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ABSTRACT

The veal industry experiences calf losses during the
growing period, which represents a challenge to animal
welfare and profitability. Health status at arrival may
be an important predictor of calf mortality. The objec-
tives of this prospective cohort study were to describe
the health status of calves arriving at a veal farm and
determine the risk factors associated with early and
late mortality. Using a standardized health scoring sys-
tem, calves were evaluated immediately at arrival to a
commercial milk-fed veal facility in Ontario, Canada.
Weight at arrival and supplier of the calf were recorded.
The calves were followed until death or the end of their
production cycle. Two Cox proportional hazard models
were built to explore factors associated with early (<21
d following arrival) and late mortality (>21 d following
arrival). A total of 4,825 calves were evaluated from
November 2015 to September 2016. The overall mortal-
ity risk was 7%, with 42% of the deaths occurring in
the first 21 d after arrival. An abnormal navel, dehy-
dration, housing location within the farm, arriving in
the summer, and the presence of a sunken flank were
associated with increased hazard of early mortality.
Drover-derived calves and calves with a greater body
weight at arrival had lower hazard of early mortality.
Housing location within the farm, being derived from
auction facilities, and an abnormal navel were associ-
ated with higher hazard of late mortality. These re-
sults demonstrate that risk factors for mortality can
be identified at arrival, which represents a potential
opportunity to selectively intervene on these calves to
reduce mortality. However, methods of preventing the
development of these conditions before arrival need to
be explored and encouraged to improve the welfare of
the calves entering the veal industry.
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INTRODUCTION

Mortality in dairy calves, whether female or male,
represents a significant welfare issue (Ortiz-Pelaez
et al., 2008) and a major source of economic loss to
livestock industries. High levels of antimicrobial use
(Bos et al., 2013) and resistance (Catry et al., 2016)
are also among the challenges faced with the rearing of
dairy calves. With public concern about animal welfare
on the rise (Vanhonacker et al., 2008; Spooner et al.,
2014), improvements in animal health are needed to
reduce the levels of morbidity and mortality.

There is a lack of published information on male calf
mortality in North America; however, estimates from
the veal and dairy beef industries suggest that mortal-
ity is high. Winder et al. (2016) reported a mortality
risk of 8% over the entire production period at a single
milk-fed facility in Ontario. Pardon et al. (2012a) re-
ported a mortality risk of 5% on 15 Belgium milk-fed
veal farms, whereas Béhler et al. (2012) reported a
mortality risk of 4% in calves housed on 15 veal farms
with high animal welfare standards in Switzerland. As
the majority of mortality occurs within the first 3 wk
following arrival at veal calf raising facilities (Béhler
et al., 2012; Pardon et al., 2012a; Winder et al., 2016),
initial management at the veal facility, but also man-
agement at the dairy farm of origin, may be critical in
the health and welfare of calves.

Management of newborn calves on dairy farms af-
fects their survival and productivity, with calving man-
agement (Wells et al., 1996), colostrum management
(Postema and Mol, 1984; Pardon et al., 2015), early
life nutrition (Ollivett et al., 2012; Todd et al., 2017),
and housing (Waltner-Toews et al., 1986; Lago et al.,
2006; Windeyer et al., 2014) all playing critical roles in
disease risk. Commingling, crowding, and transporta-
tion (Mormede et al., 1982; van der Fels-Klerx et al.,
2000) are additional challenges faced by calves before
their arrival at veal facilities.

Similarly, management practices on veal operations
have been identified as risk factors affecting calf health.
Purchasing practices, type of breed reared, housing,
ventilation, herd size, and nutrition (Brscic et al., 2012;
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Lava et al., 2016; Todd et al., 2017) have been associ-
ated with elevated mortality, morbidity, and antimi-
crobial use at veal operations. Hence, management of
calves on the veal operation plays an equally critical
role in their health and welfare.

A management practice that is commonly used upon
arrival at veal facilities is to provide group oral an-
tibiotics (Pardon et al., 2012b), likely because of the
large number of calves that enter the veal industry with
health challenges (Wilson et al., 2000). However, it is
unclear whether health abnormalities identified at ar-
rival affect mortality, as the sole studies (Wilson et al.,
2000; Bahler et al., 2012) evaluating individual calves
at arrival yielded few associations between reduced gen-
eral condition at arrival and increased risk of morbidity
or mortality. If calves at high risk for mortality could be
identified, it may provide an opportunity to intervene
selectively with antibiotics or supportive therapy while
reducing overall antibiotic use (Pardon et al., 2015).

The objectives of this study were to describe the
health status of calves at arrival to a veal facility and to
associate characteristics of the arriving calf with early
and late mortality.

MATERIALS AND METHODS

This prospective cohort study was conducted in coop-
eration with a milk-fed veal producer and in accordance
with the University of Guelph Animal Care Commit-
tee requirements (Animal Use Protocol: #3453). The
producer had 5 barns in different geographical loca-
tions within the southwestern region of the province of
Ontario, Canada. In barns 1, 2, and 4, the calves were
fed manually, whereas in barns 3 and 5, automatic calf
feeders were used. Calves were housed individually in
barns 1 and 4 and in groups of 60 calves in barns 3 and
5. Calves in barn 2 were housed in individual pens in
early life, transitioning to groups of 8 calves 5 to 6 wk
following arrival.

Data Collection

When calves arrived at the barns, they were imme-
diately evaluated according to a standardized health
scoring system and weighed using a digital weigh-scale
(Cardinal Scale Manufacturing Co., Webb City, MO).
The supplier of the calf and receiving date were re-
corded. In total, there were 233 different recorded sup-
pliers. These suppliers were divided into 7 categories
(5 drovers, local, and auction). “Local” refers to dairy
farmers who delivered their calves directly to the veal
facility. The term “drover” was used for calves that were
transported directly from multiple dairy farms to the
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veal facility by a third party, and “auction” was used to
classify calves purchased by the veal farm from auction
markets. Season was categorized as winter (December
to February), spring (March to May), summer (June
to August), and fall (September to November). Calves
were identified at arrival based on their Canadian
Cattle Identification Agency (CCIA) eartag. Trax-IT
software (Merit-Trax Technologies, Mount Royal, Que-
bec, Canada) was used to record all mortalities occur-
ring during the production period.

Standard Health Scoring System

An iPad (Apple Inc., Cupertino, CA) with the Calf
Health Scorer app (University of Wisconsin-Madison,
Madison, WI) and Qualtrics software (http://www
.qualtrics.com/) was used to record the health scor-
ing. The app provided images and descriptions to
evaluate the respiratory system (nose, eye, ear, cough;
McGuirk and Peek, 2014), fecal consistency (McGuirk,
2008), navel inflammation (adapted from Fecteau et
al., 1997), joint swelling, and rectal temperature. A sec-
ond recording form developed in Qualtrics was used to
evaluate and record dehydration (adapted from Wilson
et al., 2000), BCS (Wilson et al., 2000), and sunken
flank (Table 1). Sunken flank (Béhler et al., 2012) was
scored based on the appearance and palpation of the
abdomen. A flank was not considered sunken if the
calf had a convex appearance to the lower portion of
the paralumbar fossa and fluid could be balloted. The
health scores were not provided to the barn staff to
ensure that the screening of the calves did not influence
treatment decisions.

All calves were examined by 1 of 3 observers. Ob-
server 1, a veterinary practitioner, provided training to
observers 2 and 3, who were veterinary students. Using
scores gathered from all calves arriving at the facility
on June 17, 2016, inter- and intraobserver agreement
were calculated for observers 1 and 2 using percentage
agreement (McHugh, 2012) and weighted kappa (k;
Cohen, 1968). A Fleiss-Cohen weight type was applied
when calculating the weighted k (Fleiss and Cohen,
1973). Observer 3 relocated to pursue another position
and could not be assessed for observer agreement.

Sample Size Calculation

A proportion estimation sample size calculation
was used to determine the required number of calves.
Based on previous work by Winder et al. (2016) and a
review of available records, we estimated that calves
identified with a health abnormality at arrival would
have a mortality risk of 10%, whereas those without an
abnormality would have a mortality risk of 7.5%. Using
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Figure 1. Causal diagram describing the relationship of measured
variables to mortality occurring during the growing period at a milk-
fed veal calf facility in Ontario, Canada.

95% CI and 80% power, a sample size of 4,010 calves
was required.

Statistical Analysis

All statistical analyses were completed using Stata
14 (StataCorp LP, College Station, TX). Data were
imported from Excel (Microsoft Corp., Redmond, WA)
into Stata 14 and checked for completeness. Calves with
missing data were deleted from analysis (complete-case
analysis; Pigott, 2001). A causal diagram (Figure 1)
was created to illustrate the hypothesized relationship
between the dependent and independent variables, and
was used to guide the analyses. Descriptive statistics
were generated for all explanatory variables in the data
set.

Two explanatory Cox proportional hazard regression
models were created, one each for the outcomes early
mortality and late mortality. Early mortality was de-
fined as mortality occurring <21 d following arrival,
and calves, if they survived, were censored at 21 d fol-
lowing arrival. Late mortality was defined as mortality
occurring >21 d after arrival, where calves that sur-
vived the first 21 d entered at d 22 following arrival and
were censored, if they survived, at the recorded date
of transportation to slaughter. If the transportation
to slaughter date was missing, the date was estimated
from the cohort of calves that had the same arrival
date. The time-series variable for both models was the
number of days until mortality. The cut point of mor-
tality at 21 d was selected based on previous work dem-
onstrating that the majority of mortality occurred in
the first 3 wk after arrival at a veal calf facility (Bahler
et al., 2012; Pardon et al., 2012a; Winder et al., 2016).
Further rationale for the selection of this threshold was
that the prevalence of morbidity also peaks in the first
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Figure 2. Kaplan-Meier survival estimate showing days after ar-
rival at which death occurred in 347 calves screened at arrival to a
milk-fed veal facility.

3 wk following arrival, and different risk factors were
associated with morbidity in the first 3 wk following
arrival compared with the remainder of the growing
period (Brscic et al., 2012; Pardon et al., 2012a). To
ensure this data set had a similar mortality pattern, a
Kaplan-Meier survival estimate was created (Figure 2).

For each Cox proportional hazard model, the func-
tional form of the continuous explanatory variables was
assessed by computing the Martingale residuals from a
model without the continuous predictor of interest and
plotting the residuals against the predictor. If the re-
lationship was discovered to not be linear, the variable
was categorized into 2 categories. Rectal temperature
in both models and BW at arrival were categorized
based on cut-points generated by the Youden Index
(Youden, 1950). The Youden Index is a summary
measure of the receiver operator characteristic (ROC)
curve, measuring the accuracy of a diagnostic marker
and generating an optimal cut-point to maximize both
sensitivity (Se) and specificity (Sp; Fluss et al., 2005).
Collinearity among the explanatory variables was
tested using Spearman rank coefficients. If the corre-
lation coefficient between 2 variables was >0.6, only
one variable was retained, based on the fewest missing
values, reliability of the measurement, and biological
plausibility (Dohoo et al., 2010a). Univariable Cox pro-
portional hazard models were constructed to screen for
variables that were unconditionally associated with the
outcome using a P-value of 0.2. Risk factors that were
associated with the outcome were subsequently offered
to a multivariable model through a manual backward
stepwise removal process. Variables were retained in
the multivariable models if they were significant at P <
0.05. Confounding was assessed by evaluating the effect
of removal of a variable on the coefficients of the re-
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maining variables. A variable was deemed a confounder
if it was not an intervening variable based on the causal
diagram and the coefficients of a significant variable in
the model changed by at least 20% when the variable
was removed from the model. Two-way interactions
were evaluated between variables suspected to interact
based on evidence from the literature and remained in
the final models if significant (P-value <0.05; Dohoo
et al., 2010a). The assumption of proportionality was
assessed using the test of proportional assumptions
(Dohoo et al., 2010b). If the test was significant (P <
0.05), the proportionality of each predictor was tested
and the model was stratified on the nonproportional
predictor. The model fit was evaluated graphically by
assessing the proximity of the Cox-Snell residuals to
having a unit exponential distribution (Dohoo et al.,
2010Db). Outliers were identified and evaluated using
deviance residuals as well as score residuals. If outliers
were found, they were explored to determine the char-
acteristics of the observations that made them outliers
and ensure data were not erroneous.

RESULTS
Descriptive Statistics

A total of 4,825 calves of unknown age were evalu-
ated from November 2015 to September 2016 with 27%
(n = 1,280), 28% (n = 1,368), 28% (n = 1,361), 9%
(n = 447), and 8% (n = 369) entering barns 1, 2, 3,
4, and 5, respectively. Most calves arrived during the
summer (40%), with the fewest arriving during the fall
(11%); 30% of calves arrived in the spring and 21%
of calves in winter. The majority of the calves (70%)
were drover-derived. Drovers 1, 2, 3, 4, and 5 were
responsible for bringing 36, 21, 2, 8, and 4% of the
calves evaluated, respectively. The remaining calves
were delivered directly by local farmers (18%) or pur-
chased from auction markets (12%). The majority of
the calves that arrived were male (99%). The females
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were retained in the analyses, because it is likely that
they would have received similar treatment as the male
calves on the source dairy farms, because the majority
were freemartins. In addition, we detected no difference
in early (P = 0.45) or late mortality (P = 0.77) models
when comparing male and female calves in univariable
analyses.

The mean arrival weight of the calves was 47 kg
(SD: 5 kg) with a range from 28 to 71 kg. Slaughter
records existed for 4,041 calves, and these calves were
slaughtered for white veal after a mean growing period
of 148 d (SD: 9 d). The mean hot carcass weight of the
slaughtered calves was 127 kg (SD: 18 kg).

Health Parameters

Table 1 describes the proportion of calves with spe-
cific risk factors. Many calves entered the facility with
some level of dehydration and low body condition. Of
the dehydrated calves entering the facility, only 17%
had diarrhea. Roughly a quarter of calves entered with
an abnormal navel score (scores of 2 and 3). Very few
calves had abnormal respiratory or joint scores. The
mean rectal temperature was 39.2°C, and 5% (n = 232)
had a temperature >40°C. Observer 1 evaluated 35%
of calves, whereas observers 2 and 3 evaluated 45% and
20%, respectively. Intra- and interobserver reliability
were evaluated between observers 1 and 2 (Table 2).
The calculated k statistics ranged from no to perfect
agreement.

Mortality

Of the calves evaluated, 357 died (7%), of which 148
died in the first 21 d (42%) and 209 died after the
first 21 d (59%). The Kaplan-Meier survival estimate
(Figure 2) demonstrated that the pattern of mortal-
ity was similar to that previously described (Bahler et
al., 2012; Pardon et al., 2012a; Winder et al., 2016).
Barns 1, 2, 3, 4, and 5 had a mortality risk of 8, 10,

Table 2. Inter- and intraobserver agreement (% and kappa score) between observers 1 and 2 for risk factors
evaluated at arrival at a milk-fed veal facility (n = 25 calves)

Intraobserver agreement

Interobserver agreement

Variable Agreement (%) Weighted k' Agreement (%) Weighted &
Nose score 97 0.50 97 0.38
Eye score 97 0.65 97 0.67
Ear score 100 1.00 96 0.00
Cough score 94 0 91 —0.05
Navel score 95 0.75 93 0.69
Joint score 100 1.00 100 1.00
Dehydration score 80 0.27 71 0.08
BCS 90 0.53 89 0.31

!Calculated as described by Cohen (1968).
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Table 3. Results from a multivariable Cox proportional hazard model of early mortality (<21 d after arrival) at the veal facility (n = 4,689

calves with 143 mortalities)

Mortality Hazard
Variable Description n risk (%) ratio 95% CI P-value
Barn 1 1,212 3.55 Referent
2 1,339 2.91 0.84 0.54 to 1.32 0.45
3 1,342 3.5 1.04 0.67 to 1.60 0.86
4 440 2.27 0.65 0.32 to 1.32 0.24
5 356 1.12 0.35 0.12 to 1.00 0.05
Season Winter 987 3.65 Referent
Spring 1,357 2.58 1.03 0.63 to 1.70 0.91
Summer 1,855 3.45 1.99 1.17 to 3.38 0.01
Fall 490 1.63 0.79 0.35 to 1.79 0.58
Navel score 0 and 1 3,467 2.74 Referent
2 928 3.34 1.26 0.84 to 1.90 0.27
3 294 5.78 2.40 1.42 to 4.07 <0.01
Cough score 0 4,441 2.88 Referent
1 188 5.32 1.62 0.84 to 3.11 0.15
2 and 3 60 8.33 3.13 1.25 to 7.84 0.02
Dehydration score 0 2,553 2.27 Referent
1 1,609 3.48 1.75 1.18 to 2.60 0.01
2 465 4.73 2.04 1.18 to 3.53 0.01
3 and 4 62 11.29 6.73 2.83 to 16.00 <0.01
Sunken flank No 3,768 2.76 Referent
Yes 921 4.23 0.67 0.23 to 1.96 0.47
Source Local 844 4.62 Referent
Drover 1 1,711 2.81 0.41 0.25 to 0.67 <0.01
Drover 2 994 2.21 0.32 0.17 to 0,62 <0.01
Drover 3 78 2.56 0.30 0.04 to 2.20 0.24
Drover 4 357 1.68 0.25 0.10 to 0.60 <0.01
Drover 5 168 4.17 0.45 0.14 to 1.48 0.19
Auction 537 3.05 0.79 0.43 to 1.44 0.44
Weight at arrival Per 1-kg increase 0.93 0.89 to 0.97 <0.01
Interaction: Sunken flank x source No x Local Referent
Yes x Drover 1 3.63 1.10 to 11.99 0.04
Yes x Drover 2 3.64 0.92 to 14.42 0.07
Yes x Drover 5 5.80 0.93 to 36.28 0.06

6, 6, and 5%, respectively. The winter season had the
highest overall mortality risk (11%) and fall had the
lowest overall mortality (4%). Spring and summer had
a mortality risks of 8 and 6%, respectively.

Early Mortality Model

Based on the Youden Index, rectal temperature
was cut at 39.2°C [Se: 0.50; Sp: 0.49; area under the
curve (AUC): 0.49]. The mean time to mortality in
the early mortality data set was 10.54 d (SD: 5.31 d).
The variables unconditionally associated with early
mortality (<21 d following arrival) were barn, season,
cough score, fecal score, navel score, dehydration score,
sunken flank, source, and BW (Supplemental Table S1;
https://doi.org/10.3168 /jds.2017-13581).

The final multivariable model contained 8 signifi-
cant variables (Table 3). A navel score of 3 or elevated
dehydration score was associated with higher hazard
of early mortality. Drover-derived calves had a lower
hazard of early mortality than locally derived calves;
however, when drover-derived calves had a sunken
flank, they had higher hazard of early mortality than

Journal of Dairy Science Vol. 101 No. 3, 2018

locally derived calves without a sunken flank. Calves
that weighed more on arrival also had lower hazard of
early mortality.

Late Mortality Model

Based on the Youden Index, rectal temperature was
cut at 39.1°C (Se: 0.61; Sp: 0.39; AUC: 0.50) and BW
at arrival was cut at 48 kg (Se: 0.41; Sp: 0.64; AUC:
0.52). The mean time to mortality in the late mortality
data set was 88.04 d (SD: 45.47 d). The initial Cox
proportional hazard model did not meet the assump-
tion of proportional hazards, and the following models
were stratified based on season at arrival. The variables
that were unconditionally associated with late mortal-
ity (>21 d following arrival) were barn, nose score, eye
score, cough score, navel score, and source (Supplemen-
tal Table S2; https://doi.org/10.3168/jds.2017-13581).

In the final multivariable model, 3 variables were
retained (Table 4). Being housed in barn 2 and having
a navel score of 3 were associated with higher hazard of
late mortality. Being housed in barn 3 was associated
with lower hazard of late mortality. Source of calves was


https://doi.org/10.3168/jds.2017-13581
https://doi.org/10.3168/jds.2017-13581
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Table 4. Results from a multivariable Cox proportional hazard model of late mortality (>21 d after arrival) at the veal facility stratified by

season at arrival (n = 4,610 calves with 204 mortalities)

Variable Description n Mortality risk (%) Hazard ratio 95% CI P-value
Barn 1 1,201 4.25 Referent
2 1,308 6.73 1.44 1.01 to 2.05 0.04
3 1,305 2.91 0.64 0.42 to 0.98 0.04
4 436 3.44 0.80 0.44 to 1.44 0.45
5 366 3.33 0.83 0.43 to 1.62 0.59
Source Local 815 4.17 Referent
Drover 1 1,670 4.61 1.08 0.72 to 1.62 0.70
Drover 2 972 3.7 0.76 0.48 to 1.22 0.26
Drover 3 78 6.41 1.79 0.70 to 4.59 0.23
Drover 4 356 1.68 0.56 0.23 to 1.36 0.20
Drover 5 161 4.34 0.78 0.34 to 1.77 0.55
Auction 527 7.4 1.56 0.98 to 2.48 0.06
Navel score 0 and 1 3,422 4.12 Referent
2 910 4.62 1.14 0.81 to 1.60 0.46
3 278 7.55 1.80 1.13 to 2.86 0.01

retained in the model because the overall variable had
a significant P-value (P = 0.02), where calves sourced
from auction facilities had a trend for a higher hazard
of late mortality.

DISCUSSION

This study demonstrated that abnormal navel, very
low BCS, and sunken flank were common problems
found at arrival. It also identified several health vari-
ables associated with mortality at the veal facility.
One of the potential limitations of this study was the
subjective nature of the scoring system used and the
multiple observers who scored the calves. The kappa
statistics generated for ear, cough, and dehydration
scores yielded slight to no agreement (Viera and Gar-
rett, 2005) between observers 1 and 2. This is likely
the result of the kappa paradox, where despite a high
percentage of interobserver agreement, the correspond-
ing value of k may be relatively low (Feinstein and
Cicchetti, 1990) because there is little variation in the
condition being evaluated. The kappa paradox may
have occurred because the prevalence of those condi-
tions was low in the group of calves scored for the cal-
culation of k (Feinstein and Cicchetti, 1990; Viera and
Garrett, 2005; Dohoo et al., 2010c). The small number
of calves examined for the calculation of the k statistic
(Sim and Wright, 2005) and the inability to examine
the intra- and interobserver reliability for observer 3 are
further limitations that need to be considered.

Navel infections have been shown to have a signifi-
cant effect on mortality (Donovan et al., 1998) and the
overall health of the calf (Mee, 2008). Therefore, it is
not surprising that arriving at the facility with a signifi-
cantly enlarged navel, with heat, pain, or malodorous
discharge was associated with both early and late mor-
tality. The prevalence of abnormal navels was similar

to what has been reported in other studies evaluating
male calves (Wilson et al., 2000; Béahler et al., 2012).
Navel infections cause not only a localized infection but
may also spread by hematogenous dissemination and
affect multiple organs (Wieland et al., 2017). Antibiotic
treatment of the calves with navel infections at arrival
could help to reduce mortality; however, prevention on
the source dairy farm would be preferable. Some pre-
ventative strategies that could be implemented at the
source farm include maintaining maternity pen hygiene
and ensuring adequate early intake of high-quality co-
lostrum (Mee, 2008). In terms of navel dipping, authors
have reported differences with respect to certain types
of navel dip (Robinson et al., 2015; Wieland et al.,
2017). However, the paucity in the available literature
of studies that used a negative control group makes it
difficult to support the use of navel dipping.

Severity of dehydration was a significant predictor of
early mortality. Dehydration may arise from a variety
of different factors, including transportation and diar-
rhea. Transportation of young calves long distances can
lead to a measurable increase in dehydration (Knowles
et al., 1997). An electrolyte feeding during transit will
reduce the extent of dehydration on arrival (Knowles et
al., 1999) and could reduce early mortality. However,
practically, this strategy may be difficult to implement.
Diarrhea may also have been responsible for creating a
dehydrated state (Smith, 2009b). Correction of dehy-
dration in calves suffering from diarrhea is important
in preventing mortality (Berchtold, 2009). However,
fecal score was not significant in the final multivariable
model evaluating early mortality and did not interact
with or confound dehydration score, so it may not influ-
ence the role that dehydration plays in early mortality.
As many calves entered the facility with some degree
of dehydration, measures to prevent and treat dehydra-
tion at arrival need to be explored to reduce mortality.

Journal of Dairy Science Vol. 101 No. 3, 2018



2666

The presence of a sunken flank may be an indicator
of the timing of the last milk or electrolyte feeding.
Drover-derived calves were likely more susceptible
to early mortality when a sunken flank was detected
because the combination of increased energy demands
from longer transportation (Knowles et al., 1997) and
little to no energy input would lead to reduced dis-
ease resistance (Chandra, 1997; Godden et al., 2005;
Ollivett et al., 2012). The presence of a sunken flank
was also shown by Bahler et al. (2012) to affect mortal-
ity; however, it was only significant in unconditional
analysis. Thus, strategies to reduce time between meals
for young calves, particularly when subjected to long
transit times, could aid in reducing the risk of early
mortality.

As previously demonstrated by others (Lava et al.,
2016; Winder et al., 2016), barn number was associ-
ated with mortality. Brscic et al. (2012) and Lava et
al. (2016) identified that housing, management, and
feeding practices are risk factors that can influence calf
health and need to be considered at the barn level.
The barns in this study had different housing styles,
barn staff, and feeding equipment, which could explain
some of the variability in mortality between the differ-
ent barns.

Weight at arrival affected early mortality. This find-
ing is similar to other studies in which lower weight
at arrival was associated with higher morbidity and
mortality (Brscic et al., 2012; Winder et al., 2016). As
previously suggested by Winder et al. (2016), weight at
arrival may be a marker of age, nutrition, and weight
at birth. Knowles (1995) described a strong negative
correlation between age at transport and mortality.
However, it is unclear whether the association with
mortality is due to increased disease pressure occurring
in the first weeks of life (Wells et al., 1997) or is due
to transportation. The topic of age at transportation
requires further exploration, as a delay in transport
could be explored as a method to reduce morbidity and
mortality on veal farms.

Enhanced early life nutrition increases the growth
of the calf (Terre et al., 2006; Borderas et al., 2009).
It also improves disease resistance (Khan et al., 2007;
Ollivett et al., 2012; Todd et al., 2017) and reduces
mortality (Williams et al., 1981) because more energy
and protein are available to support immune function
(Chandra, 1997). As heavier calves had a lower risk of
early mortality, enhancing the nutrition of calves before
arrival at the veal facility may provide an opportunity
to improve disease resistance and lower mortality.

A surprising finding in this study was the high level
of emaciation identified at arrival. This is also likely a
reflection of nutritional status of the calf before arrival.
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Previous disease will also reduce ADG (Virtala et al.,
1996; Windeyer et al., 2014) and affect BW (Stanton
et al., 2010) but could reduce BCS. With 18% of calves
arriving at the facility in an emaciated state, factors
affecting BCS should be explored and improved.

The source of the calves played a role in early and
late mortality. Locally derived calves had higher hazard
of early mortality than those from drovers, even though
the drover-derived calves likely had longer transporta-
tion times. Drovers could have implemented some type
of screening before agreeing to transport calves, as they
are penalized monetarily for low-weight or sick calves
at the veal facility. This screening would create an ad-
ditional barrier of entry to the veal facility, such that
calves that are ill and of low weight are not taken from
the source farm, thereby reducing the odds of mortality
at the veal facility. Auction-derived calves had a trend
for a higher hazard of late mortality. As auction calves
are exposed to at least 2 different vehicles for transpor-
tation and at least one temporary residence, where they
are commingled with many other calves, it creates an
opportunity for the calf to be exposed to a variety of
pathogens. As the auction environment contributes to
mortality caused by bovine respiratory disease in veal
calves (Palechek et al., 1987) and with the majority of
deaths after 21 d resulting from pneumonia, this may
be a plausible explanation for the association. Thus,
strategies used to optimize the conditions of purchase
may lead to a reduction in the level of disease risk and
in antimicrobial use (Lava et al., 2016).

Arrival at the facility in the summer was associated
with early mortality. Higher early mortality during the
summer differs from other studies evaluating female
(Lombard et al., 2007; Gulliksen et al., 2009) and male
calf mortality (Winder et al., 2016). However, heat
stress occurring pre- and postpartum can affect im-
mune responses in calves (Tao and Dahl, 2013; Roland
et al., 2016) making them more susceptible to disease.
The lack of heat dissipation strategies employed in the
barns, combined with one of the hottest summers re-
corded in southwestern Ontario (Seglenieks, 2016), may
have contributed to increased early mortality in the
summer. Season at arrival did not meet the assumption
of proportional hazards in the late mortality, suggest-
ing that season has differing effects on the hazard of
mortality over time, specifically during the later por-
tion of the growing period.

The presence of induced repeated or spontaneous
coughs can be used to identify calves with early respira-
tory disease (Poulsen and McGuirk, 2009). Coughing is
an important respiratory defense mechanism that is ini-
tiated by irritation of receptors in the airways (Smith,
2009a). With repeated or spontaneous coughing being
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a hallmark clinical sign of acute or chronic respiratory
disease (Andrews, 2004), interventions should be ex-
plored to reduce mortality levels.

CONCLUSIONS

The prevalence of health problems at arrival repre-
sents important risks for mortality in veal calves. Many
calves at high risk for mortality can be identified upon
arrival. Intervention on high-risk calves may be a strat-
egy to reduce the risk of mortality; however, preventa-
tive measures applied before arrival to the veal facility
would be a preferred approach.
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