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ABSTRACT

Genetic selection could be a tool to help improve the
health and welfare of calves, however, to date, there is
limited research on the genetics of calfhood diseases.
This study aimed to understand the current impact of
calf diseases, by investigating incidence rates, estimating
genetic parameters, and providing industry recommen-
dations to improve calf disease recording practices on
farms. Available calf disease data comprised of 69,695
Holstein calf disease records for respiratory problems
(RESP) and diarrhea (DIAR), from 62,361 calves
collected on 1,617 Canadian dairy herds from 2006 to
2021. Single and multiple trait analysis using both a
threshold and linear animal model for each trait were
evaluated. Furthermore, each trait was analyzed using
2 scenarios with respect to minimum disease incidence
threshold criterion (herd-year incidence of at least 1%
and 5%) to highlight the impact of different filtering
thresholds on selection potential. Observed scale herita-
bility estimates for RESP and DIAR ranged from 0.02
to 0.07 across analyses, while estimated genetic cor-
relations between the traits ranged from 0.50 to 0.62.
Sires were compared based on their estimated breeding
value and their diseased daughter incidence rates. On
average, calves born to the bottom 10% of sires were
1.8 times more likely to develop RESP and 1.9 times
to develop DIAR compared with daughters born to the
top 10% of sires. Results from the current study are
promising for the inclusion of both DIAR and RESP
in Canadian genetic evaluations. However, for effective
genetic evaluation we require standardized approaches
on data collection and industry outreach to highlight
the importance of collecting and uploading this infor-
mation to herd management software. In particular, it
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is important that the herd management software is ac-
cessible to the national milk recording system to allow
for use in national genetic evaluation.

Key Words: Disease traits, producer recorded data,
data quality, genetic parameters

INTRODUCTION

Growing awareness surrounding agricultural produc-
tion coupled with the effects of disease on a cow’s life-
time performance, has led to the dairy industry taking
proactive steps to improve animal health. To achieve
improved animal health, a multi-faceted approach focus-
ing on the interaction of 3 factors is required, known as
the triad of epidemiology. This interaction controls the
expression of disease, and includes the pathogen caus-
ing the disease, the host’s ability to resist the pathogen
and the environment in which they both live, including
management practices (Leblanc et al., 2006). Improving
host resistance has centered on vaccine programs and
prophylactic antibiotic treatment. However, antibiotics
and vaccines are under increasing scrutiny because they
often only reduce clinical signs of the disease or provide
short-term immunity and do not prevent the spread of
the disease, as is the case in Johne’s disease and Lep-
tospirosis in dairy cattle (Phanse et al., 2020; Wilson-
welder et al., 2020). Furthermore, they can contribute
to the development of antibiotic resistant bacteria, and
vaccine resistant viruses, which makes these interven-
tions less desirable (Gibson and Bishop, 2005).

The host’s innate resistance can also be improved
through genetic selection, though with the exception of
the Nordic countries, this has, until recently, received
little attention (Miglior et al., 2017). The reasoning be-
hind this was the low heritability estimates associated
with functional traits, such as health, and the opinion
that improvements in management could balance out
any deterioration in genetic merit of functional traits
(Butler and Moore, 2018). Through the adoption of
genomic selection, selection on low heritable traits
has become more feasible (Miglior et al., 2017; Cole
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et al., 2021). In Canada, national genetic evaluations
have been developed for several health related traits in-
cluding, mastitis (Koeck et al., 2012; Beavers and Van
Doormaal, 2013), metabolic diseases (Jamrozik et al.,
2016; Miglior et al., 2016), hoof lesions (Malchiodi et
al., 2017; Beavers and Van Doormaal, 2018; Jamrozik
et al., 2021) and fertility disorders (Fleming and Van
Doormaal, 2020). However, limited emphasis pertaining
to improving calf health has been applied on a national
level in Canada, with the exception of calf survival
(Van Doormaal, 2007; van Staaveren et al., 2023).

The 2 most common calf diseases are respiratory
problems (RESP) and diarrhea (DIAR) (Murray,
2011; Windeyer et al., 2014). Average incidence rates
for DTAR range from 23% to 44%, while for RESP,
incidence rates range between 12% to 22%, however
within herds, large variation can be seen around these
values (Windeyer et al., 2014; Urie et al., 2018; USDA,
2018). Calfhood diseases have a major impact on the
economic viability of cattle operations; heifer’s experi-
encing a disease at least once during rearing have 6%
higher rearing costs than healthy heifers (Nor et al.,
2013). Sischo et al. (1990) reported that calf disease
accounted for 4% of a cow’s lifetime cost, with RESP
and DIAR responsible for 86% of calf disease costs.
These economic consequences are due to costs of treat-
ment, reduced average daily gain (ADG), increased
age at first calving (AFC), increased mortality rates
and long-term effects on performance.

The impact of calf disease on ADG and in turn on
AFC is because disease reduces growth. Buczinski
et al. (2021) reviewed 27 studies and reported that
heifers experiencing calthood RESP had their ADG
reduced by 0.067 kg/d. Effects of DTAR on ADG are
less conclusive with some studies finding that DIAR
decreased ADG by up to 0.03kg/d (Donovan et al.,
1998; Stanton, 2011), while others found no effect (Vir-
tala et al., 1996). Potential reductions in ADG have
implications for AFC as a heifer’s weight is directly
associated with sexual maturity (Macdonald et al.,
2005), and unfavorable associations between AFC and
calf disease incidence have been reported (Heinrichs et
al., 2005). Pre-weaning mortality rates in dairy calves
range from 5 to 11% (Murray, 2011; Urie et al., 2018;
Zhang et al., 2019), and in Canada, DIAR and RESP
accounted for 53% and 21% of pre-weaned calf mor-
tality, respectively (Murray, 2011). With respect to
production, cows with at least one episode of DIAR
as calves produced 344 kg less energy corrected milk
than healthy animals in first lactation (Svensson and
Hultgren, 2008). Buczinski et al. (2021) also reported
that heifers experiencing RESP produced 121.2 kg less
milk during their first lactation compared with healthy
animals. Together this highlights the impact that calf
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disease has on animals transitioning from calfhood into
the milking herd, and why RESP and DIAR are the
main reasons behind involuntary culling or mortality
until first calving (Waltner-Toews et al., 1986; Wathes
et al., 2008; Zhang et al., 2019). Given the impact of
calf disease on farm productivity, efforts to improve
dairy calf health are vital.

From a genetic perspective, efforts aimed at breeding
for increased disease resistance in both RESP and DIAR
offer opportunities. Reported heritability estimates for
RESP and DIAR range between 0.04 to 0.10 (Hender-
son et al., 2011; McCorquodale et al., 2013; Gonzalez-
Pena et al., 2019; Haagen et al., 2021; Zhang et al.,
2022), indicating the potential for genetic selection.
The low heritability for disease traits can be attributed
to their complexity and the quality of records (Bishop
and Woolliams, 2010). On dairy farms, calf disease data
is usually recorded as an event in herd management
software. However, factors influencing calf health, such
as birth weight, colostrum quality and quantity, dura-
tion and severity of disease, and so on, are not routinely
measured and recorded (Gonzalez-Pena et al., 2019).
Furthermore, in Canada, no standardized approach to
recording this information is available, meaning herds
likely differ in recording practices and definitions of
traits (van Staaveren et al., 2023). For genetic selec-
tion, the recording of accurate high quality phenotypes
is paramount (Coffey, 2020). With the integration of ef-
ficient recording systems, genetic selection for improved
health becomes more feasible and effective (Fleming et
al., 2018).

Therefore, the objective of this study was to 1)
understand the current impact of calf diseases, by es-
timating incidence rates and level of recording on Ca-
nadian dairy farms, 2) to estimate genetic parameters
for calf disease traits using data collected via on-farm
herd management software (DairyComp, VAS, Tulare,
California), and 3) to provide preliminary industry
recommendations to improve calf disease recording
practices on farms. Specifically, these results can be
used to identify gaps in data collection methods which
should be addressed in future developments for success-
ful implementation of a national calf health selection
strategy.

MATERIALS AND METHODS
Data

Calf disease data recorded by dairy producers with
herd management software and uploaded into the na-
tional milk recording database were provided by Lac-
tanet Canada (Guelph, Ontario). They were comprised
of 69,695 Holstein calf disease records for RESP and
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DIAR, from 62,361 calves collected on 1,617 Canadian
dairy herds from 2006 to 2021. Within these records,
49,328 were RESP and 20,364 were DIAR. Three ani-
mals had multiple records of DIAR cases, which were
removed for this analysis. In total, 7,331 animals had
records on both traits. A herd inventory file was also
supplied by Lactanet, and provided date of birth infor-
mation for all calves reared in each herd. Any animal
present in the herd inventory file that was not found in
the disease cases data was assumed healthy.

Both single and multiple trait analysis were con-
ducted. For single trait analysis, RESP and DIAR were
treated as binary events, with a value of 0 correspond-
ing to an assumedly healthy animal, and 1 correspond-
ing to a sick animal for each trait. RESP records above
180 d of age were removed, while DIAR records above
60 d of age were removed due to limited records past
this point, meaning only early calfhood records were
analyzed for both traits. Two thresholds with respect
to minimum disease incidence were analyzed, to high-
light the impact of filtering on selection potential.
The first scenario required each herd-year to have
at least 1% incidence (1%DATA), while the second
scenario required a 5% minimum herd-year incidence
(5%DATA). This was calculated using the number
of disease events in a herd-year divided by the total
number of heifer calves raised on the farm in that year.
These minimums were chosen because 1% incidence is
commonly used in other disease related studies (Koeck
et al., 2012; Haagen et al., 2021), and 5% can be seen
as the gold standard target for both DIAR and RESP
(Dairy Calf & Heifer Association, 2019; RSPCA, 2021).
In the case of 1% incidence it may be that incidence are
not being recorded in full, or that differences in clas-
sification of either disease are used on specific farms.

Records from 2006 and 2021 were removed as record-
ing in those years was incomplete, leaving a useable
data set with records collected between 2007 and 2020.
All animals with missing sire or dam information were
also removed, roughly 16% of total records. Addition-

ally, herds had to have consecutive calf disease records
for years leading to and including 2020, or a minimum
of 3 consecutive years of data available if there were
no 2020 records. This control step was done to ensure
only herds with consistent recording practice were in-
cluded. For the multiple trait analysis between RESP
and DIAR, only herds that met the criteria described
above for both traits were included. Final data sets are
presented in Table 1.

Statistical Analysis.

Due to the discrete nature of the traits, they were
evaluated using both a threshold and linear animal
model. For the threshold model, a probit link function
was applied if the trait was binary, while a logit link
function was applied if the trait was categorical. The
threshold model is theoretically a better model as it is
designed to respect the discrete nature of the trait by
fitting a non-Gaussian distribution. However, threshold
models are more complex and computationally demand-
ing compared with linear models. Furthermore, studies
have shown that with high numbers of records, model
fit and animal ranking do not change significantly be-
tween threshold and linear animal models (Jamrozik
et al., 2005; Negussie et al., 2008). To compare the
models, Spearman’s rank correlation was calculated
between the estimated breeding value (EBV) of sires
with at least one daughter record.

For the threshold animal model, the ‘THRGIBBS1F90’
program within the BLUPF90 family of programs was
used, which required the disease phenotypes to be re-
coded to 1 (healthy) and 2 (sick) (Misztal et al., 2014).
For each analysis, a chain of 500,000 samples, a burn-in
period of 50,000 samples and a thinning interval of 50
samples were used. Convergence of all chains was veri-
fied based on the Heidelberger and Welch, and Geweke
convergence diagnostic tests within the ‘boa’ R pack-
age (Smith, 2016). For the linear animal model, the

Table 1: Final data sets for single and multiple trait analyses in both 1% and 5% minimum incidence scenarios of diarrhea

and respiratory problems in dairy calves on Canadian farms

Analysis Trait Diseased Healthy Total Records (No. of herds)
Single Trait 1% Diarrhea 12,662 52,980 65,642 (122)
Respiratory problems 29,388 128,885 158,273 (288)
5% Diarrhea 11,058 28,907 39,965 (61)
Respiratory problems 26,307 76,131 102,438 (180)
Multiple Trait 1% Diarrhea only 6,161 33,756
Respiratory problems only 8,868 53,683 (96)
Both diseases 4,898
5% Diarrhea only 4,797
Respiratory problems only 5,659 16,164 31,103 (45)
Both diseases 4,483

Journal of Dairy Science Vol. TBC No. TBC, TBC



Lynch et al.: GENETIC EVALUATION OF CALF DISEASE TRAITS

‘AIREMLF90’ program within the BLUPF90 family of
programs was used (Misztal et al., 2014).

For the threshold model analysis of binary traits,
heritabilities were originally estimated on the liability
scale and then converted to the observed scale using the
method described by Alan Robertson in the Appendix
of Dempster and Lerner (1950). Conversion from the
liability scale to the observed scale was done as follows:

0= b %z
° p(l-p)

where h? is heritability on the observed scale, h; is
heritability on the underlying liability scale, p is the
proportion of affected individuals in the population of
interest, zis the height of the standard normal curve at
the truncation threshold for the corresponding value of
p.
Models. The general form of the models used in
both the linear and threshold analysis are described as:

y= Xb+ Z,,hys + Z,a + e,

where vy in the threshold model is a vector of underlying
liabilities corresponding to the binary observation (0=
healthy, 1= diseased), and in the linear model is the
observed binary phenotype (0= healthy, 1= diseased),
or categorical phenotype in the case of the MORB+
trait (0= healthy, 1= one disease, 2= both disease),
b is a vector of fixed effects of year born-season [years
2007 to 2020 were considered; 4 birth seasons were
defined as: Spring (Apr-Jun), Summer (Jul-Sep), Fall
(Oct-Dec), and Winter (Jan-Mar)], hys is a vector of
random effects of herd-year-season at birth, a is a vec-
tor of random additive genetic effects, e is a vector of
random residuals and, X, Z,,, and Z, are correspond-
ing incidence matrices. For the single trait analysis, the
covariance matrix (V) was defined as:

a Acz 0 0
V =varlhys|=| 0 Iaiys 0 |,

€ 0 0 Io?

a

assuming that |hys| ~ N(0,V), where A is the additive
e

relationship matrix, O',QWS is the herd-year-season born

variance, o is the additive genetic variance and o7 is
the residual variance. For the multi trait analysis, the
same model factors were fit and the covariance matrix

(V) was defined as:
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a ARG 0 0
V = var|hys| = 0 IoH 0 |,
e 0 0 I®R

a
assuming that |hy| ~ MVN(0,V), where a is a vector of

e
random additive genetic effects, hys is a vector of ran-
dom effects of herd-year-season at birth, e is a vector of
random residuals, with all three vectors sorted by trait,
G is the covariance matrix of random additive genetic
effects between traits, A is the additive relationship
matrix, H is the covariance matrix of random herd-
year-season effects between traits, R is residual covari-
ance matrix between traits, and I is an identity matrix.

Comparison of Sires

To compare the difference between sire daughters’
performances, sires with a minimum of 20 daughter re-
cords were subset from each of the single trait and mul-
tiple trait analyses. Half of the sire’s daughters’ records
were removed at random, while the other half were
used to predict the sire’s EBV. Model parameters were
fixed to estimates from each respective analysis within
this study, and the ‘BLUPF90’ program within the
BLUPF90 family of programs was used to predict EBV
(Misztal et al., 2014). Sires were then ranked based on
their predicted EBV. The removed records were used to
calculate the percentage of diseased daughters for each
sire, and in turn acted as an independent sample. The
percentage of diseased daughters per sire was compared
for RESP and DIAR. This process was completed 5
times, and the reported values were averaged across the
5 iterations.

Given the large environmental effect on disease
traits, simply comparing raw phenotypes can be biased,
especially if a sire’s daughters are not evenly spread
across herds. Sires with only daughters in a single well
managed herd may have a low diseased daughter per-
centage mainly due to the environment and not the
sire’s influence. Therefore, a second analysis was con-
ducted, whereby the raw phenotypes were corrected for
the environmental effect of herd-year. These corrected
phenotypes provided a better indication of the sires
influence on the phenotype. However, by accounting
for herd-year effects the binary phenotype is changed
to a continuous variable, removing the ability to com-
pare incidence rates between sires. Therefore, the sires’
mean daughter corrected phenotype were compared
based on standard deviations from the mean. This cor-
rection was completed using linear regression of the raw
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phenotype on the herd-year effect. The ‘Im’ function in
R (R Core Team, 2021) was used to estimate herd-year
effects. The major value in the first analysis is to bet-
ter understand differences both groups at a phenotypic
level, but is unfortunately biased by environmental fac-
tors that impact the phenotype. In the second analysis,
phenotypes are adjusted for herd-year effects, account-
ing for environmental differences, and allowing for a
better understanding of differences at a genetic level.

RESULTS AND DISCUSSION
Distribution by Age

Each disease occurrence was plotted against the age
at recording in the full original data set using R (R
Core Team, 2021). Upon removing outliers, RESP oc-
curred from 0 to 184 d of age, while DIAR occurred
from 0 to 94 d of age. Distributions of RESP and DIAR
by age are given in Figures 1 and 2, respectively. The
distribution of RESP peaked around 30 d of age, with
a median age of occurrence of 43 d of age. This distri-
bution is largely in agreement with previous studies
(Gonzalez-Pena et al., 2019), however, within the cur-
rent study no peak is seen between d 70 to 110. Dur-
ing this time, calves are generally weaned and moved,

600 1

H
o
o

Number of Records

200 1

which can be stressful for calves and is associated with
a spike in RESP cases (Gorden and Plummer, 2010).
In Canada, there is a trend toward moving animals to
group environments earlier in life, and this transition
early in life may better equip calves to deal with the
stress of changing environments later in life (Costa et
al., 2016). However, occurrences might not be recorded
as strictly past weaning, due to reduced animal viewing
time. In this study, 4% of herds did not collect records
past 70 d of age, with a further 15% of herds which had
less than 20% of their total records past d 70.

The distribution of DIAR peaked around 10 d of age,
which was the same as the median, and was similar
to other studies (Windeyer et al., 2014; Gonzalez-Pena
et al., 2019). This peak was expected as the majority
of DIAR cases occur within the first 2 weeks of life
(Blanchard, 2012). However, though the distribution
matched expectations, 15% of herds did not collect
records after 21 d of age. Both distributions within
this study highlight that many producers are limiting
recording at a certain age, which is an issue for genetic
selection, as animals are likely being assumed healthy
when they may have been diseased.

90 120 150 180

Age of Incidence

Figure 1. Distribution of respiratory problems in Canadian dairy calves by age of incidence (in days).
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Figure 2. Distribution of diarrhea in Canadian dairy calves by age of incidence (in days)

Incidence Rates

Incidence rates in the first 6 mo of life for RESP and
in the first 2 mo of life for DIAR were calculated by
year in R (R Core Team, 2021) for the full, 1%DATA
and 5%DATA data sets (Table 2). The median inci-
dence rate was reported as it provides a better rep-
resentation of a typical incidence rate, due to a small
number of herds with high incidence rates inflating
the mean value. For RESP, the median incidence rate
ranged from 6% to 20%, and increased across years and
with the higher thresholds (Table 2). A similar trend
was observed for DIAR (median incidence range: 5%
to 21%). Increased median incidence rates for RESP
and DIAR were expected as the thresholds increased
(1%DATA, 5%DATA) due to the low incidence herds
being removed. The main point of interest, however, is
the number of herds in each data set across years. As
mentioned, 5% is the gold standard target for incidence
of both diseases, however the majority of herds were
removed when filtering for the 5%DATA. For example
in 2020, the 5%DATA contained 54% fewer herds for
RESP and 61% fewer herds for DIAR than the full data
set. This highlights that though RESP and DIAR are
being recorded on farms, they are likely being under
recorded.

Journal of Dairy Science Vol. TBC No. TBC, TBC

Reported incidence rates for RESP were similar to
incidence rates previously reported in literature in both
the 1%DATA and 5%DATA, while the rates for DTAR
were only similar in the 5%DATA (Urie et al., 2018;
USDA, 2018; Haagen et al., 2021). The under-recording
across both traits may be due to several reasons, in-
cluding the lack of standardisation of data collection
practices and perceived value in uploading calf disease
information to herd management software. The issue
with under-recording is that it will impact genetic
evaluations going forward, as animals may be assumed
healthy when they were actually sick, ultimately reduc-
ing the reliability of EBVs. However, it is important
to note that the average number of herds reaching the
5% threshold gradually increased in both traits across
years in the data set. This means that improvements in
calf disease data collection have occurred, and provides
promise for standardized large-scale data collection on
Canadian farms.

Variance Components

Variance components for RESP and DIAR were esti-
mated in single and multiple trait analysis, using both
linear and threshold models, and are presented in Table
3 and Table 4. On average, computing time for the
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Table 2: Disease incidence rates for respiratory

problems and diarrhea in Canadian dairy calves

across years in the full data set, 1% and 5% minimum herd year incidence scenarios

Median DIAR % (No. of herds)

Median RESP % (No. of herds)

Year Full Data 1% Data 5% Data Full Data 1% Data 5% Data
2007 5 (55) 18 (15) 21 (8) 6 (149) 10 (61) 20 (33)
2008 5 (84) 8 (27) 14 (13) 7 (189) 11 (89) 14 (56)
2009 5 (77) 8 (33) 14 (16) 7 (192) 9 (120) 20 (74)
2010 6 (110) 11 (43) 18 (21) 6 (237) 9 (141) 17 (77)
2011 6 (115) 12 (49) 15 (28) 7(297) 10 (172) 20 (96)
2012 6 (129) 12 (57) 19 (31) 7 (300) 9 (185) 18 (108)
2013 6 (145) 10 (60) 18 (37) 7 (355) 11 (212) 16 (124)
2014 6 (132) 11 (62) 20 (39) 7 (408) 11 (224) 18 (134)
2015 6 (148) 13 (65) 21 (39) 9 (371) 9 (230) 18 (141)
2016 6 (109) 7 (63) 13 (32) 7 (320) 10 (214) 14 (128)
2017 5 (122) 6 (79) 17 (35) 7 (375) 11 (234) 16 (148)
2018 7 (163) 10 (90) 16 (49) 9 (469) 12 (300) 18 (188)
2019 7 (213) 10 (127) 15 (75) 9 (499) 12 (341) 19 (226)
2020 9 (176) 12 (112) 20 (68) 9 (404) 13 (275) 18 (184)

DIAR = Diarrhea; RESP = Respiratory Problems.

linear model was under 2 h, while the threshold model
was roughly 37 h. In each analysis, the Spearman rank
correlation between the linear and threshold models for
sires with daughter records was above 0.98. This means
that sires ranked similarly in both models, and that
the linear model is sufficient to use for EBV prediction.
Heritability estimates from the threshold model were
estimated on the liability scale and therefore, needed
to be converted to the observed scale. It was consid-
ered most appropriate to discuss parameter estimates
on the observed scale because linear models are used
in Canadian national genetic evaluations for other dis-
crete traits and therefore, it would be more meaningful
for the dairy industry. Furthermore, methods based
on Gibbs Sampling are not usually recommended for
official or national evaluations because of their fluctua-
tions in EBV/Genomic EBV in subsequent evaluations.

Observed scale heritability estimates for RESP
ranged from 0.03 to 0.07 in the linear model and from
0.02 to 0.06 in the threshold model across analyses in
this study. For DIAR, observed scale heritability es-
timates ranged from 0.04 to 0.07 in the linear model
and from 0.03 to 0.06 in the threshold model. These
heritability estimates were similar to those reported in
the literature (Mahmoud et al., 2017; Haagen et al.,
2021; Zhang et al., 2022), however, higher estimates
have also been reported. Henderson et al. (2011) re-
ported observed scale heritability estimates of 0.10 for
RESP. This higher estimate may be due to their highly
accurate phenotyping and the incorporation of specific
calf information into their model, such as calf weight
and serum total protein information (as an indicator
for colostrum intake). Coupled together, this added in-
formation further accounts for environmental variation

Table 3: Variance components of single trait linear models for disease traits with a minimum herd year incidence of 1% and

5% in Canadian dairy calves

1% Minimum Incidence

5% Minimum Incidence

Model Parameters Diarrhea Respiratory Problems Diarrhea Respiratory Problems
Linear Model o 0.103 (0.001) 0.106 (0.001) 0.137 (0.001) 0.139 (0.001)

s 0.036 (0.001) 0.036 (0.001) 0.043 (0.002) 0.041 (0.001)

o 0.006 (0.001) 0.004 (0.0004) 0.012 (0.001) 0.007 (0.001)

I3 0.043 (0.004) 0.027 (0.003) 0.060 (0.007) 0.037 (0.003)
Threshold Model 03 1.000 1.000 1.000 1.000

Ohvs 1.257 (0.002) 1.048 (0.001) 0.869 (0.001) 0.758 (0.001)

o2 0.162 (0.003) 0.103 (0.001) 0.198 (0.002) 0.115 (0.001)

hf 0.067 (0.001) 0.048 (0.001) 0.096 (0.001) 0.061(0.001)

I 0.032 0.023 0.054 0.033

03: Residual Variance; UE,YS: Herd-Year-Season Variance; 02: Genetic Variance; h? = Heritability on observed scale; hf: Heritability on the

liability scale.
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Table 4: Variance components of multiple trait model for disease traits with a minimum herd year incidence of 1% and 5%

in Canadian dairy calves

1% Minimum Incidence

5% Minimum Incidence

Model Parameters Diarrhea Respiratory Problems Diarrhea Respiratory Problems

Linear Model o’ 0.107 (0.001) 0.132 (0.001) 0.142 (0.002) 0.157 (0.002)
Ohys 0.041 (0.002) 0.046 (0.002) 0.045 (0.003) 0.045 (0.003)
af 0.007 (0.001) 0.008 (0.001) 0.013 (0.002) 0.015 (0.002)
w 0.044 (0.005) 0.043 (0.005) 0.066 (0.007) 0.071 (0.007)
T, 0.528 (0.071) 0.616 (0.067)

Threshold Model gf 1.000 1.000 1.000 1.000
Ohys 1.284 (0.001) 0.971 (0.001) 0.821 (0.001) 0.680 (0.001)
o’ 0.165 (0.002) 0.135 (0.002) 0.210 (0.002) 0.198 (0.002)
hl2 0.067 (0.001) 0.064 (0.001) 0.103 (0.001) 0.105 (0.001)
w 0.034 0.035 0.059 0.062
T, 0.499 (0.014) 0.585 (0.013)

03: Residual Variance; U?{ys: Herd-Year-Season Variance; 02: Genetic Variance; h* = Heritability on observed scale; hf: Heritability on the

liability scale; r, = Genetic correlation.

associated with calf diseases, increasing the heritability
estimate of the trait. It is important to note that only
the liability scale genetic parameters were presented
in several studies. To ensure fair comparison of esti-
mates, it is important to know which model approach
was implemented, as liability scale estimates will tend
to be higher compared with those estimated on the
observed scale. Heritability estimates on the observed
scale depend on the prevalence of the trait, with maxi-
mum heritability observed when prevalence is 0.5, and
heritability approaches 0 when prevalence are close to
0 or 1 (Dempster and Lerner, 1950; Bijma et al., 2022).

The effect of prevalence rate on observed scale heri-
tability partly explains the differences seen between the
1%DATA and 5%DATA when we compared parameter
estimates. For the 1%DATA, prevalence for RESP and
DIAR was 19%, while for the 5%DATA, prevalence
for RESP and DIAR was 26% and 28%, respectively.
As prevalence approaches 0.5 the respective observed
scale heritability will increase. Furthermore, genetic
variance in binary traits is determined by heritability
and thus prevalence (Bijma et al., 2022), meaning that
with limited prevalence, there will be limited ability to
differentiate between top and low preforming animals
genetically. Given this, it is important that data used
in genetic analysis of disease traits is consistently and
accurately recorded to maximize the potential response
to selection of disease traits (Bishop and Woolliams,
2010). In the case where prevalence of disease is actu-
ally very low, conventional quantitative genetic model-
ing may not provide the best solution for eradication
of a disease, as heritability estimates will approach
zero (Hulst et al., 2021). Through the incorporation of
indirect genetic effects (i.e., positive feedback effects),
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such as infectivity rates, and the use of epidemiological
modeling of transmission, it is possible to achieve herd
immunity and eradicate disease (Hulst et al., 2021).
Furthermore, greater genetic variation likely exists in
infectivity increasing potential response to selection.
This is because an individual’s susceptibility is linked
to their fitness, and therefore, natural selection across
generations has worked to reduce genetic variation in
susceptibility (Lipschutz-Powell and Woolliams, 2012).
The impact of an individual’s infectivity on herd mates
is not a component of its own fitness, and therefore,
may have greater genetic variation as a result (Bod-
dicker et al., 2012). Therefore, future studies should
look to investigate the potential of incorporating this
information and apply methods (e.g., as outlined by
Bijma et al., 2022), to understand the necessary data
infrastructure required to maximize response to selec-
tion of calf disease on dairy farms.

Genetic correlation estimates between RESP and
DIAR vary widely in the literature, with values ranging
from 0.15 to 0.56 (Mahmoud et al., 2017; Gonzalez-Pe-
na et al., 2019; Haagen et al., 2021; Zhang et al., 2022).
Genetic correlation estimates within this study were
on the high end of these estimates with both models
in the 5%DATA being slightly higher (Linear = 0.62;
Threshold = 0.59). Zhang et al. (2022) reported large
differences in genetic correlations estimated by linear
(0.15) and threshold models (0.50), which were not
seen in the current study, possibly due to differences in
disease incidence rates within Zhang et al. (2022). The
positive genetic correlation between RESP and DIAR
makes sense from a biological point of view. Dairy
calves experiencing a disease have increased chances of
developing a second illness later in life (McCorquodale
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et al., 2013). DIAR specifically has been shown to cause
dehydration, anorexia, and reduced immune function
(Schinwald et al., 2022), which are all risk factors for
the development of RESP (Gorden and Plummer,
2010). When looking at the age of disease occurrence,
calves exhibiting both diseases had DIAR occur first
in 81% of cases, meaning DIAR could be a potential
precursor to RESP. Furthermore, when looking at the
differences in heritability estimates between the single
and multiple trait analysis, the RESP estimates in the
multiple trait analysis were in most cases higher than
those for DIAR, while for the single trait analysis the
opposite was true. This means that the RESP estimates
are benefiting from the inclusion of DIAR records in
the model, enabling the model to better determine the
genetic component behind RESP expression.

Comparison of Sires

To compare sire performance, the top and bottom
10% of sires based on their predicted EBV were com-
pared on their percentage of diseased daughters (Table
5), and their mean daughter corrected phenotype
(Figure 3). In both analyses, differences between sire
performances were clearly identifiable. In Table 5, on
average across analyses, calves born to the bottom 10%
of sires were 1.8 times more likely to develop RESP,
and 1.9 times more likely to develop DIAR compared
with daughters born to the top 10% of sires. When
comparing analyses within Table 5 for RESP, the dif-
ferences between data sets (1% vs 5%) were similar but
there was a considerable difference between the single
and multiple trait analyses. In Figure 3, this is further
confirmed, whereby differences in standard deviations
between groups for RESP doubled when comparing
the single and multiple trait analyses. This stems from
the moderate positive genetic correlation between the
traits, and the fact that the heritability of DIAR is
substantially higher than RESP. Biologically, DIAR

could act as a precursor for RESP due to its impact
on the immune system. For DIAR in Table 5, differ-
ences across analyses are more consistent. However,
small improvements between data sets (1% vs 5%) in
terms of percentage difference between groups can be
seen, with a 4% and 6% greater difference between top
and bottom bulls in the 5%DATA compared with the
1%DATA for the single and multiple traits analyses,
respectively. In Figure 3, differences are more apparent,
with a 47% and 71% increase in standard deviation
difference between groups when comparing data sets
(1% vs 5%) in the single and multiple trait analyses,
respectively. These differences could be attributed to
the higher phenotypic variation within the 5%DATA
allowing for clearer distinction between sires and fur-
ther emphasizes the value in improved data collection.

Across both tables it is clear that the top sires were
considerably closer to the mean than the bottom sires.
This means that the majority of sires were perform-
ing similarly, with a minority performing considerably
worse. This is beneficial from a genetic selection point
of view as problematic sires can be identified. This
means improvements in calf health can be achieved
without having a major impact on genetic diversity
across generations.

Overall, these differences suggest that even though
both traits have a low heritability, and given the afore-
mentioned issues surrounding data collection practices,
it is still possible to effectively identify sires who sired
healthier daughters. Therefore, the inclusion of both
traits in Canadian national selection indices could help
improve the overall health of calves born on Canadian
farms.

Industry Recommendations

Results reported in this study are promising for the
incorporation of calf disease traits within Canadian
national genetic evaluations. It is recommended that

Table 5: Difference in the mean sire diseased daughter’s percentage between top and bottom 10% sires based on their
estimated breeding value from the linear model in both the 1% and 5% minimum incidence analysis, with a minimum of 20

daughters
Percentage of diseased daughters
Analysis Trait No. of Sires Mean Top 10% Bottom 10% Difference
Single Trait 1% Diarrhea 737 18% 15% 29% 1.6x
Respiratory Problems 1,607 18% 15% 26% 1.7x
5% Diarrhea 466 27% 20% 39% 2.0x
Respiratory Problems 1,083 25% 22% 36% 1.6x
Multiple Trait 1% Diarrhea 629 19% 16% 32% 2.0x
Respiratory Problems 629 24% 21% 40% 1.9x
5% Diarrhea 363 30% 22% 44% 2.0x
Respiratory Problems 363 32% 25% 50% 2.0x
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a multiple trait analysis for DIAR and RESP be used
given the moderate/strong positive genetic correlation
between traits and the clear improvement in RESP es-
timates. For genetic evaluation to be feasible long-term,
several issues need to be addressed. The recording of
accurate and high-quality phenotypes is the backbone
of any successful selection program (Coffey, 2020),
while the development of a cost-effective data pipeline
is a requirement for including novel traits in routine
genetic evaluations (Miglior et al., 2016). In Canada,
there are currently no definitive requirements or stan-
dardized criteria in place for recording calf disease
(van Staaveren et al., 2023). Data for this study were
recorded through DHI herd management software, but
many farms may not be uploading information to DHI.
The Dairy Farmers of Canada reported that between
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2019 and 2020, 83% of 2,447 Canadian farms recorded
disease events for cows and calves (Dairy Farmers of
Canada, 2021). In 2020, within the current study, 4.5%
of herds on DHI collected information on RESP, while
2.7% collected information on DTAR, meaning that the
majority of DHI herds in Canada were not collecting
or not uploading this information to herd management
software. Furthermore, after data editing, the percent-
ages dropped to 4.3% and 1.8% for RESP and DIAR,
respectively. Bauman et al. (2016) reported that Ca-
nadian producers ranked RESP and DIAR. as the fifth
and third most important management consideration
on farms, respectively. This indicates an interest in calf
health, but uploading this information to herd manage-
ment software has not been encouraged and this needs
to change. Furthermore, of the recorded data, there is
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Figure 3. Difference in standard deviations of a sires mean daughter corrected phenotype between top 10% (dotted lines) and bottom 10%
(dashed lines) sires based on their estimated breeding value from the linear model in both the 1% and 5% minimum incidence analysis, with a
minimum of 20 daughters. n = Number of sires in analysis; A = 1% DATA single trait analysis; B = 5% DATA single trait analysis; C = 1%

DATA multiple trait analysis; D = 5% DATA multiple trait analysis.
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variability in disease diagnosis factors between produc-
ers (van Staaveren et al., 2023), meaning there were
also differences in trait definitions across herds. En-
suring recording practices are consistent and accurate
will make genetic selection for improving calf health
feasible.

To maximize the selection potential, specific calf and
disease information will need to be incorporated into
evaluations. Calf information, such as birth weights
and colostrum intake information have been incorpo-
rated in other studies (Henderson et al., 2011), and
several studies have shown the connection between
colostrum intake and disease expression in dairy calves
(Godden et al., 2019; Hammon et al., 2020). Disease
information such as duration of disease could be used
to determine the severity of the disease and potentially
enable for multiple classes, further increasing selection
potential through more specific phenotypes. Overall, to
maximize the response to selection of calf disease traits
in Canada, a collaborative effort between producers,
industry, academia and veterinarians is required to pro-
vide clear recommendations around recording practices
and development of a data pipeline.

CONCLUSIONS

Genetic selection for improving calf health on Cana-
dian dairy farms is possible and the results from the
current study were promising for the implementation of
both DIAR and RESP into Canadian national genetic
evaluations. However, for this to be feasible, standard-
ized approaches on collection practices, and industry
outreach to highlight the importance of collecting and
uploading this information to herd management soft-
ware is required to make continuous genetic evaluation
possible. Despite the issues surrounding data collection,
the genetic parameters within this study were similar
to those reported in the literature and clear differences
between daughters’ of sires were identified, which high-
lights that the potential for selecting on calf disease
traits is potentially even greater than reported here.
Overall, the importance of health and welfare in dairy
animals is becoming more important, and this study
provides the foundations for incorporating calf disease
traits into national genetic evaluations within Canada.
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