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ABSTRACT

Mortality in preweaned dairy calves is a significant
source of economic loss for dairy producers. In particu-
lar, bovine respiratory disease (BRD) is a leading cause
of death in preweaned dairy calves. The objectives of
this study were to investigate management practices
and their effects on mortality, both that specifically
attributed to BRD and overall mortality due to all
causes, in preweaned dairy calves. Rates of failure of
passive transfer of immunity (FPT) are also reported.
The study consisted of a convenience sample of 5 dair-
ies across California, selected based on management
practices, calf records, location, and size. Trained study
personnel performed comprehensive calf management
surveys on every dairy at least once every season.
Calves were enrolled in the study at birth and followed
until weaning. Mixed-effect logistic regression models
were specified for the outcomes all-cause mortality
(any death before weaning) and mortality attributed
to BRD. The 2 final models included a total of 11,470
calves that were born on the study dairies and followed
until weaning. The study cohort’s overall crude mortal-
ity was 2.8%, with crude mortality of individual dairies
ranging from 1.7 to 7.2%. The proportion of mortality
attributed to BRD was 19.3%, with a range of 0 to
27.1% on the study dairies. Increasing the frequency of
changing maternity pen bedding was associated with a
decreased risk of mortality due to BRD. Calves diag-
nosed with BRD in the spring had an increased risk of
mortality compared with calves born in the summer;
mortality in calves with fall and winter BRD diagnoses
did not different significantly from that in summer.
Season of mortality was not significant in either model.
Feeding >5.7 L of milk per day per calf (vs. <3.7 L/d)
decreased the risk of mortality in calves over 21 d of
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age. Twins had a 68% increased risk of all-cause mor-
tality compared with calves born as singletons. Both
mortality models showed an association between ad-
ministration of a modified live vaccine in dams (target-
ing BRD pathogens) and a decreased risk of mortality
in calves. Using a serum total protein cut-off of 5.2 g/
dL, 16.8% of calves had FPT, with a mean serum total
protein concentration of 5.94 + 0.06 g/dL across all
calves sampled.

Key words: bovine respiratory disease, epidemiology,
mortality

INTRODUCTION

Preweaning (postnatal) calf mortality in dairy calves
in the United States represents an ongoing challenge
for dairy producers but has the potential to be reduced
through the use of management practices that prevent
diseases and environmental conditions that increase
mortality risk (Tozer and Heinrichs, 2001). The most
recent studies have reported postnatal mortality rates
in preweaned calves of 5.0% (calves were enrolled at
24 h of age) in the most recent USDA National Ani-
mal Health Monitoring Systems (NAHMS) Dairy
2014 study, whereas a study done in northern Mexico
examining postnatal (excluding calves from difficult
calvings) to 21 d of age had a range of 7.0 to 29.1%
and an overall mortality of 14% (Mellado et al., 2014;
Urie et al., 2018). Windeyer et al. (2014) reported that
diarrhea and bovine respiratory disease (BRD) are the
2 primary causes of preweaned dairy calf mortality. Si-
vula et al. (1996) reported that mortality between birth
and 10 wk of age was 7.6%, with 29.7% of deaths as a
result of pneumonia, during the 16-mo study period on
30 Holstein herds in Minnesota. Those authors further
reported a case fatality rate of 9.2% for calves diagnosed
with BRD. A nationwide study of dairy calf morbidity
and mortality as part of the calf component of the 2014
NAHMS reported that BRD was the identified cause
for 14.1% of deaths, with a case fatality rate of 6.0%
(Urie et al., 2018). These numbers indicate that there
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is still room for improvement on decreasing overall calf
mortality and that significant gains could be made in
decreasing mortality by focusing on decreasing the case
fatality rate for BRD.

Failure of passive transfer (FPT) is one of the main
objective measurements considered when examining
dairy calf management. Beam et al. (2009) reported the
prevalence of FPT in US dairy calves to be 19.2%, with
40.7% of the 413 herds studied having at least one calf
with FPT. In a follow-up nationwide study, Shivley et
al. (2018) described FPT to be 12.1% in 1,623 Holstein
calves on 101 dairies. A study performed on California
dairies in 2014 estimated a 32.6% FPT proportion us-
ing a 5.2 g/dL cut-off for serum total protein (TP)
concentration (Love et al., 2014). Failure of passive
transfer has been shown repeatedly to increase the risk
of mortality, and a recent study found that the risk of
mortality was 11 times greater in calves with FPT than
in calves with adequate passive transfer of immunity
(Lora et al., 2018). Urie et al. (2018) reported that an
increase in serum IgG levels reduced the risk of mortal-
ity in preweaned dairy calves and suggested that IgG
concentrations of 15.0 g/L would be a more appropriate
cutoff to reduce morbidity and mortality. Results of
studies that examine the effects of FPT on the develop-
ment of BRD in preweaned calves are mixed. Virtala et
al. (1999) found low IgG levels to be a significant risk
factor for the development of pneumonia in preweaned
calves as diagnosed by a clinician but not for BRD
diagnosed by a calf caregiver. Mahendran et al. (2017)
did not find an association between IgG levels and BRD
diagnosed utilizing a modified version of the University
of Wisconsin calf health scoring system (McGuirk and
Peek, 2014).

Other farm management practices, including a longer
duration of stay for the newborn calf in the calving pen,
housing in groups, and various milk management prac-
tices, have been associated with increased preweaning
calf mortality (Losinger and Heinrichs, 1997; Gulliksen
et al., 2009). Although many studies have described
mortality in environments that have harsh winters that
require indoor housing of calves and other management
factors (Sivula et al., 1996; Lago et al., 2006), few stud-
ies have examined calf mortality in arid environments
with mild winters. This presents a challenge in find-
ing studies that can be compared with management of
calves in California. A recent study conducted in north-
ern Mexico, which has a similar environment to Califor-
nia, found that birth type (singleton or twin), type of
milk fed (milk vs. milk replacer), and winter season had
a significant effect on risk of mortality (Mellado et al.,
2014). The Mexico study focused on seasonal variables,
with milk type fed being the only calf management
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variable included in their model. Other management
practices (e.g., colostrum management and vaccination
practices) were not tested in their model. The last study
to examine preweaned calf mortality and season and
management practices in California was conducted over
40 yr ago (Martin et al., 1975), and calf care and man-
agement practices have evolved greatly in the interim.
The objective of this prospective cohort study was to
identify management factors associated with the risk of
crude mortality and risk of mortality caused by BRD in
California dairy calves. Specifically, our study sought to
examine associations between mortality and dam and
calf management practices that could be modified to
aid in prevention of calf mortality.

MATERIALS AND METHODS

The study was approved by the Institutional Animal
Use and Care Committee at the University of Califor-
nia, Davis (Protocol #17496).

Study Herd Selection

The study herds were selected based on size, loca-
tion, diversity of management practices, record-keeping
practices (whether they kept organized records for
calves), and the owner’s willingness to participate.
Five herds were enrolled in the study between March
and August 2015. The study herds (Figure 1) were lo-
cated in Northern California (2 dairies), the northern
San Joaquin Valley (3 dairies), and greater Southern
California (1 dairy), specifically chosen to represent the
distinct dairy management systems in California based
on several characteristics described in Dubrovsky et al.
(2019). All dairies selected had participated in previous
research through the University of California and kept
detailed calf records. The current report summarizes
findings related to BRD-specific mortality; findings re-
lated to BRD morbidity are presented in a companion
article (Dubrovsky et al., 2019).

Calf Enrollment and Exclusion Criteria

At commencement of the study, all preweaned calves
on each dairy were enrolled. Subsequently, calves were
enrolled at birth and followed until weaning. Calves
that were sold or died before weaning were assigned
the date of those events as their exit date. Male calves
born on the dairy and sold within 2 d of birth were
not enrolled in the study. Any calves, male or female,
sold more than 2 d after birth were included in the
study. Any calves that died within 24 h of birth or were
stillborn were not enrolled in the study.
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Data Collection

Dairy staff involved in care of enrolled calves were
trained by study personnel to identify and record clini-
cal signs of BRD and calf mortality due to BRD. Treat-
ment cards were used to collect calf health information,
as described in Dubrovsky et al. (2019). Briefly, treat-
ment cards included spaces for information on calf ID,
breed, date of birth, sex, date of treatment, medica-
tions administered, and a checklist of clinical signs. If a
calf died before weaning, calf managers were instructed
to note the date of death on the treatment card and
return the cards for dead calves to the study person-
nel. Dairies’ mortality records (computer records and
paper records depending on the dairy) were collected
and the cause of death from the dairy records was used
to define whether a calf’s death was attributable to
BRD. If dairy records did not provide a cause of death,
then calves were defined as having death attributable
to BRD if they had been treated for BRD within 30
d of their death date. All other deaths were recorded
and noted as deaths not attributed to BRD for data

Figure 1. California map identifying Northern California (NCA),
northern San Joaquin Valley (NSJV), and greater Southern California
(GSCA), which includes the southern half of the San Joaquin Valley.
Also identified in the map (stars) are the counties in which dairies
were enrolled in a longitudinal study of bovine respiratory disease in
preweaned dairy calves.
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analysis purposes. A comprehensive management sur-
vey was administered at enrollment and again every 2
to 4 mo for the duration of the study to incorporate
seasonal management changes. At each assessment,
trained personnel interviewed the dairy calf manager or
owner and asked questions about herd demographics,
calving practices, calf housing, colostrum management
and feeding, feeding programs for calves, respiratory
disease vaccinations, and dust management practices.
Questions in the first risk assessment survey referred
to the previous 3 mo on the study dairy. Subsequent
assessments referred to the period since the last risk
assessment.

In addition to the risk assessment, study personnel
visited the study herds every 2 to 3 wk for the dura-
tion of the study to provide outreach and education to
the dairy staff, observe calf feedings and treatments,
and observe disease recordings. In addition, during vis-
its, investigators observed management practices and
reconciled the observed practices with questionnaire
responses and recorded hutch type for newborn calves
on dairies with multiple hutch types. Data collected
included twinning, assisted reproductive techniques,
season, maternity pen management (number of times
maternity pen bedding was changed per month), calf
housing practices (additional shade structures, housing
type, whether calves in adjacent hutches could contact
each other, hutch elevation, use of a flush system),
calf vaccination (intranasal vaccine or modified live
injectable vaccine before weaning), and dam vaccina-
tion (use of a killed or modified live vaccine). Data on
environment were also collected, including dust in the
calf area, whether roads around the calving area were
dirt, dust around the calf hutches, and whether dust
was observed by the manager in the calf raising area.
Data were recorded on colostrum management (pooling
of colostrum, testing of immunoglobulin levels, use of
colostrum replacer, heat treatment, use of preserva-
tive, hours that colostrum was stored before feeding,
storage temperature, colostrum from first-calf heifers,
evaluation of calves’ serum TP as an indicator of FPT,
volume of colostrum fed in first 12 h, and colostrum
feeding method), milk feeding (feeding order and health
status, type of milk fed, feeding of waste milk and milk
replacer, pasteurization, testing of bacterial content,
volume fed, addition of antibiotics to milk, use of bottle
or bucket, reduction of feeding at weaning, and interval
between feedings), and the availability of water to the
calves.

Data Housing and Relational Database

The study data were stored in a relational database
(Access, Microsoft Corp., Redmond, WA). Dairy sur-
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vey responses were linked to their respective individual
calf records (calf ID, birthdate, sex, event of interest,
twinning status). Specifically, survey responses were
time matched to calf records using calf birthdate and
the time interval that the survey covered. Calf IDs were
linked to events of interest (date of death, weaning
date, BRD diagnosis date, and date sold).

Serum Samples

At each herd assessment between May and June
2016, serum TP was measured to assess passive transfer
of immunity in each of the study herds from a ran-
dom sample of calves identified by calf ID and a list
of random numbers generated using Excel (Microsoft
Corp.). The sample size was estimated assuming a 25%
prevalence of FPT and an error bound of 1%. Blood
samples were collected via jugular venipuncture, using
an 18-gauge needle into whole-blood collection tubes,
from calves that were over 24 h old and less than 3 d
of age. Blood was collected from all calves if fewer than
6 calves met the sampling criteria. The samples were
refrigerated within 2 h of collection and tested within
2 d for serum TP. The blood was centrifuged for 10
min at approximately 1,000 x ¢ before approximately
0.05 mL of serum was pipetted onto a temperature-
compensating refractometer (model no. 300027, SPER
Scientific, Scottsdale, AZ) and serum TP was processed
and measured by the same study author on all dairies
throughout the study. Calves with serum TP values less
than the cut-off value of 5.2 g/dL were determined to
have FPT (Calloway et al., 2002)

Mortality

Percentages of crude mortality and BRD-specific
mortality were calculated as well as the BRD case fa-
tality and the BRD proportional mortality. The BRD
case fatality was calculated by dividing the number of
calves that died after being diagnosed with BRD by the
total number of calves diagnosed with BRD. The BRD
proportional mortality was the total number of calf
deaths attributed to BRD divided by the total number
of calf deaths. Mortality was attributed to BRD if a
calf had been treated for BRD within 30 d of death or
dairy records directly indicated BRD as cause of death.
A BRD diagnosis was based on calf caretaker recording
of clinical signs in treatment records of study calves.
Crude mortality was calculated as the total number of
dead calves (including any calf mortality attributed to
BRD) divided by the total number of calves enrolled in
the cohort.
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Logistic Regression

Preweaned calves on the participating dairies at the
beginning of the study had the study start date as their
enrollment date. Calves born after the study began
had their birth dates as their enrollment dates. Each
calf in the study was followed from its enrollment date
to an occurrence of the event of interest or censoring.
The 2 events of interest (outcomes) used for survival
analysis were death attributed to BRD and all-cause
mortality (not differentiating between causes of death).
Two separate mixed-effects logistic regression models
for mortality were specified. Explanatory variables
were first examined using univariate models before be-
ing included in the full multivariate model. Censoring
otherwise occurred if a calf was weaned or sold. Calf ID
was recorded in their hutches during visits to the study
herds because certain study dairies had more than one
hutch type, and any empty hutches were noted and
checked against dairy records for dead or sold calves.
Mortality data were analyzed for preweaning deaths
only. A manual forward model-building algorithm was
applied, entering variables related to the herd and calf
demographics, followed by those related to housing, co-
lostrum management, feeding, vaccinations, and dust-
related variables. A full multivariable mixed-effects
logistic regression model was specified and included a
random effect for dairy to account for lack of indepen-
dence of data within dairies. All statistical comparisons
were based on a 5% level of significance and performed
using a commercial statistical software package (Stata
IC 14.2, Stata Corp., College Station, TX). All man-
agement variables tested were derived from the list of
practices under the data collection section. A more
detailed list of variables tested in the mortality mod-
els can be found in Dubrovsky et al. (2019). Specific
interactions tested included 2-way interaction terms
between breed and dairy, between milk replacer use and
type of milk fed (saleable vs. waste), and between type
of milk fed and whether the milk was pasteurized. Two-
way interaction terms between supplementation with
colostrum replacer and source of colostrum were tested.
The interaction between vaccines administered to cows
and the use of colostrum replacer was also tested in the
model. Use of both killed and modified live vaccines
in pregnant dams was tested for interaction with the
volume of colostrum fed in the first 12 h after birth.

RESULTS

A total of 11,945 calves, 68.5% female and 31.5%
male, from the 5 dairies were enrolled between March
2015 and July 2016. More details on the study herds
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Table 1. Failure of passive transfer of immunity (FPT) for 184 calves enrolled in a longitudinal study on the
epidemiolo%'y characteristics of bovine respiratory disease (BRD) in calves on 5 California dairies from birth

to weaning

No. of calves No. of calves FPT Mean (SE)
Dairy tested with FPT (%) serum TP (g/dL)
1 57 16 28 5.5 (0.07)
2 18 1 5.6 6.22 (0.12)
3 31 1 3.2 6.42 (0.12)
4 23 9 39 5.74 (S0.22)
5 55 4 7.2 6.18 (0.10)
Total 184 31 16.8 5.94 (0.06)

"The cut-off used for defining FPT was a serum total protein (TP) concentration of less than 5.2 g/dL.

and their management practices can be found in Du-
brovsky et al. (2019). Out of the 11,470 calves used in
the model, the average age of enrollment was 3.35 d,
with 10,164 of the calves enrolled at birth. Changes in
vaccination protocols during the course of the study
period are summarized in Dubrovsky et al. (2019).
Briefly, approximately 63.5 and 69.9% of the study
calves were from dairies that implemented changes
during the study in their dams’ modified live or killed
vaccine protocols, respectively.

Failure of Passive Transfer of Inmunity

Blood samples from 184 calves were collected on the
5 study dairies. The mean serum TP for all samples
collected was 5.94 g/dL, with a range of 4.3 to 8.7 g/
dL (SE: 0.06). Table 1 presents the serum TP means
by dairy as well as FPT rates. In total, 21 male calves
were sampled for FPT with a mean serum TP of 5.41
g/dL (SE = 0.11) and 28.6% FPT; 159 female calves
were sampled for FPT with a mean serum TP of 6.01
g/dL (SE = 0.07) and 15.7% FPT.

Mortality and Logistic Regression

Of all the calves enrolled in the study cohort, 2.8% of
calves died before weaning (322/11,470) and the mean
herd-level mortality was 4.1%. Table 2 describes the
mortality rates, including BRD-specific mortality and

BRD case fatality rates. The mean age at time of death
was 33 d (95% CI: 5 to 130 d). Results for the 2 multi-
variate models examining BRD-specific mortality and
all-cause mortality are presented in Table 3. For the
BRD-specific mortality model, the significant variables
included modified live vaccination of dam, season, and
frequency of changing of maternity bedding. For the
model examining all-cause mortality, significant vari-
ables were modified live vaccination of dam, milk fed to
calves over 21 d of age, and whether a calf was born a
singleton or twin.

DISCUSSION

Mortality rates were comparable to those found in
previous studies, with an overall preweaned mortality
of 2.8%, and a 2.3% BRD case fatality rate (Johnson et
al., 2017; Urie et al., 2018). The current study estimates
of mortality were slightly lower than results from recent
studies that reported mortality rates ranging from 3.5
to 12.7% in preweaned calves, with the most recent
NAHMS (Urie et al., 2018) reporting a 5.0% mortality
rate for preweaned calves (Buczinski et al., 2014; Wind-
eyer et al., 2014; Chigerwe et al., 2015; Johnson et al.,
2017; Mahendran et al., 2017; Urie et al., 2018). The
overall percentage of BRD-caused mortality was 19.3%
in the current study, which was similar to 19% reported
by Chigerwe et al. (2015) and 20.4% by Schaffer et al.
(2016) but higher than the 14.1% mortality caused by

Table 2. Mortality statistics calculated from a cohort of 11,470 calves enrolled in a longitudinal study on the epidemiology characteristics of
bovine respiratory disease (BRD) in calves on 5 California dairies from birth to weaning'

Enrolled Total dead Total BRD Total dead Crude BRD-specific BRD case BRD proportional
Dairy calves calves cases BRD cases  mortality (%) mortality (%) fatality (%) mortality (%)
1 7,561 129 2,048 35 1.71 0.46 1.71 27.13
2 795 9 199 0 1.13 0.00 0.0 0.00
3 1,010 67 178 15 6.63 1.49 8.43 22.39
4 1,041 41 156 8 3.94 0.77 5.13 19.51
5 1,063 76 39 4 7.15 0.38 10.26 5.26
Total 11,470 322 2,620 62 2.81 0.54 2.37 19.25

"Mortality was attributed to BRD if a calf had been treated for BRD within 30 d of death or dairy records directly indicated BRD as cause of

death.
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respiratory disease in US dairy calves reported by Urie
et al. (2018). These rates suggest that the mortality
and BRD-specific mortality of the calves in this study
are similar to those of US dairy calves as none of the
rates reported in this study varied significantly from
other recent studies.

A limitation of this study was its partial reliance on
dairy records for both the date of death and the cause
of death (other than BRD). Although calf caretakers re-
corded date of death for calves treated for BRD directly
on treatment cards, any deaths due to other causes were
taken directly from the dairies’ records. This is common
practice for large studies on calf mortality; however, for
future studies, it would be preferable for study person-
nel to examine the dead calves and take a history or
for necropsies to be performed (Windeyer et al., 2014;
Chigerwe et al., 2015). As stated in the Materials and
Methods, if no cause of death was listed and a calf was
treated for BRD within 30 d of its death date, the calf
was categorized as BRD mortality. This may have led
to a slightly higher estimated BRD mortality than the
true BRD mortality rate due to misclassification bias.
It is also important to note that the sample size of 5
dairies may not completely represent California dairies
in all management practices areas.

The case fatality rate of 2.37% for BRD reported in
this study was lower than the 7.1, 9.4, 13.8, and 6.0%
BRD case fatality rates reported in previous studies
(Sivula et al., 1996; Donovan et al., 1998; Windeyer
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et al., 2014; Urie et al., 2018). The lower case fatality
rate in the current study may be due to differences
in calf management between previous and the current
study herds. Some potential differences relate to the
study being performed in California because having
dedicated calf caretakers is a common practice on larger
California dairies. Another unique California practice is
year-round outdoor housing, which is possible in the
temperate California environment but not in most of
the United States. Alternatively, the difference could
be due to a bias in selection of dairies toward more in-
tensively managed dairies that had good recordkeeping.
For the current study, dairies were only considered for
participation if they kept detailed records on prewean-
ing calves. If this detail extended to care of calves, it
could be that calves treated for BRD on these dairies
had a lower risk of dying of BRD because of more effec-
tive treatment of BRD by calf caretakers.

Both BRD-caused and all-cause mortality models
showed a negative association between administration
of modified live vaccines to the dam and calf mortality.
We did not identify the specific vaccines used because
comparing vaccines was not the study objective. Du-
brovsky et al. (2019) showed that calves born to dams
vaccinated with a modified live vaccine were 67% less
likely to develop BRD. A previous study explored the
association between dam vaccination and calf mortality
but it was not found to be significant (Windeyer et al.,
2014). Such differences between studies may be due to

Table 3. Final logistic regression mortality models for bovine respiratory disease (BRD) and all-cause mortality in 11,465 calves on 5 dairies in

California between March 2015 and July 2016 from birth to weaning’

95% CI
Mortality model and variables Coefficient Odds ratio SE Lower Upper P-value
BRD mortality model
Modified live vaccine administered to dam —1.114 0.328 0.155 0.130 0.829 0.018
Season’
Summer Referent — — — — —
Spring 1.275 3.578 1.404 1.658 7.720 0.001
Fall 0.698 2.011 0.841 0.886 4.562 0.095
Winter 0.805 2.237 0.945 0.978 5.119 0.057
Maternity bedding changed per month
0-3 times Referent — — — — —
4-9 times —1.318 0.268 0.094 0.135 0.531 <0.001
>9 times 1.184 3.266 1.914 1.036 10.300 0.043
All-cause mortality model
Modified live vaccine administered to dam —0.600 0.549 0.079 0.414 0.727 <0.001
Milk volume fed to calves >21 d (L/d)
3.7 Referent — — — — —
5.7 —1.950 0.142 0.027 0.098 0.206 <0.001
7.6 —0.558 0.572 0.104 0.400 0.818 0.002
Twinning® 0.524 1.688 0.365 1.105 2.578 0.015

"Management practices were surveyed every 2 to 3 mo throughout the study. The variable “dairy” was treated as random effect in the models.
“Season was assigned for the date at which the calf was treated for BRD and included the months December to February (winter), September

to November (fall), June to August (summer), March to May (spring).
*Referent was calf born as a singleton.
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the multiple dairies and multiple vaccines used in the
current study. Another possibility is that the Windeyer
et al. (2014) study had a sample size that was not large
enough for statistical significance. The current study
had over 10,000 calves (322 died) compared with 2,830
calves (98 died) in Windeyer et al. (2014). The associa-
tion between vaccination of dams using modified live
vaccines and BRD-specific or all-cause mortality should
be interpreted with caution because only one of the
study dairies changed its vaccination protocol for dams
during the study; nevertheless, that dairy contributed
63.5% of the study calves. Given this sample size, it is
probable that vaccination of dams does have a protec-
tive effect against BRD-specific and all-cause mortality
in preweaned calves through colostrum intake.

An important finding of the current study was the
association between season of BRD diagnosis and
BRD-caused mortality. Specifically, calves that were
diagnosed with BRD in spring had 1.28 times the risk
for BRD-caused mortality as calves diagnosed with
BRD in summer (the month with the lowest hazard of
BRD mortality). Previous research on season and calf
mortality in California, performed in 1975, noted the
highest rate of mortality in the fall (September—No-
vember) and March was the month with the highest
mortality; however, that study did not examine BRD-
caused mortality (Martin et al., 1975). Martin et al.
(1975) hypothesized that months of climatic change
with high daytime temperatures and low nighttime
temperatures stress the calves’ immune systems as they
need added energy for thermoregulation; the increase
in calves’ energy requirements during heat stress leads
to energy deficit, poor thermoregulation, and higher
mortality. These results suggest that it may be most
beneficial for California dairy producers to aggres-
sively control BRD during seasonal changes in climate
by implementing preventive management practices in
spring and potentially also in fall.

The negative association in the current study be-
tween larger volumes of milk fed and all-cause mortal-
ity, specifically in calves over 21 d of age, contrasts
with Huber et al. (1984), which reported a correlation
between greater amounts of milk fed and higher num-
ber of days medicated for female calves; however, the
latter study only utilized 16 calves (8 female and 8
male) and no correlation was found between increases
in milk intake and days medicated in the male calves.
As discussed in Drackley (2008), 3.7 L of milk per day
may not meet the energy requirements of calves, po-
tentially lowering their immunity. The 2014 NAHMS
report stated that 57.7% of all calf raising operations
in the United States fed only 3.8 quarts a day of milk
or milk replacer (USDA, 2016). Although this exceeds
the recommended volume for maintenance, feeding
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practice analysis reported in the 2014 NAHMS report
found an association between preweaning mortality and
the amount of fat in the calves’ liquid diet (Urie et
al., 2018). Specifically, calves fed <0.15 versus >0.22
kg of fat/d in the preweaning liquid diet had 3 times
greater odds of mortality (Urie et al., 2018). Although
the amount of milk fed and amount of fat in the diet
is not a perfectly correlated relationship, they are both
measures of the amount of nutrition a calf is receiving
and suggest that lack of adequate nutrition may play a
major role in increasing the risk of preweaning mortal-
ity.

Twins were found to have a 1.7 times greater risk of
mortality than singleton calves in the current study.
Other studies had similar findings, with Gulliksen et al.
(2009) reporting a 1.3 times increased risk of mortality
in the first week of life and an overall increased risk of
death for calves born as a twin. Mellado et al. (2014)
examined the period from birth to 21 d of age and found
a 5% increase in rate of mortality in twins compared
with singleton calves. An increase in mortality risk in
twin calves may be due to competition for nutrients
during gestation, resulting in reduced vigor and health
status after birth. Results of the studies by Gulliksen
et al. (2009) and Mellado et al. (2014) suggest that it
may be beneficial for calf caretakers to closely monitor
calves that are born as twins for any clinical signs of
illness during the preweaning period.

In the current study, we identified that frequent
changing of the bedding material in the maternity pen
reduced the risk of BRD-caused mortality. However,
the risk of BRD mortality increased if the bedding was
changed more than 9 times per month. The most likely
explanation for the decrease in BRD incidence with in-
crease in pen cleanings is the reduction in the potential
concentration of pathogens that calves are exposed to
during birth and immediately afterward. Both Windey-
er et al. (2014) and Sivula et al. (1996) noted maternity
pen practices but found no association between mater-
nity pen management and mortality. This may be due
to other differences in maternity pen variables such as
location of the pens (isolated versus adjacent to milking
cow pens), the type of bedding used in the pen, and the
frequency of changing the bedding material. It would
be beneficial to examine the role of maternity bedding
in a study that controls for these other maternity pen
variables and controls for maternity bed cleaning fre-
quency at its association with preweaning calf health.

Passive transfer of immunity in the first few hours
of life is a critical goal of calf management programs
because it is predictive for calf morbidity and mortality
(Donovan et al., 1998; Virtala et al., 1999; Beam et
al., 2009; Urie et al., 2018). Mahendran et al. (2017)
reported 31% FPT using a cut-off of 5.2 g/dL, whereas
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another recent study, Johnson et al. (2017), used a
slightly different cutoff of 5.0 g/dL and found 24.4%
FPT. These 2 rates are both higher than the 16.8%
FPT observed in the current study. Notably, in the cur-
rent study, bull calves had a higher rate of FPT (28.6
vs. 15.7% in females) similar to rates found in other
recent studies. This may indicate that differences in
FPT are related to colostrum management and admin-
istration and that the female calves in this study may
have had better colostrum administration and overall
management than the male calves or calves in the
other studies reporting higher rates of FPT. Another
study conducted on a single California dairy reported a
mean TP of 5.9 g/dL in calves fed 4 L of first-milking
pooled colostrum and had 0% FPT (Williams et al.,
2014). Despite the lower rates reported in this study,
there is still room for improvement; Chigerwe et al.
(2015) suggest that serum TP levels of 5.8 to 6.3 g/
dL are optimal, and Urie et al. (2018) concluded that
the industry serum IgG concentration target should
be increased to 15 g/L, cut-off values that would have
increased the number of calves deemed to have FPT in
this study. Specifically, using a higher cut-off of 5.8 to
6.2% g/dL for serum TP was found to be associated
with an absence of calf mortality in preweaned dairy
calves (calves with congenital issues or trauma result-
ing in death were excluded from this study; Chigerwe
et al., 2015). Despite the relatively lower rate of FPT in
our study compared with other recent studies, research
indicates that there remains room for improvement and
that calves in this study above the cut-off of 5.2 g/dL
may still have been at risk of mortality (Chigerwe et
al., 2015).

CONCLUSIONS

Preweaning mortality rates on California dairies in
the current study were slightly lower than those re-
ported in recent studies encompassing most regions of
the United States. Rates of preweaning mortality and
BRD-specific mortality were associated with manage-
ment practices, including cleanliness of maternity pens,
feeding calves on a higher plane of nutrition, and vac-
cination of dams. Other factors that may affect the
risk of mortality include season of BRD diagnosis and
whether a calf was born as a twin or singleton.
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