or more lame during transport. Among cows that were not
lame before loading (score 1–2) 15.8% became lame. Among
cows that were lame before loading (score 3–4), 26.6% became
more lame. Locomotion scores before and after transport is
presented in Figure 2. Results from the logistic regression
showed no association between factors related to the journey
itself, i.e., distance, duration, number of stops underway, and
duration of stops underway, and deterioration of locomotion
scores during the transport. Deterioration of locomotion was
significantly associated with production related factors and the
clinical condition of the cow: early lactation (<100 DIM) and
late lactation (>300 DIM), low BCS (<2.75), digital dermatitis at
the hind feet, and pelvic asymmetry (Table 2).
Significantly more cows had milk leakage after transport than
before (17% after vs. 1% before, P < 0.0001). Milk leakage
was significantly associated with lactation stage and transport
distance. Cows that were transported more than 100 km and cows
in early lactation (<100 DIM) had significantly higher odds of
milk leakage (Table 3).
Significantly more cows had wounds after transport than
before (34% after vs. 22% before, P < 0.0001). A total of 103 new,
bleeding wounds were recorded together with nine older wounds

TABLE 2 | Results from a logistic regression evaluating risk factors for
deterioration of locomotion score during transport of 411 cull dairy cows to
slaughter.
Risk factor

Odds ratio

95% Confidence
interval

P-value

Lactation stage
Early lactation (<100 DIM)
Mid lactation (100–300 DIM)
Late lactation (>300 DIM)

0.01
1.9

0.9–4.1

1
2.6

1.3–5.1

3.7

1.7–7.9

Body condition score
≤2.50
2.75–3.75
≥4.00

0.001
1
0.7

0.3–1.4

Digital dermatitis at the hind feet

0.01

No

1

Yes

3.0

1.6–5.7

Pelvic asymmetry

0.001

No

1

Yes

4.9

1.4–16.3

TABLE 3 | Results from a logistic regression evaluating risk factors for
deterioration of milk leakage during transport of 411 cull dairy cows sent to
slaughter.
Risk factor

Odds ratio

95% Confidence
interval

Lactation stage

FIGURE 2 | Number of cull dairy cows with a given locomotion score before
(x-axis) and after transport (y-axis) to slaughter, N = 411. The diagonal line of
numbers in bold represents cows that scored the same before and after
transport. Numbers above the diagonal represent cows that scored higher
after transport; numbers below the diagonal represent cows that scored lower
after transport.
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0.04

Early lactation (<100 DIM)

2.9

1.3–6.6

Mid lactation (100–300 DIM)

1.3

0.7–2.6

Late lactation (>300 DIM)

1

Distance of journey

5

0.006

>200 km

10.2

2.2–46.9

101–200 km

8.6

2.1–34.4

<101 km

P-value

1
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leakage and wounds were found after transport. A number of risk
factors for lameness and milk leakage was identified, whereas no
risk factors for wounds could be identified. The results provide a
basis for a deeper understanding of the consequences of transport
for cull dairy cows, showing increased occurrence of injuries
after transport in cull cows legally considered fit for transport.
These results call for further research into the animal welfare
implications and optimization of cattle transport, possibly also
including intervention studies where effects of single factors can
be investigated.
The identified risk factors were primarily related to the
individual cow (her clinical condition and production
related factors), but surprisingly only to a smaller extent to
characteristics of the journeys such as duration or number of
stops. In the current EU regulation [EC 1/2005 (20)], especially
duration of transport is an important parameter, used to define
what requirements should be met e.g., in terms of stocking
density, feeding, and resting during transport. Legally, journeys
are split into short (<8 h) and long journeys and regulated
accordingly. The present study focused on journeys of up to 8 h.
Studies of journeys of a longer duration than 8 h have shown
that duration can have adverse effects on the clinical condition
of cattle. Knowles et al. (23) investigated journeys of fattening
cattle of different durations between 14 and 31 h and found that
levels of cortisol increased with transport time and that some
of the animals showed signs of fatigue and lay down after 20 h.
Somewhat similar, Gonzalez et al. (12) found that on long haul
journeys, the longer the cows were on the truck, the greater the
risk of becoming lame, non-ambulatory, or dying. However, the
present results suggest that in the case of shorter journeys of cull
dairy cows, the duration is not a major risk factor for changes in
the clinical condition of the animals. Further research is needed
in order to examine effects of journey duration on cull dairy cows
when transported more than 8 h, as is practice in many countries
other than Denmark (1).
As the present study did not include any comparison between
cull dairy cows and other types of cattle, it cannot be confirmed
directly that cull dairy cows are more vulnerable to the stress
of transport than other types of cattle as previously has been
suggested (10, 13, 16). However, the present results do show
that transport (even shorter than 8 h) is a straining experience
for cull dairy cows. A considerable proportion of the cows were
injured in terms of lameness or wounds, which is a violation of
the EU regulation [EC 1/2005 (20)], clearly stating that cows must
not get injured during transport. Yet, these cows would not be
considered unfit according to the same EU regulation [EC 1/2005
(20)], thus the legal implications of the injuries that occurred
during transport remain unclear.
The large proportion of cows that became lame or more lame
during transport in the present study is in contrast to results
from a study by Thomsen and Sørensen (15), showing that short
distance transport of dairy cows (mean 84 km, 115 min) did not
result in changes in locomotion score. However, the cows in the
study by Thomsen and Sørensen (15) were all non-lame lactating
dairy cows not due to be culled. Hence, despite the lack of a
direct comparison, and differences in study design (experimental
vs. observational) and distance driven (mean 84 vs. 129 km), the
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results from the present study may indicate that cull dairy cows
are more vulnerable to the stress of transport than dairy cows not
due to be culled. However, studies involving direct comparisons
are needed to clarify this. In the present study, a few cows (13 out
of 411) had a lower locomotion score after transport than before
transport. This is likely due to an effect of the observer rather than
a truly better locomotion after transport (22).
A small proportion of the cows (8%) were locomotion scored
before transport in holding pens with deep straw bedding.
Different floor types may influence the locomotion score of cows
and softer surfaces can have a positive impact on the gait (24, 25).
This may have meant that cows scored on deep straw bedding
would have had a systematically lower locomotion score before
transport compared to cows scored on concrete. However, cows
scored on straw before transport did not become more lame
when scored on concrete at the slaughter plant compared to cows
scored on concrete both before and after transport (data not
shown). The reason for this is perhaps that the cows had not been
housed permanently on deep straw bedding prior to transport
and therefore they were used to walking on hard surfaces.
We found that the risk factors for becoming lame or more
lame included low BCS and pelvic asymmetry. Both these clinical
conditions can be recognized without having to perform a
thorough clinical examination. Earlier studies including our own
data from pre-transport (9) have linked BCS to lameness: (26)
did an 8-years study of one dairy herd and found that low BCS
predisposed cows to lameness and that the risk of lameness
decreased with increasing BCS. Similarly, (27) found that cows
with low BCS were more likely to be treated for lameness
during the following 4 months. Thus, future recommendations
for assessment of fitness for transport of cull dairy cows could
include that special attention should be given to cows with low
BCS.
Pelvic asymmetry can be caused by different severe
pathological conditions, such as coxofemoral luxation or
fractures of the pelvis which may result in varying degrees
of lameness (28). Pelvic asymmetry and lameness thus may
share common etiologies and the associations between the two
conditions are not entirely clear: Does pelvic asymmetry cause
lameness, does lameness cause pelvic asymmetry, or are the two
conditions simply caused by the same underlying pathology?
How cows with pelvic asymmetry are affected by transport has
to our knowledge not been investigated before, but a statement
from the Danish Veterinary Health Council advises against
transporting cows with pelvic asymmetry and/or unspecific
lameness of the hind legs as it may cause the cows undue
suffering (29). However, further research is needed in order to
understand the welfare consequences of pelvic asymmetry in
general, and in relation to transport specifically. It needs to be
clarified whether cows with pelvic asymmetry can be transported
with special provisions without risk of further injury or increased
strain, or if cows with pelvic asymmetry should simply not be
transported.
The present study showed a significant increase in the
proportion of cows with milk leakage after transport compared
to before. In the current EU regulation [EC 1/2005 (20)], milk
leakage is not associated with reduced fitness for transport. Yet,
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They found that cattle primarily lost the balance during cornering
and that losses of stability were five times more frequent on
minor and main roads compared to motorways. Further studies,
including collection of behavioral data during journeys, including
both driving and stationary periods as well as loading and
unloading are needed to provide information about where in
the pre-slaughter logistic chain injuries might be inflicted and,
subsequently, avoided.
All clinical observations in the present study were made by
the same trained veterinarian. Even though this design removes
the risk of inter-observer disagreement, the observer might
remember the pre-transport scores of a particular cow and may
be biased by this during the after transport scoring of the cow.
However, we find that this bias is small and insignificant in the
present setting.

overfilling of the udder has been related to discomfort or pain. A
study by Bertulat et al. (30) showed higher udder pressure after
sudden dry-off as well as elevated levels of fecal glucocorticoid
metabolites, interpreted as an indirect indicator of stress related
to pain. Similarly, Kohler et al. (31) investigated the potential
effects of a prolonged milking interval (24 h) and found increased
udder pressure, decreased eating time as well as changes in
locomotion such as an increased abduction of the hind legs,
possibly to avoid pressure on the udder. In the present study, the
risk factors for milk leakage were early lactation (<100 DIM) and
distance transported (>100 km). The cows that were transported
for the relatively long distances typically came from farms, where
the loading took place in the middle of the night. In many cases,
the cows had been milked in the evening as part of the normal
farm routine, and then waited for several hours to be loaded and
transported. Contrarily, cows from farms closer to the slaughter
plant would normally be milked in the morning right before
being loaded. Thus, the effect of distance might be an effect
of time since last milking. If so, it is not only the time cows
spend on the truck that matters, but the entire interval from last
milking to slaughter. This underlines the importance of milking
the cows immediately before loading in order to reduce milk
leakage and the potential pain or discomfort related to overfilling
of udders. This is already addressed in the EU regulation [EC
1/2005 (20)], where is it stated that lactating animals must be
milked immediately before loading and then at intervals of not
more than 12 h. Additionally, the daily milk yield may also play
a role for the risk of milk leakage after transport. High yielding
cows may have a higher risk of milk leakage after transport.
This risk may be reduced by decreasing the number of daily
milking gradually a few days before transport to slaughter. Future
research on milk leakage and the related discomfort or pain
should include precise information of time from last milking to
slaughter to elucidate this matter further.
None of the wounds recorded after transport in the present
study were considered “severe,” as is listed as a specific reason
for a cow to be judged as unfit for transport in the current EU
regulation [EC 1/2005 (20)]. However, as mentioned above, the
regulation does state that cows must not be transported in a
way that causes injury and in that sense the present wounds
were violations of the regulation. The presence of the injuries
shows that transport conditions were sub-optimal. None of the
risk factors included in the study were, however, associated with
the increasing proportion of wounds, and further studies are
required to determine how, why and when the wounds appeared
and how to avoid them. Strappini et al. (32) investigated bruising
events in cull cows and found rough handling during loading
and unloading, and inadequate stunning facilities to be the
most important risk factors. These risk factors cannot explain
the increase in the proportion of wounds found in the present
study, however, as rough handling was never observed and the
clinical examinations were done before the cows entered the
stunning box. Very little is known about what goes on inside
the trucks during the different stages of transport and more
knowledge is needed. Cockram and Spence (33) used video
recordings to monitor trucks transporting cattle in order to
evaluate effects of driving events on the stability of the animals.
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CONCLUSION
The objectives of this observational study were to determine
whether the clinical condition of cull dairy cows deteriorate
during commercial transport of up to 8 h duration as well as to
evaluate possible risk factors for such a deterioration. The study
revealed a significant deterioration of lameness, milk leakage and
number of wounds. A number of risk factors for lameness and
milk leakage were identified, mainly related to the individual cow
(her clinical condition and production related factors), and to a
minor extent to characteristics of the journey such as the distance.
No risk factors for wounds could be identified. Overall, the results
indicate that future recommendations for assessment of fitness
for transport of cull dairy cows could specify that special attention
should be given to cows with low BCS, cows showing signs of
lameness before loading, cows in early or late lactation, cows
with digital dermatitis and cows with pelvic asymmetry. Lactating
animals should always be milked immediately before loading.
The observed increased occurrence of injuries after transport in
cows legally considered fit for transport, calls for further research
and development into the concept of fitness for transport as well
as a consideration of the implications for animal welfare and
strategies that would optimize transport of cattle.

AUTHOR CONTRIBUTIONS
PT and MH conceived the idea of the study. The experimental
protocol was developed by all authors. KD-P collected all data
and did the data analyses together with PT. KD-P did the
literature search and drafted the manuscript, which was edited
and finalized by all authors.

FUNDING
The research described in this paper has been commissioned
by the Ministry of Environment and Food of Denmark as part
of the Contract between Aarhus University and Ministry of
Environment and Food for the provision of research-based policy
advice at Aarhus University, 2017–2020.

7

November 2018 | Volume 5 | Article 297

Dahl-Pedersen et al.

Clinical Condition Deterioration During Transport

ACKNOWLEDGMENTS

two organizations DTL (Dansk Transport & Logistik,
1019 Copenhagen, Denmark) and ITD (International
Transport Danmark, 6330 Padborg, Denmark) are
acknowledged for assisting in the recruitment of participating
hauliers.

The authors wish to acknowledge all participating dairy
farmers, hauliers, drivers, and personnel working at the
slaughter plant for their participation. In addition, the

REFERENCES

19. Strappini AC, Frankena K, Metz JH, Gallo C, Kemp B. Characteristics of
bruises in carcasses of cows sourced from farms or from livestock markets.
Animal (2012) 6:502–9. doi: 10.1017/S1751731111001698
20. Anonymous. Council Regulation (EC) No 1/2005 of 22 December 2004 on
the Protection of Animals During Transport and Related Operations and
Amending Directives 64/432/EEC and 93/119/EC and Regulation (EC) No
1255/97. Brussel: Council of the European Union.
21. Grandin T. Transport fitness of cull sows and boars: a comparison
of different guidelines on fitness for transport. Animals (2016) 6:77.
doi: 10.3390/ani6120077
22. Thomsen PT, Munksgaard L, Tøgersen FA. Evaluation of a lameness
scoring system for dairy cows. J Dairy Sci. (2008) 91:119–26.
doi: 10.3168/jds.2007-0496
23. Knowles TG, Warriss PD, Brown SN, Edwards JE. Effects on cattle of
transportation by road for up to 31 hours. Vet Rec. (1999) 145:575–82.
doi: 10.1136/vr.145.20.575
24. Flower FC, Weary DM. Gait assessment in dairy cattle. Animal (2009) 3:87–
95. doi: 10.1017/S1751731108003194
25. Telezhenko E, Bergsten C. Influence of floor type on the
locomotion of dairy cows. Appl Anim Behav Sci. (2005) 93:183–97.
doi: 10.1016/j.applanim.2004.11.021
26. Randall LV, Green MJ, Chagunda MG, Mason C, Archer SC, Green LE, et al.
Low body condition predisposes cattle to lameness: an 8-year study of one
dairy herd. J Dairy Sci. (2015) 98:3766–77. doi: 10.3168/jds.2014-8863
27. Green LE, Huxley JN, Banks C, Green MJ. Temporal associations between low
body condition, lameness and milk yield in a UK dairy herd. Prev Vet Med.
(2014) 113:63–71. doi: 10.1016/j.prevetmed.2013.10.009
28. Aiello SE, Moses K, Michael A. Merck Veterinary Manual, 11th edn.
Kenilworth: Merck (2016).
29. Anonymous. Statement on Transport of Livestock With Pelvic Fractures or
Dislocations to Slaughter (In Danish). Danish Veterinary Health Council,
Copenhagen, Denmark (2003). Available online at: http://detvetsund.dk/
generelle-udtalelser/2003/det-veterinaere-sundhedsraads-udtalelse-omtransport-af-slagtedyr-med-baekkenbrud-ogeller-hofteskred
30. Bertulat S, Fischer-Tenhagen C, Suthar V, Mostl E, Isaka N, Heuwieser
W, et al. Measurement of fecal glucocorticoid metabolites and evaluation
of udder characteristics to estimate stress after sudden dry-off in
dairy cows with different milk yields. J Dairy Sci. (2013) 96:3774–87.
doi: 10.3168/jds.2012-6425
31. Kohler P, Alsaaod M, Dolf G, O’Brien R, Beer G, Steiner AA, et al.
A single prolonged milking interval of 24 h compromises the well-being
and health of dairy Holstein cows. J Dairy Sci. (2016) 99:9080–93.
doi: 10.3168/jds.2015-10839
32. Strappini AC, Metz JH, Gallo C, Frankena K, Vargas R, de Freslon I, et al.
Bruises in culled cows: when, where and how are they inflicted? Animal (2013)
7:485–91. doi: 10.1017/S1751731112001863
33. Cockram MS, Spence JY. The effects of driving events on the stability and
resting behaviour of cattle, young calves and pigs. Anim Welf. (2012) 21:403–
17. doi: 10.7120/09627286.21.3.403

1. Stojkov J, Fraser D. Management of cull dairy cows: consensus of an
expert consultation in Canada. In: Proceedings of the 7th Conference on the
Assessment of Animal Welfare at Farm and Group level (WAFL). Ede (2017).
p. 233.
2. Nor NM, Steeneveld W, Hogeveen H. The average culling rate of
Dutch dairy herds over the years 2007 to 2010 and its association with
herd reproduction, performance and health. J Dairy Res. (2014) 81:1–8.
doi: 10.1017/S0022029913000460
3. Pinedo PJ, Daniels A, Shumaker J, Vries AD. Dynamics of culling for jersey,
Holstein, and Jersey ∗ Holstein crossbred cows in large multibreed dairy herds.
J Dairy Sci. (2014) 97:2886–95. doi: 10.3168/jds.2013-7685
4. Smith JW, Ely LO, Chapa AM. Effect of region herd size and milk
production on reasons cows leave the herd. J Dairy Sci. (2000) 83:2980–7.
doi: 10.3168/jds.S0022-0302(00)75198-8
5. Ahlman T, Berglund B, Rydhmer L, Strandberg E. Culling reasons in organic
and conventional dairy herds and genotype by environment interaction for
longevity. J Dairy Sci. (2011) 94:1568–75. doi: 10.3168/jds.2010-3483
6. Chiumia D, Chagunda MG, Macrae AI, Roberts DJ. Predisposing factors
for involuntary culling in Holstein-Friesian dairy cows. J Dairy Res. (2013)
80:45–50. doi: 10.1017/S002202991200060X
7. Fetrow J, Nordlund KV, Norman HD. Invited review: culling: nomenclature,
definitions, and recommendations. J Dairy Sci. (2006) 89:1896–905.
doi: 10.3168/jds.S0022-0302(06)72257-3
8. Bascom SS, Young AJ. Summary of the reasons why farmers cull
cows. J Dairy Sci. (1998) 81:2299–305. doi: 10.3168/jds.S0022-0302(98)
75810-2
9. Dahl-Pedersen K, Herskin MS, Houe H, Thomsen PT. A descriptive study of
the clinical condition of cull dairy cows before transport to slaughter. Livestock
Sci. (2018) 218, 108–13. doi: 10.1016/j.livsci.2018.11.001
10. Knowles TG. A review of the road transport of cattle. Vet Rec. (1999)
144:197–201. doi: 10.1136/vr.144.8.197
11. Brown SN, Bevis EA, Warriss PD. An estimate of the incidence of
dark cutting beef in the United Kingdom. Meat Sci. (1990) 27:249–58.
doi: 10.1016/0309-1740(90)90054-A
12. Gonzalez LA, Schwartzkopf-Genswein KS, Bryan M, Silasi R, Brown F.
Relationships between transport conditions and welfare outcomes during
commercial long haul transport of cattle in North America. J Anim Sci. (2012)
90:3640–51. doi: 10.2527/jas.2011-4796
13. Malena M, Voslarova E, Kozak A, Belobradek P, Bedanova I, Steinhauser
L, et al. Comparison of mortality rates in different categories of pigs and
cattle during transport for slaughter. Acta Vet Brno. (2007) 76:S109–16.
doi: 10.2754/avb200776S8S109
14. Nicholson JDW, Nicholson KL, Frenzel LL, Maddock RJ, Delmore RJ,
Lawrence TE, et al. Survey of transportation procedures, management
practices, and health assessment related to quality, quantity, and value for
market beef and dairy cows and bulls. J Anim Sci. (2013) 91:5026–36.
doi: 10.2527/jas.2013-6283
15. Thomsen PT, Sørensen JT. Does short-term road transport affect
the locomotion score of dairy cows? Anim Welf. (2013) 22:445–7.
doi: 10.7120/09627286.22.4.445
16. Nielsen BL, Dybkjær L, Herskin MS. Road transport of farm animals:
effects of journey duration on animal welfare. Animal (2011) 5:415–27.
doi: 10.1017/S1751731110001989
17. Ahola JK, Foster HA, Van Overbeke DL, Jensen KS, Wilson RL, Glaze JB, et al.
Incidence rates1. J Anim Sci. (2011) 89:1474–83. doi: 10.2527/jas.2010-3170
18. Rezac DJ, Thomson DU, Siemens MG, Prouty FL, Reinhardt CD, Bartle SJ,
et al. A survey of gross pathologic conditions in cull cows at slaughter in
the Great Lakes region of the United States. J Dairy Sci. (2014) 97:4227–35.
doi: 10.3168/jds.2013-7636

Frontiers in Veterinary Science | www.frontiersin.org

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.
Copyright © 2018 Dahl-Pedersen, Herskin, Houe and Thomsen. This is an openaccess article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

8

November 2018 | Volume 5 | Article 297

